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May growth hormone and IGF-1 concentrations be used in the

stratification of additional cardiovascular risk in patients with

acute myocardial infarction?

Mozno koncentracie rastového hormonu a IGF-1 vyuzit pri

stratifikacii dalSieho kardiovaskularneho rizika u pacientov po

akutnom infarkte myokardu?
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Abstrakt. Uvod: V ostatnom ¢ase sa vyskum v kardiolégii zame-
ral aj na hladanie vhodnych biochemickych markerov pri dalsej
stratifikacii kardiovaskuldrneho rizika. Manazment pacientov
s kardiovaskularnym ochorenim by profitoval z validnych mar-
kerov zvyseného rizika, ¢o by pomohlo optimalizovat liecbu.
Cielom tejto studie bolo porovnat koncentracie rastového hor-
moénu a inzulinu podobného rastového faktora-1 (IGF-1) u pa-
cientov s akutnym infarktom myokardu (AIM) hospitalizovanych
na jednotke intenzivnej starostlivosti v porovnani s kontrolnou
skupinou. Navyse sme zistovali asocidciu medzi koncentraciami
rastového hormoénu a IGF-1 s markermi poskodenia myokardu
(troponin T) a ich korelaciu s ejekénou frakciou lavej komory
meranej na siedmy den po infarkte.

Subor a metddy: Vysetrili sme skupinu 15 pacientov vo veku 50
- 60 rokov s akutnym infarktom myokardu (STEMI aj NSTEMI).
Kontrolnu skupinu tvorilo sedem pacientov, ktori boli prijati do
nemocnice kvoli diferencidlnej diagnostike bolesti na hrudniku.
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Abstract. Introduction: Research in cardiology has recently also
focused on finding suitable biochemical markers for additional
cardiovascular risk stratification. Management of patients with
cardiovascular diseases would benefit from valid markers of
increased risk, and so help to optimize their treatment. The aim
of this study was to compare the concentrations of the growth
hormone (GH) and insulin-like growth factor - 1 (IGF-1) with
patients with acute myocardial infarction (AMI) hospitalized in
the intensive care unit compared with the control group. In
addition, we investigated the association between the concen-
trations of GH and IGF-1 with markers of myocardial damage
(troponin T) and their correlation with the left ventricular
ejection fraction measured on the seventh day after the attack.
Patients and methods: We examined a group of 15 patients
aged 50-60 years with acute myocardial infarction (STEMI and
NSTEMI). The control group consisted of 7 patients who were
admitted to hospital due to the differential diagnosis of chest
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Rastovy hormén a IGF-1 boli stanovené v perakutnej faze in-
farktu myokardu (4,5 h £ 0,5 h od nastupu bolesti na hrudniku)
a na siedmy den po nastupe bolesti. Echokardiografia bola
realizovana siedmy den hospitalizacie.

Vysledky: Pri porovnani koncentracii rastového horménu mali
pacienti s AIM signifikantne vyssie koncentracie rastového
horménu v perakutnej faze (p < 0,001) a nesignifikantne
vyssie na siedmy den hospitalizacie ako pacienti z kontrol-
nej skupiny. U pacientov s AIM boli koncentracie rastového
horménu 2 - 3-nasobne vyssie v perakutnej faze ako na
siedmy den hospitalizacie (p < 0,01). Koncentracie rastového
horménu pozitivne korelovali s koncentraciami troponinu T
(p = 0,005) v perakutnej faze AIM a negativne s ejekénou
frakciou lavej komory na siedmy den hospitalizécie (p =
0,0018). Koncentracie IGF-1 v perakutnej faze pozitivne
korelovali s ejek¢nou frakciou na siedmy den hospitalédcie
(p = 0,0005).

Zdver: Na zédklade tychto udajov mozno predpokladat, ze sta-
novenie koncentracii rastového hormoénu a IGF-1 v perakutnej
faze AIM by mohlo prispiet k stratifikacii dalSieho kardiovasku-
larneho rizika pacientov po akutnom infarkte, skorej detekcii
rizika poskodenia systolickej funkcie lavej komory a pripadne
aj v monitoringu liecby.

Klicové slova: rastovy hormon — IGF-1 - akdtny infarkt myo-
kardu - stratifikacia rizika

pain. Both GH and IGF-1 were determined in the peracute
phase of myocardial infarction (4.5 hours + 0.5 hours from the
onset of chest pain), and on the seventh day after the onset
of pain. Echocardiography was performed on the seventh day
of hospitalization.

Results: When comparing the concentrations of GH, the patients
with AMI had significantly higher concentrations of GH in the pe-
racute phase (p<0.001) and insignificantly higher on the seventh
day of hospitalization than the patients in the control group. In
patients with AMI, GH concentrations were 2-3 times higher in
the peracute stage than on the seventh day of hospitalization
(p<0.01). Concentrations of GH positively correlated with concen-
trations of troponin T (p = 0.005) in the peracute phase of AMI
and negatively with left ventricular ejection fraction on the 7"
day of hospitalization (p = 0.0018). Concentrations of IGF-1 in the
peracute phase positively correlated with the ejection fraction
on the seventh day of hospitalization (p = 0.0005).

Conclusion: Based on the above data, it may be assumed that
the determination of GH and IGF-1 concentrations in the
peracute phase of AMI could help stratification of additional
cardiovascular risk for patients after acute infarction, early
detection of the risk of damage to the left ventricular systolic
function, and possibly in monitoring the treatment.

Key words: growth hormone (GH) - IGF-1 - acute myocardial
infarction - risk stratification

Z kardiovaskuldrnych ochoreni je korondrna choroba srdca
jednou z najcastej$ich a najzavaznej$ich, predstavuje hlavna
pri¢inu mortality chorych, predovietkym jej akutna forma -
infarkt myokardu. Mortalita pri akitnom infarkte myokardu
(AIM) je asi 30 %, z toho viac ako polovica postihnutych zo-
miera v prvom mesiaci. Takmer k polovici umrti pri akdatnom
infarkte myokardu d6jde dokonca este v prednemocni¢nej faze,
obvykle do dvoch hodin od zaciatku priznakov (1).

Po prekonanom infarkte myokardu je riziko vzniku re-in-
farktu vyssie ako riziko vzniku infarktu v ostatnej populacii.
Vzhladom na mozné komplikicie rozneho stupna a vyznamu,
umrtia, zmenenu kvalitu Zivota, poruchy psychiky, socialno-
ekonomické faktory (praceneschopnost, invalidizaciu atd.)
sa najperspektivnej$im opatrenim javi prevencia korondrnej
choroby srdca.

IGF-1 (Insulin-like growth factor-1 - inzulinu podobny
rastovy faktor-1) je pleiotropny, rast podporujici peptid,
ktory vznika najmi v peceni po predchddzajicej stimulacii
rastovym hormoénom (GH - growth hormone). Exprimo-
vany je vSak aj inymi bunkami, napriklad kardiomyocytmi
a endotelovymi bunkami koronarnych artérii (2). IGF-1
moze aktivovat draslikové kanaly a tym podporovat di-
lataciu arteriol (3), indukuje produkciu oxidu dusnatého
endotelovymi bunkami (4) a vyrazne znizuje koncentracie
intracelularneho kalcia (5). Tymito mechanizmami zmensuje
velkost infarktového lozZiska vo viacerych modeloch ischémie
myokardu (6).
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From among cardiovascular diseases, coronary heart disease
is one of the most common and most serious: it is the main
cause of mortality of patients, especially in its acute form
- the myocardial infarction. Mortality in acute myocardial
infarction (AMI) is about 30%, of which more than half
of affected die within the first month. Almost half of the
deaths from acute myocardial infarction occur even in the
pre-hospital phase, usually within two hours of the onset
of symptoms (1).

After the first of myocardial infarction the risk of re-in-
farction is greater than the risk of heart attacks in the rema-
ining general population. Because of potential complications
of varying degrees and significance, death, changed quality
of life, mental disorders, socio-economic factors (sick leave,
disability, etc.), prevention of coronary heart disease appears
to be the most promising measure to be taken.

IGF-1 (insulin-like growth factor-1) is the pleiotropic,
growth-promoting peptide that is produced mainly in the
liver after prior stimulation of GH. It is, however, expressed
by other cells, for example by cardiomyocytes and coronary
artery endothelial cells (2). IGF-1 may activate potassium
channels, promoting in this way dilatation of arterioles (3),
it induces the nitric oxide production by endothelial cells
(4), and significantly reduces the concentration of intracel-
lular calcium (5). By the operation of these mechanisms, it
reduces the size of the infarction focus in several models of
myocardial ischemia (6).
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Kardiomyocyty stracaji schopnost delenia sa tesne po
narodenti, preto sa ich strata zapri¢inend nekrézou po akutnom
infarkte myokardu neda nahradit novym funkénym tkanivom.
Na postihnutom mieste dochadza k deleniu fibroblastov,
ktoré je spojené so vznikom jazvy a hypertrofiou viabilnych
kardiomyocytov v jej okoli. Pri rozsiahlych infarktoch myo-
kardu preto dochadza k remodelacii komory s obmedzenim
jej funkcie. IGF-1 podporuje hypertrofiu viabilnych kardio-
myocytov (7). Exprimdcia IGF-1 mRNA kardiomyocytmi sa
zvy$uje priamo umerne tlakovému pretazeniu favej komory
a velkosti infarktového loziska. Jej hladiny sa normalizuju
po dosiahnuti potrebnej hypertrofickej odpovede, aj napriek
pretrvavajucemu tlakovému pretazeniu (8). Z uvedeného
vyplyva, Ze koncentracie IGF-1 a nepriamo aj GH by mohli
byt markerom velkosti infarktového loziska a inicidlnej
remodelacie lavej komory v skorej faze infarktu myokardu
s moznym uplatnenim v ramci stratifikicie pokracujiceho
kardiovaskularneho rizika konkrétneho pacienta. Cielom tejto
prace bolo overit tieto skuto¢nosti.

Subor a metodiky

Vysetrovanu skupinu tvorilo 15 pacientov, vo vekovej
kategorii 50 — 60 rokov, s akutnym infarktom myokardu -
STEMI a NSTEMI, ktori boli hospitalizovani na I. Internej
klinike UNLP v KoSiciach a na JIS nemocnice vo Vranove
nad Toplou. Diagnéza akutneho infarktu myokardu bola
stanovend na zaklade klinickych prejavov ischémie, EKG
kritérii a pozitivity markerov myokardového poskodenia.
Vyberovymi kritériami boli vek, primoinfarkt a prijazd do
nemocnice do piatich hodin od vzniku priznakov AIM.

Vsetci pacienti boli lie¢eni podla odporacani Slovenskej
kardiologickej spolo¢nosti pre akatny infarkt myokardu.

V skupine s akutnym infarktom myokardu mali piati
pacienti diagnostikovany NSTEMI a desiati STEMI. Traja
pacienti mali v predchorobi uz dokumentovanu koronarnu
chorobu srdca v zmysle stabilnej angina pectoris. Piati
pacienti boli privezeni RLP do troch hodin od vzniku ste-
nokardii. Tym bola podla odporuc¢anych postupov podana
systémova trombolyza tenektepldzou, davka bola urcend
podla hmotnosti, a nasledne boli do 24 hodin prelozeni
do Specializovaného kardiovaskuldrneho centra za ucelom
koronarnej intervencie, z toho boli dvaja pacienti prelozeni
akutne k zachrannej ,rescue® PCI (primarna korondrna
intervencia) po neuspechu trombolyzy a pretrvavani
stenokardii. Desiati pacienti boli privezeni RLP po viac
ako troch hodinach od vzniku priznakov s medianom
4,5 hodiny + 30 minut. Styria z nich boli po kritkom
¢asovom intervale potrebnom na dohodnutie prelozenia
(asi 30 min) priamo odoslani do $pecializovaného centra.
Jedna z tychto pacientiek odmietla preloZenie za ucelom
PCI, preto jej bola podand iba trombolyza. Pacienti po

Cardiomyocytes lose their ability to divide shortly after birth,
so their loss due to necrosis after the acute myocardial infarc-
tion cannot be replaced by new functional tissue. Division of
fibroblasts occurs in the affected area, which is associated with
the formation of a scar and hypertrophy of viable cardiomyocytes
in its neighbourhood. As a result, ventricular remodelling occurs
in extensive myocardial infarction, with limitation of its function.
IGF-1 promotes hypertrophy of viable cardiomyocytes (7). Ex-
pression of IGF-1 mRNA by cardiomyocytes increases directly
in proportion to the pressure overload of the left ventricule and
the infarct focus size. The levels are normalized after reaching the
required hypertrophic response, this even despite the persistent
pressure overload (8). It follows that the concentration of IGF-1
and indirectly also that of GH, could be a marker of the infarct
focus size, and of the initial remodelling of the left ventricle in the
early phase of myocardial infarction, with potential application
in the cardiovascular risk stratification of the patient concerned.
The aim of this study was to verify these facts.

Patients and methods

The investigated group consisted of 15 patients in the
age group between 50 and 60 years, with acute myocardial
infarction - STEMI and NSTEMI, who were hospitalized in
the ICU of the hospital in Vranov nad Toplou. The diagno-
sis of acute myocardial infarction was determined based on
clinical manifestations of ischemia, ECG criteria, and positive
markers of myocardial damage. The selection criteria inclu-
ded age prime infarct, and the arrival in hospital within five
hours after the onset of AMI symptoms. All of the patients
were treated according to the recommendations of the Slovak
Society of Cardiology for acute myocardial infarction.

In the group with acute myocardial infarction, five of the
patients were diagnosed with NSTEMI and ten of them with
STEML. Three patients had had already documented in their
anamneses coronary heart disease in: stable angina pectoris.
Five of the patients were brought in by the MES (Medical
Emergency Service) 3 hours after the onset of stenocardia.
In accordance with the recommended practice, these pa-
tients were administered systemic thrombolytic tenecteplase
its dose having been determined by weight) and they sub-
sequently were transferred within 24 hours to a specialized
cardiovascular centre with the aim of performing coronary
intervention: two of the five patients were transferred to an
acute emergency “rescue’ PCI (primary coronary interven-
tion) after thrombolysis failure and stenocardia. Ten of the
patients were brought in by the MES and than three hours
from the onset of symptoms, with a median of 4.5 hours +
30 minutes. Four of them were, after a short period, required
to negotiate transfer (approx. 30 min.) and sent directly to
a specialized centre. One of these patients (a female) refused
transfer for PCI, so only thrombolysis was administered. After
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Tabulka 1 Charakteristika siiboru
Table 1 Response file

Pacienti s IM
(Patients with MI) (n = 15)

Kontrolna skupina
(Control group) (n =7)

Vek (Age) 56,37 £ 4,13
Muii/ZEny (Men/Women) 9/6

BMI (kg/m?) 26,54 + 4,03
Hypertenzia (Hypertension) M/Z (M/W) 8 (5/3)
Diabetes mellitus M/Z (M/W) 5(2/3)

Dyslipidémia (Dyslipidaemia)

Fajéenie (Smoking) M/Z (M/W) 5 (4/1)
Dokumentovana ISCH (Diagnosed CAD) M/Z (M/W) 3 (2/1)
NSTEMI M/Z (M/W) 5(3/2)
STEMI M/Z (M/W) 10 (6/4)
- PCI (primarna/sekundarna) (primary/secondary) 4/10

— trombolyza (thrombolysis) 6
Umrtie do 6 mesiacov (Death within 6 months) 1

liecenad: 4, novozistena: 4 (treated: 4, newly diagnosed: 4)

54,96 + 2,48

4/3

25,87 + 3,65
3(2/1)

2(1/1)

lieCena: 2 (treated: 2)
2(2/0)

BMI - Body mass index, ISCH - ischemicka choroba srdca (CAD - Coronary artery disease), PCI — perkutdnna korondrna intervencia (Percutaneous coronary intervention)

absolvovani PCI boli prelozeni spit na interné oddelenie
do 4 - 5 dni. Po ukonceni hospitalizacie boli pacienti
dalej sledovani v kardiologickej ambulancii priblizne $est
mesiacov, pocas ktorych jeden pacient exitoval 46. den po
AIM na refraktérne srdcové zlyhanie.

Kontrolnu skupinu tvorili siedmi pacienti, ktori boli prijati
na oddelenie za ucelom diferencidlnej diagnostiky bolesti na
hrudniku. Tito pacienti mali normélny EKG zdznam, negativne
markery poskodenia myokardu a u indikovanych pacientov
(v rdmci diferencidlnej diagnostiky bolesti na hrudniku) aj
negativny vysledok pocas hospitalizacie realizovaného ergomet-
rického vysetrenia. Charakteristiku suboru zhrna tabulka 1.

Pacienti boli po privoze fyzikalne vysetreni, bola odobrana za-
kladnd anamnéza — ¢o najpresnejsie uréeny ¢as vzniku priznakov,
rodinna a osobnd anamnéza so zameranim na rizikové faktory,
liekovd a alergickd anamnéza. Diplomované zdravotné sestry
odoberali vzorky krvi na stanovenie krvného obrazu, zakladnych
hemokoagula¢nych parametrov, zakladnej biochémie, vratane
markerov poskodenia myokardu. Odber krvi na stanovenie GH
a IGF-1 sa realizoval v perakutnej faze 4,5 hodiny + 30 minut
po vzniku stenokardii, odber druhej vzorky na siedmy den po
AIM a ziskané sérum sa odoslalo do RIA laboratoria.

VySetrenie koncentracie sledovanych laboratérnych
parametrov: rastovy hormén - IRMA (Immunotech),
IGF-1 - IRMA (Immunotech). Laboratérium udavalo pri
pouzitej metodike nasledujice normy - GH: 0,16 -13 mIU/
ml, IGF-1: 162 -248 ng/ml. Koncentracie troponinu T boli
stanované v miestnom laboratériu metédou elektrochemilu-
miniza¢nej imunoanalyzy (Roche).

Dalsie vySetrenia realizované v ramci hospitalizacie:

12-zvodovy EKG zaznam, RTG pluc, echokardiografické
vySetrenie na siedmy denl po AIM.
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the completion of PCI, the patients were transferred back to
the internal medicine division within 4-5 days. After hospi-
talization the patients were followed up through a cardiac
out-patient department for about 6 months, during which
time one of the patients died on the 46™ day after AMI due
to refractory heart failure.

The control group consisted of seven patients who were
admitted to the department for the purpose of differential
diagnosis of chest pain. These patients had a standard ECG
record, negative markers of myocardial injury, and indicated
patients (in the differential diagnosis of chest pain) also had
a negative stress test conducted during hospital tests. Table 1
summarizes the characteristics of the patients.

The patients underwent physical examination after their
arrival, their medical history was taken and as precisely as
possible, determined the time of the emergence of symptoms,
family and personal history with a focus on risk factors, and
drug and allergic history. Diploma nurses collected blood
samples for the determination of blood count, the basic coa-
gulation parameters, including the basic biochemistry markers
of myocardial injury. Blood collection for the determination
of GH and IGF-1 was conducted in the peracute phase of 4.5
hours + 30 minutes after the occurrence of stenocardia: the
second sample was taken on the seventh day after AMI, and
the serum obtained was sent to the RIA laboratory.

Examination of concentrations of the laboratory
parameters observed: the growth hormone - IRMA (Im-
munotech), IGF-1 - IRMA (Immunotech). The laboratory
reported these standards with the methodology used -
GH: 0.16-13 mIU/ml IGF-1: 162-248 ng/ml. Troponin T
concentrations were determined in a local laboratory by
employing the electrochemoilluminisation immunoassay
method (Roche).
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Statistické vyhodnotenie tidajov

Na vyhodnotenie $tatistickych udajov boli pouzité
programy MS Excel, Arcus Quickstat Biomedical ver. 1.1.
Pri jednotlivych parametroch sme ur¢ili priemer, smerodajna
odchylku (SD), smerodajna chybu priemeru (SEM) a median.
Na vyjadrenie miery vyznamnosti rozdielov strednych hodnét
bol pouzity Mann-Whitneyho test. Na overenie moznych
$tatistickych zavislosti medzi jednotlivymi sledovanymi
parametrami bol pouzity vypocet Pearsonovho korela¢ného
koeficientu r a jeho testovanie t-testom. Za hladinu $tatistickej
vyznamnosti bola zvolend o = 0,05.

Vysledky

Pacienti s akutnym infarktom myokardu mali v 4,5 + 0,5
hodine od nastupu bolesti na hrudniku $tatisticky vyznamne
vyssie koncentracie troponinu T ako pacienti v kontrolnej
skupine (p < 0,01), ktori mali troponin negativny.

Hladiny GH u pacientov s AIM oproti kontrolnej skupine
boli signifikantne vyssie v perakitnej faze (1,42 + 0,25 vs. 0,48
+ 0,07 ng/ml, p < 0,001) a nesignifikantne vyssie na siedmy
den po AIM (0,52 + 0,09 vs. 0,48 + 0,07).

V skupine pacientov s AIM boli hladiny GH v perakitnej
faze priblizne 2 - 3-nasobne vyssie ako na siedmy den po AIM
(1,42 £ 0,25 vs. 0,52 + 0,09 ng/ml, p < 0,01) Tato dynamiku
sme pozorovali v skupine NSTEMI, STEMI, u diabetikov aj
nediabetikov.

Hladina GH v perakutnej faze pozitivne korelovala s hod-
notami troponinu T (r = 0,68159, p = 0,0051) (obrazok 1).

Hladina GH v perakitnej fize negativne korelovala s hod-
notami ejek¢nej frakcie meranej echokardiograficky na siedmy
den po AIM (r = — 0,733 747, p = 0,0018) (obrazok 2).

Hladiny IGF-1 mali mierne klesajicu tendenciu pocas
siedmich dni po AIM. V skupine s AIM boli koncentracie
IGF-1 v normalnom rozmedzi vzhladom na vek a pohlavie,
ale aj tak, po cely ¢as nizsie ako v kontrolnej skupine. Tento
rozdiel nebol $tatisticky vyznamny. Nezistili sme Ziadnu ko-
reldciu medzi koncentraciami IGF-1 a troponinu T.

Koncentracie IGF-1 pozitivne korelovali s ejekénou frak-
ciou lavej komory (r = 0,78741, p = 0,0005) (obrazok 3).

Takisto sa nezistila ziadna korelacia medzi hladinami GH
a IGF-1 v perakutnej faze s vysledkami PCI (tabulka 2).

V dal$om $estmesacnom sledovani doslo k jednému umr-
tiu, a to u pacienta, diabetika, ktory mal po AIM najnizsiu
ejek¢nu frakeiu lavej komory s prejavmi srdcového zlyhava-
nia Killip III, na PCI s difuznym trojcievhym postihnutim
nevhodnym k CABG. Tento pacient mal sicasne najnizsiu
hladinu IGF-1 a relativne vys$$iu hladinu GH. Traja dalsi
pacienti indikovani na aorto-koronarny by-pass boli uspes-
ne odoperovani a v obdobi sledovania kardiopulmonalne
kompenzovani. Pacientka so STEMI, s velmi nizkou socio-

Further examinations carried out during hospitalisation:
the 12-lead ECG record, chest X-ray, echocardiography on
the seventh day after AMIL.

Statistical evaluation of the data

To assess the statistical data, MS Excel, Arcus Biomedi-
cal Quickstat ver. 1.1 programmes were employed. For each
parameter, we determined the mean, the standard deviation
(SD), the standard error of the mean (SEM), and the me-
dian. To express the level of significance of the differences
in mean values, the Mann-Whitney test was used. To verify
the possible statistical dependencies throughout individual
parameters observed, the calculation of the Pearson correlation
coeflicient r and its testing by the t-test was employed. a =
0.05 was chosen as the level of statistical significance.

Results

Patients with acute myocardial infarction within 4.5 + 0.5
hours after the onset of chest pain had statistically significantly
higher concentrations of troponin T than those in the control
group (p <0.01), who were troponin-negative.

GH levels in patients with AMI compared with the control
group were significantly higher in the peracute phase (1.42 +
0.25 vs. 0.48 + 0.07 ng/ml, p<0.001) and insignificantly higher
on the seventh day after the AMI (0.52 + 0.09 vs. 0.48 + 0.07).

In the group of patients with AMI, the GH levels in
peracute phase were about 2-3-fold higher than on
the 7" day after AMI (1.42 + 0.25 vs. 0.52 + 0.09 ng/
ml, p<0.01). We observed this dynamic in the NSTE-
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Obrazok 1  Korelacia koncentracii troponinu T a rastového

horménu v §tvrtej hodine AIM

Figure 1  Correlation of troponin and GH levels concentrations measured in 4th
hour after AMI

AIM - akitny infarkt myokardu (AMI - Acute myocardial infarction)
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Figure 2 Correlation of ejection fraction (EF) measured on the 7 th day after AMI
and concentration of GH measured on the 4 th hour after AMI

AIM - akatny infarkt myokardu (AMI - Acute myocardial infarction)

EF% _—
60 o // o
o
(o] o /
/ O
J o
o
] " o
404 o /
4 " o
o
20
0 R
100 200 300 400

IGF-1

Obrazok 3 Korelacia ejek¢nej frakcie (EF) na siedmy den a kon-
centracii IGF-1 v §tvrtej hodine AIM

Figure 3  Correlation of ejection fraction (EF) measured on the 7 th day after AMI
and concentrations of IGF-1 measured on the 4 th hour after AMI

AIM - akutny infarkt myokardu (AMI - Acute myocardial infarction)

ekonomickou droviou, ktora odmietla PCI, bola v tomto
obdobi opakovane rehospitalizovana pre stenokardie, nadalej
v8ak odmietala PCI a mala velmi nizku compliance k me-
dikamentdznej liecbe. Ostatni pacienti po prekonanom IM
boli bez komplikacii.

Diskusia
Poruchy hormonélnej regulacie si pomerne diskutovanymi
rizikovymi faktormi kardiovaskularnych ochoreni. Najdlhsiu

historiu v tomto smere m4 asi sledovanie vplyvu chronického
nedostatku alebo nadbytku rastového hormonu na kardiovas-
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MI, STEMI, with both diabetics and non-diabetics.
The GH level in the peracute stage positively correlated with
troponin T (r = 0.68159, p = 0.0051) (Figure 1).

The GH levels in the peracute phase negatively correlated
with the ejection fraction as measured by echocardiography
on the 7% day after AMI (r = - 0.733747, p = 0.0018) (Fi-
gure 2).

The IGF-1 levels fell slightly during the seven days after
AML. In the group with AMI, concentrations of IGF-1 in
the normal range based on age and gender or regardless of
these were during all that time lower than in the control
group. This difference was not statistically significant. We
found no correlation between the concentrations of IGF-1
and troponin T.

Concentrations of IGF-1 were positively correlated with
left ventricular ejection fraction (r = 0.78741, p = 0.0005)
(Figure 3).

In just the same way, no correlation was found between
the levels of GH and IGF-1 in the peracute phase with the
PCI results (Table 2).

In the subsequent 6-month follow-up, there emerged
one death with a patient with diabetes, who after AMI had
the lowest left ventricular ejection fraction and symptoms
of heart failure Killip III, on the PCI with scattered three-
vessels affliction unsuitable for CABG. At the same time,
this patient had the lowest IGF-1 level and a relatively
higher level of GH. Three other patients indicated for aor-
tal-coronary bypass underwent successful surgery: alaser
operations being cardiopulmonary compensated during
the monitoring period. The female patient with STEMI,
being of a very low socio-economic level, having refused
PCI, was repeatedly re-hospitalized for chest pain, but she
kept refusing PCI and had very low compliance to medical
therapy. Other patients, who had had previous MI, were
free of any complications.

Discussion

Hormonal regulation disorders are included within the
relatively frequently discussed risk factors for cardiovascular
disease. Tracking the impact of chronic deficiency or ex-
cess of the growth hormone on the cardiovascular system
has the longest history in this regard. Gradually, its tight
relationship with IGF-1 was found, and consenquently in
recent times there exists a trend of employing the term the
GH/IGF-1 axis.

GH secretion disorder affects the function and the struc-
ture of the heart, the endothelium and other organs (9). In
patients with excessive growth hormone secretion, myocardial
hypertrophy and interstitial fibrosis, hypertension, edema, and
impaired glucose tolerance occur during its chronic operation.
In patients with growth hormone deficiency, changes have
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Tabulka 2 Vysledky PCI u pacientov po AIM a koncentracie GH a IGF-1 v perakitnej faze infarktu myokardu
Table2 Results of PCI in patients after AMI and concentrations GH and IGF-1 in peracute phase of myocardial infarction

Postihnutie korondarnych artérii (Coronary artery Pocet pacientov

involvement) (Number of patients) GH (ng/ml) IGF-1 (ng/ml)
Jednocievne postihnutie (One vessel involvement) 5 1,32 £0,29 241,74 + 81,35
Dvojcievne postihnutie (Two vessel involvement) 4 1,49 £ 0,24 225,67 £ 69,36
Trojcievne postihnutie (Three vessel involvement) 5 1,45 £ 0,22 230,93 + 74,98

PCI - perkutanna korondrna intervencia (Percutaneous coronary intervention), AIM — akutny infarkt myokardu (AMI - Acute myocardial infarction)

kularny systém. Postupne sa zistil jeho bezprostredny vztah
s IGF-1, a preto sa v ostatnom case zvykne pouzivat termin
os GH/IGEF-1.

Porucha sekrécie rastového hormoénu vplyva na funkciu
a Strukturu srdca, na endotel a iné organy (9). U pacientov
s nadmernou sekréciou rastového hormonu dochadza pri
chronickom poésobeni k hypertrofii myokardu a intersticialnej
fibroze, hypertenzii, edémom, poruche glukdzovej tolerancie.
U pacientov s nedostatkom rastového horménu boli popisané
zmeny Vv lipidovom metabolizme, endotelova dysfunkcia, akti-
vacia sympatikového nervového systému, prejavy inzulinovej
rezistencie atd. Kombindciou priamych a nepriamych faktorov
maju poruchy sekrécie rastového horménu vplyv na rozvoj
aterosklerézy a priznakov korondrnej choroby srdca (10, 11).

V literature st vak popisané priaznivé u¢inky kratkodobej
substitucie rastového hormoénu na kardiovaskularny systém
s pozitivne inotropnym a kardioprotektivnym pdsobenim, hoci
sa informacie z viacerych zdrojov réznia - pozitivny efekt bol
popisany v niektorych (12, 13), ale nie vo vSetkych $tadiach
(14). Tieto nejednoznacéné vysledky sa pozorovali u pacientov
s pokrocilym srdcovym zlyhanim, u ktorych dochadza k ¢ias-
to¢nej rezistencii na rastovy hormon. Na zvieracich modeloch
sa véak dokazal pozitivny efekt rastového hormoénu a IGF-1
v akutnej faze infarktu myokardu (15).

Rastovy hormon je vyznamny aj vzhladom na progndzu
po akttnom infarkte myokardu. Uéinky rastového horménu
su sprostredkované najma IGF-1, z ktorého hladin mozno
tiez usudzovat na poinfarktovy priebeh a prevahu reparac-
nych alebo destrukénych procesov. V $tudiach na zvieracich
modeloch s nadmernou expresiou IGF-1 bola dokdzana
efektivnej$ia remodeldcia lavej komory po experimentilne
navodenom infarkte myokardu (16). Naopak, pri nedosta-
tocnej expresii IGF-1 u heterozygotnych potkanov bol rozsah
experimentdlne navodeného infarktu myokardu vacsi ako
pri kontrolach s normalnou expresiou IGF-1 (17). Podobne,
u ludi boli nasledky akdtneho infarktu myokardu zavaznejsie
u pacientov s nizsimi hodnotami IGF-1 (18). S tym koreluju
aj nase vysledky - ¢im bola koncentracia IGF-1 v perakitnej
faze infarktu myokardu niz$ia, tym niz$ia bola ejek¢na frakcia
lavej komory na siedmy den po AIM. Najniz$ia hladina IGF-1
sa zistila prave u pacienta, ktory mal najrozsiahlejsie postih-
nutie lavej komory a zomrel na refraktérne srdcové zlyhanie
do 60 dni po AIM. Hoci bola hladina IGF-1 zjavne Gmerna

been reported in lipid metabolism, endothelial dysfunction,
activation of the sympathetic nervous system, manifestations
of insulin resistance, etc. By the combination of both direct
and indirect factors, disturbances in the secretion of growth
hormone affect the development of atherosclerosis and co-
ronary heart disease symptoms (10, 11).

In the sources, however, beneficial effects of short-term
growth hormone on the cardiovascular system are described
with positive inotropic and cardioprotective action, even
though the information from multiple sources differ - a po-
sitive effect has been reported in some of them (12, 13) but
not in all of the studies (14). These mixed results were ob-
served in patients with advanced heart failure, in whom there
occurs partial resistance to the growth hormone. In animal
models, however, the positive effect of growth hormone and
IGF-1 in the acute phase of myocardial infarction has been
proven (15).

The growth hormone is also important in terms of
prognosis after the acute myocardial infarction. The ef-
fects of GH are mediated by IGF-1 in particular, from
the levels of which one may also infer the post-infarction
course and the prevalence of destructive or reparative
processes. Studies in animal models with over-expression
of IGF-1 have shown a more effective remodelling of the
left ventricle after the experimentally induced myocardial
infarction (16). In contrast, in insufficient expression of
IGF-1 in heterozygote rats, the extent of the experimen-
tally induced myocardial infarction was greater than that
in the controls with normal expression IGF-1 expression
(17). Similarly, in humans, the effects of acute myocardial
infarction were more severe in patients with lower IGF-1
values (18). Our results correlate well with that — the lower
the concentration of IGF-1 was in the peracute phase of
myocardial infarction, the lower the left ventricular ejection
fraction on the 7 day after AMI. The lowest level of IGF-1
was found in just the patient who had had the largest left
ventricular involvement and died of refractory heart failure
within 60 days after AMI. Although the IGF-1 level was
clearly proportional to the left ventricular ejection fraction,
we observed no relationship with the levels of troponin
T, just as in other papers, which suggest the importance
of IGF-1 rather in the reflection of a long-term prognosis
after AMI (19, 20).
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s ejekénou frakciou lavej komory, nepozorovali sme vztah
s hladinami troponinu T, podobne ako pri inych pracach,
ktoré predpokladaju vyznam IGF-1 skor v odzrkadlovani
dlhodobej progndzy po AIM (19, 20).

Vyrazny vzostup rastového horménu v perakutnej faize AIM
mozno vysvetlit ako typicka reakciu stresového horménu na
ischemické poskodenie myokardu, spolu so zvySenim hladin
kortizolu a katecholaminov. Jeho nevyhodou je pomerne vyrazny
diurnalny rytmus s najvy$simi koncentraciami v no¢nych ho-
dinach. Celkovo stabilnejsie sérové hladiny IGF-1 (s pol¢asom
rozpadu asi 10 dni) nevykazuju vyrazné zmeny v dynamike ani
pocas dna ani pocas stresu. Naopak, v ischémiou poskodenom
myokarde dochddza na druhy den po AIM na zvieracich mode-
loch k zvysenej lokalnej expresii IGF-1, ktory svojim parakrinnym
posobenim chrani myocyty viabilného myokardu pred apoptézou,
indukuje hypertrofiu myofibril a zvy$uje ich senzitivitu na kalcium
(21). Podobnd produkcia IGF-1 sa predpokladd aj v ludskom
srdci. Tymto smerom sa uberaju aj Gvahy o terapeutickych
moznostiach vyuzitia rastového hormoénu a IGF-1. Malo by ist
o0 jednorazové podanie v akutnej faze infarktu myokardu, ¢im by
bol zabezpeceny protektivny uc¢inok na myocyty v bezprostred-
nej blizkosti nekrézy, zmensil by sa tak rozsah ischemického
poskodenia a sticasne by sa aktivovala fyziologickd hypertrofia
myokardu, bez zmnoZenia extracelularnej matrix.

Zaver

Hlbsie poznanie patofyziolégie akutneho koronarneho
syndrému viedlo v ostatnych rokoch k znaénym pokrokom
v lie¢be akatneho infarktu s vyznamne lep$im preZivanim.
Laboratérne metddy su dnes velmi ddlezitou stucastou pro-
cesu, ktory vedie k rychlej diagnostike, stratifikdcii chorého
s ur¢enim buduceho rizika, aplikdcii najucinnejsej liecebnej
stratégie a kontrole efektivity zavedenej terapie. Stratifikacia
kardiovaskularneho rizika po prekonani infarktu myokardu
umozni rozpoznat vysokorizikovu skupinu pacientov, v ktorej
je potrebny maximalny terapeuticky zasah - farmakologicka
lie¢ba, velmi ¢asto spojend s revaskulariza¢nym vykonom. Na-
opak, v nizkorizikovej skupine ¢asto postacuje aj konzervativna
lie¢ba, samozrejme s doslednou dispenzarizaciou pacientov.
Takto sa lie¢ba ,usije“ na mieru konkrétneho pacienta. Této
praca predstavila dvojicu markerov akutnej kardiologie, ktoré
maju potencial kandidatov klinického pouzitia pre rizikova
stratifikaciu chorych s akitnym koronarnym syndrémom,
véasnu detekciu rozvoja dysfunkcie lavej komory a mozné
monitorovanie liecby.
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