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ABSTRACT: Cardiogenic shock is defined by inadequate blood flow to vital organs because of cardiac insufficiency and 
is often, but not always, manifest by hypotension. In an effort to mitigate end-organ hypoperfusion and modulate blood 
pressure, medical management with vasoactive agents is the initial strategy in virtually all patients with cardiogenic 
shock. This clinical primer describes the pharmacologic profiles of the currently used vasoactive agents and available 
comparative effectiveness data, reviews the pathophysiology of the most common phenotypic forms of cardiogenic 
shock, and provides a strategic framework for vasoactive agent selection and titration that integrates the pharmacology, 
pathophysiology, and hemodynamic derangements that define each shock phenotype. The practice-based approach to 
vasopressor selection strategy for the management of cardiogenic shock outlines the following steps: first, emergently 
protect the mean arterial pressure; then, define the hemodynamic phenotype of cardiogenic shock and identify (and 
address, in parallel) potential etiologies and contributors; next, set additional hemodynamic goals beyond mean 
arterial pressure; last, tailor pharmacotherapy through iterative assessments of perfusion and ongoing hemodynamic 
derangements.
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Cardiogenic shock (CS) is defined by inadequate 
blood flow to vital organs (end-organ hypoper-
fusion) because of cardiac insufficiency and 

is often, but not always, manifest by persistently low 
blood pressure (hypotension).1–3 CS is highly prevalent 
in intensive care units, affecting >1 in 5 admissions to 
cardiac intensive care units.4 In-hospital mortality var-
ies depending on CS etiology, hemodynamic profile, 
and severity of initial presentation, but is typically 30% 
to 50%.1,3,5 It is important to note that few invasive or 
mechanical therapies have been shown to be benefi-
cial for preventing the sequelae of shock (multiorgan 
system failure and death) and these therapies are only 
relevant for small subsets with CS. Early culprit-vessel 
revascularization for acute myocardial infarction (MI)–
related shock is beneficial but relevant to only ~25% 
of patients with CS, and early mechanical circulatory 
support (MCS) has proven benefit in a highly selected 
subset of patients with MI that accounts for only 5% 
of all CS.6–9 In an effort to mitigate end-organ hypo-
perfusion and modulate blood pressure, medical man-

agement with vasoactive agents is the initial strategy 
in virtually all patients with CS and the primary treat-
ment in the majority of patients with CS, particularly 
those with ongoing hypotension.8,10,11 In clinical trials 
of patients with acute MI CS (AMI-CS) and hypoten-
sion, ~90% of patients were treated with at least 1 
vasopressor.6,8,10 In clinical registries of patients with 
a broader range of etiologies of CS, >90% were 
treated with vasoactives and 50% required 2 or more 
agents.11,12

In the face of near universal use of vasoactive 
agents in the management of CS, this clinical primer 
(1) reviews the pathophysiology of the most common 
phenotypic forms of CS, (2) describes the pharmaco-
logic profiles of vasoactive agents and comparative 
effectiveness data, where available, and (3) provides 
a strategic framework for medical management of CS. 
The maturation of classification systems for shock 
phenotype and severity have provided a new founda-
tion that informs this framework for medical manage-
ment of CS.
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CS DEFINITIONS AND CLASSIFICATIONS
Historical definitions of CS have variably included the 
following elements: (1) hypotension; (2) evidence of 
end-organ hypoperfusion; (3) inadequate cardiac index, 
defined as less than 2.2 L/min per m2; and (4) elevated 
end-diastolic pressures on the right (>10–15 mm Hg) or 
left (>18 mm Hg).1 More recently, the Shock Academic 
Research Consortium (SHARC) expert panel defined 
CS as any cardiac disorder that results in both clinical 
and biochemical evidence of sustained tissue hypoperfu-
sion.3 End-organ hypoperfusion is defined as at least 1 
of the following: elevated arterial lactate (>2 mmol/L), 
acute kidney injury (creatinine ≥2 times the upper limit 
of normal) or oliguria (urine output <0.5 ml/kg/h), acute 
hepatic injury (alanine transaminase >3 times the upper 
limit of normal), cool or mottled extremities, or altered 
mental status not explained by an alternative cause.3 
Within the SHARC framework, CS is further stratified 
into normotensive CS (defined by a systolic blood pres-
sure ≥90 mm Hg in the absence of vasoactive agents 
or MCS) or hypotensive CS (defined by a systolic blood 
pressure <90 mm Hg for ≥30 minutes or the require-
ment for vasoactive agents or MCS to maintain a systolic 
blood pressure ≥90 mm Hg). This distinction is critically 
important to (1) highlight that hypotension does not de-
fine shock (rather shock is defined by hypoperfusion) 
and to (2) inform strategies for medical management of 
normotensive versus hypotensive CS. Last, the SHARC 
statement also subclassified CS according to etiology, 
including acute myocardial infarction (AMI-CS), heart 
failure caused by primary ventricular dysfunction absent 
an acute MI (heart failure CS), postcardiotomy, and sec-
ondary causes (eg, valvular disease, incessant arrhyth-
mia, or tamponade), highlighting important distinctions 
with respect to prognosis as well as options for targeted, 
pathogenesis-directed treatments (eg, revascularization 
in AMI-CS).

SELECTED SHOCK PHENOTYPES
Comparative effectiveness data about choice of specific 
vasoactive agents are extremely limited (discussed be-
low). Therefore, vasoactive agent selection for medical 
management of CS is generally dictated by pathophysi-
ologic principles, meaning that the choice of vasoac-
tive agent aligns with the pharmacologic profile of each 
agent along with the shock phenotype and its underlying 
pattern of hemodynamic derangements with the aim to 
normalize those derangements. It is helpful to consider a 
subset of shock phenotypes to facilitate pattern recog-
nition and to outline a framework for vasoactive agent 
selection for each phenotype.

For the purposes of this clinical primer, we will focus 
on the following phenotypes: “classic” left ventricular 
(LV)–predominant CS with hypotension, vasodilatory CS 
(or mixed shock) with hypotension, normotensive CS, right 
ventricular (RV)–predominant CS, and shock caused by 
dynamic LV outflow obstruction (Table 1). The approach 
to secondary CS, such as tamponade, severe valvular 
disease, or massive pulmonary embolism, is not included 
in this primer as rapid definitive management to reverse 
the mechanical process is the focus of care in affected 
patients. In addition, the approach to patients without 
hypoperfusion (ie, not meeting the SHARC definition of 
shock), such as SCAI stage B, is not included in this primer.

“Classic” LV-predominant CS is the most common 
phenotype of shock encountered in cardiac intensive care 
units (~65%).11,13 It is characterized by hypoperfusion 
with a low cardiac index (<2.2 L/min/m2) and an elevated 
systemic vascular resistance (SVR) (often >2200 dyn/s/
cm5, where normal is ~800–1200 dyn/s/cm5) as a com-
pensatory mechanism to preserve mean arterial pressure 
(MAP; where MAP – right atrial pressure [RAP] = cardiac 
output × SVR and cardiac output = heart rate × stroke 
volume), and frequently with increased LV end-diastolic 
pressure. Most patients with classic CS are hypotensive 
(henceforth termed “classic CS with hypotension”); how-
ever, ≥15% of patients with CS are able to maintain an 
adequate MAP because of robust vasoconstriction (“nor-
motensive CS”).1 In such cases, it is important to recog-
nize the pattern of global end-organ hypoperfusion that 
reflects a shock state, as abnormalities are often misin-
terpreted as individual organ dysfunction in the absence 
of hypotension (eg, concern for acute infectious hepatitis 
as the pathogenesis of acute liver injury).

Vasodilatory CS (also called mixed shock) is the sec-
ond most frequent phenotype of CS encountered in car-
diac intensive care units (15%–20%).11,13 Vasodilatory 
CS is distinguished from classic CS by an inappropriately 
low SVR. Mixed shock can be categorized as either pri-
mary CS with superimposed vasoplegia or as primary 
vasodilatory shock with underlying myocardial dysfunc-
tion leading to inadequate compensation.14 Among those 
with primary CS, vasoplegia may result from either a 

Nonstandard Abbreviations and Acronyms

AMI-CS	 �acute myocardial infarction cardiogenic 
shock

CS	 cardiogenic shock
LV	 left ventricular
MAP	 mean arterial pressure
MCS	 mechanical circulatory support
MI	 myocardial infarction
PVR	 pulmonary vascular resistance
RAP	 right atrial pressure
RV	 right ventricular
SHARC	 Shock Academic Research Consortium
SVR	 systemic vascular resistance
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distinct, superimposed vasoplegic process/insult (eg, 
postarrest or sepsis) or evolution of protracted or pro-
found classic CS culminating in a systemic inflammatory 
response syndrome that drives vasodilation.14

Dynamic LV outflow obstruction is an uncommon phe-
notype but is worth discussing as its management with 
vasoactive agents is quite distinct from other shock phe-
notypes. In this condition, dynamic, physical obstruction 
to LV emptying impairs cardiac output (Table 1). Patho-
geneses include hypertrophic obstructive cardiomyopa-
thy, “nutcracker” or “suicide LV” (acute hyperdynamic LV 
function with cavitary obstruction after correction of aor-
tic stenosis), and stress cardiomyopathy with functional 
obstruction caused by basilar LV hyperkinesis.

RV-predominant CS is generally invoked when hemo-
dynamic indices are dominantly abnormal for the right 
heart, with absolute and relative elevations in right-sided 
pressures (RAP >10 mm Hg; RAP/pulmonary artery 
wedge pressure >0.86), or a reduction in RV func-
tional indices (pulmonary artery pulsatility index <1.0) 
(Table 1).15 Management will depend on the underlying 
pathogenesis, which includes RV myocardial dysfunc-
tion (eg, ischemia), RV outflow obstruction (eg, severe 
pulmonary hypertension, particularly pulmonary arterial 
hypertension, massive pulmonary embolism), or insuffi-
cient venous return (eg, tension pneumothorax).

Management of biventricular shock (Table 1) should 
combine and balance the principles for management of 

isolated RV- and LV-predominant shock, including treat-
ing systemic hypotension while avoiding worsening sys-
temic and RV afterload, supporting biventricular inotropy, 
and careful volume management to maximize biventricu-
lar stroke volume while minimizing potential RV impinge-
ment on LV filling.

VASOACTIVE THERAPIES: CLASSES, 
INDIVIDUAL AGENTS AND COMPARATIVE 
EFFECTIVENESS
A useful descriptive framework for vasoactives catego-
rizes agents according to the functional impact on myo-
cardial contractility and arterial vascular smooth muscle. 
Inopressors have an inotropic and chronotropic effect, 
thereby increasing cardiac output and heart rate, as 
well as a vasopressor effect, through vasoconstriction 
(Table 2). Inodilators have an inotropic and chronotropic 
effect, but in contrast, promote vasodilation. Pure vaso-
pressors promote vasoconstriction, without a direct ef-
fect on myocardial contractility.

INOPRESSORS
The inopressors—epinephrine, norepinephrine, and dopa-
mine—are all in the catecholamine family and activate α- 
and β-adrenergic receptors, resulting in increased heart 

Table 1.  Shock Phenotypes With Typical Hemodynamic Profiles

Shock subtypes Summative definition RAP PAWP CI SVR MAP PAPI

Cardiogenic shock subtypes

 � Classic cardiogenic Hypoperfusion caused by ↓ CI and ↑ 
SVR, with or without hypotension

      

   �   Left-sided Normal or↑ ↑ ↓ ↑ ↓ (Hypotensive CS)
normal or ↑(normo-
tensive CS)

Normal

   �   Right-sided ↑ Normal or↓ ↓

   �   Biventricular ↑ ↑ ↓

 � Vasodilatory cardiogenic 
(mixed)

Hypoperfusion caused by inadequate 
CI and inappropriately ↓ SVR

Normal or↑ ↑ Normal 
or ↓*

↓ ↓ Normal or↓

 � Obstructive/mechanical

   �   Venous return (eg, 
tension PTX)

Hypoperfusion with a ↓ CI caused by 
mechanical or obstructive process

↓ ↓ ↓ ↑ Usually↓ ↓

   �   RV outflow (eg, PE, 
pHTN)

↑ ↓ ↓

   �   Tamponade ↑ ↑ Normal or↓

   �   Severe left-sided 
valvular

Normal or↑ ↑ Normal

Noncardiogenic shock

 � Hypovolemic Hypoperfusion with a ↓ CI caused by 
inadequate volume

↓ ↓ ↓ ↑ ↓ Normal

 � Distributive Hypoperfusion caused by ↓ SVR Normal or↓ Normal or↓ ↑ ↓ ↓ Normal

Pulmonary artery pulsatility index (PAPI) is [pulmonary artery systolic pressure minus pulmonary artery diastolic pressure]/right atrial pressure (RAP), where threshold 
for abnormal is <1. Surrogates may be used to approximate invasive hemodynamic measures. Jugular venous pressure or inferior vena cava dimensions can be used to 
estimate RAP. Pulmonary edema on imaging or examination implies ↑ pulmonary artery wedge pressure (PCWP). Perfusion markers (urine output barring oliguric acute 
kidney injury; lactate, mental status) approximate cardiac index (CI). Delayed capillary refill (ie, >2–3 s) or cool, mottled extremities imply increased systemic vascular 
resistance (SVR). MAP indicates mean arterial pressure; PE, pulmonary embolism; pHTN, pulmonary hypertension; PTX, pneumothorax; and RV, right ventricular.

*Inadequate increase to compensate for vasoplegia. 
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Table 2.  Vasoactive Agents: Indications in Cardiogenic Shock, Receptor Binding, Hemodynamic Effect, and Major Clinical Side 
Effects

Receptor 
binding*

Drug Class Clinical indication α1 β1 β2 DA
Other receptor 
or MOA

Hemodynamic 
effect Major side effects

Inopressors (↑CO, ↑HR, and ↑SVR)

 � Dopamine Catechol-
amine

Shock (classic or 
vasodilatory CS with 
hypotension)
Symptomatic brady-
cardia unresponsive 
to atropine

+++ ++++ ++ +++++ N/A ↑CO (all-
doses), ↑↑HR 
(all doses) and 
↑SVR (mod-high 
doses), likely 
↑PVR

Atrial or ventricular 
arrhythmias
Peripheral or visceral 
ischemia caused by 
vasoconstriction

 � Norepi-
nephrine

Catechol-
amine

Shock (classic or 
vasodilatory CS with 
hypotension)

+++++ +++ + N/A N/A ↑CO, ↑HR 
↑↑SVR, likely 
↑PVR

Atrial or ventricular 
arrhythmias
Peripheral or visceral 
ischemia caused by 
vasoconstriction

 � Epineph-
rine

Catechol-
amine

Shock (classic or 
vasodilatory CS with 
hypotension)
Cardiac arrest
Anaphylaxis

+++++ ++++ +++ N/A N/A ↑↑CO, ↑↑HR, 
↑SVR,
likely ↑PVR

Atrial or ventricular 
arrhythmias
Can drive lactic 
acidosis
Peripheral or visceral 
ischemia caused by 
vasoconstriction

Inodilators (↑CO, ↑HR, and ↓ SVR)

 � Milrinone Phospho-
diesterase 
inhibitor

Low CI (normoten-
sive CS, other CS 
with adequate MAP, 
RV dominant CS)

N/A N/A N/A N/A PDE inhibitor ↑CO, ↑HR, 
↓SVR, ↓PVR

Ventricular arrhyth-
mias
Hypotension

 � Dobuta-
mine

Catechol-
amine

Low CI (normoten-
sive CS, other CS 
with adequate MAP, 
RV dominant CS)

+ +++++ +++ N/A N/A ↑CO, ↑HR, 
↓SVR, ↓PVR

Atrial or ventricular 
arrhythmias
Hypotension

 � Isoproter-
enol

Catechol-
amine

Bradyarrhythmias 
(especially torsade 
des pointes)
Brugada syndrome

0 +++++ +++++ N/A N/A ↑↑HR, ↑CO, 
↓SVR,

Atrial or ventricular 
arrhythmias
Can drive lactic 
acidosis

 � Levosi-
mendan

Calcium-
sensitizing 
agent

Decompensated HF N/A N/A N/A N/A Myofilament 
Ca2+ sensitizer, 
PDE-3 inhibitor

↑CO, ↑HR, 
↓SVR,

Tachycardia, en-
hanced AV  
conduction
Hypotension

Vasopressors (↑ SVR)

 � Vasopres-
sin

Synthetic 
antidiuretic 
hormone 
(ADH)

Shock (vasodilatory 
CS or RV dominant 
CS with hypoten-
sion)
Cardiac arrest

N/A N/A N/A N/A V1 recep-
tors (vascular 
smooth muscle)
V2 receptors 
(renal-collecting 
duct system)

↑SVR, ↔ PVR Hyponatremia
Peripheral or visceral 
ischemia caused by 
vasoconstriction

 � Phenyl-
ephrine

Catechol-
amine

Decrease dynamic LV 
outflow obstruction; 
rescue option for re-
fractory vasodilation 
(vasodilatory CS)
Increase MAP with 
aortic stenosis and 
hypotension

+++++ 0 0 N/A N/A ↑SVR, ↑PVR Reflex bradycardia
Peripheral or visceral 
ischemia caused by 
vasoconstriction
Tissue necrosis with 
extravasation

 � Angioten-
sin II

Peptide 
hormone

Rescue option for 
refractory/ 
catecholamine- 
resistant vasodila-
tion (vasodilatory 
CS)

N/A N/A N/A N/A Binds to AT II 
receptor type 
1 (vascular 
smooth muscle) 
and ↑aldoste-
rone release

↑SVR Venous > arterial 
thrombotic and throm-
boembolic events
Concomitant ACE in-
hibitor increases effect
Concomitant ARB 
decreases effect

(Continued)
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rate, cardiac output, and vascular tone (Table 2). Although 
the overarching hemodynamic impact is similar between 
inopressors, the potency of receptor activation differs be-
tween the agents, which can result in somewhat distinct 
effects. Dopamine has a unique, dose-dependent stimula-
tion of dopamine and β1 and α1 receptors. At low doses, 
dopaminergic receptor stimulation dominates; at moderate 
doses, β1 activation results in augmentation of cardiac out-
put and HR; at high doses, α1 stimulation prevails, manifest 
as vasoconstriction (Table 2). Epinephrine is generally con-
sidered to have greater relative β1 stimulation compared 
with norepinephrine, resulting in greater increases in car-
diac output and heart rate; norepinephrine is generally con-
sidered to have greater relative α1 stimulation compared 
with epinephrine, resulting in greater increases in SVR.17

As these agents improve cardiac output and increase 
blood pressure, they are usually considered first-line in the 
treatment of classic or vasodilatory CS with hypotension. 
It is important to note that despite the pervasive use of 
these agents and the potential for differential effects, very 
few studies have evaluated the comparative effectiveness 
or safety of these agents in shock and even fewer in CS. 
In the SOAP (Sepsis Occurrence in Acutely Ill Patients) II 
trial, treatment with dopamine at doses up to 20 μg/kg/
min was not associated with a difference in the primary 
end point of all-cause mortality, but was associated with 
a higher rate of tachyarrhythmias (24.1% versus 12.4%), 
a secondary end point, in a heterogenous population of 
all-comers with shock (n=1679) compared with norepi-
nephrine (Table 3).18 In a subgroup analysis of patients 
with CS (n=280, 17% of total trial population), dopa-
mine was associated with more arrhythmic events and 
with a nonsignificant pattern towards increased mortality 
(approximately 50% versus 40% at 28 days), but with 
no evidence of true heterogeneity for mortality by shock 
type (P interaction for mortality by shock type, 0.87).18 
Two other small trials observed higher heart rate and lac-

tate level with epinephrine compared to norepinephrine 
(Table 3).19,20 In the OptimaCC study (Epinephrine Versus 
Norepinephrine for Cardiogenic Shock After Acute Myo-
cardial Infarction) that enrolled 57 highly selected patients 
with AMI-CS, there was a suggestion of a greater rate 
of refractory shock—a post hoc end point that included 
persistent lactate elevation—with epinephrine compared 
with norepinephrine.19 It is important to note that this find-
ing may not reflect actual refractory CS as epinephrine 
is known to increase lactate through proposed mecha-
nisms unrelated to cardiac output or global perfusion (eg, 
epinephrine is believed to drive skeletal muscle produc-
tion of lactate in a perfusion independent fashion), and 
it is unknown whether such hypoperfusion-independent 
lactate elevations correlate with worse outcomes.23 On 
the other hand, such lactate elevation can pose a chal-
lenge with respect to (1) acid-base status and (2) serial 
assessment for improvement in perfusion. For the latter, it 
is important to consider other markers of perfusion.

Based on the limited data, the American Heart Associa-
tion’s Scientific Statement on Contemporary Management 
of Cardiogenic Shock concluded that “the optimal first-
line vasoactive medication in cardiogenic shock remains 
unclear.”1 This uncertainty has led to a high degree of 
variability in clinical practice patterns, but a general trend 
towards more use of norepinephrine over epinephrine and 
dopamine.18 Data from the American Heart Association 
Cardiogenic Shock Registry indicates norepinephrine is 
the most commonly used agent, used in approximately 
65% of patients with CS supported by vasoactive medica-
tions, with epinephrine being used in 29% and with dopa-
mine used in only 6%.12 In the DanGer Shock trial, which 
enrolled European patients with AMI-CS, norepinephrine, 
epinephrine, and dopamine were used in 81%, 37%, and 
23% of participants, respectively.6

A theoretical argument can be made that epi-
nephrine may have the potential for more favorable 

Receptor 
binding*

Drug Class Clinical indication α1 β1 β2 DA
Other receptor 
or MOA

Hemodynamic 
effect Major side effects

 � Methylene 
blue

Redox 
agent

Rescue option for 
refractory vasodila-
tion (vasodilatory 
CS)

N/A N/A N/A N/A Inhibits nitric 
oxide synthase 
and guanylate 
cyclase

↑SVR Interferes with pulse 
oximetry leading to 
underestimate of true 
oxygen saturation 
(direct measurement 
of SaO2 by blood gas 
accurate)
Hemolysis in G6PD 
deficiency

+ to +++++, minimal to maximal relative receptor affinity. α1 indicates α1-adrenergic receptor; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor 
blocker; AS, aortic stenosis; AT, angiotensin; AV, atrioventricular; β1, β1-adrenergic receptor; β2, β2-adrenergic receptor; CO, cardiac output; CS, cardiogenic shock; DA, 
dopamine receptors; G6PD, glucose-6-phosphate dehydrogenase; HCM, hypertrophic cardiomyopathy; HF, heart failure; HR, heart rate; IM, intramuscular; IV, intravenous; 
LV, left ventricular; LVOT, left ventricular outflow tract; MAP, mean arterial pressure; max, maximum; MOA, mechanism of action; N/A, not applicable; PDE, phosphodies-
terase; PVR, pulmonary vascular resistance; RV, right ventricular; and SaO2, arterial blood oxygen saturation.

*0, Zero significant receptor affinity. 
Adapted from Overgaard and Dzavik16 and van Diepen et al.1

Table 2.  Continued
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physiological effects in CS (with greater cardiac con-
tractile support with less vasoconstriction because of its 
mixed β1- and β2-receptor agonism, particularly at low- 
moderate doses) versus norepinephrine (with more 
increase in afterload and less contractile support of the 
heart than the other agents because of its predomi-
nant α1-adrenergic agonism). As such, we will often 
consider the use of epinephrine over norepinephrine 
in CS with hypotension, monitoring for idiosyncratic 
elevations of lactate. We prefer dopamine when rela-
tive bradycardia is thought to be contributor to shock 
in light of its greater relative chronotropic effects. Con-
versely, if a patient’s course is complicated by tachyar-
rhythmias, we tend to (1) avoid agents with greater 
chronotropy, and therefore greater arrhythmogenicity, 
favoring norepinephrine over dopamine, or (2) consider 
an adrenergic-sparing strategy for MAP support with 
the addition of vasopressin.

INODILATORS
Because of the effects of increased inotropy and 
vasodilation, inodilators are most often used as the 
initial agent among patients with normotensive CS 
or as add-on therapy after MAP stabilization with an 
inopressor in hypotensive (classic or vasodilatory) 
CS. Dobutamine is a catecholamine with β1- and β2-
receptor agonism, resulting in inotropy, chronotropy, 
and vasodilation (Table 2). Milrinone is a phosphodi-
esterase inhibitor (regulating cAMP bioactivity) with 
inotropic and vasodilating actions.1 The DOREMI 
(Dobutamine Compared with Milrinone) trial found no 
difference in the rate of a broad and heterogeneous 
primary composite outcome that included in-hospital 
death, cardiac arrest, MI, need for MCS, stroke, or re-
nal replacement in 192 patients with CS randomized 
to dobutamine versus milrinone (Table 3).21

Table 3.  Randomized Controlled Trials of Vasoactive Agents that Included Patients With Cardiogenic Shock

Study Treatment Population Primary end point Other end points

SOAP II 
(2010)18

Dopamine vs 
norepinephrine

1679 patients with shock, 
including
sepsis (n=1044),
cardiogenic (n=280), 
hypovolemia (n=263), and 
other (n=92)

Death at 28 days
52.5% vs 48.5%
OR, 1.17 (95% CI, 0.97–1.42); P=0.10
In CS subgroup, HR ~0.75 favoring norepi-
nephrine (interaction P=0.87)

• � Arrhythmias: 24.1% vs 12.4%, P<0.001
• � Mechanical ventilation-free days at 28 days: 

8.5±11.2 vs 9.5±11.4 (P=0.13)
• � Renal replacement-free days at 28 days: 

12.8±12.4 vs 14.0±12.3 (P=0.07)
• � Vasopressor support-free days at 28 days: 

11.0±12.1 vs 12.5±12.1 (P=0.01)

OptimaCC 
(2018)19

Epinephrine vs 
norepinephrine

57 patients with AMI-CS 
and LV EF<40%

Cardiac index
No difference with P=0.43

• � Refractory CS (post hoc end point): 37% (10 
of 27) vs 7% (2 of 30); P=0.01

• � Arrhythmias: 41% vs 33%; P=0.56
• � Death at 60 days: 52% vs 37%; P=0.25

CAT Study 
(2008)20

Epinephrine vs 
norepinephrine

280 patients with shock, 
including severe sepsis 
(n=158) and AMI-CS 
(n=27)

Time to attainment of MAP goal for ≥24 hours 
without vasopressors
Median 35.1 hours (IQR, 13.8–70.4) vs 40.0 
hours (14.5–120.0)
HR, 0.88 (95% CI, 0.69–1.12); P=0.26

• � Death at 28 days: 22.5% vs 26.1%; HR, 0.86 
(95% CI, 0.57–1.31); P=0.48

• � Vasopressor-free days: median, 26.0 (IQR, 
19.2–27.3) vs 25.4 (13.8–27.3); P=0.31

DOREMI 
(2021)21

Milrinone vs 
dobutamine

192 patients with cardio-
genic shock

Composite of in-hospital death, resuscitated 
cardiac arrest, heart transplant or MCS, MI, 
TIA or stroke, initiation of renal replacement 
therapy
49% vs 54%
RR, 0.90 (95% CI, 0.69–1.19); P=0.47

• � In-hospital death: 37% vs 43%; RR, 0.85 
(95% CI, 0.60–1.21)

• � Resuscitated cardiac arrest: 7% vs 9%; HR, 
0.78 (95% CI, 0.29–2.07)

• � Heart transplant or MCS: 12% vs 15%; HR, 
0.78 (95% CI, 0.36–1.71)

• � Renal replacement: 22% vs 17%; HR, 1.39 
(95% CI, 0.73–2.67)

VANCS 
(2017)22

Vasopressin vs 
norepinephrine

300 patients with vasople-
gic shock and cardiac in-
dex >2.2 l/min/m2 (not CS) 
after cardiac surgery

Composite of mortality or severe complica-
tions (stroke, mechanical ventilation >48 
hours, deep sternal wound infection, reopera-
tion, or acute renal failure) within 30 days
32% vs 49%
HR, 0.55 (95% CI, 0.38–0.80); P=0.0014

• � Death at 30 days: 15.4% vs 15.9%; HR, 0.99 
(95% CI, 0.56–1.76); P=0.98

• � Mechanical ventilation >48 hours: 5.4% 
vs 8.6%; HR, 0.62 (95% CI, 0.26–1.49); 
P=0.28

• � Sternal wound infection: 4.7% vs 9.9%; HR, 
0.46 (95% CI, 0.19–1.23); P=0.09

• � Reoperation: 6.7% vs 6.6%; HR, 0.8 (95% 
CI, 0.52–1.23); P=0.31

• � Stroke: 2.7% vs 2.6%; HR, 1.03 (95% CI, 
0.26–4.11); P=0.97

• � Acute renal failure: 10.3% vs 35.8% ; HR, 
0.26 (95% CI, 0.15–0.46); P<0.0001

• �� Atrial fibrillation: 63.8% vs 82.1%; HR, 0.38 
(95% CI, 0.22–0.65); P=0.0004

AMI-CS indicates acute myocardial infarction cardiogenic shock; CS, cardiogenic shock; DOREMI, Dobutamine Compared with Milrinone; EF, ejection fraction; HR, hazard ratio; 
IQR, interquartile range; LV, left ventricular; MAP, mean arterial pressure; MCS, mechanical circulatory support; MI, myocardial infarction; OR, odds ratio; RR, relative risk; SOAP, 
Sepsis Occurrence in Acutely Ill Patients; TIA, transient ischemic attack; and VANCS, Vasopressin Versus Norepinephrine in Patients With Vasoplegic Shock After Cardiac Surgery.
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The choice between agents often depends on clinician 
comfort/familiarity and consideration of the differences 
in pharmacokinetics. Milrinone has a longer half-life than 
dobutamine (approximately 2.5 hours with normal renal 
function for milrinone versus 2 minutes for dobutamine), 
can accumulate with renal dysfunction, tends to correlate 
with greater pulmonary vasodilatation and less exacerba-
tion of tachycardia, and does not lead to tachyphylaxis. As 
such, we tend to use dobutamine early in a patient’s course 
to allow for more rapid titration and in patients with renal 
dysfunction. We tend to favor milrinone in patients with 
difficult to manage tachyarrhythmias, pulmonary hyperten-
sion, or an expectation of prolonged use (eg, home inotro-
pic support). If used in patients with renal dysfunction, we 
tend to uptitrate milrinone cautiously to avoid bioaccumula-
tion and resultant excessive vasodilation.

VASOPRESSORS
The mechanism by which pure vasopressors increase  
vasoconstriction varies across agents. Vasopressin, or an-
tidiuretic hormone, results in arterial smooth muscle con-
traction through V1 receptor agonism on the systemic 
vasculature (Table 2). Vasopressin is typically used for  
refractory vasodilatory shock, particularly septic shock. How-
ever, vasopressin may be used as part of an “adrenergic- 
sparing” approach, particularly in the setting of vasodilatory 
CS, based on the hypothesis that endogenous vasopressin 
may be depleted over time in critically ill patients.24 Clini-
cal trial data of outcomes are limited with vasopressin use 
in CS, but it has been evaluated in a small study of 300 
patients with postcardiotomy shock with vasoplegia, hypo-
tension, and preserved cardiac output, where it decreased 
the rate of a composite end point of mortality or severe  
complications compared to norepinephrine (Table 3).22 
Vasopressin has been reported to have minimal impact 
on pulmonary vascular resistance (PVR); as a result, it is 
often used as a first-line agent in hypotension with RV- 
predominant shock in an effort to increase SVR without 
increasing RV afterload.25,26 Phenylephrine is a pure α ago-
nist that also increases PVR. Angiotensin II is a peptide 
hormone that increases blood pressure through binding 
to the angiotensin II receptor type 1 in vascular smooth 
muscle resulting in vasoconstriction and an increase in al-
dosterone release.27 Methylene blue is a redox agent that 
inhibits nitric oxide synthase, resulting in vasoconstriction.28 
These 3 agents are rarely used in patients with CS, but may 
be considered as a potential rescue therapy for profound 
vasoplegia that is refractory to other interventions.

STRATEGIC APPROACH TO MEDICAL 
MANAGEMENT OF CS BY PHENOTYPE
As highlighted above, there are extremely limited com-
parative effectiveness data to guide vasoactive agent 

choice or strategy; as such, the following is based on 
our practice-based approach, integrating pharmacol-
ogy, pathophysiology, and the hemodynamic derange-
ments that define each shock phenotype. Our stepwise 
approach starts with the initial, emergent goal to “protect 
the MAP,” as a first attempt to restore perfusion to the 
vital organs, as much as possible (Central Illustration). 
Next, we attempt to define the hemodynamic phenotype 
and to identify potential etiologies, to provide etiology-
targeted interventions, and reverse contributors. With an 
understanding of the shock phenotype and potential  
etiology, we then set additional hemodynamic goals be-
yond the MAP (Central Illustration). We generally aim for 
normalization of hemodynamic parameters; however, there 
are clinical scenarios where we alter those targets based 
on specific disease states (eg, higher RAP goal in the set-
ting of acute RV MI). Last, we tailor our pharmacotherapy 
to an iterative assessment of the (1) persistence of hypo-
perfusion and (2) ongoing hemodynamic derangements. 
Note that although invasive hemodynamics may be help-
ful, noninvasive assessments through clinical examination, 
imaging, vital signs, and laboratory values can be used as 
surrogates (Table 1). Specifically, jugular venous pressure 
or inferior vena cava dimensions can be used to estimate 
RAP; pulmonary edema on imaging or examination implies 
increased pulmonary artery wedge pressure; perfusion 
markers (urine output barring oliguric acite kidney injury; 
lactate, mental status) are more important than estimated 
cardiac index; delayed capillary refill (ie, >2–3 s) or cool, 
mottled extremities imply increased SVR. Acknowledging 
the absence of randomized controlled trials testing the util-
ity of invasive hemodynamics in shock states, our practice 
aligns with guideline recommendations to consider place-
ment of a pulmonary arterial catheter when there is (1) 
diagnostic uncertainty as to the hemodynamic or shock 
phenotype, (2) uncertainty about hemodynamic status (ie, 
whether hemodynamic goals have been achieved), and (3) 
no improvement despite empiric interventions.29

It is important to note that we follow the same algo-
rithmic approach across the spectrum of Society for 
Cardiovascular Angiography and Interventions (SCAI) 
shock stages (eg, C–E) and SHARC etiology. We find 
that defining the SCAI shock stage is useful to define 
the prognosis as well as to guide the rapidity of itera-
tive assessments and therapeutic escalation, including 
for medical management with vasoactives and consid-
eration of temporary mechanical support. Identifying the 
SHARC etiology can help to direct provision of etiology- 
targeted therapies (step 2 in algorithm).

In classic CS with hypotension, we aim to protect the 
MAP initially using an inopressor. In contrast, in patients 
with an adequate MAP, initial inodilator or vasodilator 
therapy is preferred as discussed in the next paragraph. 
Once the MAP is at goal, we assess whether perfusion 
(ie, cardiac index) is adequate. If not, we will either add 
an inodilator (which may require increasing the dose of 
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Central Illustration. Strategic Approach to Early Medical Management of Cardiogenic Shock
†Including pericardial drainage for tamponade, VSD closure, valve intervention for severe aortic stenosis or acute severe mitral or aortic 
regurgitation, and pharmacologic or mechanical treatment of massive pulmonary embolism. *Assuming normal or elevated filling pressures. If 
hypovolemia contributory pathogenesis to low output state, resuscitate. ⁋If congested, volume removal (eg, diuresis or renal replacement therapy) 
in parallel. CI indicates cardiac index; CS, cardiogenic shock; Epi, epinephrine; MAP, mean arterial pressure; PAPI, pulmonary artery pulsatility index 
([pulmonary artery systolic pressure minus pulmonary artery diastolic pressure]/RAP); PAWP, pulmonary artery wedge pressure; PEEP, positive 
end-expiratory pressure; PVR, pulmonary vascular resistance; RAP, right atrial pressure; SVR, systemic vascular resistance; tMCS, temporary 
mechanical circulatory support; and Vaso, vasopressin. 
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inopressor) or consider cross-titration to epinephrine 
from norepinephrine, if applicable. Our strategy for vaso-
dilatory CS with hypotension is similar; we start with an 
inopressor. However, with iterative assessments, we may 
appreciate that perfusion is adequate but hypotension 
persists. In this case, we often add vasopressin as an 
“adrenergic-sparing” agent as described above. If the 
MAP is at goal, but perfusion is still lacking, we generally 
add an inodilator, if the MAP tolerates.

In normotensive CS, there are 2 strategies to consider: 
(1) targeted reduction of the SVR with vasodilators, which 
would be expected to result in an increase in cardiac out-
put, or (2) simultaneous improvement of contractility and 
reduction of the SVR with an inodilator or combination of 
inodilator and vasodilator. Continuous parenteral vasodila-
tor therapy includes nitroprusside, a potent arterial vaso-
dilator that can lead to cyanide/thiocyanate toxicity with 
prolonged use, or nitroglycerin, a venodilator that may act 
as an arterial vasodilator at higher doses.

In the case of dynamic LV outflow obstruction, the 
aim is to minimize obstruction through ensuring ade-
quate volume status, increasing afterload and avoid-
ing increased contractility. A common approach would 
include a combination of IV fluids, vasopressor therapy 
(eg, phenylephrine or vasopressin), and β blockade (eg, IV 
esmolol infusion). The management of RV-predominant  
CS will depend on the underlying pathogenesis. As guiding 
principles, we aim to treat systemic hypotension through an 
increase in SVR while minimizing the impact on RV afterload. 
We often start with vasopressin because of its PVR-neutral 
impact on MAP. If additional support is required, we tend 
to use epinephrine, which will also offer RV inotropy, and 
avoid phenylephrine. We avoid or mitigate factors known to 
increase PVR, such as hypoxia, hypercarbia, acidosis, hypo-
thermia, and positive pressure ventilation/excessive positive 
end-expiratory pressure. In the absence of left-sided con-
gestion, we consider the addition of pulmonary vasodilators, 
such as inhaled nitric oxide or inhaled prostacyclin, to lower 
the PVR with an aim to increase RV output. Last, we also 
consider supporting RV contractility with an inodilator or 
inopressor; the choice will depend on an assessment of the 
relative benefit versus risk of decreasing RV afterload with 
possible systemic hypotension (inodilator) or increasing RV 
afterload while protecting the MAP (inopressor).

FUTURE DIRECTIONS
As highlighted, the data to guide medical management of 
CS, including for vasoactive choice and strategy, are quite 
limited. Ongoing studies include CAPITAL DOREMI 2 
(Inotrope Versus Placebo Therapy for Cardiogenic Shock; 
NCT05267886), which is assessing the benefit of an ino-
trope versus placebo for SCAI stage C or D patients for 
the composite end point of mortality, sustained hypoten-
sion, persistent lactate elevation, need for MCS, sustained 
arrhythmia, or resuscitated cardiac arrest, and the PACCS 

trial (Pulmonary Artery Catheter in Cardiogenic Shock Trial; 
NCT05485376), which is evaluating the benefit of early 
pulmonary arterial catheter use within 6 hours in heart fail-
ure CS for mortality. Other areas of interest for future re-
search in CS include additional studies comparing the ef-
ficacy and safety of the various vasoactive agents, trials to 
define optimal hemodynamic targets, and additional studies 
evaluating the utility of invasive hemodynamics in popula-
tions outside of heart failure CS. Relevant to this primer, we 
are eager to see a well-powered randomized trial to assess 
the comparative efficacy and safety of the inopressors in 
hypotensive classic and vasodilatory CS, with respect to 
hemodynamic support, requirement for other supportive 
therapies (eg, renal replacement or mechanical circulatory 
support), safety end points (eg, limb ischemia, arrhythmic 
events), and mortality as well as a study of vasopressin in 
hypotensive CS to test the adrenergic-sparing strategy.

CONCLUSIONS
Medical management with vasoactive agents is the initial 
strategy in virtually all patients with CS. Comparative data 
for the efficacy and safety of the various agents are lack-
ing. As a result, we rely on a framework that integrates 
pharmacological and pathophysiologic principles, tailored 
to the shock phenotype.
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