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ABSTRACT

Acute myocardial infarction is still considered as one of the most threatening disorders in internal medi-
cine. Numerous complications of infarction develop due to activation of different neurochumoral systems.
The article discusses modern methods of pharmacological correction of neurohumoral system activity
in various stages of myocardial infarction. It is emphasized that current guidelines do not always allow
to effectively prevent left ventricular remodeling. New drugs used for this aim are discussed.

Introduction  More than 15 million of new cases
of acute myocardial infarction (MI) are reported
worldwide every year. The remote effects of MI
may occur many months or years later. Accord-
ing to the American Heart Association (AHA),’
within 6 years after MI, 18% of men and 35% of
women have recurrent MI, 7% of men and 6% of
women experience sudden death, 22% of men
and 46% of women become disabled with severe
heart failure (HF), and in 30% to 40% of the cas-
es left ventricular (LV) dysfunction develops de-
spite optimal treatment.

The activation of systemic and local (myocar-
dial) neurohumoral systems plays a key role in
the pathogenesis of MI and its complications.
In the early stage of MI, an increased release of
neurohumoral vasoconstrictors (particularly cat-
echolamines, angiotensin I, and endothelin) pro-
motes coronarospasm that leads to the expan-
sion of infarction zone as well as provokes acute
HF and life-threatening ventricular arrhyth-
mias. Initially, neurohumoral activation in MI
is compensatory in nature and aims to maintain
the heart pumping function, but later may be-
come maladaptive. A long-lasting increased ac-
tivity of the neurohumoral systems leads to LV
remodeling, systolic and diastolic LV dysfunc-
tion, dilatation of its cavity, and the occurrence
of chronic HE. Most neurohumoral abnormali-
ties are mediated through vasoconstriction or

vasodilation. Vasoconstrictive responses occur
within the sympathoadrenal system and the
renin-angiotensin-aldosterone system (RAAS),
and are induced by vasopressin, serotonin, en-
dothelin, and thromboxane A,. Vasodilative re-
sponses involve the kinin system, natriuretic pep-
tides (NP), prostaglandins I, and E,, endothelium-
-dependent relaxing factor, adrenomedullin, and
other mediators.

Correction of the neurohumoral activity in
the early and late stages of MI is one of the main
aspects of MI treatment and prevention of its
complications. B-adrenergic blocking agents,
angiotensin-converting enzyme inhibitors
(ACEls), angiotensin receptor blockers (ARBs),
and aldosterone antagonists are currently used
for this purpose. There are also some new class-
es of drugs including renin inhibitors, NP, vaso-
peptidase blockers, endothelin, and vasopressin
receptor antagonists, at various stages of clini-
cal investigation.

pB-adrenergic blocking drugs  B-adrenergic blocking
drugs decrease myocardial oxygen need, improve
coronary blood flow, promote ischemia improve-
ment, and infarction size reduction. According
to a meta-analysis of 22 randomized trials with
the participation of more than 25,000 patients,’
along-term administration of B-adrenergic block-
ing drugs resulted in the reduction of all-cause
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mortality by 23%, sudden death by 26%, recur-
rent MI by 41%, atrial fibrillation/flatter by 59%,
and life-threatening ventricular arrhythmias by
70%.

The application of atenolol and metoprolol has
been investigated in acute MI, while carvedilol,
metoprolol, and propranolol have been studied
as along-term treatment. Selective B-adrenergic
blocking drugs are preferred, but there is evi-
dence that positive effects are characteristic of
the whole class of drugs, except agents with in-
trinsic sympathomimetic activity.

The earlier the treatment is initiated, the great-
er the benefits of B-adrenergic blocking drugs.
The significance of early routine intravenous ad-
ministration has been less firmly established. Al-
though Yusuf et al.? have shown that early intra-
venous administration of B-adrenergic blocking
drugs in patients with MI leads to a decrease in
total mortality by 13%, a number of recurrent MI
by 19%, and ventricular fibrillation by 19%, the re-
sults of the later conducted Global Utilization of
Streptokinase and Tissue Plasminogen Activator
for Occluded Coronary Arteries (GUSTO I) and
COMMIT/CCS-2 trials did not confirm these find-
ings. According to the AHA/American College of
Cardiology (ACC) guidelines,' intravenous use of
B-adrenergic blocking drugs in patients with acute
MI is recommended only in cases when blood
pressure control is necessary. Experts of the Eu-
ropean Society of Cardiology (ESC) suggest wid-
er indications for intravenous administration of
B-adrenergic blocking drugs including tachycar-
dia, arterial hypertension, and recurrent angina.
There is no doubt that oral B-adrenergic blocking
drugs should be used in all patients since the on-
set of MI, unless there are contraindications and
medication should be continued indefinitely.

B-adrenergic blocking drugs are the most ef-
fective in patients with LV systolic dysfunction
and electrical myocardial instability. They are con-
traindicated in patients with cardiogenic shock,
exacerbation of severe obstructive pulmonary dis-
ease, and allergic reactions. In patients with rela-
tive contraindications such as diabetes mellitus
and obstructive pulmonary disease without ex-
acerbation, and also in cases of severe systolic LV
dysfunction, treatment with B-adrenergic block-
ing drugs should be initiated with minimal doses
and patients require careful monitoring. The other
relative contraindications to B-adrenergic block-
ing drugs in MI include systolic blood pressure
below 100 mmHg, heart rate below 60 beats/min,
prolongation of PQ interval above 0.24 s, second-
and third-degree atrioventricular block in pa-
tients without artificial pacemaker, and the pres-
ence of risk factors for cardiogenic shock.

Nevertheless, it is necessary to note that almost
all trials with B-adrenergic blocking drugs were
performed before the revascularization era.

Angiotensin-converting enzyme inhibitors ACEIs
hinder the conversion of angiotensin I into
a strong vasoconstrictor, angiotensin II. Moreover,

they decrease norepinephrine release from
the neurons as well as vasopressin and aldos-
terone secretion, increase bradykinin and circu-
lating NP formation, and exert different hemo-
dynamic effects including the reduction of vascu-
lar resistance and normalization of diastolic in-
flation of the left ventricle. ACEIs also diminish
platelet aggregation, positively influence blood
rheological characteristics and endothelial func-
tion, and also have anti-inflammatory, antiar-
rhythmic, anti-ischemic, and antianginal effects.
There is also evidence that ACEIs slow down ath-
erosclerotic plaque formation.®

The first studies reporting successful adminis-
tration of ACEIs in patients with MI that result-
ed in reduced infarction zone and mortality rate,
relief of acute HF symptoms, and prevention of
chronic HF, were published in the early 1980s.
Later, several trials with more than 100,000 par-
ticipants focused on the assessment of the effica-
cy and safety of various ACEIs in patients with MI.
Hemodynamic and electrophysiological effects of
different ACEIs were examined in the early and
late stages of MI.

Early administration of ACEIs (since the first
day of MI) was evaluated in the following trials:
Second Cooperative North Scandinavian Enal-
april Survival Study (CONSENSUS II), Captopril
and Thrombolysis Study (CATS), Survival of Myo-
cardial Infarction Long-term Evaluation (SMILE),
GISSI-3, ISIS-4, PRACTICAL, Chinese Cardiac
Study (CCS-1), and Fosinopril in Acute Myocar-
dial Infarction Study (FAMIS).

The CONSENSUS II trial with intravenous
and then oral administration of enalapril since
the first hours of MI was prematurely discontin-
ued because of a nonsignificant increase in mor-
tality by 9%, generally due to more frequent de-
velopment of hypotension. However, in patients
with large MI, enalapril reduced LV remodeling,
improved prognosis, and significantly reduced
the rate of complications. Similar results were
obtained with captopril administration during
thrombolysis in patients with the first acute MI
in the CATS trial.® A nonsignificant mortality re-
duction after early administration of captopril
in patients with suspected MI was also shown in
the CCS-1 study.’

The SMILE study demonstrated that the ad-
ministration of zofenopril for 6 weeks in patients
with anterior MI without thrombolysis nonsig-
nificantly reduced all-cause mortality by 25%,
mortality due to HF by 31%, and sudden death by
63%. Risk of severe chronic HF was significantly
decreased by 46%. During the first-year follow-up,
a significant reduction of total mortality was 29%.
More benefits were observed in patients with re-
current MI, arterial hypertension, and diabetes
mellitus.? In the GISSI-3 trial, the mortality rate
in patients with MI after a 6-week treatment with
lisinopril was lower by 11%.°

Early administration of fosinopril in patients
with anterior MI after thrombolysis was asso-
ciated with a significant reduction in mortality
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and severe HF by 36%. Improvement of progno-
sis did not depend on the effect on LV remodel-
ing since there were no differences in the changes
of LV ejection fraction (LVEF), end-systolic vol-
ume (LVESV), and end-diastolic volume (LVEDV)
between the treatment and control groups dur-
ing a 2-year follow-up."”

In the ISIS-4 study, treatment with captopril
during 5 weeks led to a significant reduction in
mortality by 7%, especially in patients with an-
terior MI and older than 70 years."

A positive effect of the early administration of
other ACEIs, particularly quinapril, on the clini-
cal course of MI was demonstrated in a number
of smaller studies."

Late administration of ACEIs (since the 3rd day
of MI) was evaluated in the following trials: SAVE,
Trandolapril Cardiac Evaluation (TRACE), Acute
Infarction Ramipril Efficacy (AIRE), and Perindo-
pril Remodeling in Elderly with Acute Myocardi-
al Infarction (PREAMI).

In the SAVE trial, in patients with asymptomat-
ic LV dysfunction after MI, long-term administra-
tion of captopril was associated with the improve-
ment in survival by 21% as well as with the reduc-
tion in severe chronic HF by 37% and in recurrent
MI by 25%. These benefits were observed in pa-
tients who received thrombolytic therapy, aspi-
rin, and B-adrenergic blocking drugs, as well as in
those who did not receive such medications."

In patients with clinical signs of acute HF, ad-
ministration of ramipril since the third to tenth
day after MI significantly reduced mortality by
27%. More benefits were observed in older (>65
years) and hypertensive patients. Ramipril did not
alter the rate of stroke or reinfarction.’* A pos-
itive effect of 1-month ramipril treatment on
the hemodynamic and LV contractility parameters
in patients with acute HF after MI was evaluated
by Astakhova et al.” The LVEF increased by 31%,
LVEDV decreased by 42%, and LVESV decreased
by 17%.

A long-term treatment (mean duration, 2.5
years) with trandolapril in patients with reduced
LV function (LVEF <35%) soon after MI signif-
icantly reduced the risk of overall mortality by
22%, mortality from cardiovascular causes, sud-
den death, and rate of severe HE.'

The PREAMI study demonstrated the efficacy
of perindopril in reducing LV remodeling and risk
of chronic HF in elderly patients after MI."

Efficacy of different ACEIs in patients with
MI was compared in a number of studies. In
the PRACTICAL study, the immediate adminis-
tration of captopril or enalapril improved the LV
function and prevented LV dilatation after MI,
but survival at 90 days and 12 months was signif-
icantly higher in the enalapril group.'® Sidorenk-
ova et al." showed stronger antianginal and an-
tiarrhythmic effects of fosinopril compared with
enalapril in patients with anterior ML

A meta-analysis of those studies showed that
administration of ACEIs after MI was associated
with the reduction of all-cause mortality by 26%,

risk of recurrent MI by 20%, and hospitalization
due to chronic HF by 27%. Important shortcom-
ings of the majority of those trials include the lack
of laboratory evaluation of the neurohumoral ac-
tivity (including the RAAS) and focus only on ma-
jor cardiovascular events.

There is no doubt that early administration
of ACEIs in patients with MI is necessary. Nev-
ertheless, there is no consensus as to whether
we should administer ACEIs to all patients with
MI or only to those at high risk. The AHA/ACC
experts recommend administration of ACEIs to
all patients without hypotension with subsequent
evaluation (at 6 weeks) of whether they should
be continued. According to the ESC guidelines,?
ACEIs should be given to patients who have im-
paired LVEF (£40%) or experienced HF in the ear-
ly phase. The long-term use cannot be considered
to be mandatory in post-MI patients who are nor-
motensive, without HE, or compromised systol-
ic LV function. ACEIs are especially effective in
patients with extensive myocardial necrosis, im-
paired LV function, symptoms of HF or diabetes
mellitus. ACEIs offer small benefits even in pa-
tients with preserved LV function. Treatment
with ACEIs should be started in patients without
contraindications as soon as possible after hemo-
dynamic stabilization. Dosage depends on indi-
vidual blood pressure response and serum crea-
tinine and potassium levels. The dose should be
titrated till targeted or maximally tolerated.

Angiotensin receptor blockers  Despite proved effi-
cacy of ACEIs in MI, these agents may cause vari-
ous adverse events, including dry cough, angioe-
dema, headache, and arterial hypotension, which
makes it impossible to use them in 10% to 20%
of the patients. The action of ACEIs on the RAAS
is nonselective — they disturb degradation of bra-
dykinin and modify the effects of angiotensin II
on all subtypes of angiotensin receptors. Another
factor that limits the action of ACEIs is the pres-
ence of alternative ways of local angiotensin II for-
mation. Therefore, use of medications that block
the RAAS at the level of the receptors seems to
be reasonable. ARBs produce fewer side effects
compared with ACEIs (particularly, they have no
first-dose effect). In experimental studies, ARBs
increased fibrinolytic activity and had a positive
effect on endothelial dysfunction.?’

Comparative clinical studies of ACEIs and ARBs
in patients with chronic HF yielded inconsistent
results. In the ELITE study (Evaluation of Losar-
tan in the Elderly Study), losartan had a signifi-
cant advantage compared with captopril in mor-
tality reduction.”? On the other hand, ELITE II
study with the same drugs had not confirmed
these findings, although losartan had been found
to be better tolerated.? The fficacy of combined
treatment with ACEIs and ARBs was evaluated in
several studies. Simultaneous beginning of treat-
ment had no additive effect on mortality and mor-
bidity, but an increased rate of adverse events was
shown. Administration of ARBs (candesartan or
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valsartan) to patients who were already on treat-
ment with ACEIs was associated with a signifi-
cant reduction of mortality and readmission due
to chronic HF (by 13%w 15%).%'

Early data of ARB use in patients with MI
have confirmed their positive effect on clinical
and hemodynamic parameters, comparable with
ACEIs, and the lower rate of adverse events. Chou-
kaeva et al.” showed that administration of losar-
tan beginning with day 2 to 5 after MI was not
inferior to enalapril in clinical outcomes, improv-
ing parameters of LV systolic and diastolic func-
tions. Kots et al.?® successfully used losartan for
treatment of acute HF in acute phase of MI. Park-
homenko et al.?® examined the safety of com-
bined treatment with irbesartan and captopril
since the first day of MI. Similar results were re-
ported for combined treatment with enalapril
and losartan.?”’

The Optimal Trial in Myocardial Infarction
with the Angiotensin II Antagonist Losartan
(OPTIMAAL) was the first randomized clinical
study to compare the efficacy and safety of ARB
(losartan) and ACEI (captopril) in patients with
MI. A group of 5477 patients with MI and clin-
ical signs of HF were enrolled into the study;
the mean duration of treatment was 2.7 years.
The overall mortality rate was nonsignificantly
higher in the losartan group (18% vs. 16%), but
cardiovascular mortality was significantly higher.
There were no significant differences in the rate
of sudden death and severity of HF, but treat-
ment with losartan was better tolerated.?® Prob-
ably, these findings were related to insufficient
dosage of losartan (only 50 mg/day) or inade-
quate titration scheme.

The Valsartan in Acute Myocardial Infarction
(VALIANT) trial evaluated the efficacy of valsar-
tan compared with captopril and their combina-
tion in patients with MI complicated by acute HF
and/or LV systolic dysfunction. A group of 14,703
patients were randomized and the mean duration
of treatment was 36 months. The rates of all-cause
and cardiovascular mortality, recurrent MI, and
the onset of chronic HF were equal in all 3 groups.
Adverse events were less common in the valsar-
tan group compared with the captopril group
and significantly more frequent in the group re-
ceiving combined therapy. Thus, the hypothesis
of the preference of more complete RAAS block-
ing by the combination of ACEIs and ARB could
not be confirmed.?®

Another attempt to find the difference between
ACEI and ARB action was made in the Irbesartan
in Patients With Acute Coronary Syndrome With-
out ST Segment Elevation (ARCHIPELAGO) study,
which included 429 patients with acute coronary
syndrome without ST-segment elevation treated
with irbesartan or enalapril with early (during
initial admission) or late (after discharge) initia-
tion. Changes in high-sensitivity C-reactive pro-
tein, troponin I, B-type NP (BNP), microalbu-
minuria, interleukin 6, myeloperoxidase, phos-
pholipase A,, ischemia-modified albumin, soluble

CDA40 ligand, matrix metalloproteinase-9, aldos-
terone, and blood pressure were evaluated. There
were no treatment-related differences in any of
the above biomarkers. Changes in inflammatory
markers were unaffected by the timing of treat-
ment initiation. Both treatments were well toler-
ated; there were no differences in major adverse
cardiac events.*’

According to the ESC guidelines, ACEIs and
ARBs (at least valsartan) can be used alternative-
ly in patients with MI. We have much less expe-
rience with long-term treatment with ARBs af-
ter MI, so ARBs should be used in patients who
do not tolerate ACEIs and have clinical signs of
HF and/or the LVEF of 40% or less.

Aldosterone antagonists A positive effect of se-
lective aldosterone antagonist, eplerenone, in

patients with HF due to LV systolic dysfunction

complicating MI was proved in the EPHESUS trial

(Eplerenone Post-AMI Heart Failure Efficacy and

Survival Trial).?! There were fewer overall deaths

at 16 months (by 15%), fewer deaths or hospital-
izations due to cardiovascular causes (by 13%),
and fewer sudden deaths from cardiac causes in

the eplerenone group compared with the place-
bo group. However, serious hyperkalemia was

more frequent in the group receiving eplerenone.
The benefits were observed only in the case of ear-
lier eplerenone administration (3-7 days) post MI

and were not shown when the drug was initiat-
ed later (27 days)*

Additive improvement of LV remodeling and
neurohumoral activation by combined aldoster-
one and ACEI or ARB after experimental MI in
rats was described by Fraccarollo et al.3

Administration of nonselective aldosterone
antagonist, spironolactone, in patients after MI
was evaluated only in small studies. Hayashi
et al.3 reported that immediate administration of
spironolactone in patients with first anterior MI
can prevent LV remodeling by force of the myo-
cardial collagen synthesis suppression. Babak
et al.% showed that addition of spironolactone
to complex treatment of MI complicated by acute
HF improved clinical course and reduced LV re-
modeling. The main humoral effect of spironolac-
tone was an increase in aldosterone and a de-
crease in plasma atrial NP (ANP) levels. In pa-
tients with a tendency to hypotension and limit-
ed chance of achieving the optimal dose of ACEIs,
low doses of spironolactone were well tolerat-
ed. A long-term treatment with combination of
spironolactone and ARB (losartan) in patients
with MI after successful thrombolysis was asso-
ciated with lower mortality and delayed progres-
sion of chronic HF compared with those receiv-
ing losartan alone.%

The ESC guidelines suggest that aldosterone
blockade may be considered for post-ST-elevation
MI patients with the LVEF of less than 40% and
HF or diabetes mellitus provided that creatinine
is below 2.5 mg/dl in men and below 2.0 mg/dl
in women, and potassium is less than 5.0 mEq/1.
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Routine monitoring of serum potassium is war-
ranted and should be particularly careful when
other potential potassium-sparing agents are
used. There is not enough data about the use of

aldosterone antagonist later than 2 years post
MI.

The idea of RAAS block-
ing at its origin by inhibition of renin has exist-
ed since the 1970s. The first generation of oral-
ly active renin inhibitors (enalkiren, remikiren,
and zankiren) has never been used clinically
because of low bioavailability and weak blood-
-pressure-lowering activity.?’ Success came to ki-
rens after the synthesis of aliskiren — non-pep-
tide low-molecular direct renin inhibitor. In 2007,
aliskiren was approved in Europe and the Unit-
ed States for treatment of arterial hypertension,
and the first results of its efficacy in patients with
chronic HF were reported a year later.’® In 2010,
the results of 2 trials with the use of aliskiren
in patients with acute coronary syndrome were
presented.

The ASPIRE trial has assessed addition of al-
iskiren to help limit changes to cardiac structure
and function in patients with signs of LV dysfunc-
tion (LVEF <45% and the zone of akinesia >20%)
2 to 6 weeks after MI. The study involved 820 pa-
tients who received aliskiren or placebo for 36
weeks in addition to standard therapy with sta-
tins, B-adrenergic blocking drugs, ACEIs, and anti-
aggregant agents. A small reduction in the LV vol-
ume was seen in patients who received aliskiren
compared with those given standard therapy only;
however, this finding was not statistically sig-
nificant. The combined rates of cardiovascular
death, hospitalization for chronic HF, recurrent
MI, stroke, and nonfatal cardiac arrest were sim-
ilar in both groups. The rate of hyperkalemia, hy-
potension, and kidney dysfunction was higher in
patients receiving aliskiren.*®

In the AVANT GARDE-TIMI 43 trial, the hy-
pothesis that early inhibition of the RAAS in pa-
tients with preserved LV function but elevated
BNP following acute coronary syndrome would
reduce hemodynamic stress by a greater reduc-
tion of BNP compared with placebo was evaluat-
ed. A total of 1101 patients stabilized after acute
coronary syndrome without clinical evidence of
HF or LV dysfunction but with an increased level
of N-terminal pro-BNP (NT-proBNP) 3 to 10 days
after admission were randomized to aliskiren, val-
sartan, the combination of both, and placebo. By
week 8, NT-proBNP levels decreased significantly
in each treatment arm, including placebo, though
there were no differences in the reduction be-
tween the groups (42% in placebo, 44% in the al-
iskiren, 39% in the valsartan, and 36% in the com-
bination arm). There were no differences in clini-
cal outcomes but there were more adverse events,
including serious events and adverse events lead-
ing to early discontinuation of aliskiren, in pa-
tients treated with active therapy.*

Direct renin inhibitors

The results of the ASPIRE and AVANT GARDE-
-TIMI 43 trials put in doubt the future use of renin
inhibitors in patients after MI.
Vasopeptidase blockers The inhibition of neu-
tral vasopeptidase (NVP) is a very promising ap-
proach in the treatment of HE. NVP blockers de-
crease degradation of NP and thus prolong its ac-
tivity. It is supposed that vasopeptidase blockers
are more effective in patients with hypertension
and chronic HE. Clinical studies on several agents
blocking neutral endopeptidase and ACE are on-
going. Simultaneous inhibition of ACE and NVP
intensifies natriuretic and vasodilating effects of
NP, suppresses angiotensin II formation, and in-
creases the half-life of other vasodilators, such as
bradykinin and adrenomedullin. Preclinical and
early clinical studies of NVP/ACEIs demonstrat-
ed their high efficacy in the treatment of chronic
HF: they reduced vascular remodeling and myo-
cardial hypertrophy and showed natriuretic, di-
uretic, and antiproliferative action.*’ The most
examined NVP/ACE blocker is omapatrilat. Ini-
tial clinical data have shown the effectiveness
of this agent in patients with hypertension and
chronic HF, but further studies did not reveal
any benefits of omapatrilat vs. ACEIs (enalapril)
in this patient group.*? The rate of a serious ad-
verse event, angioedema, was much higher with
omapatrilat, and this is a significant barrier for
its introduction into clinical practice. Neverthe-
less, new NVP/ACE blockers (gemopatrilat, sam-
patrilat, and fasidotril) are currently being in-
vestigated. In experimental models of MI in ani-
mals, omapatrilat decreased the rate of mortali-
ty and ventricular arrhythmias and was more ef-
fective than ACEIs in preventing LV dysfunction
and remodeling.*?

Currently, there are not enough clinical data to
support the practical recommendation of using
vasopeptidase blockers in patients with ML

Blockade of en-
dothelin receptors can be a new alternative di-
rection of HF treatment applicable in patients
after MI. There are antagonists to nonselective
ET,- and ET-receptors (bosentan, enrasentan,
and tezosentan) and selective ET,-receptor (am-
brisentan, atrasentan, darusentan, and sitaxen-
tan). The results of these medications in the treat-
ment of pulmonary arterial hypertension are
the most encouraging.

The findings of clinical studies that investigat-
ed use of nonselective endothelin receptor an-
tagonists in patients with HF were disappoint-
ing. Enrasentan added to standard therapy in pa-
tients with chronic HF was found to have no ad-
ditive effects,** and no difference in efficacy com-
pared with placebo was shown when high doses of
tezosentan were given intravenously in patients
with acute decompensated HF associated with
acute coronary syndrome, but symptomatic hy-
potension developed much more frequently.*®

Endothelin receptor antagonists
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The preliminary results of clinical studies with
selective ET,-receptor antagonists gave evidence
of their higher efficacy and action selectivity. Dar-
usentan improved the cardiac index in patients
with severe chronic HF, especially in a long-term
treatment.’® The EARTH trial, performed later,
was not equally optimistic: darusentan neither
improved cardiac remodeling nor reduced clini-
cal symptoms or improved outcomes in patients
with chronic HEY

Application of endothelin antagonists in MI has
been investigated only in experimental studies.
A possible premise of their clinical use might be
the study by Niccoli et al.*® who found that plasma
endothelin-1 levels predicted angiographic no-re-
flow in patients with MI after successful prima-
Yy Or rescue percutaneous coronary intervention
(PCI). These findings suggest that endothelin-1
antagonists might be beneficial in the manage-
ment of no-reflow phenomenon.

Natriuretic peptides Nesiritide is structural-
ly identical to endogenous human BNP agent,
which is produced by Escherichia coli using recom-
binant DNA technology. In 2001, nesiritide was
approved by the U.S. Food and Drug Administra-
tion for treatment of acute HF and recommend-
ed as a first-choice drug in patients with acute
decompensated HF. In 2005, Sackner-Bernstein
et al.* performed a meta-analysis of several tri-
als evaluating nesiritide application in patients
with decompensated chronic HE It showed that
nesiritide may increase short-term mortality and
worsen renal function, but fortunately these find-
ings have not been confirmed later. Nevertheless,
the role of nesiritide in the treatment of HF re-
mains uncertain.

There is also a lively practical interest in NP
use in patients with MI. Chen et al.’® demon-
strated that infusion of low doses of nesiritide
for 72 hours in patients with anterior MI sup-
presses aldosterone and preserves the LV func-
tion and structure, improving the LVEF and small-
er LVEDV at 1 month.

Hillock et al.*' showed that nesiritide, adminis-
tered soon after MI, induced an increase in plasma
cyclic guanosine monophosphate and C-type NP
as well as a decrease in other endogenous cardiac
peptides with a neutral effect on renal function
and a trend towards favorable LV remodeling.

Kitakaze et al.”” established that patients with
acute MI who were undergoing reperfusion treat-
ment and were given ANP had lower infarct size,
fewer reperfusion injuries, and better outcomes
than controls. In the J-WIND trial, 569 patients
were enrolled, and they received 72-hour infusion
of ANP or placebo after PCI. Patients treated with
ANP had a reduction of 14.7% in infarct size and
a significantly increased LVEF at 6 to 12 months
compared with the placebo group, but they also
had severe hypotension more often.

Thus, primary results demonstrate that
NPs could serve as a safe and effective adjunc-
tive treatment in patients with MI, but this

hypothesis should be confirmed in further clini-
cal studies. Currently, nesiritide is not registered
in most European countries.

Vasopressin receptor antagonists Vasopressin re-
ceptor antagonists diminish vasoconstriction
and promote aquaresis without a negative effect
on electrolyte balance. There are nonselective
V,,/V,-receptor antagonists (conivaptan) and se-
lective V_,- (relcovaptan), V.- (nelivaptan) and
V.- (tolvaptan, satavaptan, mosavaptan, and lix-
ivaptan) receptor antagonists. Administration
of conivaptan and tolvaptan was approved in
the United States and Europe for correction of
hyponatremia, including in patients with chronic
HF. Addition of tolvaptan to standard treatment
in patients with acute decompensated HF was
associated with reduction of clinical symptoms
without influence on mortality and other major
cardiovascular endpoints.”® There is only experi-
mental evidence for use of vasopressin receptor
antagonists in patients with ML

Conclusion Currently, there are several meth-
ods of pharmacological correction of the activi-
ty of neurohumoral systems in patients with MI

and those after MI applicable in clinical practice.
Some new groups of neurohumoral modulators

are at different stages of research. The most prom-
ising agents preventing LV remodeling and devel-
opment of HF in patients with MI seem to be NPs.
The search for optimal combinations and exami-
nation of other pharmacological groups in these

patient groups should be continued.
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STRESZCZENIE

Ostry zawat serca wciaz jest postrzegany jako jedna z najgrozniejszych choréb w medycynie wewnetrzne;.
Liczne powiktania zawatu serca sa wynikiem aktywacji uktadu neurochumoralnego. Praca omawia wsp6ét-
czesne metody farmakologicznej korekcji aktywno$ci uktadu neurohumoralnego u chorych na zawat
serca. Zwrécono uwage na fakt, ze aktualne wytyczne nie zawsze pozwalajg na skuteczne zapobieganie
przebudowie struktury lewej komory serca. Poddano dyskusji stosowanie nowych podawanych w tym
celu lekdw.
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