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Abstract. Heart-type Fatty Acid Binding Protein (H-FABP) is a cytoplasmic protein.
1t’s released 30 minutes after onset of ischemia and enhances transportation of fatty
acids from cardiomyocytes.

Aim: to examine the prognostic value of biochemical and clinical markers and their
sum in relation to the development of adverse outcomes in six months follow up after
acute myocardial infarction (AMI).

Methods and results. 189 patients with AMI were examined. They were divided into
two groups: 1 - NSTEMI n=36 (9%), 2 - STEMI n=153 (81%), male 138 (73%). H-
FABP was determined in blood plasma with ELISA, level of H-FABP was measured
using normal value up to 1 ng/ml. During a 6-month follow-up 17 patients (9%) died.
About 60 clinical and biochemical markers were analyzed using sequential Wald-
Genkin's procedure. The curves of sensitivity and specificity were made using method
of ROC-analysis and the threshold values were chosen for each parameter. H-FABP
had sufficient level of sensitivity 85.7%, but insufficient specificity (49,2%), and such
markers as age, heart failure class (Killip) and glucose level had insufficient
sensitivity (50,0%,; 66,7%, 43,7%) according to prognosis of death case. Each
parameter was estimated in scores in relation to the cut-off value and the scale for
measurement of prognostic coefficient (PC) using Gubler's method was proposed.
Positive value of PC is associated with adverse outcomes in patients with AMI
Conclusions: The mathematical model including the sum of markers — H-FABP level,
age, glucose level, heart failure class (Killip) allows to prognose adverse outcomes
after AMI with sensitivity 88% and specificity 78%.
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There are some biochemical markers, which appear to be predictors of adverse
outcomes in patients with acute myocardial infarction (AMI). Heart fatty acid binding
protein (H-FABP) is the most widely studied from all this family. H-FABP is a little

cytoplasmic protein, which is secreted by tissues with active metabolism of fatty
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acids, in cardiomyocytes and hepatocytes (Viswanathan et al., 2012). Its prior

function is to induce the intracellular transport of fatty acids. Combination of low
molecular mass (15 kDa) and cytoplasmic location means that H-FABP secretion
starts 30 minutes after ischemic episode. Peak of H-FABP concentration can be seen
approximately in 6-8 hours after symptoms' appearance and returns to normal state in
24-30 hours, that's why it can be considered as biomarker of infarction and
reinfarction after some days.

Carrol C., et al., 2013, made systemic examination and meta-analysis of H-
FABP tests to classify the early sensitivity and specificity of its quantitative and
qualitative analysis. There was a trial for understanding, if H-FABP could be used as
a standard among with troponins. The authors analyzed 8 researches of quantitative
analysis of H-FABP and 9 — of qualitative analysis. Sensitivity and specificity were
81% (95%; CI: 50% - 95%) and 80% (CI: 26% - 98%) accordingly to quantitative
analysis 68% (CI: 11% - 97%) and 92% (CI: 20% - 100%) accordingly to qualitative.
The researchers reported that combination of H-FABP and troponins T increased the
sensitivity from 42-75% to 76-97% but decreased specificity from 94-100% to 65—
93%. H-FABP has moderate sensitivity and specificity for myocardial infarction, but
the combination can increase early sensitivity [5].

H-FABP also can identify the defect of myocardium in patients who had their
heart operated. The high concentration of H-FABP in plasma correlates with some
co-morbidities, such as heart failure, chronic kidney disease, diabetes mellitus and
appears to be a factor of risk for post-operational acute renal failure (ARF). Oezkur
M., et al., 2014 studied the association between level of H-FABP in plasma before
operative treatment with frequency of ARF after operation. Positive correlation was
registrated and as a result it was concluded that H-FABP can be used as a biomarker
of ARF after operations [21].

1. Mechanism of working of H-FABP, its value in heart diseases, ischemia
consequences allows to think that it would have a high prognostic significance for
adverse outcomes in patients after myocardial infarction, that's why it is the subject of

this study.
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Purpose of our work: to evaluate new markers and their combinations with

other clinical and biochemical markers and making a mathematical model for
prognosis in patients with AMI.

Methods and results: The study included 189 patients with AMI: NSTEMI -
36 patients (9%), STEMI — 153 (81%), 138 (73%) males, who were 72+7,5 years old,
and 27% females who were 65+6,9 years old. Patients had routine clinical and
biochemical examination. Average level of H-FABP in the 1st group was 3,49+0,91
ng/ml, in the 2nd — 5,63+0,57 ng/ml (p < 0,0561).

The most effective threshold for dividing into intervals can be the value of
markers at a point where the sum of sensitivity and specificity of this current marker
in relation to result is maximized. ROC-analysis allows revealing this point
(characteristic curve). Optimal dividing point was chosen by using ROC-analysis,
made with «MedCalc». The effectiveness of prognosis (its sensitivity and specificity)
can be increased by estimation of its results on different intervals of researched
markers' change. The simplest case requires the markers' change diapason to be
divided in two intervals.

Comparing the groups of patients who survived and those who died by
analyzing of nearly 60 clinical-biochemical markers, the 4 most important markers
were choosing for making a model, which can predict a lethal result in 6 months
follow up after AMI: age >74 years old, glucose level >7,68 mmol/l, heart failure by
Killip classification more than 2 class and level of H-FABP >1,23 ng/ml. H-FABP
level was determmined using ELISA. Plasma level of H-FABP lower than 1 ng/ml,
was considered as normal. It appeared, that age, glucose level and class of heart
failure (Killip) had insufficient level of sensitivity (AUC 50; 66,7; 43,7%
accordingly), and level of H-FABP was characterized by insufficient level of
specificity (49,2%), but a high level of sensivity — 85,7%. That's why there was an
attempt to determine their sum and to make a mathematical model, which allows to
establish if AMI prognosis is unfavorable.

For the next step, diagnostic coefficients (DC) for each interval of markers'

change were counted using Gubler formula:

Inter collegas. — 2015. — 3 (4).



326
DC = 100 log (PA / PB),

Where, PA — frequency (probability) of examined values to be included into current
diapason of marker in state A (lethal); PB — same for state B (survived).

The working of algorithm of classification is next: for each patient prognostic
coefficients (points) are defined by all of the markers, which are included in the
model depending if they are within according diapason. Then, these points are
summed and summary prognostic coefficient, which characterizes the patients'
prognosis, is found. If patients have positive values of PC, they dispense into group

of high risk of adverse outcomes.

Tabl. 1
Risk of death in different values of PC
PC values Risk of death
PC>0 High
PC<0 Low

Positive values of prognostic coefficients sum mean high probability of disease
with lethal result for a patient. Negative values of sum of prognostic coefficients
mean high probability of positive prognosis.

The measured value of PC as independent integral coefficient and prognostic
capabilities can be evaluated. Shape of ROC curve for PC and the area under it

suggests that the effectiveness for prognosis is high.

Prognostic characteristics of certain markers and prognostic modelTabL ’
Marker Se | Sp | AUC | p (AUC) OR (£95% CI)
H-FABP 85,7 149,2| 0,70 0,001 5,8 (1,2-19,7)
Glucose 66,7 | 66,7 | 0,68 0,01 4,0 (1,3-11,2)
Age 50,0 1 93,0 | 0,76 | <0,0001 13,5 (4,3-39,1)
HF by Killip | 43,7 90,8 | 0,70 0,05 7,7 (2,5-22,8)
Model 88,2 77,9 | 0,90 | <0,0001 26,5 (5,4-86,4)

Notes: Se — Sensitivity, Sp — Specificity; AUC — Area under ROC curve; P — (AUC)
level of meaning of difference of AUC from value of 0.5; OR (£95% CI) — Odds ratio
with lower and higher limits of 95% confidence interval.
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Picture 1. ROC-curve of prognostic model.

Influence of individual markers and model on prognosis of adverse outcomes

after AMI is shown on picture 2.
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Picture 2. Influence of individual markers and model on prognosis of lethal result
Discussion. Kilcullen et al., 2007, observed patients after AMI within 1 year
follow up. They are reported that increased level of H-FABP had predictive value of
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lethal rezult after AMI and can identify patients with high risk regardless of troponin

concentration. Patients who had negative value of H-FABP and troponin, mortality in
6 months was 0%, so they had low risk. Patients who had positive H-FABP and
negative troponin, had significantly higher risk of fatal events after 1 year compared
to patients with negative H-FABP [16].

After 6 years of follow up, patients in troponin-negative and H-FABP positive
group had highest mortality rate (Pearson et al., 2010).

Viswanathan et al., in 2012 investigated that H-FABP"s level higher than 6,48
ng/ml — independent predictor of death or myocardial infarction. Additionally, this
research group measured highly sensitive troponin I in cohort and showed that
prognostic value of increased H-FABP is additional to troponin in patients with acute
coronary syndrome (ACS) with low or moderate risk. Also they reported that H-
FABP is a marker of ischemia even without necrosis.

O’Donoghue et al., 2006, observed patients with AMI duringl 0 months for
revealing possible major cardiac events, including death from every reason, non-fatal
myocardial infarction, new or aggravation of existing heart failure and composite end
points. In addition recurrent ischemia which requires hospitalization or urgent
revascularization was included. Patients with increased level of H-FABP while being
hospitalized (approximately 41+20 hours after the chest pains) had significantly
higher level of adverse events after 10 months of observation compared to level of H-
FABP which was not defined. Increase of level of H-FABP was associated with death,
myocardial infarction and heart failure up to 10 month of follow up in a group of
troponin-negative patients (<1,5 ng/ml), and troponin-positive patients (>1,5 ng/ml).
Even when the lowest level of troponin I was used (<0,1 ng/ml), H-FABP was
associated with risk of death, myocardial infarction or heart failure. Increased levels
of H-FABP were associated with increased risk of myocardial infarction and
recurrent ischemia up to 30 days, especially in patients with unstable angina, whose
diagnose was based on negative troponin I test [20].

Our team has made an effort to increase prognostic power of highly sensitive

marker — H-FABP and to overcome relatively low specificity in predicting lethal
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result with analysing of other clinical and biochemical markers. The research was

limited to relatively small amount of patients.

Conclusions. The prognostic mathematical model, which includes a sum of
markers — H-FABP level, glucose level, heart failure class by Killip allows to predict
lethal results in patients with AMI with sensitivity of 88,2% and specificity 77,9% .
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Ilemenvosa JI.JI., Onapin O.JL.

IIporxno3 st po3BUTKY HeCHPUATIMBUX MOAIN MicJIs MepeHeceHoro inpapkry
MiOKap/a Ha MiICTaBi PiBHS cepueBOro OLIKY 3B'A3yH0Y0r0 ;KMPHi KMCJI0TH
YV “Hayionanonuu incmumym mepanii im.J1.T.Manoi HAMH Ykpainu”
Pesrome. Cepuesmit 610k, 1o 3B'sizye oxupHi kucinotu (CBCXKK) -
UTOIJIA3MATUYECKUN TPOTEiH, SKUH BUBLIBHIETHCS NPOTATOM 30 XBHUIUH TMicCiA

BUHUKHEHHS 11IeMIi 1 MJCUIIOE TPAHCTIOPT KUPHUX KUCIIOT 3 KapJIOMI1OLUTIB.
Merta: mnporHo3yBaHHS JIETAJBHOTO PE3yJbTaTy IICIS IEPEHECEHOI0 TOCTPOTo
iHpapkTy miokapaa (I'IM) Ha mifcTaBi aHamizy O10XIMIYHUX 1 KJIIHIYHHX MapKepiB i
X CyMH.

Marepiaau i meroau. O6crexeno 189 marieHTiB 3 TOCTpUM 1HPAPKTOM MIOKapY.
XBopux 3 ['KC noxinunu Ha 2 rpynu: 1- iHdapkt miokapay 6e3 3yoms Q (n=36); 2 -
iHpapkT Miokapaa ¢ 3ybouem Q (n=153), yonosiku 138 (73%). Busnayanu OioK,
3B’si3ytounii BunbHI sxupHi kucnotu (b3BXKK) B cupoBaTii kpoBH iMyHO(EpMEHTHUM
METOJIOM, HOPMAJIbHUMH 3HAYEHHSIMHU paxyBall HOro KOHIEHTpamio a0 1 Hr/mi.
[Ipotsirom 6 MicsmiB nepioay crnocrepekeHHs 17 marieHtiB (9%) momepnu. bynu
noOya0BaHi KpHBl 4yTaAUBOCTI Ta crenudpigHocti merogoM ROC anamnizy Ta oOpani
MOPOTOBI 3HAUEHHS JJIs1 KOXKHOTO napamerpy. Busineno, mo bB3BXK mas nocratHiit
piBeHb uyTIHBOCTI 85,7%, ane HemocTaTHiO crienudigHIcTh (49,2%), a MOKa3HUKY -
BIK, KJac cepueBoi HegoctarHocTi 3a Killip Ta piBeHb IIIOKO3M MarOTh HEJIOCTATHIO
gytnuBicth  (50,0%; 66,7%; 43,7%) BIANOBIAHO JiI TPOTHO3Y JIETAILHOTO
pesynbTaty. banbHa oriHka Oyna mpoBefeHa JJsi KOXKHOTO MapaMeTpy BiTHOCHO
MOPOTOBOTO 3HAYEHHS Ta 3alPONOHOBAaHA IIKaJa JUISl PO3PAXYHKY NMPOTHOCTHYHOTO
koediuienty (I1IK) 3a merogom I'yonepa. IlozutuBne 3nauenns I1K acouiroerses 3
JeTaJIbHIM pe3ybTaToM y XBopux Ha ['IM.

BucHOBOK: MaTeMaTH4Ha MOJIEIIb 3 YpaxyBaHHsAM cymu o3HaK - piBHS B3BXK, Biky,
pIBHS TIIIOKO3M, cepleBoi HemoctaTHocTi 3a kiacudikariero Killip mo3Bossie
MPOrHO3YBAaTH JETaIbHUM pe3ynbTaT y xBopux Ha ['IM 3 uyrnusictio 88,2% 1
cnerudiunictio 77,9%

Kurouosi cioBa: b3BXKK, rocrpuii inpapkT miokapa, IporHO3

Konuya H.II., [lemionuna O.B., Tumapenxo H.B., ['unesa A.B., Buwneecxas U.P.,
llemeneosa JI.JI., Onapun A.JI.
IIporuo3 niist pa3BUTHS HEOJIATONPUATHBIX COOBITHI MOCJIE TEPEHECEHHOT0
HHG(pAPKTa MHOKAP/Aa HA OCHOBAHHMHU YPOBHS CePAECYHOr0 0ejiKa CBA3bIBAKIIET0
JKHPHBbIE KHCJIOThI
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I'Y "Hayuonanvnoii uncmumym mepanuu um.J1.T.Marou HAMH Yxkpaunor"
Pesome. Cepaeunbpiii 6enok, cBs3bBatomuid sxkupHbie kucinoTel (CBCXKK) -
UTOIIA3MATUIECKUN TPOTEHH, KOTOPBIA BBICBOOOXIaeTcss B TedueHue 30 MUHYT
MocJie BO3HUKHOBEHMS MWIIEMUU M YCWIMBACT TPAHCHOPT >KUPHBIX KHCIOT U3
KapJMOMHUOIIUTOB.

Heab: mnporHo3MpoBaHUE JIETAIHLHOIO MCXOJa IIOCJE€ IEPEHECEHHOIO OCTPOTO
uHpapkra wmuokapga (OMM) Ha ocHOBaHMM aHanu3a OHWOXMMHUYECKHUX H
KJIMHUYECKUX MAapKEPOB U UX CYMMBI.

Martepuanbl u Metoabl. OOcnenoBaHo 189 mammeHTOB ¢ OCTphIM HHGPAPKTOM
muokapaa. bomsueix ¢ OKC paznenunu Ha 2 rpynmsl: 1 - uHpapkT Muokapnaa 0e3
3ybma Q (n = 36); 2 - uadapkr muokapaa c¢ 3youom Q (n = 153), myxuunsl 138
(73%). Onpenensnu 6e50K, cBsA3bIBatOMUN cBOOOHBIEC )UpHBbIE KUCIOTH (BCCXK)
B CHIBOPOTKE KPOBU HMMMYHO(EPMEHTHBIM METOJOM, HOPMaJIbHBIMH 3HAUCHUSIMH
CUMTAIM €ro KOoHIeHTpamuioo a0 1 Hr / mu. B TedeHwe 6 wmecsieB nepuojaa
HaOmonenus 17 mnaumentoB  (9%) ymepau. bbuim  mOCTpOeHBI  KpUBBIE
YyBCTBUTENILHOCTH U crnenupuyHocty metogoM ROC ananuza u  BBIOpaHBI
MOPOTOBBIE 3HAUYEHUS Il Kaxaoro napamerpa. BeiiBieno, uro BCCXKK wnmen
NOCTATOYHBIM  ypOBEHb  YYBCTBUTENBbHOCTH  85,7%, HO  HEJOCTATOUYHYIO
cnerupuunocts  (49,2%), a mokazarenum -  BO3pacT, KJAcCc  CepACHHOMU
HepocrarouHoctn 1o Killip u  ypoBeHb TIJIIOKO3bI HMMEIOT HEIOCTAaTOYHYIO
qyBcTBUTENHHOCTE  (50,0%; 66,7%; 43,7%) COOTBETCTBEHHO Il MPOTHO3a
JeTaJIbHOTO McXoja. bamibHash oleHka Obula MpoOBEAeHa I KaXJO0TO MapaMmerpa
OTHOCHUTEIIbHO TIOPOTOBOTO 3HAYEHHs M MPEUIOKEeHAa IIKaja Ui pacyera
nporuoctuueckoro kodpdumuenta (IIK) mo meromy ['ybmnepa. IlomoxkutenbHOE
snauenue [1K accoruupyercs ¢ eTaabHBIM HCX0J0M Y 60sbHBIX OVIM.

BriBoa: mMaremarnyeckas MOJENb C y4E€TOM CyMMBbI npu3HakoB - ypoBHsI BCCXK,
BO3pacTa, YPOBHS IITIOKO3bI, CEpJIEYHON HeocTaToOuHOCTH 1o Kiaccudukanuu Killip
MO3BOJIIET  MPOTHO3UPOBATh  JIETalNbHBIA HWcXon y  OompHBIx OUM ¢
qyBCTBUTENIHLHOCTHIO 88,2% u crierupuynocTsio 77,9%

Kuarouessbie cioBa: BCCXK, octpriii uHapkT Muokapaa, mporHos
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