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ABSTRACT: This is a focused review looking at the pharmacological support in cardiogenic shock. There are a plethora of data evaluating vaso-
pressors and inotropes in septic shock, but the data are limited for cardiogenic shock. This review article describes in detail the pathophysi-
ology of cardiogenic shock, the mechanism of action of different vasopressors and inotropes emphasizing their indications and potential side
effects. This review article incorporates the currently used specific risk-prediction models in cardiogenic shock as well as integrates data from
many trials on the use of vasopressors and inotropes. Lastly, this review seeks to discuss the future direction for vasoactive medications in car-
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Introduction

Cardiogenic shock is defined as inadequate tissue hypoperfusion
caused due to a primary cardiac dysfunction.!? Delayed recogni-
tion and treatment of cardiogenic shock leads to rapid deteriora-
tion in clinical status with nearly 50% in-hospital mortality in
the contemporary era despite advances in medical therapies, spe-
cifically prompt mechanical revascularization with thrombolysis,
percutaneous coronary intervention, and coronary artery bypass
grafting.>* The overall incidence of acute myocardial infarction
(AMI) with cardiogenic shock is 5% to 10%, with higher rates in
ST-segment-elevation MI as compared to non-ST-segment-
elevation MI.> The overall incidence of cardiogenic shock in the
past 2 decades have remained unchanged. cardiogenic shock is
still the commonest cause of mortality in patients admitted to
the hospital with AMI.# Studies by Fang et al® and Helgestad
etal” have shown a decrease in the incidence of AMI-cardiogenic
shock, whereas the studies by Babaev® and Kolte® have reported
increased to unchanged incidence of AMI-cardiogenic shock in
the past 2 to 3 decades.’%* Though the in-hospital mortality has
improved in recent times,? the long-term mortality remains
elevated at nearly 50%.1314

Definition

The clinical criteria for the diagnosis of cardiogenic shock
based on the SHOCK (Should We Emergently Revascularize
Occluded Coronaries For Cardiogenic Shock) and the

“These authors contributed qually to this work.

TABP-SHOCKII (Intra-aortic Balloon Pump in Cardiogenic
Shock II) trials were defined by systolic blood pressure (SBP)
<90 mm Hg for >30 minutes, use of mechanical or pharmaco-
logic support to maintain SBP >90mmHg, urine output
<30mL/hour, cardiac index (CI) <2.2 L/minute/m?, pulmo-
nary capillary wedge pressure (PCWP) >15mmHg and lac-
tate >2mmol/L.>* The 2016 European Society of
Cardiology-Heart Failure guidelines include clinical criteria
along with hemodynamic criteria in the definition of cardio-
genic shock: SBP <90 mm Hg despite appropriate fluid resus-
citation with clinical and laboratory evidence of end organ
damage.>'7 Clinical criteria were defined as cold extremities,
oliguria, altered mental status change, and narrow pulse pres-
sure, and laboratory abnormalities included metabolic acidosis,
elevated serum lactate and elevated creatinine.*18

Etiology

The commonest etiology of cardiogenic shock is left ventricular
(LV) failure in the setting of AMI. Cardiogenic shock is seen
more commonly with anterior AMI™ when compared to inferior
AMI320 Acute complications of AMI such as ventricular septal
rupture,?! LV free wall rupture, acute mitral regurgitation, and car-
diac tamponade account for the other ischemic etiologies of car-
diogenic shock.? Other non-ischemic etiologies?? include valvular
regurgitation and stenosis, aortic dissection, primary LV dysfunc-
tion like acute decompensated heart failure, post cardiotomy syn-
dromes,? takotsubo cardiomyopathy,#? myocarditis, infiltrative
disorders? (like sarcoidosis, amyloidosis, hemochromatosis), acute
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tachyarrhythmia and bradyarrhythmia,” infective endocarditis,
pericarditis and constrictive pericarditis.?® Rare causes include
severe hypertrophic obstructive cardiomyopathy, peri, and post-
partum cardiomyopathy.?’ Pharmacological agents like beta
blockers when used in early AMI-cardiogenic shock were associ-
ated with higher incidence of cardiogenic shock in the COMMIT
(Clopidogrel and Metoprolol in Myocardial Infarction) trial.®
Overdose with flecainide,® calcium channel blockers®? and
digoxin have been implicated in cardiogenic shock in some case
reports.3334

Staging of Cardiogenic Shock

Patients with cardiogenic shock have a varying continuum of
presentation ranging from isolated myocardial dysfunction to
multiorgan dysfunction with severe hemodynamic compromise
to cardiac arrest.>® The prognosis of cardiogenic shock is also
variable in patients with different etiologies, severity, and
comorbid condition.?>% The Society for Angiography and
Cardiovascular Interventions (SCAI) has recently proposed a
classification system for cardiogenic shock encompassing clini-
cal, biochemical, and hemodynamic parameters to guide treat-
ment and classify outcomes. The 5 stages of cardiogenic shock
are (Figure 1):

Stage A: Patients “at risk” of developing cardiogenic shock
and include patients with an acute MI, previous or subacute
MI and decompensated heart failure. Cardiovascular exam-
ination is normal with adequate perfusion status. Renal
function and lactate are also within normal limits. Hemody-
namic parameters reflecting normotension, CI1>2.5 L/min-
ute/m?, central venous pressure <10 mm Hg and pulmonary
artery saturation >65%.

Stage B: Beginning of cardiogenic shock/compensated car-
diogenic shock; patient with clinical evidence of tachycardia
and hypotension but without hypoperfusion. Cardiovascu-
lar examination with elevated jugular venous pressure, rales
in the lung fields but with normal perfusion. Evidence of
elevated BNP and mild renal impairment on labs. Hemo-
dynamics with SBP <90mm Hg or mean arterial pressure
(MAP) <60 or >30mmHg drop from baseline. Pulse
>100bpm, CI>2.2 L/minute/m?, pulmonary artery satu-
ration >65%.

Stage C: Classic cardiogenic shock; Patient with hypop-
erfusion, presenting as relative hypoperfusion requiring
pharmacological or mechanical support beyond volume
resuscitation to restore perfusion. Physical examination
indicative of multiorgan dysfunction and hypoperfusion—
volume overload, respiratory distress with extensive rales
(Killip class 3/4) requiring positive pressure or mechanical
ventilation, cold clammy extremities, alteration of mental
status, urine output <30mL/hour. Biochemical markers

with elevated lactate, doubling of creatinine or >50% drop
in eGFR and elevated BNP. Hemodynamics with SBP
<90mm Hg, MAP <60 mm Hg or >30 mm Hg drop from
baseline and with drugs/devices to maintain SBP above
these targets. CI1<2.2L/minute/m?, PCWP >15mmHg,
pulmonary artery pulsatility index’” <1.85 and cardiac
power output <0.6 W.

Stage D: Deteriorating/doom; Patient with clinical and
hemodynamic deterioration despite intensive initial resus-
citation for >30minutes with failure to respond, requiring
further escalation of therapy. Clinical exam with any stage
C features. Labs indicating deterioration from stage C.
Hemodynamics with parameters in stage C and requiring
multiple vasopressors or addition of mechanical circulatory
support devices to maintain perfusion.

Stage E: Extremis; Patient with circulatory collapse in
refractory cardiac arrest with ongoing cardiopulmonary
resuscitation® and/or supported by extra corporeal mem-
brane oxygenation® and multiple simultaneous interven-
tions. Physical exam with pulselessness, cardiac collapse,
mechanical ventilation or use of defibrillator. Biochemical
abnormalities with pH <7.2, lactate = 5, critically deterio-
rating biomarkers. Hemodynamics indicating no SBP with-
out resuscitation, pulseless electrical activity or refractory
ventricular tachycardia ventricular fibrillation and hypoten-
sion without mechanical support.*°

Use of Vasoactive Medications in Various CS Stages

In the staging of CS by SCAI, vasoactive medications have
been treated as a binary factor, but cumulative totals have not
been considered.’>*! The outcomes of use of vasopressors and
inotropes in different stages of CS has not been studied in
randomized control trials. Several observational studies per-
formed to validate the SCAI CS staging and to predict the
mortality in various stages have demonstrated the use of vaso-
active medications in different CS stages and the mortality
outcomes. A study by Thayer et al,*> showed that, out of the
1414 study participants in various stages of CS, the number
and the requirements of vasoactive medications steadily
increased with deteriorating SCAI CS stages (100% use of 2+
vasoactive medications in SCAI Stage E vs 57.8% use of 2+
vasoactive medications in SCAI Stage D CS). Another study
by Jentzer et al*® with a study population of 10,004 patients
demonstrated increasing number of vasoactive agents use and
earlier initiation of vasoactive agents in Stage D and E com-
pared to earlier SCAI stages of shock (0.4 = 0.6 and 34% in
Stage D vs 1.4+ 1.0 and 85% in Stage E). Higher stages of
CS had aggressive use of vasoactive medications and higher
mortality compared to lower stages. These studies, evaluate
vasopressors and inotropes as a relative number of each medi-
cation. Prior work from the septic shock literature has shown
that cumulative vasoactive medication measurements have
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SCAI

Society for Cardiovascular
Angiography & Interventions

Arrest (A) Modifii .
CPR, including defibrillation

SCAI Stages of Cardiogenic Shock

Adapted from the SCAI Clinical Expert Consensus Statement on the Classification of Cardiogenic Shock
Endorsed by ACC, AHA, SCCM, and STS

EXTREMIS

A patient being supported by multiple interventions who may be
experiencing cardiac arrest with ongoing CPR and/or ECMO.

DETERIORATING

A patient who fails to respond to initial interventions. Similar to stage C and
getting worse.

CLASSIC

. A patient presenting with hypoperfusion requiring intervention beyond volume
resuscitation (inotrope, pressor, or mechanical support including ECMO). These
patients typically present with relative hypotension.

BEGINNING

. A patient who has clinical evidence of relative hypotension or tachycardia
without hypoperfusion.

AT RISK

’ A patient with risk factors for cardiogenic shock who is not currently
experiencing signs or symptoms. For example, large acute myocardial
infarction, prior infarction, acute and/or acute on chronic heart failure.

SCAI SHOCK
STAGE

A
B
C
D
E

PHYSICAL EXAM

Normal JVP
Lung sounds clear
Strong distal pulses
Normal mentation

Elevated JVP
Rales in lung fields
Strong distal pulses
Normal mentation

Ashen, mottled, dusky
Volume overload
Extensive Rales
Killip class 3 or 4
BiPap or mechanical ventilation
Acute alteration in mental status

Any of stage C

Near pulselessness
Cardiac collapse
Mechanical ventilation
Defibrillator used

BIOCHEMICAL MARKERS

Normal renal function
Normal lactic acid

Normal lactate
Minimal renal function impairment
Elevated BNP

Lactate 22
Creatinine doubling OR >50% drop in GFR
Increased LFTs
Elevated BNP
Urine Output <30mL/h

Any of stage C
AND
deteriorating

Lactate =5
pH<7.2

HEMODYNAMICS

Normotensive (SBP=100 or normal for pt.)
If hemodynamics done:
= Cardiac index 22.5
=CVP<10
= PA Sat =65%

SBP <90 OR MAP <60 OR >30mmHg drop
Pulse =100
If hemodynamics done:
= Cardiac Index 2.2
= PA Sat 2656%

Drugs/device used to maintain BP above
stage B values.
= Cardiac Index <2.2 = PCWP>15
= RAP/PCWP =0.8 = PAPI<1.85
= Cardiac Power Output <0.6

Any of stage C
AND
Requiring multiple pressors OR addition of
mechanical circulatory support devices to
maintain perfusion

No SBP without resuscitation
PEA or Refractory VT/VF
Hypotension despite maximal support

Baran DA, Grines CL, Bailey S, et al. SCAl clinical expert consensus statement on the classification of cardiogenic shock. Catheter Cardiovasc Interv. 2019;1-9. https://doi.org/10.1002/ccd.28329
For more information, please visit: www.scai.org/shockdefinition

Figure 1. The society for angiography and cardiovascular interventions (SCAI) staging of cardiogenic shock.

Adapted with permission from Baran et al.3%

Abbreviations: CPR, cardiopulmonary resuscitation; CVP, central venous pressure; ECMO, extra corporeal membrane oxygenation; JVP, jugular venous pulsations; LFTs,
liver function test; MAP, mean arterial blood pressure; PA Sat, pulmonary artery saturation; PCWP, pulmonary capillary wedge pressure; PEA, pulseless electrical activity;
SBP, systolic blood pressure.

influence of these medications on the SCAI Shock staging
remains to be studied.

significant mortality prediction*#+*. However, the influence
of cumulative vasoactive medication measurements and the
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Pathophysiology

The pathophysiology of cardiogenic shock is complex and is
characterized by profound depression of myocardial contrac-
tility resulting in a downward spiral in which progressive
myocardial dysfunction leads to decreased stroke volume,
cardiac output (CO) and low MAP, which reduces the myo-
cardial perfusion.*® This constitutes a vicious cycle which
exacerbates ischemia, and further depress the myocardial
function, stroke volume, and systemic perfusion.!? In cardio-
genic shock, sympathetic stimulation occurs as a compensa-
tory mechanism that increases CO by increasing the heart
rate (HR) and contractility, at the cost of increased myocar-
dial oxygen demand.** Compensatory peripheral vasocon-
striction increases MAP at the cost of increased myocardial
afterload and cause further worsening of myocardial func-
tion. The reduction in CI leads to severe tissue hypoperfu-
sion, can worsen the ischemia and may finally result in
refractory shock and subsequent death.*4” As shock pro-
gresses, there is prolonged cellular hypoxia leading to deple-
tion of adenosine triphosphate and intracellular energy
reserves. This causes the active energy-dependent ion trans-
port pumps to fail, eventually causing the myocardial cells to
swell by osmosis due to the build-up of intracellular sodium,
calcium, and hydrogen. These changes in membrane poten-
tial can lead to apoptosis of the cells through the activation
of caspases and eventual cell death.*® Alternatively, cardiac
injury triggers systemic inflammation which can induce
pathological vasodilation. Inducible nitric oxide synthase
after exposure to inflammatory mediators produce high
nitric oxide levels, along with its derivative, peroxynitrite
which are cardiotoxic.*” Systemic vasodilation is also caused
by other inflammatory mediators like interleukins and tumor
necrosis factor and have been associated with mortality in
cardiogenic shock.1? Vasopressors and inotropes are a group
of drugs that create vasoconstriction or increase cardiac con-
tractility in patients with cardiogenic shock. While vasopres-
sors increase vasoconstriction leading to increased systemic
vascular resistance (SVR), inotropes increase cardiac con-
tractility and improve CO. These drugs work synergistically
in maintaining MAP and organ perfusion summarized as
MAP=CO X SVR* (Figure 2).

Right ventricular (RV) failure occurs in the setting of
diminished myocardial systolic and diastolic pressures. This
leads to inadequate forward flow in the RV which contributes
to decreased perfusion and increased venous pressures.'> Due
to the low-pressure circuit and smaller myocardial mass, the
RV is prone to early dilatation as compared to the LV further
compromising venous return and LV preload. Additionally,
bowing of the interventricular septum into the LV further
diminishing filling and stroke volume exacerbating the perfu-
sion deficits.”® A full discussion of the RV pathology is beyond
the scope of the current review and we direct the readers to
excellent prior reviews.1446:47,50

Vasoconstriction

Phenylephrine
A Norepinephrine

Vasopressin B HD Epinephrine

@ HD Dopamine

VLD Epinephrine/Dopamine

- Positive inotropy

¥ Dobutamine

% Milrinone HD = High Dose

LD = Low Dose

Nitroprusside $

Vasodilation

Figure 2. Vascular response to vasopressors and inotropic medications.
Adapted with permission from Jentzer et al. (2015).4°
Abbreviations: HD, high dose; LD, low dose.

Management of Cardiogenic Shock

The incidence and mortality of cardiogenic shock has remained
unchanged in the last two decades at greater than 50% despite
interventional and therapeutic advances.#! Although early
revascularization (percutaneous coronary intervention/coro-
nary artery bypass grafting) remains the only treatment modal-
ity with proven mortality benefits in the long term,>°%%
cardiogenic shock is still the leading cause of death in hospital-
ized patients with AMI-cardiogenic shock.*** Diversity of the
etiopathology, wide clinical spectrum of cardiogenic shock has
led to the incongruity in standardizing diagnosis and variations
in management strategies.”> Hence a multidisciplinary shock
team approach was conceptualized>>~7 which has shown mor-
tality benefit in cardiogenic shock. The multidisciplinary team
approach involves rapid identification of shock state depending
on the SHOCK, IABP SHOCK II or European Society of
Cardiology 2015 definitions, activation of the multidisciplinary
shock team involving interventional cardiologist, cardiotho-
racic surgeons, heart failure specialists and intensivists.’®%
This is followed by early invasive hemodynamic monitoring
with optimizing medical therapy, early mechanical circulatory
device support of the left or right ventricle and cardiac recov-
ery.*® Although the isolated use of mechanical circulatory sup-
port devices for cardiogenic shock was not associated with
improved mortality outcomes, early use in the shock team
approach was associated with improved mortality benefit.>6-7
Initial medical management of cardiogenic shock along with
invasive hemodynamic management to achieve adequate tissue
perfusion,®® maintenance of euvolemia and prevention of mul-
tiorgan dysfunction is recommended.

Vasoactive Medications in Cardiogenic Shock

Vasopressors are used in almost 90% of cardiogenic shock
patients and form a class IIc and level C evidence of United
States and European Society of Cardiology guidelines.10162To
achieve increased cardiac performance both RV and LV
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function need augmentation.®® This involves optimizing
preload and decreasing cardiac afterload while achieving opti-
mal contractility for the diseased ventricle.*® Inotropic agents
are indicated in patients with tissue hypoperfusion despite
adequate volume resuscitation.®® Cardiogenic shock is also
associated with decreased vascular resistance due to various
proinflammatory pathways which contributes to the hypoten-
sion.®3%> Vasopressors are used to maintain MAP and tissue
perfusion pressures with refractory hypotension. Treatment of
cardiogenic shock using pharmacologic agents must optimally
balance achieving the best tissue perfusion without signifi-
cantly increasing cardiac work.1,0263 Hence the pharmacologic
therapy should be used for the shortest duration and with the
lowest possible dose.%*

Inotropes
Inotropes are a group of medicines that alter the cardiac con-
tractility of the heart muscle and increase the force of myocar-
dial contraction. Inotropes can be broadly divided into 3
groups: adrenergic agonists, phosphodiesterase III inhibitors,
and calcium sensitizers.®>% The adrenergic agonists exert their
positive inotropic effects by acting on beta-adrenergic recep-
tors. They increase the HR, stroke volume and the CO.%7 The
adrenergic agonists, dobutamine, dopamine, norepinephrine,
and epinephrine, can be classified further based on their effects
on systemic vascular resistance (inopressors or inodilators).
Milrinone and dobutamine are the only 2 inodilators approved
in the United States.5¢

Dopamine exerts its effects on cardiovascular system via 4
receptors: dopaminergic type 1 and 2 and adrenergic alpha 1
and beta 1 receptors. At lower doses (<2.5 pg/kg/minute), it
causes vasodilation of coronary, renal and splanchnic vessels. At
intermediate doses of 3 to 5 pg/kg/minute, it causes significant
inotropic and chronotropic effects via beta-1 receptors of car-
diomyocytes. At doses (>5 pg/kg/minute), it causes potent
vasoconstriction via alpha-1 adrenergic receptors of the vessels.
This could lead to severe hypertension and tachyarrhythmia at
these high doses. Dopamine and epinephrine have strong beta-
adrenergic effect and cause increased HR, stroke volume and
CO. The effect of dopamine is maximum in the dose range of
5 to 10 pg/kg/minute, and higher degree of vasoconstriction at
doses more than 10 pg/kg/minute.®” The half -life of dopamine
is less than 2 minutes and dose adjustments are not necessary in
renal failure.5®

Dobutamine is a  adrenergic agonist with strong 1 adren-
ergic activity and weak B2 adrenergic and a1 adrenergic activ-
ity. The half -life of dobutamine is 2minutes and dose
adjustments are not necessary in renal failure.®” It achieves
steady state effects in minutes as it is rapidly cleared in the
blood. It also acts on peripheral vasculature through vascular
alpha-1 and beta-2 receptors. At low doses (<5 pg/kg/minute),
it increases CO and lowers afterload by exerting vasodilatory
action on peripheral vessels. At doses (>5pg/kg/minute),

dobutamine causes vasoconstriction via its agonistic action on
alpha-1 receptors. When dobutamine is given more than 10 pg/
kg/minute, it can worsen tachycardia in patients without addi-
tional CO increase.®”

Milrinone is a inhibitor.
Phosphodiesterase III enzyme is responsible for the degrada-
tion of cyclic adenosine monophosphate. Inhibition of this

phosphodiesterase 111

enzyme leads to increased cyclic adenosine monophosphate
which increases the phosphorylation of calcium influx chan-
nels. This results in increased calcium concentration within the
cells promoting actin-myosin cross bridging leading to
increased myocardial contractility. It also causes peripheral
vasodilation through its action on the vascular bed by inhibit-
ing myosin light chain activation in the vascular smooth mus-
cles.’0 The half -life of milrinone is 2.3 to 2.4hours in heart
failure as well as renal impairment. Milrinone should be initi-
ated at doses less than 0.0625 to 0.125 mcg/kg/minute if cre-
atinine clearance is 10 to 50 mL/minute.”® Milrinone doses
>0.5 pg/kg/minute can lead to hypotension.*’

Levosimendan is a calcium sensitizer that increases cardiac
contractility by increasing the sensitivity of troponin C to
intracellular calcium in the cardiomyocyte. Both milrinone and
levosimendan are preferred over beta adrenergic inotropes in
patients receiving beta blockers as their action does not involve
the beta-adrenergic pathway.® Along with its positive ino-
tropic effect, levosimendan causes peripheral vasodilation
through the opening of ATP-sensitive potassium channel on
the vasculature smooth muscle cells. The half -life of levosi-
mendan is 1 hour and of its active metabolite is 70 to 80 hours.
Renal impairment prolongs its half-life. Due to the increased
half-life, the drug is found to persist even after 24hrs of cessa-
tion of the drug and this is used clinically by giving intermit-
tent pulse doses of the drug.”® It is not available in the United
States.”* Milrinone and levosimendan have longer renal clear-
ance and half-life causing delayed steady state effects.”

Vasopressors
Vasopressors act via multiple receptors to increase intracellular
calcium in the vascular myocyte, causing peripheral vasocon-
striction, increased systemic vascular resistance, and thus the
MAP. The use of catecholamines is considered a cornerstone in
the treatment of cardiogenic shock. Vasopressor agents are used
in up to 90% of patients in cardiogenic shock.%? They are a class
ITb/c and class IIb/b recommendation of the European Society
of Cardiology guidelines in the management of cardiogenic
shock.61

The commonly used catecholamine vasopressors are nor-
epinephrine, epinephrine, dopamine, and phenylephrine.
Vasopressors act through multiple receptors to augment cyto-
solic calcium availability in vascular myocytes causing vasocon-
striction which increases systemic vascular resistance and

MAP-# They all activate the o1 adrenergic receptors to increase
MAP.
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Randomized trials comparing inotropes and vasopressors
have been difficult to perform and clinical evidence is scarce.®®
Current recommendations on the use of vasopressors are
through meta-analysis, expert opinion, and review articles.

Norepinephrine is the most frequently used vasopressor for
the treatment of cardiogenic shock.>”? Norepinephrine
increases MAP without significant effect on the HR due its
weak B adrenergic activity. Norepinephrine also increases CI
without significant increase in myocardial oxygen demand due
to its selective effect of B1 adrenergic receptor stimulation.®?
Norepinephrine has similar vasopressor potency as epinephrine
and phenylephrine and vasopressor effect greater than dopa-
mine.”® The half -life of norepinephrine is 2 to 3 minutes and
dose adjustments are not necessary in renal failure.”? It is usu-
ally infused at a rate of 0.01 to 0.3 pg/kg/minute and can be
titrated up to 1pg/kg/minute to achieve the targeted blood
pressure. Side effects include hypertension, peripheral vasocon-
striction leading to ischemia and arrhythmia, although norepi-
nephrine is less proarrhythmogenic compared to epinephrine
and dopamine.”+7>

Epinephrine is the second line vasopressor and inotrope
which had both o adrenergic and [ adrenergic activity.
Epinephrine has stronger B adrenergic 1,2>a adrenergic
receptor activity. At low doses epinephrine increases CO due to
positive inotropic and chronotropic effect through the p1 adr-
energic receptors. The vasoconstriction induced by o adrener-
gic receptor activation is compensated by vasodilation through
B2 adrenergic receptor induced vasodilation. This results in
decrease of SVR and variable effects on MAP. But at higher
doses due to predominant o adrenergic activity, epinephrine
increase MAP by increasing HR, SVR and contractility.”® The
half -life of epinephrine is <5minutes and dose adjustments
are not necessary in renal failure.®? The dose of epinephrine use
in cardiogenic shock ranges from 0.01 to 0.3 ug/kg/minute.
Due to its effects on SVR, epinephrine increases right ven-
tricular pressure as well as pulmonary artery pressure.”®
Myocardial oxygen demand is increased due to its effect on
heart rate.”” Other side effects include arrhythmias, splanchnic
vasoconstriction which is more pronounced when compared to
norepinephrine and dopamine.”® Epinephrine use is also asso-
ciated with higher lactate and glucose levels.”

Vasopressin acts through the vasopressin 1 receptors to
cause vasoconstriction and raises MAP. It does not have any
inotropic effects and causes reduction in HR and CO.*
Vasopressin is used as a second line vasopressor in septic shock
but evidence for its use in cardiogenic shock is lacking. There
have been no randomized control trials on vasopressin use in
cardiogenic shock.”” The half -life of vasopressin is 10 to
20minutes and dose adjustments are not necessary in renal
failure.8® The dose recommended ranges from 0.01 to
0.04 units/minute. Vasopressin was found to be helpful to wean
off or in dose reduction of other catecholamines in septic
shock.8! Vasopressin use in vasoplegia syndrome following

cardiac surgery and post-cardiotomy syndrome was associated
with lower incidence of complications.828% Vasopressin can be
used as an additional agent in vasodilatory shock in addition to
norepinephrine in patients requiring high norepinephrine
doses and in patients with refractory vasodilatory shock in
AMI to improve MAP.2684 There is a growing body of interest
regarding the use of vasopressin in right ventricular failure and
shock due to its selective action on pulmonary vascular bed.
Vasopressin does not cause pulmonary vasoconstriction unlike
epinephrine and dopamine.®? Vasopressin is associated with
lower risk of arrhythmias when compared to other catechola-
mines.® Vasopressin is more expensive when compared to
other catecholamines and its escalation and dose titration are
not well studied. Higher doses (>0.04 units/minute) of vaso-
pressin is associated with systemic vasoconstriction and skin
necrosis. Other side effects include hyponatremia and diabetes
insipidus.8¢

Phenylephrine is a pure a1 adrenergic agonist that increases
MAP by increasing SVR which leads to decrease in cardiac
contractility and reflex bradycardia.”” Due to its adverse effects
and paucity of adequately powered trials phenylephrine is not
recommended in the treatment of cardiogenic shock.%3

Quantification of Inotropes and Vasopressors

Though vasopressors and inotropes are ubiquitously used in
cardiogenic shock, prior literature in cardiogenic shock does
not quantify vasoactive medications holistically. Prior work in
non-cardiogenic shock states, such as septic shock, has shown
cumulative vasoactive indices to predict mortality with higher
accuracy that traditional risk scores. The Modified
Cardiovascular Sequential Organ Failure Assessment score
(Modified SOFA) by Yadav et al* demonstrated the impor-
tance of incorporating vasoactive medication indices into the
existing cardiovascular component of the SOFA score.
Modified SOFA score incorporates shock index as a substitute
for MAP, serum lactate, and all vasoactive agents used in clini-
cal practice. The vasopressors included were epinephrine, nor-
epinephrine, vasopressin, dopamine, or phenylephrine, and the
inotropes included were dobutamine and milrinone. The use of
one vasoactive agent was assigned 2 points. Use of 2 or more
vasoactive agents simultaneously was assigned 3 points. The
use of higher doses of dopamine (>5 png/kg/minute), epineph-
rine (>0.05 pg/kg/minute), or norepinephrine (>0.15 pg/kg/
minute) at any time during the first 24 hours of ICU stay was
assigned 4 points.

Our group has previously developed a risk prognostication
system using a quantitative vasoactive medication scoring sys-
tem, that was noted to be superior to the APACHE III and
SOFA scores in outcomes prediction in septic shock.8”38 The
following scoring systems (a) norepinephrine equivalents,® (b)
vasoactive inotropic score,”>?! and (c) cumulative vasopressor
index®? were used to quantify the overall peak vasoactive medi-
cation requirements. A similar body of work is urgently needed
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in patients with cardiogenic shock to understand the correla-
tion of vasoactive medication requirements with escalation to
mechanical circulatory support, short-term mortality, develop-
ment of organ failure and recovery of ventricular function.

The need for high-dose vasopressors reflects a potentially
fatal underlying condition with a high risk of complication.
Refractory shock is defined by persistent hypotension despite a
high dose of vasopressor therapy (>0.5 ug/kg/minute norepi-
nephrine equivalents).’”%2 Patients requiring a high dose to
maintain MAP can be considered to have refractory shock and
are at high risk of death.?? High doses of vasopressors are asso-
ciated with adverse effects like arrhythmias, myocardial infarc-
tions, digital ischemia, and acute kidney injury.26:4

Trials on Inotropes and Vasopressors Use
Randomized control and clinical trials on the use of vasopressors
and inotropes in cardiogenic shock have been limited, and the
recommendations for its use are largely from meta-analyses and
expert opinions. A large Cochrane review did not demonstrate
any superiority of individual inotropes and vasopressors in the
treatment of cardiogenic shock.”> The SOAP II (Sepsis
Occurrence in Acutely ill Patients) trial was the largest clinical
trial evaluating the use of vasopressors in shock. In an all-comer
shock population, dopamine and norepinephrine had compara-
ble outcomes.”” In a sub-group analyses, use of dopamine was
associated with higher mortality in patients with cardiogenic
shock.b”> Given the sub-group analyses of cardiogenic shock
from the larger cohort of circulatory shock, the lack of differen-
tiation on the etiology of cardiogenic shock, and the broad defi-
nitions used to define cardiogenic shock, the results of this trial
need further wvalidation in dedicated randomized trials.
Dopamine was associated with higher rates of arrhythmia and
gastrointestinal reaction.”#> Dopamine is not indicated rou-
tinely in patients with cardiogenic shock. Similarly,a comparison
of dobutamine to milrinone in an all-comer cardiogenic shock
population, which was largely post-cardiotomy, did not demon-
strate clear superiority of either agent.”® In AMI patients with
pre-shock (i.e. normotensive with signs of congestion) and acute
heart failure, milrinone was associated with improved outcomes
compared to placebo? In recent times, levosimendan has been
keenly studied outside the United States as a potential therapy
for cardiogenic shock.”” A 6-hour infusion of levosimendan
(0.1-0.2 ng/kg/minute) did not increase hypotension or ischemia
significantly, alluding to the safety profile of this medication.
Many studies?-1% have previously reported the favorable short-
term effects of levosimendan treatment in a small series of
patients with cardiogenic shock. In patients with ST-segment-
elevation AMI complicated by cardiogenic shock, levosimendan
increased CI, CO, and left ventricular ejection fraction at short-
term significantly more than dobutamine,!®! however it did not
demonstrate any long-term outcome improvements.”®

Levy et al”® conducted a contemporary randomized trial
comparing the effects and safety of norepinephrine and

epinephrine in AMI-cardiogenic shock. The primary end
points were similar in both groups. But the incidence of refrac-
tory shock was higher in the epinephrine group (10 of 27
[37%] vs norepinephrine 2 of 30 [7%]; P=.008). This led to the
early termination of the study. They also showed that epineph-
rine was associated with higher heart rate, higher double prod-
uct (indicating higher myocardial oxygen demands) and lactate
levels when compared to norepinephrine.”

Tarvasmaki et al,”? in a sub-study of the CardShock study,
attempted to evaluate the real-life use and outcomes of vasopres-
sors and inotropes in cardiogenic shock. Of the 219 patients,
Vasopressors and/or inotropes were used in 94% of the study
population. Norepinephrine was used in 75% and epinephrine in
21% of patients. Epinephrine was independently associated with
increased mortality with odds ratio of 5.2(95 % confidence
interval 1.88,14.7, P=.002). Norepinephrine was also associated
with worsening renal and cardiac markers at the first few days.
Dobutamine (49%) and levosimendan (24%) was the commonly
used inotrope in the study.”

In a meta-analysis, Karami et al'2 investigated current evi-
dence on outcomes on inotropes and vasopressors in patients
with AMI related CS. They found that treatment with
noradrenaline, adrenaline, levosimendan, dobutamine, and
dopamine were not associated with a difference in short term
or long-term mortality. The overall quality of evidence was
graded low. They also found a positive trend toward better out-
come with levosimendan, compared with control. Overall, they
found insufficient evidence that vasopressors and inotropes
routinely are associated with reduced mortality in patients with
AMI-CS and hence emphasized on the need for proper rand-
omized trials. Uhlig et al'® assessed the efficacy and safety of
cardiac care with positive inotropic agents and vasodilators in
CS or low cardiac output syndrome due to AMI, heart failure or
after cardiac surgery. The study compared the efficacy of levosi-
mendan versus dobutamine, enoximone or placebo; enoximone
versus dobutamine, piroximone or epinephrine-nitroglycerine;
epinephrine versus norepinephrine or norepinephrine-dobu-
tamine; dopexamine versus dopamine; milrinone versus dobu-
tamine and dopamine-milrinone versus dopamine-dobutamine.
With a low to very low quality of evidence, all these compari-
sons showed uncertainty on the effect of inotropic/vasodilatory
drugs on all-cause mortality. Leopold et al'% evaluated the asso-
ciation between epinephrine use and short-term mortality in
all-cause CS participants. A positive correlation was found
between percentage of epinephrine use and short-term mortal-
ity. They found that in the hemodynamic management of CS
patients, epinephrine was associated with threefold increase of
risk of death.104

The American Heart Association guidelines! for the man-
agement of CS mentions that norepinephrine may be the vaso-
pressor of choice in many patients with CS as it is associated
with fewer arrhythmias.! However, the optimal first-line vasoac-
tive medication in CS remains unclear and no specific drug is
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Table 1. Trials of inotropes and vasopressors in shock.

OUTCOMES

Increased intensive care mortality
rates with dopamine

Dopamine had higher incidence of
arrhythmias compared to
norepinephrine

Levosimendan did not improve long
term survival

Higher incidence of refractory
cardiogenic shock with epinephrine

Milrinone was a safe alternative as an

MORTALITY

No difference

No difference

No difference

No difference

No difference

initial inotrope in cardiogenic shock

Increased with
epinephrine

Norepinephrine with either dobutamine
or levosimendan were prognostically
similar

Vasopressin can be used as a first line  No difference
vasopressor agent in postcardiac

surgery

Lower with
levosimendan

Sixhours of levosimendan did not
increase hypotension or ischemia
significantly

Reduction in BNP and duration of
hospitalization with levosimendan.

Higher with
levosimendan

Lower with
levosimendan

No difference with long outcomes

Levosimendan improved contractility in ~ No difference

post ischemic myocardium

No difference in efficacy or safety No difference

STUDY COUNTRY N COMPARATOR
SOAP, 2002 European Union 3147 Dopamine vs other
catecholamines
SOAP IlI, 2010 Belgium 1679 Dopamine vs
norepinephrine
Samimi-Fard et al®® Spain 22 Levosimendan vs
dobutamine
Levy et al”® France 57 Epinephrine vs
norepinephrine
Lewis et al% USA 100 Milrinone vs
dobutamine
Tarvasmaki et al”2 Finland 219 Vasopressors and
inotropes
Hajjar et al83 Brazil 330 Vasopressin vs
norepinephrine
RUSSLAN, 2002 Russia, Latvia 504 Levosimendan vs
placebo
REVIVE-II, 2006 USA 600 Levosimendan vs
placebo
SURVIVE, 2006 USA 1327 Levosimendan vs
dobutamine
LEAF, 2014 Norway 61 Levosimendan vs
placebo
Annane et al France 330 Norepinephrine and
(2007)105 dobutamine vs
epinephrine
Russell et al®! Canada 778 Vasopressin vs

norepinephrine

mentioned. Due to the heterogeneity in the etiology and inciting
factors for CS, these guidelines recommend different vasoactive
medications for each presentation of CS. The European Society
of Cardiology 2017 Guidelines®® for the management of
AMI-CS patients with ST-elevation recommend norepineph-
rine as a vasoconstrictor of choice when BP is low and tissue
perfusion pressure is insufficient (class IIb) based on a study (De
Backer et al )7 showing lower rate of arrhythmia and lower mor-
tality compared to dopamine subgroup. To improve cardiac con-
tractility (class IIb), inotropes like dobutamine may be given
simultaneously to norepinephrine.6!

The range of studies on the use of all these drugs in CS
discussed in (Table 1) clearly shows much uncertainty sur-
rounding the subject. Nevertheless, inotropes and vasopressors
continue to be an essential component in the management of
CS by maintaining MAP of 65 to 70 mm Hg and thereby pre-
venting tissue hypoperfusion and the resulting organ dysfunc-
tion.1® As demonstrated by Pei et al,1% currently, the use of

Vasopressin did not reduce mortality in  No difference

septic shock compared to
norepinephrine

these drugs varies between physicians and the conditions in
different centers. Therefore, they suggest the rationalization
and clinical judgment in the use of these drugs for manage-
ment of shock needs to be improved and the treatments must
be standardized.'% Lastly, the introduction of the SCAI stages
of CS need to be retrospectively applied to the older trials, to
understand the stage of CS at which these medications were
initiated, which may explain the heterogeneity in the data.

Suggested Approach

As acknowledged in the review of existing clinical trials, there
remains significant heterogeneity in the literature due to dif-
fering inclusion criteria, differences in severity of illness (SCAI
staging), varying etiology (AMI vs non-AMI), and lack of
adequate controlling for confounding, specifically concomitant
cardiac arrest. In light of these limitations, our proposed algo-
rithm needs to be individualized to patients. The majority of
the data recommends norepinephrine as the primary vasoactive
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medication of choice, with the subsequent addition of vaso-
pressin or epinephrine to achieve additional vasopressor with
or without inotropic support. Further escalation to additional
inotropic support such as higher dose epinephrine versus ini-
tiation of dobutamine and milrinone need to bee cautiously
titrated against the complications of tachyarrhythmias and
peripheral vasodilation. In patients with AMI etiology of CS,
vasopressors might be preferred to inotropes to prevent wors-
ening of myocardial ischemia, whereas in acute heart failure
with CS, inotropes might be indicated to assist in deconges-
tion. Often when a second or third vasoactive medication is
required, we encourage the use of invasive hemodynamic meas-
urement to understand the impact of cardiogenic versus dis-
tributive shock to appropriately titrate further medications.
This will additionally assist with assessing biventricular func-
tion and providing baseline information for escalation to
mechanical circulatory support as indicated.

Conclusions

Although vasopressors and inotropes are used as a mainstay of
pharmacologic management of cardiogenic shock, studies on
these agents are scarce. The review highlights the pharmaco-
logic management of cardiogenic shock focusing on vasoactive
medications. Vasopressors and inotropes are reasonable options
for initial medical management of cardiogenic shock to opti-
mize volume status and maintain tissue perfusion. But safety
concerns and risk profile indicate that the use of these medica-
tions should be for the shortest duration of time with the low-
est doses. An individualized patient approach should be
adapted to choose the vasoactive agents based on the hemody-
namic and clinical profile. Pharmacologic management with
early use of mechanical circulatory devices in a shock team
approach has demonstrated improved outcomes in cardiogenic
shock, but randomized control trials are needed to study the
detailed incorporation of vasoactive and inotropic agents in the
setting of cardiogenic shock teams and protocols.
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