
O R I G I N A L  R E S E A R C H

Relationship Between Isovolumic Acceleration 
(IVA) and TEI Index with Pro-BNP in Heart Failure

This article was published in the following Dove Press journal: 
Research Reports in Clinical Cardiology

Shokufeh Shahlaee1 

Hedieh Alimi2 

Hoorak Poorzand3 

Negar Morovatdar1 

Farveh Vakilian4 

Shirin Shahlaee5

1Department of Cardiology, Faculty of 
Medicine, Mashhad University of Medical 
Sciences, Mashhad, Iran; 2Vascular and 
Endovascular Surgery Research Center, 
Quaem Hospital, Faculty of Medicine, 
Mashhad University of Medical Sciences, 
Mashhad, Iran; 3Vascular and 
Endovascular Surgery Research Center, 
Imam Reza Hospital, Faculty of Medicine, 
Mashhad University of Medical Sciences, 
Mashhad, Iran; 4Clinical Research Unit, 
Faculty of Medicine, Mashhad University 
of Medical Sciences, Mashhad, Iran; 
5Nuclear Medicine Department, Faculty 
of Medicine, Mashhad University of 
Medical Sciences, Mashhad, Iran 

Background: Heart failure (HF) is a common disorder and leads to many costs for the 
healthcare system. Brain natriuretic peptide (BNP) is a cardiac neurohormone and has an 
important function in diagnosis and prognosis of left ventricular (LV) dysfunction. The TEI 
index is a novel non-invasive Doppler-based indicator, which evaluates systolic and diastolic 
myocardial function. There are few data regarding the prognostic role of TEI and isovolumic 
acceleration (IVA) indexes in HF and the relationship with neurohormonal activation. In this 
study, we evaluated the TEI and IVA index correlation with Pro-BNP in patients with systolic 
HF.
Patients and Methods: This was a cross-sectional study. We included consecutively 
patients with HF, admitted to Imam Reza Hospital, Mashhad, Iran between March 2017 
and February 2019. A single investigator would perform echocardiography the next morning, 
for all patients. A checklist was completed for each patient and included demographic data, 
clinical data and different echocardiographic variables. We also recorded in-hospital mortal
ity and outcome of patients during the follow-up stage.
Results: We finally included 65 patients according to inclusion and exclusion criteria. The 
mean age of participants was 63.38±12.85 years. Most of them were male (61.5%). We 
showed that there is a direct and significant relationship between RVIVA (r=0.317, P=0.010) 
and LVIVA (r=0.254, P=0.041) with LVEF. There was no significant correlation between 
Pro-BNP level and NYHA classification (r=0.151, P=0.231). We showed that there was no 
correlation between Pro-BNP level and RV TEI index (r=0.065, P=0.490) and LV TEI index 
(r=0.071, P=0.419). In sub-group analysis, in patients with EF<20%, we showed a significant 
correlation between the level of Pro-BNP and RV TEI index.
Conclusion: We showed that the IVA index is correlated to EF in both RV and LV and can 
differ in large-scale in a population study. We also showed that RV TEI index is significantly 
correlated with Pro-BNP in patients with EF<20%. Large-scale studies are recommended.
Keywords: left ventricular heart failure, LVHF, brain natriuretic peptide, BNP, TEI index, 
isovolumic acceleration, IVA

Introduction
Heart failure is a common rising complex, clinical syndrome and worldwide 
disorder, and makes many costs for the healthcare system in both developing and 
developed countries.1,2 Left ventricular systolic dysfunction (LVSD)-associated 
heart failure is characterized by neurohormonal activation3 and is associated with 
high morbidity and mortality.4 Ejection fraction is one of the most important 
prognostic factors in heart failure. However, it can be affected specially in elderly 
patients.5
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Brain natriuretic peptide (BNP) is a cardiac neurohor
mone, released by ventricles toward the enormous stretching 
ventricle myocytes. It may be co-released from some atrial 
granules.6,7 BNP has a diagnostic and prognostic role in LV 
dysfunction with various causes.8 NT-pro BNP is released in 
a proportion equivalent to BNP. According to longer NT-pro 
BNP half-life, it seems to be more sensitive than BNP.9 BNP 
plasma levels increase in abnormal conditions, leading to 
RV pressure or volume overload.10

Another novel non-invasive Doppler-derived indicator 
is the TEI index. It includes both systolic and diastolic 
myocardial function.11 It is determined with the summa
tion of the isovolumic contraction time (ICT) and the 
isovolumic relaxation time (IRT) divided by the ejection 
time (ET). It is independent from heart rate and blood 
pressure, and could be acquired in simple and repeatable 
acquisition and characterized by a low interobserver and 
intraobserver variability.12,13

It has been demonstrated that the TEI index can be 
helpful for assessment of overall ventricular performance 
and is a separate predictor for cardiovascular mortality in 
patients with amyloidosis,14 idiopathic dilated 
cardiomyopathy15 and primary pulmonary hypertension.16

Myocardial acceleration during isovolumic contraction 
(IVA) and isovolumic contraction myocardial velocity 
(IVV) are indexes which are less influenced by the loading 
status. So, they can estimate left and right ventricular 
functions in a relatively load-independent route.17 

Estimation of contractility by myocardial acceleration 
within the isovolumic contraction period is a more sensi
tive method than a tissue Doppler imaging (TDI)-derived 
peak systolic velocity method.18 Recently, an investigation 
in patients with mitral stenosis demonstrated that IVA was 
a good predictor of RV systolic dysfunction.19

Despite many researches in patients with HF, there are 
limited data about the predictive value of TEI and IVA 
indexes and the relationship with neurohormonal activa
tion. In this study, we evaluated the TEI and IVA index 
correlation with Pro-BNP in patients with systolic HF.

Patients and Methods
Population
In this cross-sectional investigation, we enrolled consecu
tively patients with HF, admitted to Imam Reza Hospital, 
Mashhad, Iran during March 2017 and February 2019.

We included patients with systolic HF, ejection fraction 
lesser than 40%, sinus rhythm and good view in 

echocardiographic evaluation. To increase our investigation 
power, we excluded patients with significant cardiac valvu
lar disorders equal to or more than moderate degree stenosis 
or regurgitation, liver and pulmonary failure, acute coronary 
artery syndrome, history of revascularization within 3 
months before admission, chronic obstructive pulmonary 
disease (COPD), consumption of drugs like diuretics, angio
tensin converting enzyme inhibitors (ACEi), angiotensin II 
receptor blockers (ARBs), beta-blockers, spironolactone or 
digoxin. The diagnosis of HF was according to the past 
medical history, physical exam and electrocardiographic 
and echocardiographic assessments.

Ethics
This investigation was approved by the ethical committee 
of Mashhad University of Medical Sciences with code IR. 
MUMS.fm.REC.1396.453. All patients completed 
informed written consent before enrolment.

Echocardiographic Assessment
Echocardiography was done by a single user the next 
morning after the hospital admission to eliminate the bias 
related to circadian change. An Ultrasound Philips EPIQ 7 
echocardiography tool with a 3.25-MHz probe was used. 
Three to five heart cycles were saved and echocardiogra
phy was done at admission, 3 months and 6 months later.

Two-Dimensional Echocardiography
LV diameters were determined according to the American 
Society of Echocardiography guideline.20 LV systolic 
function was measured by Simpson’s method.

Doppler Echocardiography
Trans-mitral flow was saved from the apical 4-chamber 
view with a 1 to 2 mm sample volume located at the tips 
of mitral valve leaflets. Peak E velocity (cm/s), peak 
A velocity (cm/s), E/A ratio, deceleration time (DT) (ms) 
and A wave duration (ms) were acquired. Isovolumetric 
relaxation time (IVRT) (ms) was determined as the time 
between ending aortic flow to the initiating mitral in-flow 
wave from an apical 5-chamber view.

The TEI index was evaluated from tissue Doppler doc
umentation in the base of the interventricular septum. Tissue 
Doppler imaging (TDI) enables us to measure both relaxa
tion and contraction velocities simultaneously. The TEI 
index was calculated as (A_B)/B. A is the time interval 
from the end of a-wave to the onset of e-wave, and corre
sponds to the sum of the isovolumetric contraction time 
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(ICT), ejection time (ET) and isovolumetric relaxation time. 
Ejection time or B interval is the time from the onset to the 
end of the s-wave21 (Figure 1A). Myocardial acceleration 
during isovolumic contraction was measured by dividing the 
peak velocity (IVV) by the time interval from onset of 
the wave (zero-crossing) during isovolumic contraction to 
the time at the peak velocity of this wave (Figure 1B).

Pro-BNP Measurement
We obtained venous blood samples for Pro-BNP analysis, 
from fasted patients after 30 minutes resting and a supine 
position, and they were maintained in EDTA tubes. Serum 
Pro-BNP level was measured with a fully automated non- 
competitive electro-chemiluminescence immunoassay 
(Roche Diagnostics Co.). Diagnosis limit was 5 pg/mL.

Patient Management
We completed a checklist for each patient including age, 
gender, past medical history such as diabetes, ischemic heart 
disease, CABG, laboratory data such as Na, BUN, creati
nine, hemoglobin, physical and echocardiographic exam like 
NYHA classification, EF, ESV, EDV, EDD, ESD, E/Em, 
mid RV diameter, TEI LV, TEI RV, RVIVA, LVIVA and 
followed them for 6 months. We recorded in-hospital mor
tality and outcome of patients during the follow-up.

Statistics
All data were entered in SPSS (Statistical Package for 
Social Sciences for Windows, version 12; Chicago, IL, 
USA) software and analyzed. We used mean and standard 
deviation for quantitative characteristics. K2 test was used 

for categorical characteristics comparison. For correlation 
between variables, the Spearman test was done. P-value 
less than 0.05 was considered as significant.

Findings
We finally enrolled 65 patients according to the inclusion 
and exclusion criteria. The mean age of subjects was 63.38 
±12.85 years. Most of them were male (61.5%). The 
demographics of the participants are listed in Table 1.

ECG changes were observed in 80% of participants. 
The pattern of electrocardiographic changes of participants 
is shown in Table 2. The most observed pattern was PRP 
and Q wave in leads V1 to V6.

The mean value of ejection fraction was 27.52±6.69%. 
The values of echocardiographic and laboratory data are 
summarized in Table 3.

We showed a direct and significant relationship between 
RVIVA (r=0.317, P=0.010) and LVIVA (r=0.254, P=0.041) 
with EF. There was no significant correlation between Pro- 
BNP level and NHYA classification (r=0.151, P=0.231). We 
showed that there was no correlation between Pro-BNP level 
and RV TEI index (r=0.065, P=0.490) and LV TEI index 
(r=0.071, P=0.419). We also showed no significant correla
tion between Pro-BNP level and RVIVA (r=0.057, P=0.652) 
and LVIVA (r=−0.178, P=0.159) (Figure 2). In sub-group 
analysis, we showed there was a significant correlation 
between Pro-BNP level and RV TEI index in patients with 
EF<20% (Figure 3).

In our study population, there was no in-hospital mor
tality and during 6-month follow-up, only one patient died. 
The multiple logistic regression analysis in systolic heart 

Figure 1 The TEI index was calculated from tissue Doppler documentation as (A_B)/B. A is the time interval from the end of a-wave to the onset of e-wave and B interval is 
the time from the onset to the end of the s-wave (A). Myocardial acceleration during isovolumic contraction was measured by dividing the peak velocity (IVV) by the time 
interval from onset of the wave (zero-crossing) during isovolumic contraction to the time at the peak velocity of this wave (B).
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failure patients showed the LV TEI index could signifi
cantly predict mortality (β=−0.329, T=−2.643, P=0.011).

Discussion
There are limited studies evaluating the relationship 
between Pro-BNP and Doppler echocardiographic para
meters in subjects with systolic HF. Here, we evaluated 
this relation between the level of Pro-BNP and TEI and 
IVA indexes. The main outcome of our investigation 
demonstrates that there was no marked correlation 
between Pro-BNP level and RV TEI index, LV TEI 
index, RVIVA and LVIVA in all participants.

In patients with less than 20% EF, a positive relation
ship was found between RV TEI index and Pro-BNP. This 
issue in our population study can show the TEI index is 
related with Pro-BNP level in lower EF HF patients. We 
also showed that the LV TEI index could significantly 
predict the 6-month mortality in our population.

NHYA classification and Pro-BNP level had no con
siderable relation in this study. In line with our result, 
Mikkelsen et al21 showed that Pro-BNP concentrations 
were decreased after treatment and change in Pro-BNP 
was poorly correlated with NYHA classification. In con
trast, in Lee et al's study, there was a strong relationship 
between Pro-BNP and NYHA classification in the begin
ning of the research but the changes of Pro-BNP and 
NYHA classification had poor correlation.22 Jourdain 
et al showed that by increasing NYHA classification, 
BNP concentration rose.23

In this study, RVIVA and LVIVA had directly marked 
correlation with LVEF.

However, there was no considerable correlation 
between RV and LVIVA and Pro-BNP concentration in 
systolic HF patients. RVIVA calculation might be 
a more sensitive method in predicting contractility.18,24 

Previously, IVA was an indicator of early right ventri
cular dysfunction in obstructive sleep apnoea and 

Table 2 The Patterns of ECG Changes in Participant Groups

Variables N, %

Poor R Progression (PRP) 18, 27.7

Q wave in lead V1 to V6 17, 26.2

Right Bundle Branch Block (RBBB) 2, 3.1
Q wave in lead V1 to V6 + Q wave in I and aVL leads 2, 3.1

Q Wave in inferior leads 3, 4.6
Left Bundle Branch Block (LBBB) 3, 4.6

Left Main Pattern 1, 1.5

Q wave in lead V1 to V6 + Q Wave in inferior leads 1, 1.5
Q wave in lead V1 to V6 + RBBB 1, 1.5

Q wave in I and aVL leads + PRP 1, 1.5

PRP + RBBB 1, 1.5
LBBB + PRP 1, 1.5

Q wave in all leads 1, 1.5

Table 3 The Values of Echocardiographic and Laboratory Data 
of Participants

Characteristics

Echocardiographic

EF; Median (min–max) 26 (10–39)

EDV; Median (min–max) 148 (3.5–383)
ESV; Median (min–max) 96 (30–275)

EDD; Median (min–max) 5.93 (3.9–55)

ESD; Median (min–max) 4.9 (2.23–59)
E/Em; Median (min–max) 11.5 (0.7–25)

Mid RV; Median (min–max) 3 (2.1–70)
TEI index LV; Median (min–max) 1.8 (0.63–3.2)

TEI index RV; Median (min–max) 0.8 (0.4–2.5)

RVIVA; Median (min–max) 1.8 (0.5–3.8)
LVIVA; Median (min–max) 1.2 (0.6–3)

PAP; Median (min–max) 27 (10.45)

Laboratory

Hemoglobin (mean±SD) mg/dL 13.55±1.99

Blood urea itrogen (mean±SD) mg/dL 51.81±27.05
Creatinine (mean±SD) mg/dL 3.25±16.97

Na (mean±SD) mEq/L 135.94±22.90

K (mean±SD) mEq/L 5.02±4.70
Pro-BNP (mean±SD) pg/mL 4534.51±3669.33

Table 1 The Demographics of Participants in the Study

Variables

Age (mean±SD) years 63.38±12.85

Age group (N, %) <50 years 10, 15.4
50–59 years 17, 26.2

60–69 years 23, 35.4

>70 years 15, 23.1

Gender (n, %) Male (40, 61.5), female (25, 

38.5)
Ischemic heart disease (n, %) 38, 58.5

Diabetes (n, %) 27, 41.5

Hypertension (n, %) 28, 43.1
CABG (n, %) 4, 6.2

NYHA classification 
(n, %)

I 15, 23.1
II 27, 41.5

III 13, 20

IV 10, 15.4

Abbreviation: CABG, coronary artery bypass grafting.
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systemic sclerosis subjects.25–27 In Yang et al's study, 
they first validated the accuracy of IVA in RV systolic 
function in patients with pulmonary hypertension and 
found it can be an independent indicator of right ven
tricular function.28

A novel, non-invasive Doppler indicator that covers 
both systolic and diastolic myocardial function was intro
duced as the TEI index.29 The TEI index was determined 
by the summation of ICT and IRT divided by ET. In our 
study, despite a linear correlation with lower r2 value 
between Pro-BNP and RV and LV TEI indexes, the rela
tionship was not significant. The LV dysfunction is leading 
to prolongation of both ICT and IRT and lower ejection 
time.30 Therefore, the TEI index increases in subjects with 

LV dysfunction and is an indicator of global LV perfor
mance. The normal value of the TEI index is mentioned as 
0.39±0.05 in adults. A TEI index of 0.45 can markedly 
associate with elevated BNP levels in comparison with 
TEI index <0.45, independent of LV systolic function.31 

One study showed that, after first myocardial infarction, 
elevated TEI index could be a predictor of early in- 
hospital heart failure.32 Lang found that BNP levels were 
elevated in patients with isolated diastolic dysfunction.33 

The extent of systolic dysfunction is not always associated 
with deterioration in functional status in HF patients. 
Moreover, diastolic dysfunction is generally related to 
primary systolic dysfunction. Therefore, the index merging 
both systolic and diastolic function might present a best 

Figure 2 The correlation between Pro-BNP and RVIVA, LVIVA, RV TEI index and LV TEI index.
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overall LV function rather than separately ejection or 
relaxation.34

Our study had some limitations. First, we had few 
participants. We could not check the Pro-BNP in the last 
follow-up. Our last follow-up only described the mortality 
rate and not the change in echocardiographic and labora
tory data. Another limitation was the short-term follow-up 
in our study, which was only 6 months. It is recommended 
to do a large-scale study with long-term follow-up con
cluded measuring all echocardiographic and laboratory 
characteristics between follow-up times.

Conclusions
We showed that the IVA index is correlated to both LV and 
RVEF and can differ in large-scale in a population study. We 
also showed that the RV TEI index is significantly correlated 
with Pro-BNP in patients with EF<20%. Another finding of 
this study was the predictor role of the LV TEI index in 
6-month mortality rate. Our results suggested that these 
indexes are new and important indexes which need to be 
more evaluated in large-scale populations.
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