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Practical aspects of managing patients with cardiogenic shock

Novosadov M. M., Novosadov V. M.2, Dzhioeva O.N.*?, Drapkina O. M!

Cardiogenic shock is the leading cause of death among
patients with acute coronary syndrome. This pathology is
characterized by high rates of inhospital and annual morta-
lity. In Russian literature, data on the prevalence, diagnosis
and treatment of patients with cardiogenic shock are limited.
Therefore, the main aim of this publication is to increase
the awareness of specialists about modern approaches to
the diagnosis and treatment of this condition. This review
discusses in detail the main causes of cardiogenic shock,
aspects of pathophysiology, modern classification, dia-
gnosis, and algorithms for pharmacological and non-drug
therapy in patients with cardiogenic shock.
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» Cardiogenic shock remains the leading cause of death despite advances in therapy.

* The review suggests the creation of a registry of patients with cardiogenic shock in the Russian
Federation in order to further optimize treatment protocols.

Cardiovascular diseases in the 21% century retain
dominance in the structure of mortality in developed
countries [1]. Over 17,3 million people die each year
due to cardiovascular disease. Atherosclerotic car-
diovascular diseases remain one of the most complex
and unresolved problems of modern cardiology, since
acute coronary artery disease (CAD) are the cause of
cardiogenic shock (CS) in 82% of cases [2, 3].

CS is the most severe and unfavorable compli-
cation of acute CAD. The true prevalence of CS
is unknown, but the 2019 European Society of

Cardiology consensus [4] provides data that 3-5%
of all hospitalizations for acute heart failure (AHF)
occur in patients with true CS. In-hospital mortality,
even with modern therapeutic methods, is in the
range of 30-60%, with most deaths occurring within
24 hours of admission. The annual mortality of
patients after CS is 50-60%, and most of the deaths
occur in the first 30-60 days after hospital discharge.
CS rate in patients with acute coronary syndrome
(ACS) is 30-40% [5]. Interestingly, a decade ago,
medical community believed that CS occurs mainly
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in ACS. However, large US registry on CS problems
revealed natural decrease in the number of patients
with CS associated with myocardial infarction (MI),
from 65,3% to 45,6% between 2005 and 2014 [6].
A similar trend was shown in the Canadian intensive
care registry as followed: only a third of patients with
MI had shock at admission, while ~18% of patients
were admitted with decompensated heart failure
(HF) against the background of ischemic cardiomyo-
pathy without acute MI, 28% had non-ischemic
cardiomyopathy and other causes (recurrent ven-
tricular tachycardia, severe valvular heart disease)
[7]. The aim of this review was to draw the attention
of specialists to this urgent problem, encourage the
formation of interdisciplinary teams of cardiologists
and intensivists, as well as to assess the potential
of creating a unified registry of CS patients in our
country.

Definition, classification and epidemiology of CS

The most severe form of CAD is ACS, which is
classified into 2 main forms: ST segment elevation
MI (STEMI) and non-ST segment elevation MI
(NSTEMI), which also includes unstable angina
[8-12]. STEMI is a less favorable form of acute CAD
due to the high incidence of complications [13],
among which are arrhythmias, right ventricular (RV)
involvement, AHF and mechanical complications:
left ventricular (LV) free wall rupture, interven-
tricular septal rupture, mitral valve papillary muscle
rupture. AHF continues to be the most common
complication of STEMI and appears to be one of the
most important unfavorable prognostic factors [14].
The leading mechanism for AHF is LV contractile
dysfunction caused by a large necrosis. There are fol-
lowing other causes of AHF: arrhythmias, mechani-
cal complications, comorbidity factors. There are
following unfavorable factors of AHF:

1. Severe manifestations of systemic congestion,
characterized by pulmonary edema (Killip III).

2. Hypotension is a decrease in blood pressure
(BP) <90 mm Hg.The causes can be both RV
and LV dysfunction, arrhythmias, and mechani-
cal complications. Long-term hypotension >30 min
leads to acute kidney injury and other systemic
complications.

3. Decrease in the cardiac index (CI) <2,2 1/
min/m?, leading to tissue hypoperfusion and cardio-
renal syndrome followed by oligoanuria.

CS still remains the most severe complication of
AHF, as well as the most common cause of death
in patients in the cardiac intensive care unit [15].
The definition of CS reflects that this is a state of
critical hypoperfusion and tissue dysoxia: a decrease
in tissue oxygen saturation due to heart disease.
In routine clinical practice, the diagnosis of CS is
based on clinical criteria such as persistent hypoten-

sion <90 mm Hg without an adequate response to
volemic load and accompanied by clinical signs of
organ hypoperfusion: cold extremities, oligoanuria
<20 ml/h and mental changes. In addition, there
are following biological markers of tissue dysoxia: an
increase in blood lactate level >2 mmol/1 [16].

According to modern classification [17], CS has
3 stages:

1. Pre-CS: Patients with systolic BP (SBP) >90
mm Hg but with hypoperfusion signs: cold extremi-
ties, oligoanuria <20 ml/h, and altered mental status.

2. True CS with SBP <90 mm Hg for >30 min,
need for pharmacologic or intraaortic balloon pump
support, decreased CI <2,2 1/min/m?, elevated fil-
ling pressures of the left, right, or both ventricles
(increased pulmonary capillary wedge pressure
(PCWP) and central venous pressure ).

3. Refractory CS, which does not differ from
stage 2 in hemodynamic characteristics, but there is
no adequate response to ongoing therapy.

The e American College of Cardiology, the
American Heart Association, the Society of Critical
Care Medicine, and the Society of Thoracic
Surgeons [18] proposed an extended version of A-E
classification of CS (Figure 1). Stage A is a patient
who is at risk of CS. Usually, there are no signs or
symptoms of true CS. In such patients, there are no
significant clinical and paraclinical abnormalities,
but there is a risk of its development. Most often,
these are patients with STEMI, as well as patients
with decompensated HF, regardless of the LV ejec-
tion fraction (EF). Such patients require continuous
round-the-clock monitoring of vital parameters in
the intensive care unit.

Stage B: "Beginning" CS (pre-shock/compen-
sated shock) describes a patient who has clinical evi-
dence of relative hypotension or tachycardia without
hypoperfusion. At this stage, there may be a mild
volume overload, while lactate levels are normal.

Stage C: "Classic" CS, at this stage patients have
signs of hypoperfusion and require pressor and ino-
tropic support, often mechanical support or extra-
corporeal membrane oxygenation (ECMO) is often
used. These patients have mean BP <60 mm Hg
and SBP <90 mm Hg along with hypoperfusion.
Laboratory findings may include signs of impaired
renal function, elevated levels of lactate, natriuretic
peptide, and liver enzymes. Invasive hemodynamics
demonstrates a decrease in CI <2,2 1/min/m?.

Stage D: "Deteriorating” CS describes a patient
who has failed to stabilize despite intense initial
efforts and further escalation is required. In addi-
tion, at least 30 minutes have elapsed but the patient
has not responded with resolution of hypotension
or end-organ hypoperfusion. Escalation consists in
increasing the degree of vasopressor and inotropic
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Figure 1. CS classification ([18], courtesy of Wiley).

Abbreviations: CS — cardiogenic shock, CPR — cardiopulmonary resuscitation, ECMO — extracorporeal membrane oxygenation.
Stage A — At risk. A patient who is not currently experiencing signs or symptoms of CS, but is at risk for its development. These patients
may include those with large acute myocardial infarction or prior infarction acute and/or acute on chronic heart failure symptoms.
Stage B — Beginning CS. A patient who has clinical evidence of relative hypotension or tachycardia without hypoperfusion.

Stage C-Classic CS. A patient that manifests with hypoperfusion that requires intervention (inotrope, pressor or mechanical support,
including ECMO) beyond volume resuscitation to restore perfusion. These patients typically present with relative hypotension.

Stage D — Deteriorating. A patient that is similar to category C but are getting worse. They have failure to respond to initial interventions.
Stage E — Extremis. A patient with circulatory collapse, frequently (but not always) in refractory cardiac arrest with ongoing
cardiopulmonary resuscitation (CPR) or are being supported by multiple simultaneous acute interventions including ECMO-facilitated
CPR. These are patients with multiple clinicians at bedside laboring to address multiple simultaneous issues related to the lack of clinical

stability of the patient.

support to eliminate hypoperfusion and often the
addition of mechanical circulatory support after
the initial observation period. Colleagues from
City Clinical Hospital Ne 52 in Moscow show that
ECMO is actively used in refractory true CABG and
in circulatory arrest, as a therapy for critical condi-
tions [19].

Stage E: "Extremis" CS is the patient with circu-
latory collapse (refractory to treatment hypotension).
Often (but not always), there is a circulatory arrest
with ongoing cardiopulmonary resuscitation (CPR)
or life support is provided by multiple simultane-
ous acute interventions, including ECMO-facilitated
CPR. These are patients treated by a multidisci-
plinary team with doctors of various specialties,
ranging from an intensive cardiologist to a cardiac
surgeon. All of their work at the bedside is geared
towards addressing multiple simultaneous issues
related to the lack of clinical stability of the patient.
Again, Russian specialists concluded that a cardiac
intensivist is ideally suited to work in the cardiology
unit, since he is equally competent in both clinical
cardiology and intensive care [20].

Mechanism of CS development

The underlying mechanism for CS development
is most often an acute decrease in LV contracti-

lity due to ischemia, which primarily causes a pro-
nounced decrease in myocardial contractility, which
first of all triggers a vicious circle of decreased CI,
which further leads to the hypotension, which col-
lectively worsen SI, and this further exacerbates
coronary hypoperfusion [21]. RV contractile dys-
function and microcirculatory impairment can also
contribute to the onset and worsening of CS course.
A decrease in cardiac output (CO) affects coronary
perfusion, which leads to impaired myocardial con-
tractility and progression of CS. Impaired microcir-
culation in patients with decompensated HF and CS
was already noted in the work [22], which showed
that the proportion of perfused small (20 um) ves-
sels was lower in patients with HF and CS than in
HF patients without CS (63% [46-65%] and 49%
[38-64%] vs 92% [90-93%], p=0,001). Therefore,
microcirculation disorders are quite common in
patients with CS and are associated with a poor
prognosis. The presence of obstructive CAD can
further aggravate the decrease in coronary perfusion.

In the position statement of the European Society
of Cardiology [4], much attention in the CS develop-
ment and its pathophysiology is paid to microcircu-
lation and multiorgan dysfunction (Figure 2). This is
primarily due to the fact that the microcirculation is
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Figure 2. Organ dysfunction in CS ([4], courtesy of Wiley).
Abbreviations: ALT — alanine aminotransferase, AM — urea nitrog

en, AST — aspartate aminotransferase, GGT — gamma-glutamyl

transferase, DIC — disseminated intravascular coagulation, GFR — glomerular filtration rate, SIRS — systemic inflammatory response

syndrome, Ac — arteriolar constriction, Ad — arteriolar dilatation, Cl

— cardiac index, SBP — systolic blood pressure, SVR — systemic

vascular resistance, Vc — venular constriction, Vd — venular dilatation.

flow-dependent. A decrease in CO with a compen-
satory vascular tone increase reduces the sensitivity
of capillaries, which does not meet the requirements
of cellular metabolism, and this primarily leads
to cellular hypoxia. However, even under severe
hypoxia, mitochondrial viability and function are
maintained for several hours, and animal models
suggest initial activation of the mitochondrial trans-
port chain to maintain normal functioning to sup-
port metabolic demands [23]. Subanalysis of the
CULPRIT-SHOCK study [24] showed an indepen-
dent correlation between microcirculatory perfusion
and the composite endpoint of 30-day mortality,
renal replacement therapy, especially in patients
with a hemodynamic imbalance between microcir-
culation and macrocirculation characteristics [235].
Systemic inflammation also plays an important role
in CS development and is observed in 20-40% of
patients with CS, and ultimately leads to a decrease
in systemic vascular resistance [26]. Elevated levels
of cytokines (interleukin-13, 6, 7, 8, and 10) were
found in patients shortly after the CS onset, which
is a predictor of death [27]. The production of
nitric oxide and other inflammatory mediators leads
to vasodilation, which impairs macrocirculation.
Infection complicates the course of approximately

20-30% of CS cases [28]. Infection risks include vas-
cular access as well as gastrointestinal mucosal da-
mage associated with hypoperfusion and consequent
bacterial translocation. Multiple organ dysfunction
is the result of macrohemodynamic abnormalities
and is associated with poor prognosis. Despite the
fact that LVEF is a marker of poor prognosis in CS
patients, contrary to popular belief, LV contractility
is not always sharply reduced, which was shown,
for example, in the SHOCK study [29], where most
patients had EF >30%. An important factor is the
presence of not only contractile dysfunction in these
patients, but diastolic dysfunction with a restrictive
pattern, leading to an increase in filling pressure.
Reynolds HR, et al. [30] described in detail the
echocardiographic patterns of CS. The pattern of
increased filling pressure was observed in 60,9%
of examined patients. Patients with this pattern
had a lower LVEF (31,1% vs 39,0%, p=0,02) and
a higher LV wall motion score index (2,1 vs 1,8,
p=0,05). Patients with severe diastolic dysfunction
were more likely to receive counterpulsation during
echocardiography (73,7% vs 43,5%, p=0,03). The
restrictive pattern had a positive predictive value of
80% for elevated PCWP >20 mm Hg. Thirty-day
survival was 53,9% with restriction versus 68,0%

94



LITERATURE REVIEWS

without restriction (p=0,31). Therefore, restrictive
filling pattern is common in patients with CS and
is associated with its unfavorable course. CS can
also occur with RV involvement, but the percen-
tage of such patients is much less, because most of
them are found with primary LV failure. Studying
the registry for patients with CS, some researchers
[31] conclude that patients with RV infarction have
outcomes comparable to those in patients with CS
and LV failure. There are following mechanism of
LV failure: RV dysfunction affects LV contractility,
not only by reducing LV preload, but also due to the
effect of interventricular septum prolapse on LV geo-
metry, which leads to a decrease in its contractility.
The investigators made the following conclusions:
patients with predominant shock in RV involvement
were younger, with a lower rate of prior MI (25,5
vs 40,1%, p=0,047), anterior MI and multivessel
disease (34,8 vs 77,8%, p=0,001), there was also less
time spent from the diagnosis of MI to CI (2,9 vs 6,2
h, p=0,003) compared with patients with shock due
to LV involvement. Inhospital mortality was 53,1%
compared with 60,8% (p=0,296) for patients with
predominance of RV and LV shock, respectively,
and the effect of revascularization on mortality did
not differ between groups. Therefore, CI against the
background of RV failure has the same unfavorable
prognosis as true LV CS. Thus, we see that true CS
leads to macro- and micro-organ dysfunction, often
leading to death. The instability of hemodynamic
parameters and the severity of such a cohort of
patients suggests the idea of decision-making speed
and the timeliness of providing competent care.

Treatment of CS

To answer the question of what is the basis of
therapy for such severe patients with true CS, it
is important to understand the mechanism of CS
development in each specific case, and one should
try to influence the entire chain of organ dysfunc-
tion. Perhaps the most important is to perform
revascularization in such patients, i.e. emergency
percutaneous coronary intervention (PCI) should be
performed [32]. In another review |33], the authors
show that patients with return of spontaneous cir-
culation after successful CPR should be taken to
a PCI center as soon as possible. Early emergency
echocardiography and laboratory tests (acid-base
balance, lactate levels) are important and can be
performed in the operating room, but only with
limited delay without delaying PCI. Triage, stabili-
zation and diagnostic evaluation of such patients are
essential before invasive treatment. Stable patients
with risk factors for shock (Stage A) or in the case of
pre-CS (Stage B) can usually have immediate coro-
nary angiography followed by infarct-related artery
revascularization, with ongoing clinical, laboratory

and physical reevaluation of patients for progression
of shock every 60 minutes. Patients with more severe
CS (Stages C-E) may generally need to be stabilized
initially based on BP, target organ perfusion status,
oxygenation, and acid-base status. However, in cases
of STEMI, any necessary stabilization efforts should
be accelerated to minimize the delay in reperfusion
therapy, because every 10-min delay results in 3
deaths per 100 patients undergoing PCI [34].

What are the options for stabilizing the patient
condition at the present time? Intravenous inotropic
and pressor agents have been and remain the main-
stays in the emergency treatment of CS. These
agents can increase ventricular and CO contractility,
decrease filling pressure, and maintain target organ
perfusion. Among the most commonly used drugs,
dobutamine can be distinguished, which is a direct
agonist of P2-adrenergic receptors with a positive
inotropic effect, in addition to it, norepinephrine
can also be noticed, stimulating both a and (3-ad-
renergic receptors, but more precisely with a vaso-
pressor effect and minimal inotropic, as well as mil-
rinone and levosimendan [35]. Norepinephrine is
a fairly strong and reliable vasopressor with a mini-
mal inotropic effect, which is important given com-
pensatory tachycardia in this category of patients,
and norepinephrine is often used in combination
with dobutamine. The use of vasopressor agents in
severe true CS is justified by the fact that in many
patients the effectiveness of target organ perfusion
directly correlates with BP: namely, with SBP or, as
it is often called, perfusion BP, the level <60 mm Hg
of which increases inhospital mortality. Norepi-
nephrine in this case not only can maintain the per-
fusion of internal organs at an adequate level, but
also stimulates a BP increase without concomitant
increase in heart rate (HR). Currently, there are no
comparative studies of pure inotropic and vasodila-
tory agents in CS. In clinical practice [36], three
drugs can be used: dobutamine, which is a pure ino-
trope, as well as levosimendan and phosphodieste-
rase (PDE) inhibitors, both of which are combined
inodilators. Interestingly, these three drugs act in
different ways. Dobutamine is predominantly a 3-1-
agonist with weak activity at -2 and a-1 receptors.
PDE inhibitors prevents the breakdown of cyclic
adenosine monophosphate (cCAMP). In the myocar-
dium, increased cCAMP levels activate protein kinase
A, which in turn produces calcium channel pho-
sphorylation, increasing calcium influx into the car-
diomyocyte, which in turn increases contractility. In
smooth muscle, elevated levels of cAMP inhibit
myosin light chain kinase, which primarily causes
arterial and venous vasodilation. Levosimendan
interacts with Ca**-saturated troponin C (¢InC) and
this underlies Ca’?"-sensitizing mechanism. The
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interaction site for levosimendan on the ¢cInC mole-
cule was located on the hydrophobic N-domain, in
close proximity to so-called D/E linker. Levo-
simendan binding results in Ca’*-saturated ¢InC
stabilization in the drug presence, thereby increasing
the inotropic function of cardiomyocytes. This drug
also has a vasodilation effect on vascular smooth
muscle, mediated through the opening of adenosine
triphosphate-sensitive potassium channels [37].
Despite the whole pool of favorable effects, levosi-
mendan is usually considered as a second-line agent
in CS therapy. Based on clinical experience, avai-
lability, and cost, dobutamine is generally recom-
mended as a first-line drug. Dobutamine has been
shown to significantly increase heart rate, CI, and
mixed venous oxygen saturation (SvO;) in CS, while
decreasing both PCWP and lactate levels. Milrinone,
a member of PDE inhibitors, was found not to sig-
nificantly increase HR with a decrease in PCWP
and an increase in CI, but no marked increase in
SvO, or decrease in lactate was noted. In the end,
both drugs were associated with arrhythmias and
systemic hypotension. However, studies suggest that
milrinone and dobutamine showed similar efficacy
and safety profiles, but with little difference in side
effects. The choice of milrinone or dobutamine as
initial inotropic therapy in CS may depend more on
the tolerability of adverse events [38]. Dopamine is
an endogenous catecholamine, the cardiovascular
effects of which are directly dependent on the dose.
Small dose (2 ug/kg) cause vasodilation due to sti-
mulation of dopamine D1 receptors of smooth mus-
cles, which dominate in the endothelium of the
celiac and renal arteries. In addition, stimulation of
D1 receptors causes natriuresis due to inhibition of
sodium-potassium ATPase, and due to the accelera-
tion of renal blood flow during stimulation of renal
artery receptors. In addition, a decrease in sodium
reabsorption in the proximal tubule was also noted,
which is especially important in patients with severe
HF. At medium doses (2-5 pg/kg/min), dopamine
stimulates cardiac 3-receptors and vascular sympa-
thetic receptors, causing an inotropic effect. At
higher doses (5-15 ug/kg/min), alpha-adrenergic
stimulation with peripheral arterial and venous con-
striction occurs. The effects of dopamine in CS
include an increase in HR (+11%), CO (+40%),
stroke volume (+30%) and PCWP (+2,4 mm Hg),
but at high doses the drug increases systemic vascu-
lar resistance [39]. Therefore, dopamine is still better
not to use in CS, despite all favorable effects.
Dopamine has been shown to be associated with an
increase in 28-day mortality compared to norepi-
nephrine. The study [40] included 1679 patients, of
which 858 received dopamine as the main line of
pressor therapy and 821 — norepinephrine to restore

and maintain perfusion pressure. There was no sig-
nificant difference in mortality at 28 days (52,5% in
the dopamine group and 48,5% in the norepineph-
rine group), but there were more life-threatening
cardiac arrhythmias in the dopamine group (207
events (24,1%) vs 102 events (12,4%), p<0,001).
A subanalysis showed that dopamine, compared
with norepinephrine, was associated with increased
mortality at day 28 among 280 patients with CS, but
not among patients with septic shock or hypovolemic
shock (p=0,03 for CS, p=0,19 for septic shock and
p=0,84 for hypovolemic shock). Another meta-ana-
lysis on inotropic and pressor support showed [41]
that norepinephrine was associated with a lower
28-day mortality rate, as well as a lower risk of
arrhythmic events. This superiority of norepineph-
rine over dopamine is seen regardless of CS caused
by CAD. As for vasopressin, it is not recommended
for use due to lack of inotropic properties. Therefore,
it does not improve the cardiac power index and CI,
while norepinephrine increases CI. Therefore, no-
repinephrine is currently considered the best vaso-
pressor agent, which has such a significant effect as
an increase in systemic vascular resistance and
maintenance of perfusion pressure at a target level,
while dobutamine is the optimal inotropic agent.
With regard to mechanical support methods, they
should be used as early as possible when refractory to
inodilator and vasopressor therapy. Available devices
include a intra-aortic balloon counterpulsation
(IABP), support devices Impella, Tandem Heart,
and venoarterial ECMO (VA-ECMO) (Figure 3).
According to a review on mechanical support devices
[42], IABP is considered to be one of the best, most
commonly used method. The device consists of an
inflatable balloon, which is connected to a double-
lumen catheter and a pump that helps with counter-
pulsation. The catheter is placed in the descending
aorta, proximal to the renal arteries and distal to the
left subclavian artery. The most used area is the
femoral artery. IABP provides cardiac support by
inflating during diastole with an increase in coronary
perfusion with subsequent deflating during systole
and creating a vacuum that greatly reduces aortic
pressure and reduces LV afterload, synchronizing the
device with the patient’s electrocardiography.
Despite the usability and availability, IABP is associ-
ated with a large number of vascular complications,
often leading to patient immobilization. The Impella
is a pump that unloads the LV by directing blood
flow from the LV to the aorta and can provide flow
up to >5 L/min, depending on the device used:
Impella 2.5 and Impella CP can be rapidly implanted
percutaneously in a catheterization laboratory, while
the Impella 5.0 requires surgical implantation.
Unlike TABP, Impella does not require electrocar-
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Figure 3. Devices for mechanical LV and RV support ([16], courtesy of the European Heart Journal).

diographic trigger, which contributes to stability
even in the presence of tachyarrhythmias or electro-
mechanical dissociation. Although it provides better
hemodynamic support than IABP, there is no evi-
dence of improved survival in CS, mainly due to
vascular complications and bleeding [43]. VA-ECMO
is a portable device that resembles a heart-lung
machine. The device has a number of components
including a membrane oxygenator, a controller,
a heat exchanger, a centrifugal flow pump, a venous
inflow cannula, and an arterial outflow cannula.
During ECMO, deoxygenated blood from the right
atrium (RA) is sent to a membrane oxygenator for
oxygenation and then sent to a heat exchanger for
warming and then to a controller for pumping back
into the arterial system. In patients with RV failure,
VA-ECMO can be cannulated from the RA into the
pulmonary artery. The most commonly used is
peripheral VA-ECMO, which increases left ventricu-
lar afterload directly affecting the elevated PCWP,
which can ultimately increase pulmonary conges-
tion. Decompression strategies for LV ventilation
include additional procedures such as IABP, septo-
stomy, and hybrid circuit. When cardiac recovery
precedes lung recovery, an influx of deoxygenated
blood into the ascending aorta results in upper body
hypoxia, Harlequin syndrome, requiring CO reduc-
tion or reconfiguration of the apparatus until lung
recovery. The use of VA-ECMO has a significant
impact on the quality of life. The study [44] demon-
strated that VA-ECMO was associated with a signifi-
cant improvement in 30-day survival in both groups
compared with IABP, and there was no difference in
comparison with TandemHeart or Impella. It is
worth noting that the idea of combining IABP and
VA-ECMO is the best practice. IABP can neutralize
the undesirable effects of VA-ECMO, such as a de-

crease in afterload, as well as an increase in coronary
perfusion. With regard to mechanical ventilation,
acute respiratory failure with or without the use of
mechanical ventilation correlates with higher in-
hospital mortality, and therefore a patient with CS
should be intubated sooner. This is due to the fact
that an additional energy consumption to maintain
a high respiratory rate, which is not able to compen-
sate for ventilation-perfusion mismatch with meta-
bolic acidosis, can lead to CS progression. Particular
care should be taken to ventilate the lungs under
positive pressure in CS with RV dysfunction, since
high levels of positive end-expiratory pressure may
exacerbate RV failure [45]. Also, with the develop-
ment of cardiorenal syndrome, renal replacement
therapy should be performed. Continuous venove-
nous hemodiafiltration is recommended for severe
acute kidney injury (creatinine >2 of the baseline
and urine output <0,5 ml/kg/h for >12 h) or severe
hypervolemia, electrolyte disbalance or pronounced
acid-base balance changes [46].

Conclusion

CS is a complex multifactorial clinical syndrome
with extremely high mortality, with rapid develop-
ment of multiple organ failure and death. There
are few clinical and registry studies in this area,
the results of which remain not entirely satisfac-
tory. Future multicenter trials should consider the
timely therapy in an appropriately selected cohort
of patients with CS [4]. Educational activities are
also needed to increase the awareness of specialists
about modern principles of therapy for patients with
complicated coronary and non-coronary myocardial
diseases.

Relationships and Activities: none.
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