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The Relationship Between N-Terminal Pro-Brain Natriuretic Peptide Level and
Myocardial Performance Index and Their Prognostic Importance in Patients
With Acute ST-Elevation Myocardial Infarction in Short Term Follow-up

Akut ST Elevasyonlu Miyokard Infarktiisii Olan Hastalarm Kisa Dénem Takibinde
N-Terminal Pro-Beyin Natriiiretik Peptit Diizeyi ve Miyokard Performans Indeksi
arasindaki Iliski ve Bunlarin Prognostik Onemleri

Running head: NT - ProBNP and MPI in STEMI
Mehmet Kiigiikosmanoglu*, Cihan Orem

Abstract: Introduction: MPI is an echocardiographic parameter that exhibits the left
ventricular functions globally. NT-proBNP is an important both diagnostic and prognostic factor
in heart failure. In this study, we aimed to investigate the prognostic significance of serum NT-
proBNP levels and MPI in patients with STEMI.

Method: Totally, 104 patients with a diagnosis of STEMI were included in the study. Pa-
tients were followed for 30-days and questioned for the presence of symptoms of heart failure
(HF) and cardiac death. Patients were invited for outpatient control after 30-days and were di-
vided into two groups: (HF (+) group) and (HF (-) group).

Results: Totally, 104 patients with STEMI were hospitalized in the coronary intensive care
unit. Of those patients, 17 were female (16%), 87 were male (84%), and the mean age of the patients
was 58.9+10.8 years. During the 30-day follow-up, 28 (27%) of 104 patients developed HF. The
mean age, hypertension ratio, and anterior STEMI rate were significantly higher in the HF (+) group
compared to the HF (-) group. Ejection time (ET) and left ventricular ejection fraction (LVEF)
were significantly lower, and MPI was significantly higher in the HF (+) group. When the values
on day first and sixth were compared, NT-ProBNP levels were decreased in both groups. There
was no significant difference between the two groups in terms of the change in MPI values on the
first and sixth days. Multiple regression analyses showed that the presence of anterior MI, first-day
NT-proBNP level, and LVEF were independently associated with the development of HF and death.

Conclusion: In our study, NT-proBNP levels were found to be positively associated with MPI
in patients with acute STEMI. It was concluded that the level of NT-proBNP, especially on the 1st
day, was more valuable than MPI in determining HF development and prognosis after STEMI.

Keywords: Myocardial performance index, ST-elevation myocardial infarction, NT-Pro
brain natriuretic peptide

Oz: Giris: MPI sol ventrikiil fonksiyonlarini global olarak yansitan ekokardiyografik bir
parametredir. NT-proBNP kalp yetmezligi (KY) hastalarinda hem diagnostik hem de prognostik
onemli bir faktor oldugu birgok calismada gosterilmistir. Biz bu calismada STEMI gegiren has-
talarda NT-proBNP seviyesinin ve MPI’ nin prognostik 6nemini arastirmay1 amagladik.

Yontem: STEMI tanili 104 hasta ¢alismaya dahil edildi. Hastalar KY semptomlar1 ve kar-
diyak oliim gelisimi agisindan 30 giin boyunca takip edildiler. Hastalar 30 giin sonra kontrole
cagirildilar ve KY (+) grubu ve (KY (-) grubu olarak iki gruba ayrildilar.

Bulgular: STEMI tanili toplam 104 hasta koroner yogun bakim {initesine yatirildi.
Hastalarin 17’ si kadin (%16), 87’ si erkekti (% 84). Hastalarin yas ortalamas1 58.9+10.8 idi.
30 giinliik takip boyunca 104 hastanin 28’ inde (% 27) KY gelisti. Ortalama yas, hipertansiyon
ve anterior STEMI sikligi KY (-) grup ile kiyaslandiginda KY (+) grupta anlamli olarak daha
yiiksekti. KY (+) grupta sol ventrikiil ejeksiyon fraksiyonu (SVEF) ve ejeksiyon zamani anlamli
olarak diisiik, MPT ise anlamli olarak daha yiiksekti. 1. ve 6. giinlerdeki degerler karsilagtirildi-
ginda NT-proBNP seviyesinin her iki grupta da diismiis oldugu izlendi. 1. ve 6. giinlerdeki MPI
degerlerindeki degisim agisindan bakildig1 zaman her iki grup arasinda anlaml bir fark yoktu.
Coklu regresyon analizinde, 6n duvar STEMI varligi, 1. giin NT-proBNP seviyesi ve SVEF KY
ve 6liim gelisimi ile bagimsiz olarak iliskili bulundu.

Sonug: Calismamizda akut STEMI'li hastalarda NT-proBNP diizeyleri ile MPI pozitif ilis-
kili bulunmustur. Ozellikle 1. giinde saptanan NT-proBNP diizeyinin STEMI sonrast KY gelisi-
mini 5ngérdiirmede ve prognozu belirlemede MPI’dan daha degerli oldugu sonucuna varilmistir.

Anahtar Kelimeler: Myokard performans indeksi, ST elevasyonlu myokard infarktiisii,
NT-Pro beyin natriiiretik peptid
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1. INTRODUCTION

Almost one-third of the total deaths in Turkey are
caused by coronary artery diseases (CAD) (1). Most of
CAD related deaths develop due to ST-elevation acute
myocardial infarction (STEMI). Almost 20% of patients
with STEMI die before arriving at the hospital. The mor-
tality rate varies between 5-15% in patients who are hos-
pitalized. Annual mortality after discharge is between
6-10%, and more than half of those patients die due to
new developing heart failure after STEMI (2).

There are many clinical and laboratory prognostic
factors used in determining the mortality risk in patients
with STEMI, such as demographic, electrocardiographic,
biochemical, echocardiographic, hemodynamic, and an-
giographic factors (3-5).

The B-type natriuretic peptide (BNP) is a neuro-
hormone made up of 32 amino acids released from the
ventricles due to volume loading and myocardial pres-
sure increase. Prepro-BNP containing 132 amino acids is
synthesized first. Later, prepro-BNP turns into ProBNP
containing 108 amino acids. ProBNP decomposes by pro-
teolysis into active BNP and inactive N-terminal proBNP
(NT-proBNP) containing 76 amino acids.

Many studies have shown that NT-proBNP is an
important both diagnostic and prognostic factor in heart
failure (6,7, 8). At the same time, BNP has been investi-
gated as a poor prognostic marker, especially related to
infarction size, remodeling, and left ventricular dysfunc-
tion after STEMI (9).

Echocardiographic studies to determine the risk of
mortality after STEMI have focused on left ventricu-
lar systolic functions. In STEMI, diastolic functions
are known to be impaired as well as systolic functions.
However, the ‘Myocardial Performance Index’, also
known as the ‘Tei Index’, which shows left ventricu-
lar functions globally (systolic and diastolic), has been
shown to be a sensitive indicator for cardiac dysfunction
in patients with congestive heart failure (10). It has been
shown to be a useful prognostic factor in heart failure
with left ventricular dysfunction, dilated cardiomyopa-
thy, and cardiac amyloidosis (11-14). MPI, as a simply
calculated echocardiographic parameter, has been shown
to have prognostic significance in patients with STEMI
(15,16).

In our study, we aimed to investigate the prognostic
significance of serum N-terminal proBNP (NT-proBNP)
levels and MPI in patients with STEMI and to investigate
the relationship with each other.

2. METHODS

Totally, 104 patients who were admitted to our clinic
with a diagnosis of STEMI were included in the study
between May 2003 and May 2004. The diagnostic cri-
teria for STEMI were as follows: (I) typical chest pain
lasting for more than 30 minutes (II) ST-segment eleva-
tion in at least two contiguous leads with the following
cut-off points: at least 0.2mV in men or at least 0.15mV
in women in leads V2-V3 and/or at least 0.1mV in the
other leads or definite/probable a new left bundle branch
block. When indicated, right (V3R—V4R) and posterior
(V7-V9) derivations were also obtained.

Patients with congestive heart failure (HF), previous
myocardial infarction, chronic obstructive pulmonary
disease, chronic kidney failure, significant valvular heart
disease, and poor echocardiographic image quality were
excluded from the study.

The demographic characteristics, clinical and labora-
tory findings of the patients were recorded. In the first
and sixth days of hospitalization, venous blood obtained
from all patients to evaluate serum NT-ProBNP levels.
The NT-proBNP level was determined by Elecsys proB-
NP kit (Cat No. 3121666, Roche diagnosis, Mannheimm
Germany) by electrochemiluminescence immunoassay
method.

Also, transthoracic echocardiography performed for
all patients, and MPI values determined. All echocar-
diographic examinations were performed with Hewlett-
Packard SONOS 2500 machine with a 2.5 MHz transduc-
er by an expert cardiologist. The isovolumic relaxation
time (IVRT) was measured from the closure of the aortic
valve to the opening of the mitral valve. The isovolumic
contraction time (IVCT) was measured from the closure
of the mitral valve to the opening of the aortic valve.
Ejection time (ET) was measured from the opening to the
closure of the aortic valve on the LV outflow velocity pro-
file. Tei index was equal to the sum of the IVRT and IVCT
divided by the ET (13). To calculate MPI: Diastolic mitral
flow patterns were recorded with pulsed wave Doppler
in four apical cavity images. The time elapsed between
the end of one mitral flow pattern, and the start of the
other mitral flow pattern was calculated (A). The duration
of the flow pattern taken approximately 1 cm below the
aortic valve was determined by pulsed-wave Doppler in
four apical cavity images (B). It was calculated using the
formula MPI: (A-B) / B (Figure 1).



Kiigiikosmanoglu ve Orem / Sehir Tip Dergisi, 2020; 1(1): 12-17

| ICT! i IRT!

MPI

(a-b)/b
(ICT + IRT)/ET

Figure 1. Calculation of MPI.

Patients followed for 30-days and questioned for the
presence of symptoms of heart failure (HF) and cardiac
death by phone. Patients were invited for outpatient con-
trol after 30-days and were divided into two groups: those
patients with HF (HF (+) group) and without HF (HF (-)
group). Left ventricular ejection fraction (LVEF) less
than 40% was used to define HF. Also, NT-proBNP lev-
els, MPI values, and other echocardiographic parameters
compared between the groups on the first and sixth days
after STEMI.

Ethical Declaration

This study was prepared by rearrangement of the
speciality thesis by the first author. The ethical consent
was obtained from the Clinical Ethical Committee of The
Black Sea Technical University and Helsinki Declaration
rules were followed to conduct this study. Patients were
informed about the study and written consent forms were
signed by all patients prior to inclusion in the study.

2.1 Statistical Analysis

Continuous variables determined as mean (standard
deviation). The distribution of variables was analyzed
by the Kolmogorov-Smirnov test. Variables with normal
distribution compared with Student’s t-test and without
distribution compared with the Mann-Whitney U test.
Variables evaluated first and the sixth day after STEMI
compared with the Paired t-test or Wilcoxon test.

Categorical variables presented as % and num-
ber and compared with Chi-square or Fisher’s exact
test. Correlation between variables was examined with
Pearson and Spearman correlation tests. To determined
independent predictors for the development of HF and
death, logistic regression analysis performed. A p value<
0.05 determined as statistically significant.

3. RESULTS

Totally 104 patients with STEMI were hospitalized in
the coronary intensive care unit. Of those patients, 17 were
female (16%), 87 were male (84%), and the mean age of
the patients was 58.9+£10.8 years. History of diabetes mel-
litus (DM) was present in 15 (14%) patients, hypertension
(HT) in 44 patients (42%), hyperlipidemia in 19 patients
(18%), obesity in 18 patients (17%), and family history
of CAD in 27 patients (26%). Totally 61 (59%) of the
patients were smokers. Anterior localization STEMI has
been detected in 55 (53%) of the patients. Thrombolytic
therapy, tissue plasminogen activator (t-PA) 32%, and
streptokinase 68%) were received by all patients. During
the 30-day follow-up, 28 (27%) of 104 patients developed
HF. The general characteristics of patients who devel-
oped HF (HF (+) group) and those who did not (HF (-)
group) present in Table-1.The mean age (64.5 £ 8.9 vs.
56.8£10.7, p=0.001) and HT ratio (35% vs. 61%, p=0.03)
were significantly higher in the HF (+) group compared to
the HF (-) group. Anterior STEMI rate was more frequent
in the HF (+) group (86% vs. 41% p=0.001).

Table 1. Comparison of baseline demographic and

clinical characteristics of study groups.

Variable HF (+) HF (-) p
Group Group
(n=28) (n=76)
Age, years 64.5£8.9 56.8+£10.7 0.001
Gender, female, % 21 14 NS
Obezite (%) 7 21 NS
Hypertension, % 61 35 0.03
Diabetes mellitus, % 21 12 NS
Hyperlipidemia, % 18 18 NS
Smoking, % 57 59 NS
History of CAD, % 25 26 NS
Pain-to-admission, hour  6.5+5.2  5.5+4.0 NS
Pre-infarction angina (%) 18 51 0.005
Anterior wall STEMI (%) 86 41 0.0001
Thrombolytic therapy 36 66 0.01
(%)
Pain-to- thrombolytic, 34+1.2 3.64l5 AD
hour
Streptokinase, % 60 70 AD
t-PA, % 40 30 AD
Beta Blocker, % 32 76 <0.0001
ACE inhibitors, % 64 75 AD

CAD: Coronary Artery Disease, STEMI: ST elevation Myocardial
Infarction, t-PA: Tissue Plasminogen Activator, ACE: Angiotensin
Converting Enzyme
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Table 2. Comparison of biochemical parameters of the study groups.

Variable HF (+) Group HF (-) Group p
(n=28) (n=76)
The count of leukocytes (/mm?3) 14.728 +4.972 12.646 + 3869 0.05
Serum glucose (mg/dl) 256.8 £ 133.7 156.1 £59.7 0.0001
Peak serum CK (mg/dl) 4030 + 3686 2459 £ 1777 0.01
Peak serum CK-MB (mg/dl) 384.1 +272 267.9 +198.6 0.04
Serum CRP (mg/dl) 129+ 14 3.1+4.6 0.0001
NT-proBNP level, 1st day (ng/dl) 10.110 + 8891 1515+ 1063 0.0001
NT-proBNP level, 6th day (ng/dl) 5916 + 5843 793 + 801 0.0001
Total Cholesterol (mg/dl) 184.1+58.5 196.9+44.0 NS
HDL Cholesterol (mg/dl) 39.5+8.9 43.1+£9.6 NS
LDL Cholesterol (mg/dl) 129.8+47.4 133.9+40.8 NS
Triglyceride (mg/dl) 137.0£74.5 137.9£81.0 NS

CK: Creatine kinase, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, NT-proBNP: N-terminal probrain natriuretie peptide, CRP: C

reactive protein

There was no significant difference between the two
groups in terms of the use of angiotensin-converting en-
zyme (ACE) inhibitors. The beta-blocker usage rate was
lower in the HF (+) group compared to the HF (-) group
(32% vs. 76%, p = 0.001). During the follow-up period,
14 (13%) patients died, and all of the patients were in
the HF (+) group. The biochemical parameters of both
groups presented in Table 2. The count of leukocytes
(14.728 £ 4.972 vs. 12.646 = 3869, p = 0.05) and serum
glucose levels (256.8 = 133.7 mg/dl vs. 156.1 = 59.7 mg/
dl, p=0.0001) were significantly higher in the HF (+)
group compared to the HF (-) group.

Peak serum CK and CK-MB levels were signifi-
cantly higher in the HF (+) group (4030+3686 mg/dl vs.
2459+1777 mg/dl and 384.1+272 mg/dl vs. 267.9+198.6
mg/dl, respectively,p<0.05). In the HF (+) group, both the
serum CRP and NT-proBNP levels obtained on the first
day were significantly higher than HF (-) group (p<0.05
for both). Similarly, the plasma NT-proBNP level on the
sixth day was significantly higher in the HF (+) group
than HF (-) group (p<0.05). Left ventricular end-systolic
volume (LVESV) and left ventricular end-diastolic vol-
ume (LVEDV) on the first and the sixth day were signifi-
cantly higher in the HF (+) group than HF (-) group. On
the first day of hospitalization, isovolumetric relaxation
time (IVRT) was significantly shorter, and isovolumetric
contraction time (IVCT) was significantly longer in the
HF (+) group. Ejection time (ET) and LVEF were sig-
nificantly lower, and MPI was significantly higher in the
HF (+) group (Table-3). While there was no significant
difference in IVRT on the sixth day of hospitalization be-
tween the groups, IVCT was significantly longer in the

HF (+) group (Table-4). ET and LVEF were significantly
lower in the HF (+) group than HF (-) group. When the
values on day first and sixth were compared, NT-ProBNP
levels were decreased in both groups. While this decrease
was not statistically significant in the HF (+) group, it
was statistically significant in the HF (-) group (10.110
+ 8891 ng/dl vs. 5916 + 5843 ng/dl, p=0.2, 1515 + 1063
ng/dl vs. 793 + 801 ng/dl, p=0.0001, respectively). There
was no significant difference between the two groups in
terms of the change in MPI values on the first and sixth
days. Multiple regression analysis showed that the pres-
ence of anterior MI [OR=78.8, CI: 1.16-5310.6; p<0.01],
first day NT-proBNP level [OR=1.001, CI: 1.001-1.002;
p<0.01) and LVEF [OR = 0.8, CI: 0.64-0.96;p<0.01]
were independently associated with development of HF
and death (Table 5).

Table 3. Comparison of echocardiographic
parameters on 1st day

Variableson HF (+) Group  HF(-) Group p
1stday (n=28) (n=76)

LVESV (ml) 84.1+23.8ml 44.1 £20.2 0.0001
LVEDV (ml) 115.7 £ 26.2 85.1+24.4 0.0001
IVRT (ms) 72.1 £30.1 76.0+£15.0 0.03
IVCT (ms) 84.4 +25.1 45.7 £29.0 0.0001
ET (ms) 219.0+404  269.3+31.3  0.0001
LVEF (%) 274+8.0 49.7 £10.5 0.0001
MPI 0.75+0.20 0.46 +0.16 0.0001

LVESV: Left ventricular end systolic volume, LVEDV: Left ventricular
end diastolic volume, IVRT: Isovolumetric relaxation time IVCT:
Isovolumetric contraction time, ET: Ejection time, LVEF: Left ven-
tricular ejection fraction, MPI: myocardial performance index
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Table 4. Comparison of echocardiographic parameters on
6th day

Variableson  HF (+) Group HF (-) Group p

6th day (n=28) (n=76)

LVESV (ml) 77.0+£195ml  449+219 0.0001
LVEDV (ml) 109.5 + 23.6 87.8+25.8 0.0001
IVRT (ms) 78.9£29.0 81.1£14.8 NS
IVCT (ms) 84.4+30.0 40.1+25.2 0.0001
ET (ms) 2258+243 2741 £27.7 0.0001
LVEF (%) 299+6.9 50.0+ 10 0.0001
MPI 0.73£0.16 0.45+0.14 0.0001

LVESV: Left ventricular end systolic volume, LVEDV: Left ventricular
end diastolic volume, IVRT: Isovolumetric relaxation time IVCT:
Isovolumetric contraction time, ET: Ejection time, LVEF: Left ven-
tricular ejection fraction, MPI: myocardial performance index

Table 5. Regression analysis results showing the

relationship between development of HF and death
with prognostic factors.

P Exp(B) %95 Cl

Age 0.08 1.2 0.97-1.46
DM 0.25 12.7 0.16-985.7
Anterior Ml 0.04 78.8 1.16-5310.6
Thrombolytic therapy 0.5 2.7 0.14-53.3
CK-MB 0.81 0.9 0.9-1.006
CRP 0.63 0.93 0.69-1.24
NT- ProBNP on 1st day 0.05 1.001  1.001-1.002
MPI on 1st day 0.13 1.05 0.98-1.12
LVEF on 1st day 0.02 0.8 0.64-0.96

DM: Diabetes mellitus, MI: Myocardial infarction, CK-MB: Creatine
kinase — MB, NT-ProBNP: N terminal - Pro brain natriuretic pep-
tide, MPI: Myocardial performance index, LVEF: Left ventricular
ejection fraction

4. DISCUSSION

In the present study, we shorn that the severity of left
ventricular dysfunction is the most important predictor of
poor prognosis after STEMI. Also, left ventricular MPI
and BNP are poor prognostic factors related to LV dys-
function after STEMI. Moreover, we found that MPI was
positively correlated with NT-proBNP levels in the first
and the sixth day after STEML.

There are several studies in which the prognostic sig-
nificance of BNP and MPI are evaluated individually. In
many studies, BNP has been shown to be more valuable
than LVEF and clinical parameters in determining prog-
nosis in HF patients (18,19). It has also been found that
increased serum BNP levels after STEMI can identify
patients at high risk for death and heart failure, regard-
less of age, LVEF, and history of heart failure (20,21).
In STEMI, serum BNP level increases rapidly from the

first day (17,18). In most studies, serum BNP levels
measured between 2th and 7th days after STEMI have
been shown to be associated with poor prognosis (17,19,
21-24). In our study, we found that NT-proBNP, which
was measured on the first and sixth days after STEMI,
was significantly higher in patients with HF. In addition,
NT-ProBNP level decreased between first and sixth days
after STEMI in all patients, and this decrease was found
to be significant only in patients who did not develop HF.
The decrease in the NT-ProBNP level in the HF (+) group
was not statistically significant. Our results regarding the
prognostic significance of NT-proBNP after acute STEMI
are consistent with the literature.

Ono et al. showed that MPI was positively associated
with BNP levels in a group of 74 patients with various heart
diseases. In the same study, other echocardiographic param-
eters were shown to be significantly associated with BNP
(17). Foy et al. reported a significant correlation between
LVEF and serum BNP levels on the fifth day and third month
after STEMI (25). In a study involving 799 patients with
acute STEMI, Moller et al. showed that the restrictive filling
pattern and increased MPI observed in the first 6-days were
independent predictors of all-cause deaths (15). In another
study involving 96 patients, MPI calculated on the first day
of acute STEMI was shown to be an independent predictor
in predicting in-hospital cardiac events (26).

In our study, the MPI values observed on the first and
sixth days showed significant relationships with other prog-
nostic factors. Despite the significant results obtained in
single analyzes, the independent relationship of MPI with
HF and death development was not detected in multiple
regression analyses. In addition, although there was a sig-
nificant decrease in NT-proBNP level between the first and
sixth days in the HF (-) group, the change in MPI levels
was not significant. This situation predicts that NT-proBNP
is more valuable than MPI in predicting HF development.

5. CONCLUSION

In our study, NT-proBNP levels were found to be posi-
tively associated with MPI in patients with acute STEMI.
At the same time, it has been observed that NT-proBNP
and MPI are significantly related to many demographic,
biochemical, and echocardiographic prognostic factors.
It was concluded that the level of NT-proBNP detected,
especially on the 1st day, was more valuable than MPI in
determining HF development and prognosis after STEMI.

5.1 Limitations

Our study has several limitations. First, this was a sin-
gle-center study, and the sample size was small. Second,
a percutaneous coronary intervention, which is the main
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strategy in treatment in STEMI, was not used due to tech-
nical deficiencies.

10.

13.

14.

REFERENCES

Tiirk Halkinda Kalp Kokenli Oliimler. Onat A, Akgiin G, Aytag
A, Aytekin V, et al Tiirkiye Kalp Raporu 2000. Istanbul Yenilik
Basimevi 2000.

Gok H. Aterosklerotik Hastaliklar: Akut Miyokard Infarktiisii.
Béliim II. Klinik Kardiyoloji. Istanbul Nobel Tip Kitabevleri 2002.
Peterson ED, Shaw LJ, Califf RM. Risk stratification after myo-
cardial infarction. Ann Intern Med 1997;126:561-582. https://doi.
org/10.7326/0003-4819-126-7-199704010-00012

Ryan TJ, Antman EM, Brooks NH, Califf RM, Hillis LD, Hiratzka
LF, Rapaport E, et al. 1999 Uptade: ACC/AHA Guidelines for the
management of patients with acute myocardial infaretion: Execu-
tive Summary and Recommendations: A Report of the ACC/AHA
Task Force on Practice Guidelines. Circulation 1999;100:1016-
1030. https://doi.org/10.1016/s0735-1097(99)00351-4

American College of Physician: Guidelines for risk stratification
after myocardial infarction. Ann Intern Med 1997;126:556-560.
McDonagh TA, Robb SD, Murdoch DR, Morton JJ, Ford I, Mor-
rison CE, et al. Biochemical Detection of Left Ventricular Sys-
tolic Dysfunction. Lancet.1998 Jan 3;351(9095):9-13. https://doi.
org/10.1016 / s0140-6736(97)03034-1.

Hunt PJ, Richards AM, Nicholls MG, Yandle TG, Doughty RN,
Espiner EA. Immunoreactive amino-terminal pro-brain natriu-
retic peptide (NT-PROBNP): a new marker of cardiac impair-
ment. Clin Endocrinol (Oxf). 1997 Sep;47(3):287-96. https://doi.
0rg/10.1046/j.1365-2265.1997.2361058.x

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats
AJ, et al. 2016 ESC Guidelines for the Diagnosis and Treatment of
Acute and Chronic Heart Failure: The Task Force for the Diagnosis
and Treatment of Acute and Chronic Heart Failure of the European
Society of Cardiology (ESC). Developed With the Special Contribu-
tion of the Heart Failure Association (HFA) of the ESC. Eur J Heart
Fail 2016 Aug;18(8):891-975. https://doi.org/10.1002/ejhf.592.
Bettencourt P, Ferreira A, Pardal-Oliveria N, Pereira M, Queirds C,
Araujo V, et al. Clinical significance of brain natriiiretic peptide in
patients with postmyocardial infarction. Clin Cardiol 2000;23:921-
927. https://doi.org/10.1002/clc.4960231213

M St John Sutton, S E Wiegers. The Tei Index - A Role in the Di-
agnosis of Heart Failure? Eur Heart J 2000 Nov;21(22):1822-4.
https://doi.org/10.1053/euhj.2000.2391.

. Harjai KJ, Scott L, Vivekananthan K, Nunez E, Edupuganti R. The

Tei Index: A New Prognostic Index for Patients With Symptomatic
Heart Failure. ] Am Soc Echocardiogr. 2002 Sep;15 (9): 864-8.
https://doi.org/10.1067/mje.2002.120892.

. Peltier M, Slama M, Garbi S, Enriquez-Sarano ML, Goissen T,

Tribouilloy CM. Prognostic Value of Doppler-derived Myocar-
dial Performance Index in Patients With Left Ventricular Systolic
Dysfunction. Am J Cardiol. 2002 Dec 1;90(11):1261-3. https://doi.
org/10.1016/s0002-9149(02)02849-7.

Tei C, Dujardin KS, Hodge DO, Kyle RA, Tajik AJ, Seward JB.
Doppler index combining systolic and diastolic myocardial perfor-
mance: Clinical value in cardiac myloidozis. J Am Coll Cardiol 1996
Sep;28(3):658-64. https://doi.org/10.1016/0735-1097(96)00202-1.
Dujardin KS, Tei C, Yeo TC, Hodge DO, Rossi A, Seward JB.
Prognostic value of a Doppler index combining systolic and

20.

21.

22.

23.

24.

25.

26.

diastolic performance in idiopathic-dilated cardiomyopathy. Am
J Cardiol. 1998 Nov 1;82(9):1071-6. https://doi.org/10.1016/
50002-9149(98)00559-1.

. Moller JE, Egstrup K, Kober L, Poulsen SH, Nyvad O, Torp-Peders-

en C. Prognostic importance of systolic and diastolic function after
acute myocardial infarction. Am Heart J. 2003 Jan;145(1):147-53.
https://doi.org/10.1067/mhj.2003.46.

. Szymanski P, Rezler J, Stec S, Budaj A. Long-term Prognostic

Value of an Index of Myocardial Performance in Patients With My-
ocardial Infarction. Clin Cardiol. 2002 Aug;25(8):378-83. https://
doi.org/10.1002/clc.4950250807.

. Morita E, Yasue H, Yoshimura M, Ogawa H, Jougasaki M, Mat-

sumura T, et al. Increased Plasma Levels of Brain Natriuretic Pep-
tide in Patients With Acute Myocardial Infarction. Circulation.
1993 Jul;88(1):82-91. https://doi.org/10.1161/01.cir.88.1.82.

. Talwar S, Squire IB, Downie PF, Mccullough AM, Campton MC,

Davies JE, et al. Profile of Plasma N-terminal proBNP Following
Acute Myocardial Infarction; Correlation With Left Ventricular
Systolic Dysfunction. Eur Heart J. 2000 Sep;21(18):1514-21. htt-
ps://doi.org/10.1053/euhj.1999.2045.

. Omiand T, Aakvaag A, Bonarj V, Caidahl K, Lie RT, Nilsen D W, et

al. Plasma Brain Natriuretic Peptide as an Indicator of Left Ventric-
ular Systolic Function and Long-Term Survival After Acute Myo-
cardial Infarction. Comparison With Plasma Atrial Natriuretic Pep-
tide and N-terminal Proatrial Natriuretic Peptide. Circulation. 1996
Jun 1;93(11):1963-9. https://doi.org/10.1161/01.¢ir.93.11.1963.
Nagaya N, Nishikimi T, Goto Y, Miyao Y, Kobayashi Y, Morii I, et
al. Plasma Brain Natriuretic Peptide Is a Biochemical Marker for
the Prediction of Progressive Ventricular Remodeling After Acute
Myocardial Infarction. Am Heart J. 1998 Jan;135(1):21-8. https://
doi.org/10.1016/s0002-8703(98)70338-2.

Richards AM, Nicholls MG, Yandle TG, Frampton C, Espiner EA,
Turner JG, et al. Plasma N-terminal Pro-Brain Natriuretic Peptide
and Adrenomedullin: New Neurohormonal Predictors of Left Ven-
tricular Function and Prognosis After Myocardial Infarction. Cir-
culation. 1998 May 19;97(19):1921-9. https://doi.org/10.1161/01.
¢ir.97.19.1921.

Richards AM, Nicholls MG, Yandle TG, lkram H, Espiner EA,
Turner JG, et al. Neuroendocrine Prediction of Left Ventricular
Function and Heart Failure After Acute Myocardial Infarction.
The Christchurch Cardioendocrine Research Group. Heart. 1999
Feb;81(2):114-20. https://doi.org/10.1136/hrt.81.2.114.

Arakawa N, Nakamura M, Aoki H, Hiramori K. Plasma Brain
Natriuretic Peptide Concentrations Predict Survival After Acute
Myocardial Infarction. J Am Coll Cardiol. 1996 Jun;27(7):1656-
61. https://doi.org/10.1016/0735-1097(96)00067-8.

Mega JL, Morrow DA, De Lemos JA, Sabatine MS, Murphy SA,
Rifai N, et al. B-type Natriuretic Peptide at Presentation and Prog-
nosis in Patients With ST-segment Elevation Myocardial Infarc-
tion: An ENTIRE-TIMI-23 Substudy. J Am Coll Cardiol. 2004 Jul
21;44(2):335-9. https://doi.org/10.1016/j.jacc.2004.04.033.

Foy SG, Crozier 1G, Richards AM, Nicholls MG, Turner JG,
Frampton CM, et al. Neurohormonal Changes After Acute Myocar-
dial Infarction. Relationships With Haemodynamic Indices and Ef-
fects of ACE Inhibition. Eur Heart J. 1995 Jun;16(6):770-8. https://
doi.org/10.1093 / oxfordjournals. eurheartj.a060995.

Aseione L, De Michele M, Accadia M, Rumolo S, Damiano L,
D’Andrea A, et al. Myocardial Global Performance Index as a Pre-
dictor of In-Hospital Cardiac Events in Patients With First Myo-
cardial Infarction. ] Am Soc Echocardiogr. 2003 Oct;16 (10) :1019
- 23. https://doi.org/10.1016 / S0894 - 7317(03) 00589-3.



