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Abstract

The mortality rate of post-infarction cardiogenic shock (CS) was
80.0-90.0%. Recent studies show a significant reduction of hospital
mortality to approximately 50.0%. CS is defined as systemic tissue
hypoperfusion resulting from systolic and/or diastolic heart dysfunc-
tion, the main cause of which is acute myocardial infarction (AMI).
The main predictors are biological markers such as troponin, CKMB
and lactate. A systematic literature review and meta-analysis is per-
formed in order to present and correlate the main literary findings on
CS and its evolution with possible changes in biomarkers such as tro-
ponin, lactate and CKMB. After criteria of literary search with the use
of the mesh terms: cardiogenic shock; acute myocardial infarction;
biomarkers; troponin; CKMB; lactate; clinical trials and use of the
bouleanos “and” between the mesh terms and “or”” among the histori-
cal findings. In the main databases such as Pubmed, Medline, Bireme,
EBSCO, Scielo, etc., a total of 96 papers that were submitted to the
eligibility analysis were collated and, after that, 41 studies were se-
lected, following the rules of systematic review - PRISMA (Transpar-
ent reporting of systematic reviews and meta-analyzes-http://www.
prisma-statement.org/). Some risk factors for its development in AMI
are advanced age, female gender, anterior wall infarction, diabetes
mellitus, systemic arterial hypertension, previous history of infarction
and angina. The CS associated with AMI depends on its extent and
its complications, being the main ones: mitral regurgitation, rupture
of the interventricular septum and rupture of the free wall of the left
ventricule. The diagnosis is based on the clinical manifestations, such
as mental confusion, oliguria, hypotension, tachycardia, fine pulse,
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sweating, and cold extremities; in hemodynamic aspects: systolic
blood pressure was < 90.0 mm Hg or 30 mm Hg below baseline, pul-
monary capillary pressure was > 18.0 mm Hg and cardiac index was
< 2.2 L/min/m?. Laboratory and imaging exams should be requested
to evaluate the possible etiology of CS, its systemic repercussions and
comorbidities. The treatment aims at the rapid reestablishment of the
blood flow in the affected artery, to improve the patient’s prognosis.
The biomarkers dosage in the daily clinical practice of the different
cardiological centers can facilitate the diagnosis and the conduction
of the dubious cases and the best evaluation of the degree of myocar-
dial suffering after CS.

Keywords: Cardiogenic shock; Acute myocardial infarction; Bio-
markers; Troponin; CKMB; Lactate; Clinical trials

Introduction

Cardiogenic shock (CS) is a clinical syndrome characterized by
tissue hypoperfusion resulting from cardiac failure associated
with high mortality [1, 2]. The heart, in the absence of hypov-
olemia, is unable to maintain adequate blood flow to meet the
tissues’ metabolic needs, with progressive and potentially irre-
versible organic dysfunction occurring. It is the most common
cause of death after acute myocardial infarction (AMI) [3].

Despite the therapeutic advances, there was no significant
reduction in its incidence. Historically, the mortality rate of
post-infarction CS was 80.0-90.0% [2]. Recent studies show
a significant reduction of hospital mortality to approximately
50.0%. It is believed that this improvement in prognosis may
be related to early reperfusion therapies, promoting reduction
in the size of the ischemic area [1]. The recognition of revers-
ible factors and the aggressive and early treatment of the acute
phase of the condition are of great importance for improving
the prognosis [2].

Several causes may compromise cardiac performance
with consequent reduction of supply of oxygen to tissues and
onset of CS status [3, 4]. Examples of biological parameters
such as troponin, lactate, glycemia and CKMB may point to
the evolution to CC. The most common etiology of CS is AMI
with an estimated incidence of 5.0-8.0% [3-5]. This complica-
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tion may occur as a consequence of any type of acute coronary
syndrome, but more frequently in AMI with ST segment eleva-
tion [5].

The extent of myocardial infarction, with involvement
greater than 40.0% of left ventricular muscle mass, is associ-
ated with the occurrence of CS. Mechanical complications of
the infarct are also cause of shock [6]. Rupture of the interven-
tricular septum, rupture of the free wall of the left ventricle and
rupture of the papillary muscle with the installation of acute
mitral insufficiency [7]. The diagnoses of these mechanical
complications are very important since specific therapeutic
measures should be instituted immediately [8].

In this context, severe myocardial ischemia, which occurs
in cases of AMI or in some patients with unstable angina, re-
sults in injury followed by the release of cellular constituents
into the bloodstream [8, 9]. Thus, in clinical practice, increases
in myocardial isoform creatine kinase (CKMB) and lactic de-
hydrogenase rates are interpreted as markers of myocardial
cell damage. The evaluation of the activity of these enzymes
can be done quickly and at low cost and in routine situations
are satisfactory parameters to confirm the diagnosis, to moni-
tor the evolution and to estimate the size of the myocardial
infarction (MI). There are limitations since specificity is com-
promised in cases of associated skeletal muscle involvement
and, in addition, sensitivity is low in the early hours of evo-
lution due to the delayed appearance of these markers in the
blood [10]. It should be added that the sensitivity of CKMB
is not high enough to detect small myocardial damage, due to
the analytical inaccuracy of the measures of activity and the
wide range of normality [11]. This led to the search for other
methods or new diagnostic markers of myocardial cell injury,
trying to overcome the limitations.

Fatty acid-linked protein (H-FABP), which comprises
from 15.0% to 30.0% of all cytoplasmic proteins, resembles
myoglobin with respect to variations in serum concentration,
having slightly higher specificity [12]. Kleine et al [13] com-
pared plasma levels of H-FABP with those of CKMB and
alpha-hydroxybutyrate dehydrogenase (alpha-HBDH) in pa-
tients with AMI. The maximum normal values of H-FABP (19
ng/L), CKMB (10 U/L) and alpha-HBDH (160 U/L) obtained
in the plasma dosing of 72 blood donors served as the limit
value for comparison. H-FABP levels were significantly high-
er than the normal 3-h limit, with peak H-FABP, CKMB and
alpha-HBDH peaks at4.1 £0.9, 8.4 + 1.4 and 25.0 +£ 9.5 h after
AMI, respectively, indicating that H-FABP is more adequate
than CKMB and alpha-HBDH for the early diagnosis of AMI.
Glycogen phosphorylase is also a cytosolic protein with large
cardiogenic specificity with kinetics of its BB isoform similar
to that of myoglobin.

Troponins have received increasing attention as highly
specific markers of cellular injury. Troponins form a complex
that regulates the calcium-dependent interaction of myosin and
actin [14]. They are constituted of three different proteins (tro-
ponin I, C and T) existing in both skeletal and cardiac muscle
and encoded by different genes. Troponin C is identical in both
skeletal and cardiac muscle but the coding genes for troponin
I and cardiac and skeletal T are different, which allowed ex-
tremely low cross-reactivity monoclonal antibodies to be devel-
oped to facilitate the diagnosis of AMI. In patients with AMI,
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elevated creatine phosphokinase activity above normal values
is rarely found 4 to 6 h after pain onset, making early diagno-
sis strongly dependent on typical electrocardiographic changes.
This becomes a problem because the electrocardiogram (ECG)
is inconclusive in up to 40.0% of patients [15, 16].

Cardiac troponin [ is not expressed in human skeletal mus-
cle during fetal development, following skeletal muscle trau-
ma or during the regeneration of this type of muscle. Unlike
CKMB, cardiac troponin I is highly specific for myocardial
tissue, is not detectable in the blood of healthy people, shows
a proportionally much greater increase above the limit values
in cases of MI and can remain elevated for 7 to 10 days after
the acute episode [17]. In addition, a troponin I assay was im-
planted in the evaluation of precordial pain in patients seeking
the emergency department of UCLA Medical Center. With the
help of this test, it was possible to safely exclude the existence
of MI and in less than half the time with the traditional ap-
proach using CKMB [18].

Myocardial dysfunction (systolic and diastolic) leads
to hypotension, reduction of cardiac output and reduction of
coronary perfusion pressure, with progressive loss of myo-
cardial function and increase of left ventricular end-diastolic
pressure with consequent pulmonary congestion and hypoxia.
This establishes a vicious cycle with progressive decrease of
cardiac output, worsening of tissue perfusion and of the heart
itself, particularly in the presence of obstructive coronary dis-
ease. Within this vicious cycle, there is also the participation
of activated neurohormonal mechanisms with an initial goal of
maintaining perfusion to vital organs [19]. There is increased
activity of the sympathetic nervous system and the renin-an-
giotensin-aldosterone system, triggering peripheral vasocon-
striction and post-load increase in addition to salt and water
retention, increasing intravascular volume and preload. In this
condition, the activated mechanisms become inappropriate and
lead to progressive worsening of ventricular performance [20].

Laboratory tests, such as blood count, renal function,
blood glucose, lactate blood gas, coagulogram, CKMB and
troponin, and imaging should be requested to evaluate the sys-
temic repercussions of the shock, to identify its probable etiol-
ogy and comorbidities [21]. The ECG is important to diagnose
AMI and arrhythmias as causes of shock. Chest X-ray shows
cardiac area and possible pulmonary congestion. The echocar-
diogram detects areas of hypokinesia, akinesia or dyskinesia,
in addition to diagnosing mechanical complications of AMI
that cause shock. Coronary angiography allows the diagnosis
and treatment of CS due to AMI [22].

New evidence suggests that, in parallel, a systemic inflam-
matory response occurs, with activation of the complement
system, release of inflammatory cytokines, production of nitric
oxide and inappropriate peripheral vasodilation, which is an-
other factor involved in the reduction of systemic and coronary
perfusion [23]. It is also worth mentioning that in situations
of shock, there is prioritization of blood flow to the heart and
brain, to the detriment of surgical organs, generating ischemia
of the intestinal mucosa. This component facilitates bacterial
translocation and the onset of infection. The occurrence of
positive cultures may reach more than 70.0% in these patients,
and decreased values of systemic vascular resistance should be
considered as additional sepsis [23, 24].
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The factors associated with a higher chance of progression
to CS after AMI are: age, anterior wall infarction, presence of ST
elevation, previous history of angina, infarction and/or heart fail-
ure, multiarterial coronary disease, and diabetes mellitus. In the
studies, GUSTO 110 and GUSTO 1II [25], the main predictors
of CS were: age, heart rate, systolic blood pressure (SBP) and
Killip functional class. Regarding time as a factor of occurrence
of CS, it is worth mentioning that only 20.0% of post-infarction
shocks are present at hospital admission. Therefore, during the
hospitalization continuous observation of the patient should be
kept, aiming at the early recognition of clinical signs and labora-
tory indicators of shock [26]. Patients with AMI sometimes pre-
sent complications such as arrhythmias, pulmonary congestion,
systemic arterial hypertension and pain during the initial course.
The treatment instituted for these complications may precipitate
the installation of shock in patients at risk [27].

The aim of the present study was to perform a systematic
review in order to present the main literary findings on CS and
its evolution with the possible alterations of the biomarkers
such as troponin, lactate and CKMB.

Methods

Study design

Following the criteria of literary search with the use of the
mesh terms that were cited in the item below on “search strate-
gies”, a total of 96 papers that were submitted to the eligibility
analysis were cross-checked and, after that, 41 studies were
selected, following the rules of systematic review - PRISMA
(Transparent reporting of systematic reviews and meta-analyz-
es-http://www.prisma-statement.org/), according to Figure 1.

Sources of information

The review protocol was based on the criteria of literary search
with the use of mesh terms in the main databases such as Pub-
med, Medline, Bireme, EBSCO, Scielo, etc. All references are
registered in EndNote by the site: http://www.myendnoteweb.
com/EndNoteWeb.html?cat=myrefs&.

Search strategy

In general, as an example, the search strategy in MEDLINE/
Pubmed, Web of Science, ScienceDirect Journals (Elsevier),
Scopus (Elsevier), and OneFile (Gale) followed the following
steps: search for mesh terms (cardiogenic shock; acute myo-
cardial infarction, biomarkers, troponin, CKMB, lactate, clini-
cal trials); use of the bouleanos “and” between mesh terms and
“or” among the historical findings.

Literature Review and Discussion

CS is a clinical situation in which there is progressive deterio-
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ration of cardiac function together with poor systemic perfu-
sion and functional organ failure. It is a syndrome that involves
the whole circulatory system, with complex neurohormonal
mechanisms participating in the genesis of symptoms [28, 29].

Mair et al [30] demonstrated that the first sign of elevation
of troponin concentrations in patients with MI occurred with a
3.5 h evolution in 50.0% of the cases, requiring an average of
4.75 h in order to obtain same rate of impairment with CKMB.
With 7 h of evolution, 95.0% of the patients presented troponin
alteration, fact only matched with CKMB after 12 h onset of
symptoms.

Troponin I and troponin T become measurable 3 to 4 h
after the initiation of AMI. Studies of peak troponin T levels
measured within the first 24 h after admission to selected small
groups of patients with precordial pain have demonstrated an
excess of cardiac events in patients with troponin T elevation,
even in those without CKMB elevation [31-33]. Hamm et al
[34] prospectively investigated the usefulness of T and I tro-
ponin dosing in the evaluation of patients with acute precordial
pain. For that, 773 patients who had precordial pain of less than
12 h but without elevation of the ST segment to the echocar-
diogram were followed. They found that troponin T was posi-
tive in 123 (16.0%) patients and troponin I in 171 (22.0%).
Among the 47 patients who progressed to MI, troponin T was
positive in 44 (94.0%) and troponin I was positive in all 47
patients. Among the 315 patients with unstable angina, T and
I troponin positivity were 22.0% and 36.0%. Both troponins
proved to be independent predictors of cardiac events. The rate
of events, death or non-fatal infarction, in patients with nega-
tive tests was extremely low (1.1 and 0.3 for troponins T and
I, respectively).

Luscher et al [35] also sought to determine the applicabil-
ity of T and I troponins to the risk stratification of patients with
unstable coronary heart disease, concluding that both provide
independent prognostic information regarding death and MI.
The predictive capacity of the markers varied according to the
cutoff level, but was already significant with values of 0.05
pg/L for troponin T and 1.5 pg/L for troponin I. They affirm
that prospective studies may indicate if troponin T and tro-
ponin [ will be able to identify patients who will benefit from
antithrombotic treatment and/or invasive procedures.

One of the great advantages of troponin dosing rather
than CKMB is that it reaches peak values of up to more than
40 times the detection limit, while this is restricted to six to
nine times. It is also known that both troponin I and troponin
T have equivalent sensitivity for the diagnosis of myocardial
cell injury. Wu et al [36] serially measured plasma concentra-
tions of myoglobin, CKMB and troponin I in 25 patients with a
confirmed diagnosis of AMI and in 74 patients with suspected
infarction but in whom this diagnosis was later ruled out. The
cutoff value at troponin I concentration was determined to be
2.5 ng/mL. Of the three markers, myoglobin was the one with
the highest sensitivity (50.0%) when blood was collected in
the first 6 h after pain onset. All the markers used showed high
sensitivity (> 93.0%), 6 to 24 h after the onset of symptoms.
The CKMB remained with high sensitivity for 48 h, whereas
troponin [ was very sensitive up to 72 h. Between 72 and 150
h, the troponin I still showed sensitivity of 70.0% whereas with
myoglobin and CKMB the sensitivity was 21.0% and 18.0%,
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Figure 1. Flowchart.

respectively. The specificity of troponin I for patients without
MI confirmation was equivalent to that of CKMB and signifi-
cantly higher than for myoglobin.

In critically ill patients, there may be unrecognized cardiac
involvement. Guest and colleagues [31] sought to determine
the importance of this occurrence and therefore developed a
blind, prospective study in the intensive care units of an aca-
demic medical center. A total of 209 patients with a daily tro-
ponin I dosage were evaluated. Of these, 32 (15.0%) presented
evidence of myocardial damage based on elevated troponin I
levels. Only 12 (37.0%) of these 32 patients had been diag-
nosed of AMI, being no longer clinically recognized in the oth-
er 20. Unrecognized impairment was more common in young
and blacks. Mortality in patients with recognized myocardial
impairment was 42.0% in the non-recognized and higher than
in those without compromised (15.0%).

The specificity of troponin I in 59 patients with chronic
renal failure, skeletal muscle disease or muscle trauma was
greater than that of all other markers including troponin T.
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Jaffe et al [32] sought the relative sensitivities of troponin I and
isoenzymes of lactate dehydrogenase over time in the diagno-
sis of MI. They found that troponin [ was at least as sensitive as
lactic dehydrogenase isoenzymes, since 90.0% of patients with
AMI still maintained troponin I concentrations above normal
even on the fourth day after admission to the coronary unit.
Bertinchant et al [33] found that in patients admitted to
the intensive care unit with AMI, troponin I was elevated in all
cases and detection was earlier after the onset of pain (4.5 =
2.3 h) than for CKMB (6.3 = 3.6 h, P=0.003). Peak values for
troponin I and CKMB occurred 12.2 £ 4.6 h and 15.8 £ 9.0 h,
respectively, in patients treated with thrombolysis and the plas-
ma disappearance of troponin I occurred between 5 and 9 days
after onset of pain, much later than for CKMB (P = 0.0001).
They were also able to document in 49 patients submitted to
thrombolysis that the comparative sensitivity of the two tests,
admitting normal limits of 0.1 ng/mL for troponin and 15 IU/L
for CKMB, based on the first sample harvested - day 3.4 = 1.3
h after the onset of pain - was 61% and 22%, respectively (P
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=0.0002).

Troponin I was not detected in the plasma of 145 normal
subjects nor in any of the six patients with severe muscle trau-
ma or thabdomyolysis, resulting in a specificity of 100.0%. Mair
et al [30] demonstrated that the release of troponin I in patients
with AMI correlated with infarct size. In a large group of pa-
tients admitted for evaluation of suspected AMI, the sensitivity
of troponin T (64.0%) was higher than that of other markers,
such as CKMB activity and myoglobin level. The specificity,
however, was lower than that of CKMB and myoglobin due to
37.0% of false-positive results in patients with unstable angina.

Hemodynamic and Metabolic Control

Associated with the anamnesis and the detailed physical ex-
amination, the hemodynamic and metabolic parameters are of
great use to evaluate the cardiac origin shock. Hemodynamic
monitoring should include invasive measurement of systemic
blood pressure, central venous pressure measurement, and
pulmonary artery catheter measurements [36]. The data ob-
tained from hemodynamic and laboratorial monitoring can be
grouped into parameters of macrohemodynamics and global
microhemodynamics, the latter reflecting the patient’s perfu-
sional and metabolic status [37].

The main parameters of macrohemodynamics are listed
as blood pressure, peripheral perfusion/capillary filling time,
diuresis, central venous pressure, cardiac output, and pulmo-
nary artery occlusion pressure. The parameters of microhemo-
dynamics are central venous saturation, arterial lactate, and
excess bases [37, 38].

In addition, interventions such as prophylaxis of deep ve-
nous thrombosis and gastrointestinal bleeding (especially when
the patient is on mechanical ventilation for more than 48 h or
with coagulation dysregulation). Initially, one should proceed
as the conduct in any shock: to perform volume replacement -
as long as there is no clinical and radiological pulmonary con-
gestion - aiming at correcting hypovolemia and hypotension,
offering adequate oxygen and ventilation, correcting possible
electrolytic and/or metabolic disturbances and arrhythmias po-
tentially compromising cardiac output. The glycemia should
be maintained between 150 and 180 mg/dL [38, 39].

The use of inotropes in CS should be initiated in patients
with inadequate tissue perfusion and adequate volume. The
most commonly used drug is dobutamine, which has a positive
inotropic action by the predominant beta-adrenergic effect and
the dose to be used can reach up to 20.0 pg/kg/min. In very hy-
potensive patients, initially a vasopressor agent (dopamine or
noradrenaline) was used because the action of peripheral vaso-
dilation of dobutamine may worsen coronary perfusion [40].

In general, inotropes promote hemodynamic improvement
in the short term (SBP < 70 mm Hg), the agent to be used is
noradrenaline, because its beta-adrenergic action promotes an
increase in myocardial contractility, chronotropism and due to
the preponderant alpha-agonist effect, there is a significant in-
crease in systemic arterial resistance, with an increase in mean
arterial pressure, despite increasing oxygen consumption and
increasing cardiac work [41].
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A study comparing the efficacy of dopamine and no-
radrenaline in various types of shock has been published. In
the subgroup with CS, there were better outcomes with the use
of noradrenaline, and further studies are still needed for this
validation [13]. Inhibitors of phosphodiesterase (milrinone)
have inotropic effect similar to dobutamine, but with associ-
ated vasodilator effect. Therefore, special attention should be
given to the risk of worsening of hypotension and increased
occurrence of arrhythmias. Some studies have evaluated the
effects of levosimendan, a calcium sensitizing drug, on low
post-infarct output with favorable results [22].

Vasodilators act in a beneficial way in the pathophysiolo-
gy of CS by reducing post-load, thus increasing cardiac output
[2, 3]. When the pressure is stabilized (SBP > 85 - 90 mm Hg),
the use of systemic vasodilators is considered, especially those
of arterial and venous action, such as sodium nitroprusside.
They are the main therapeutic strategies in patients with opti-
mized blood volume. In cases of patients with acute ischemic
syndromes, nitroglycerin use is preferred. In the evidence of
pulmonary edema with adequate perfusion, diuretics is associ-
ated, always remembering that excessive diuresis can result in
severe intravascular depletion, maintaining hypotension, hy-
poperfusion, infarct extension, and ischemia, and adding dys-
function to the already compromised left ventricle [4].

Among the mechanical circulatory assistance devices,
the intra-aortic balloon (IAB) is the most widely used device
available in clinical practice. Its hemodynamic effect leads to a
decrease in post-load to the left ventricle, an increase in cardi-
ac output, an increase in coronary diastolic perfusion pressure
and a consequent improvement in coronary blood flow. Unlike
inotropic agents and vasopressors, the benefit of IAB therapy
occurs without increased myocardial oxygen consumption [5].

The IAB is indicated for patients with adjusted blood vol-
ume, using full inotropic doses (often with inotropic combina-
tion), and persisting with signs of poor tissue perfusion. It can
be used as support until definitive therapy (myocardial revas-
cularization, cardiac transplantation, for example), or as sup-
port until the resolution of the precipitating factors, surgical
treatment of valvular heart disease or mechanical complica-
tions of AMI. Despite the routine use of IAB for decades in the
treatment of AMI complicated with CS, it cannot be said that
this strategy is associated with an improvement in the survival
of these patients [23, 24].

The retrospective study of 223 patients with refractory
heart failure who were treated with IAB at the Intensive Care
Unit of the Heart Institute, HC-FMUSP, in the 5-year period,
showed in 93.0% of the cases the low cardiac output. The IAB
was used for an average of 19 days in patients with significant
left ventricular dysfunction, with a mean ejection fraction of
24.0%. After 48 h of IAB, there was a significant improvement
in the laboratory parameters of microhemodynamic evaluation,
with reduction of serum lactate, increase of SvO, and bicarbo-
nate levels. IAB has been shown to be an important therapeutic
intervention as a bridge for heart transplantation [25].

In patients who persist with tissue hypoperfusion despite
the use of inotropics, vasodilators, IAB and myocardial revas-
cularization procedure, when there is indication, there is the
option of using another ventricular assist device, considered as
a bridge for cardiac transplantation, for recovery, for therapeu-
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tic decision, or serve as a target therapy.

As the main cause of CS is AMI, the fundamental ap-
proach is rapid myocardial reperfusion therapy, either by an-
gioplasty or via a surgical approach. This measure was well
established in the SHOCK study [1]. In this study, patients less
than 75 years of age who were within the first 36 h of AMI ini-
tiation and up to 18 h after onset of CS benefited from myocar-
dial reperfusion therapy, with a 13.0% survival increase after
1-year of follow-up.

It is known that 40.0% of patients with post-infarction CS
are older than 75 years. However, for this elderly population,
there is controversy regarding the improvement of survival
with early revascularization when compared to the conserva-
tive strategy of the initial clinical treatment.

In the SHOCK study, there was no difference in mortal-
ity in the subgroup of patients older than 75 years. Clinical
judgment is important in the decision to indicate percutane-
ous coronary intervention in the elderly with AMI and CS. The
presence of comorbidities with organic dysfunction should be
considered such as chronic renal failure, heart failure, hema-
tological diseases and dementias for better therapeutic deci-
sion [1, 2]. The choice between percutaneous angioplasty and
myocardial revascularization surgery is a controversial issue in
the case of CS. Surgery is the option in cases with mechanical
complications (ventricular septal defect, acute mitral regurgi-
tation and rupture of the left ventricular free wall) and in those
with contraindication or failure of percutaneous treatment.
However, the analysis of the SHOCK1 study showed a simi-
lar evolution among the groups submitted to revascularization,
although the patients in the surgical group had a higher inci-
dence of diabetes, coronary trunk lesion or triarterial lesions.

The goal of treatment of AMI complicated by CS is the
rapid reestablishment of blood flow in the affected artery to
improve the patient’s prognosis. The correction of hypoxemia
and lactic acidosis, due to severe systemic hypoperfusion, is
fundamental to prevent myocardial depression and reduction
of response to vasopressors. Monitoring by pulmonary artery
catheter (Swan-Ganz) and intra-arterial catheter is recom-
mended to guide therapeutic interventions [29].

Volume replacement should be guided by pulmonary cap-
illary pressure, arterial oxygen saturation, SBP and DC. In-
travenous 0.9% NaCl, 250.0 mL, may be administered prior
to right cardiac catheterization in case of suspected CS, after
discarding pulmonary congestion and dyspnea. Excessive vol-
ume administration in the presence of extensive left ventricu-
lar AMI, especially in the elderly, may lead to acute pulmo-
nary edema, but may be beneficial when the right ventricle is
affected and the jugular venous pressure is not elevated [29].

Conclusion

Based on the literature review, the dosage of biomarkers in the
daily clinical practice of the various cardiological centers will
facilitate the diagnosis and the conduction of doubtful cases
and the best evaluation of the degree of myocardial suffering
after clinical events or surgical procedures, especially in cases
of CS.
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