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Özet: Fetal kalp fonksiyonlar›n›n de¤erlendirilmesinde
konvansiyonel Doppler miyokardiyal performans
indeksi, triküspid ve mitral kapak anüler düzlem 
sistolik hareketleri
Amaç: Tei indeksi, global miyokardiyal sistolik ve diastolik fonksi-
yonlar›n, TAPSE ve MAPSE, sa¤ ve sol ventriküler longitüdinal mi-
yokardiyal fonksiyonlar›n de¤erlendirilmesinde oldukça yararl›, gü-
venilir, non-invaziv yöntemlerdir. Bu çal›flmada fetal sa¤ ve sol ven-
trikül (RV ve LV) fonksiyonlar›n›n miyokardiyal performans indek-
si (Tei indeksi); triküspid ve mitral kapak anüler düzlem sistolik ha-
reketleri (TAPSE ve MAPSE) ile de¤erlendirilmesi amaçlanm›flt›r. 

Yöntem: Aral›k 2015 – Nisan 2017 tarihleri aras›nda kontrol amaç-
l› olarak merkezimizde yap›lan fetal ekokardiyografik bulgular ince-
lendi. Uygun gestasyonel haftadaki 152 fetüste, uygun pozisyonlar
elde edilerek Tei indeksi ölçümleri, TAPSE ve MAPSE ölçümleri
kaydedildi. Tekrarlanan ekokardiyografiler çal›flma kapsam› d›fl›nda
b›rak›ld›. 

Bulgular: Çal›flmaya al›nan tüm fetüslerin; LV Tei indeksi
0.47±0.16, RV Tei indeksi 0.52±0.17, TAPSE 0.47±0.1 cm, MAP-
SE 0.36±0.07 cm idi. Yetmifl iki fetüs 20+3–26. hafta, 80 fetüs
26+3–37+3 hafta aras›nda bulunuyordu. Ölçümler bu iki grup için
ayr› ayr› gerçeklefltirildi ve karfl›laflt›r›ld›. ‹lerleyen gestasyon haf-
tas›nda LV ve RV Tei indeks ve mitral kapak gradiyentinde an-
laml› art›fl bulunmazken, TAPSE ve MAPSE de¤erlerinde anlam-
l› art›fl oldu¤u görüldü (her ikisi için p=0.001). 

Sonuç: Tei indeksi, global kalp fonksiyonlar›n›n, TAPSE ve
MAPSE ise sa¤ ve sol ventriküllerin anüler düzlem sistolik longi-
tüdinal fonksiyonlar›n›n non-invaziv olarak de¤erlendirilmesinde,
sa¤l›kl› ve konjenital kalp hastal›¤› bulunan çocuklarda oldu¤u gi-
bi, fetüslerde de kolay uygulanabilen, rutinde de kullan›labilecek,
güvenilir yöntemlerdir. 

Anahtar sözcükler: Fetal kalp fonksiyonlar›, Tei indeksi, TAPSE,
MAPSE.
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Abstract

Objective: Tei index and TAPSE & MAPSE are very useful and
reliable non-invasive methods to assess the global myocardial sys-
tolic and diastolic functions, and right and left ventricular longitu-
dinal myocardial functions, respectively. In this study, we aimed to
assess fetal right and left ventricle (RV and LV) functions by
myocardial performance index (Tei index) and tricuspid and mitral
annular plane systolic excursions (TAPSE and MAPSE). 

Methods: The findings of fetal echocardiographies performed in
our center for control purposes between December 2015 and April
2017 were assessed. By obtaining appropriate positions in 152 fetus-
es which are at eligible weeks of gestation, Tei index and TAPSE
and MAPSE measurements were recorded. Repeating echocardio-
graphies were excluded from the study.

Results: Of all fetuses included in the study, LV Tei index was
0.47±0.16, RV Tei index was 0.52±0.17, TAPSE was 0.47±0.1 cm, and
MAPSE 0.36±0.07 cm. Seventy-two fetuses were at 20+3–26 weeks of
gestation, and 80 fetuses were at 26+3–37+3 weeks of gestation. Both
groups were measured separately and they were compared. While there
was no significant increase in LV and RV Tei indices and mitral valve
gradient during the advanced weeks of gestation, significant difference
was observed in TAPSE and MAPSE values (p=0.001 for both). 

Conclusion: Tei index, and TAPSE and MAPSE are reliable non-
invasive methods for global heart functions and annular plane sys-
tolic longitudinal functions of right and left ventricles, respectively,
which are easily used on fetuses as well as children who are healthy
or with congenital heart disease; and these methods also can be used
in the routine practice. 

Keywords: Fetal heart functions, Tei index, TAPSE, MAPSE.



Introduction
Myocardial performance index (Tei index), which was
first defined in healthy individuals and adult patients
with dilated cardiomyopathy and for which many studies
have been performed so far on children who were nor-
mal, healthy and had congenital heart disease, is an
echocardiographic assessment method which is obtained
by Doppler echocardiographic measurements and has a
significant role for the assessment of global myocardial
systolic and diastolic functions.[1–5]

For about two decades, echocardiography, radionu-
clide studies and various methods such as magnetic res-
onance imaging as well as right ventricular functions
which were considered to be “neglected” in the past have
been the subjects of many studies. Tricuspid annular
plane systolic excursion (TAPSE) is an echocardiograph-
ic method which has been studied well in all age groups,
a wide range of patient groups and healthy children, of
which mean and z-score values have been determined for
age groups, which is reliable and easy to perform, can be
obtained by M-mode measurements, useful for the
assessment of right ventricular longitudinal myocardial
function and which is independent from heart rate, ven-
tricle size and geometry.[6–8]

Mitral annular plane systolic excursion (MAPSE) is a
reliable and easy-to-perform non-invasive method to
assess left ventricular longitudinal myocardial functions
which is performed on adults and children who are
healthy or have disease, obtained by M-mode measure-
ments, of which mean and z-score values have been
determined, and for which many studies have been per-
formed so far.[9–11]

There are a limited number of studies where annular
plane systolic excursions of atrioventricular valves
(TAPSE and MAPSE) and Tei index are assessed in
healthy fetuses by M-mode echocardiography during
fetal period.[12–15]

In this study, we aimed to assess fetal right and left
ventricle (RV and LV) functions by conventional Doppler
myocardial performance index (Tei index) and tricuspid
and mitral annular plane systolic excursions (TAPSE and
MAPSE) in healthy fetuses, to compare the data we
obtained and investigate the relationship between them. 

Methods
Patient group

The findings of fetal echocardiographies performed in
our center for control purposes between December

2015 and April 2017 were assessed. The pregnant
women who were 18–40 (mean: 27.7±5.17) years old,
of which 72 (47.4%) were at 20+3 – 26 weeks of gestation
and 80 (52.6%) at 26+3 – 37+3 weeks of gestation were
assessed by fetal echocardiography. By obtaining appro-
priate positions in 152 fetuses which were at 20+3 – 37+3
weeks of gestation and did not have congenital heart
disease, dysrhythmia, myocarditis, pericardial effusion
and valve insufficiency, Tei index measurements, and
pulse wave Doppler measurements of atrioventricular
and semilunar valves were performed. The pregnant
women were asked to be full before the fetal echocar-
diography

Echocardiography

Echocardiography measurements of all fetuses were
performed by the same investigator (Dr. fiP) via Phase
Array pediatric transducer S8-3 mHz of 2005 HD11-
XE device (©Philips Medical System Nederland BV,
Best, the Netherlands). The measurements were done
separately for each valve. Sample volume was obtained
by placing on the farthest ends of atrioventricular valve
leaflets on apical 4 chamber position. The mean of
three consecutive valve flow measurements was calcu-
lated. All valve flow rates were obtained while sweep
rate was 50 mm/sec. E and A waves of mitral and tri-
cuspid valves, E/A rates, aortic and pulmonary artery
flows were obtained. Fetal heart rates were measured
four times when calculating the flows of mitral valve,
aortic valve, tricuspid valve and pulmonary valve.
Ejection fraction (EF) and fractional shortening (FS)
values, TAPSE and MAPSE measurements, and mini-
mum and maximum heart rates were recorded.

Statistical analysis

All data were recorded to Excel (2010; Microsoft
Office Corp., Redmond, WA, USA), and transferred
to SPSS 15.0 SPSS for Windows v.15.0; IBM-SPSS
Inc., Chicago, IL, USA) for statistical analysis. The
difference between mean values among independent
groups was analyzed by independent sample test. The
values were given as standard +/- deviation (SD).
Pearson correlation and linear regression analyses
were used to find the relationship between the vari-
ables. As the correlation coefficient, r<0.25 was con-
sidered poor, 0.25–0.49 was considered average,
0.50–0.74 was considered strong and >0.75 was consid-
ered very strong. 
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Results
Mean parameter values of all fetuses included in the
study were as following: LV Tei index: 0.47±0.16, RV
Tei index: 0.52±0.17, EF: 75±4.7%, FS: 39.84±4.2%,
TAPSE: 0.47±0.1 cm, MAPSE: 0.36±0.07 cm, mitral
E/A: 0.624±0.09, tricuspid E/A: 0.656±0.08, aortic
valve flow: 71.43±12.53 cm/sec, pulmonary valve flow:
66.16±8.61 cm/sec, minimum heart rate: 137.2±
7.99/min, maximum heart rate: 148.73±7.05/min. The
fetal assessments were done during the first pregnancy
in 21.7% of the patients, during the second pregnancy
in 30.3% of them, during the third pregnancy in
14.5% of them, during the fourth pregnancy in 8.6%
of them, during the fifth pregnancy in 0.7% of them,
and during the sixth pregnancy in 1.3%. Pregnancy
information could not be obtained in 23% of the
patients.

The mean values in the second trimester group
(Group 1) were as following: LV Tei index: 0.46±0.16, RV
Tei index: 0.51±0.16, mitral valve E/A: 0.59±0.07, tricus-
pid valve E/A: 0.63±0.07, minimum heart rate: 139.23±
7.24/min, maximum heart rate: 149.37±6.48/min, aortic
valve flow: 68.05±12.5 cm/sec, pulmonary valve flow:
64.37±8.98 cm/sec, TAPSE: 0.44±0.08 cm, and MAPSE:
0.32±0.07 cm.

The mean values in the third trimester group (Group
3) were as following: LV Tei index: 0.47±0.15, RV Tei
index: 0.53±0.18, mitral valve E/A: 0.65±0.1, tricuspid
valve E/A: 0.67±0.08, minimum heart rate: 135.62±
8.27/min, maximum heart rate: 148.17±7.5/min, aortic
valve flow: 74.38±11.86 cm/sec, pulmonary valve flow:
67.72±8.0 cm/sec, TAPSE: 0.52±0.11 cm, and MAPSE:

0.39±0.07 cm. The variables of the groups are shown in
Table 1.

When we investigated to find whether there is any
statistically significant difference between two groups in
terms of all parameters assessed during advanced weeks
of gestation, we found that there was no significant dif-
ference among LV Tei index, RV Tei index, and mitral
valve mean gradient values while there was a significant
increase in TAPSE and MAPSE values (p=0.001 and
p=0.001, respectively) (Figs. 1–4). Also, we found a sig-
nificant increase in aortic and pulmonary valve flows and
tricuspid valve mean gradient value (p=0.002, p=0.017
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Table 1. General characteristics of all fetuses.. 

Second trimester Third trimester All fetuses  
Variable (Group 1) (Group 2) (Group 1+2)

Mean gestational age (week) 23.82±1.41 29.95±2.89 27.05±3.83

LV Tei index 0.46±0.16 0.47±0.15 0.47±0.16

RV Tei index 0.51±0.16 0.53±0.18 0.52±0.17

MV E/A 0.59±0.07 0.65±0.1 0.624±0.09

TV E/A 0.63±0.07 0.67±0.08 0.656±0.08

Minimum heart rate (/min) 139.23±7.24 135.62±8.77 137.2±7.99

Maximum heart rate (/min) 149.37±6.48 148.17±7.5 148.73±7.05

TAPSE (cm) 0.44±0.08 0.52±0.11 0.47±0.1

MAPSE (cm) 0.32±0.07 0.39±0.07 0.36±0.07

EF (%) 74.99±4.48 75.01±4.93 75±4.70

FK (%) 39.56±3.84 40.1±4.52 39.84±4.20

Fig. 1. Difference between the groups in terms of LV Tei index.



and p= 0.001, respectively). In terms of heart rates, min-
imum heart rate was significantly different between two
groups (p=0.006) while maximum heart rate was similar
in both groups. The correlations between RV and LV
Tei indexes and the week of gestation were r=0.091;
p=0.298 and r= 0.137; p=0.097, respectively. There was a
strong and statistically significant correlation between
TAPSE and the week of gestation (r=0.537; p=0.001).
There was also a strong and statistically significant cor-
relation between MAPSE and the week of gestation
(r=0.523; p=0.001). There was an average and statistical-

ly significant correlation between TAPSE and RV Tei
index (r=0.322; p=0.001). However, there was a negative,
poor and statistically significant correlation between
MAPSE and LV Tei index (r=-0.157; p=0.208).

Mean TAPSE and MAPSE values and LV and RV
Tei indices ± SD of the fetuses between 22 and 32 weeks
of gestation are shown in Table 2.

Fig. 3. Difference between the groups in terms of TAPSE value.

Fig. 4. Difference between the groups in terms of MAPSE value.
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Fig. 2. Difference between the groups in terms of RV Tei index.

Table 2. The mean TAPSE, MAPSE, RV and LV Tei index values of the
fetuses between 22 and 32 weeks of gestation.

Week of  TAPSE MAPSE LV Tei RV Tei 
gestation (cm) (cm) index index

22 0.39±0.07 0.39±0.12 0.49±0.14 0.53±0.17

23 0.43 0.25 0.56 0.53

24 0.44±0.06 0.32±0.05 0.42±0.19 0.48±0.20

25 0.42 0.25 0.48 0.61

26 0.47±0.07 0.37±0.08 0.55±0.10 0.61±0.14

27 0.45 0.37 0.50 0.58

28 0.55±0.05 0.33±0.0 0.45±0.15 0.57±0.24

29 0.51 0.39 0.42 0.53

30 0.47±0.12 0.35±0.04 0.52±0.17 0.49±0.11

31 0.56 0.28 0.46 0.65

32 0.57±0.07 0.370.01 0.52±0.17 0.46±0.15



Discussion
Assessing fetal myocardial functions properly is criti-
cally significant to identify high-risk fetuses.[12,16] When
assessing systolic and diastolic functions, Tei index
which is independent from the size and shape of ven-
tricle and heart rate is one of the important parameters
determining the fetal heart health. Some studies have
reported that it increases in advanced weeks of gesta-
tion while some other studies have argued that there is
no such correlation and there is even a negative corre-
lation.[12,16,17] In our study, we did not observe a signifi-
cant increase in advanced weeks of gestation. When
calculating Tei index, some authors measured ventricle
entrance (mitral and tricuspid valves) and exit (aortic
and pulmonary) pulsed Doppler records separately
while some authors only measured time intervals that
they obtained from a single Doppler record placed on
an appropriate position. In our study, we measured
aortic and mitral, tricuspid and pulmonary valve flows
consecutively and separately and we took the mean
value of three different measurements. Friedman et al.
studied Tei index on 74 healthy pregnant women
whose mean gestational age was 24±3.4 (range: 18–31)
weeks, and they found the mean LV Tei index
0.53±0.13.[12] Tsutsumi and Eidem et al. reported LV
Tei index 0.62±0.07 (range: 18–26) week and
0.35±0.03 in their studies, respectively.[16,18] Mori et al.
reported RV Tei index 0.35±0.07 and showed that it
did not change during gestation.[19] In our study, mean
RV Tei index was 0.52±0.17 and LV Tei index was
0.47±0.08 in the entire group. In the following weeks,
RV and LV Tei index did not exhibit any statistically
significant increase.

It has been reported that Tei index values increased
in fetal ventricular dysfunction cases (such as intrauter-
ine growth retardation, twin-to-twin transfusion syn-
drome, maternal diabetes mellitus, preeclampsia, and
congenital heart diseases).[20,21] Diastolic dysfunction
which provides information about compliance and
relaxation capacity of myocytes can be assessed by the
flow pattern of tricuspid and mitral valves. In our
study, mean mitral and tricuspid E/A values for the
entire group were 0.62±0.09 and 0.65±0.08, respective-
ly. E/A rate is usually <1, and it exhibits a constant
increase during gestation. E wave is early or passive
filling wave and it is associated with the relaxation
function of myocardium and the negative pressure

applied by the ventricles. A wave is atrial, active or late
wave, and it reflects the atrial contraction during ven-
tricular filling. Chronic hypoxia and cardiac overload
can be given as the examples changing this rate.[22]

While mitral E/A was 0.624±0.09 and tricuspid E/A
was 0.656±0.08 in our study, Parasuraman et al. report-
ed LV E/A and RV E/A values 0.68±0.07 and
0.716±0.109, respectively.[13] In the intrauterine growth
retardation, the rates are lower in the fetuses with same
gestational ages compared to the normal ones. The
values found were at 10–25 percentile values for mitral
E/A and tricuspid E/A according to the reference val-
ues determined by Parasuraman et al.[13] Also, the aor-
tic valve flow was 71.43±12.53 cm/sec and pulmonary
valve flow was 66.16±8.61 cm/sec in the entire group.
These values were at 10–25 percentile values for aortic
and pulmonary valve flows according to the reference
values determined in a previous report. Messing et al.
compared conventional fetal TAPSE and spatiotempo-
ral image correlation (STIC)-TAPSE methods, and
they reported high correlation for both methods
(r=0.904).[23] In their study, conventional fetal TAPSE
value was 0.36±0.11 cm at 21 weeks of gestation while
it was 0.86±0.15 cm at 39 weeks of gestation. The mean
TAPSE and MAPSE values according to the gestation-
al age reported by Koestenberger et al. in different
studies and the mean TAPSE and MAPSE values we
found in our study according to the week of gestation
were consistent.[11,15] It has been reported that TAPSE
value was higher than MAPSE value at any week of
gestation due to the fact that dominant ventricle is the
right ventricle in fetus and due to the structural char-
acteristics of myocardial fibril distribution.[24] In our
study, we found TAPSE value higher than MAPSE
value, and TAPSE/MAPSE ratio was 1.37 at the sec-
ond trimester while it was 1.33 at the third trimester. It
is known that TAPSE value decreases in pathological
conditions.[25,26] It has been reported that MAPSE value
decreases in adult patients, and cardiovascular disease
and extracardiac pathological conditions.[9,27]

Conclusion
Tei index, and TAPSE and MAPSE are reliable non-
invasive methods for global heart functions and annu-
lar plane systolic longitudinal functions of right and
left ventricles, respectively, which are easily used on
fetuses as well as children who are healthy or with con-
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genital heart disease; and these methods also can be
used in the routine practice. Knowing normal values in
healthy fetuses and children will help to understand
cardiac and extracardiac pathological conditions better
where these parameters increase and decrease. We
believe that TAPSE, MAPSE, LV Tei and RV Tei val-
ues that we found according to the gestational age will
provide an insight for the studies to be performed by
advanced techniques. 

Conflicts of Interest: No conflicts declared.
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