
12

Oliver Graupner et. al.2017 JAN;  7(1):12-18

Prenat Cardio 2017 Jan; 7(1):12-18  
DOI: 10.1515/pcard-2017-0003

SEGMENTAL MYOCARDIAL DISPLACEMENT AND TISSUE VELOCITY 
ANALYSIS OF THE RIGHT VENTRICLE IN HYPOPLASTIC LEFT HEART 
SYNDROME FETUSES AND CONTROLS USING COLOR TISSUE DOPPLER 
IMAGING (C-TDI)
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Abstract

Introduction: The long-term outcome of patients with HLHS (hypoplastic left heart syndrome) is mainly determined by right ventricular 
function. Our study examines, whether there are differences in segmental right ventricular myocardial displacement and tissue velocities 
of fetuses with HLHS compared to healthy fetuses during gestation.

Materials and methods: A prospective study was conducted including 20 fetuses with HLHS and 20 gestational age matched controls. 
c-TDI (colour tissue Doppler imaging) derived systolic and diastolic velocities as well as myocardial displacement were assessed in three 
different locations of the right ventricle (RV). A ROI (region of interest) was placed in the basal, middle and apical part of the myocardium. 
Possible changes of c-TDI indices in the course of pregnancy and between the three different segments were investigated in both groups.

Results: HLHS fetuses showed significantly lower e' velocities measured in the basal and middle part of the RV compared to healthy 
controls (p < 0.05). Basal displacement showed significantly lower values in HLHS fetuses compared to controls. In control fetuses but 
not in HLHS fetuses there was a significant increase of basal diastolic velocities and displacement in the course of pregnancy. According 
to myocardial velocities and displacement values there was a significant decrease from the base of the fetal heart to the apex pointed 
in both groups.

Conclusions: An altered right ventricular myocardial function in HLHS fetuses within different myocardial segments could be demonstrated. 
An apicobasal gradient with higher velocity and displacement values in the basal part of RV myocardium could be found in both groups. 
The technique may be of value in the prenatal assessment of myocardial function, however its role as a monitoring tool and outcome 
predictor needs to be defined.
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INTRODUCTION

Hypoplastic left heart 
syndrome (HLHS) is one of 
the most frequent forms of 
congenital heart disease. While 
it is generally well tolerated in 
utero, this cardiac anomaly is 
almost certainly lethal without 
postnatal treatment because 
the hypoplastic left ventricle is 
unable to support the systemic 
circulation and systemic blood 
supply entirely relies on a patent 
ductus arteriosus that is kept open after birth accomplished 
by prostaglandin in all patients until intervention.

Single ventricle palliation 
i s  pe r fo rmed  and  as 
a consequence the right ventricle 
becomes the systemic ventricle 
in HLHS. Myocardial function 
has been studied in HLHS using 
different techniques e.g. PW-
Doppler, pulsed wave tissue 
Doppler imaging (PW-TDI) and 
color tissue Doppler imaging 
(c-TDI). Altered right ventricular 
function in HLHS has been 
reported to occur prenatally and 

it was speculated that these information might offer a link 
to right ventricular performance after surgical palliation1-3.
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c-TDI in contrast to pulsed wave TDI (PW-TDI) which 
only evaluates one region of interest within the fetal 
myocardium, offers the possibility of simultaneous offline 
analysis of multiple areas of interest in both ventricles in 
a single cardiac cycle4,5. To date published data regarding 
tissue velocities in fetal hearts are scarce4-6. c-TDI and PW-
TDI use different post processing and temporal resolution 
methods and can therefore not be used interchangeably. 
Also, maximum instantaneous myocardial velocity is 
evaluated by PW-TDI, whereas c-TDI measures the regional 
mean velocities.

Quantification of myocardial motion (displacement) 
allows description of regional cardiac function7. The sum 
of longitudinal shortening of all myocardial segments 
results in the basal part being moved closer towards the 
apex. Because the apex is stationary within the thorax, the 
atrioventricular valve plane consecutive moves towards 
the apex. The displacement of basal myocardial wall, 
measured at the level of the tricuspid annulus, gives 
information about the total change in length of that RV wall 
and thus corresponds to the overall shortening of the wall8.

Annular displacement of the tricuspid valve - often 
referred to as TAPSE (tricuspid annular plane systolic 
excursion) measured by M-Mode - is reported as 
a sensitive parameter for myocardial dysfunction9-11. Any 
change in any segment will be reflected in the amount 

and the timing of displacement8. However less is known 
about TDI based displacement analysis especially in 
pathological conditions like congenital heart failure.

This work represents a secondary analysis of prior 
work from our study group concerning evaluation of 
right ventricular function in fetal HLHS by c-TDI13. The 
purpose of this study was to evaluate individual myocardial 
displacement and tissue Doppler velocities within three 
different regions of the right ventricle (base, middle part, 
apex) and to look for a possible gradient from base to 
apex from which is known that it normally exists in adult 
heart corresponding to the stationarity of the apex within 
the thorax while the base moves towards it. As known 
from echocardiographic measurements in adults these 
patterns can be altered in certain cardiac pathologies as 
coronary artery disease and volume or pressure overload7.

MATERIALS AND METHODS

This prospective study consisted of women referred 
for fetal echocardiography to the fetal heart program at 
the department of fetal diagnosis&therapy, University of 
Giessen and Marburg from 2011-2014. The institutional 
review board approved this study (protocol number 
209/11). Inclusion and exclusion criterias for control 
and HLHS fetuses were as previously described12. For 
the final analysis, a total of 20 HLHS fetuses (of a total 

Figure 1.  c-TDI  (color-tissue  Doppler  imaging) of an HLHS  fetus showing right ventricular peak velocity  analysis. After defining one cardiac cycle three 3mm-
ROIs (region of interest) are placed in the basal, middle and apical part of the right ventricular myocardium. The result is the typical TDI velocity curve with the 
systolic maximum s’and the two diastolic maxima e’ (early  diastole: passive filling of the ventricle) and a’ (late diastole: atrial contraction) for each segment of the 
right ventricle  (red: annulus, green: middle part, blue: apex).
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cohort of 32 HLHS fetuses during the study 
period) and 20 gestational age-matched controls 
were included. The cohort was in part analysed 
previously describing PW-TDI and c-TDI techniques, 
demographic data were described before12,13.

FETAL ECHOCARDIOGRAPHY

Transabdominal echocardiograms were 
performed in a standardized manner as 
previously described13.

Offline analysis was performed with the TDI-Q 
software (Toshiba Medical Systems Corporation, 
Otawa, Tochigi, Japan). In the four chamber view 
a circular 3mm diameter sample volume was placed 
within the basal part of the right ventricular wall (just 
beneath the tricuspid valve annulus) and secondly, 
a 3mm diameter region of interest (ROI) covering 
middle and apical part of the right ventricular free 
wall was used. 

The peak tissue velocities along the axis at 
systole (s´), early filling phase of diastole (e´) 
and during atrial contraction (a´) were averaged 
from three consecutive cardiac cycles as 
previously described13.

By definition displacement or motion of a point 
is the distance a point covers over a certain period 
of time. It is the temporal integral of the velocity. When using TDI, the motion towards the transducer is quantified8  

(Fig. 1). In our study two-dimensional longitudinal peak systolic displacement was examined.

HLHS Controls P-value

Gestational age 
(weeks)

28.6 ± 4.6 (20) 29.2 ± 4.9 (20) 0.68

Tricuspid valve annulus

s´ (mm/s) 23.68 ± 10.20 (20) 28.91 ± 9.53 (20) 0.10

e´ (mm/s) 18.55 ± 8.55 (19) 28.65 ± 15.39 (20) 0.02*

a´ (mm/s) 38.55 ± 19.66 (20) 38.69 ± 17.04 (20) 0.98

displacement (mm) 2.02 ± 1.29 (20) 2.99 ± 1.59 (20) 0.04*

RV free wall (middle)

s´ (mm/s) 12.45 ± 8.79 (20) 15.80 ± 7.27 (20) 0.20

e´ (mm/s) 10.72 ± 5.06 (19) 20.76 ± 15.47 (20) 0.01*

a´ (mm/s) 25.43 ± 16.49 (20) 27.14 ± 19.0 (20) 0.76

displacement (mm) 0.92 ± 0.83 (20) 1.54 ± 1.38 (20) 0.09

RV free wall (apex)

s´ (mm/s) 8.54 ± 5.11 (20) 9.53 ± 5.03 (20) 0.54

e´ (mm/s) 5.30 ± 3.69 (19) 8.58 ± 7.09 (20) 0.08

a´ (mm/s) 16.14 ± 8.33 (20) 16.84 ± 11.88 (20) 0.83

displacement (mm) 0.40 ± 0.41 (20) 0.91 ± 1.09 (20) 0.06

Table 1: Right ventricular colour tissue Doppler imaging (c-TDI) findings of myocardial segmen-
tal velocities and displacement for HLHS fetuses and healthy controls; s’: Peak velocity during 
ventricular systole, e’: Peak early diastolic relaxation velocity, a´: Peak late diastolic relaxation 
velocity

Figure 2: c-TDI (color-tissue Doppler imaging) of an HLHS fetus showing  
right ventricular peak systolic displacement analysis for each segment of  
the right ventricle (red: annulus, green: middle part, blue: apex).
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Figure 3: Impact of gestational age on segmental c-TDI-derived systolic (s’) and diastolic (e’,a’) peak velocities as well as peak systolic displacement for HLHS fetuses 
(red squares) and controls (blue circles). [part 1 of 2 ]
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STATISTICAL ANALYSIS

To carry out comparisons between the two groups, 
a case–control design was used. Every HLHS and 
control fetus was included only once (at first evaluation). 
Every HLHS case was compared against one control of 
approximately the same gestational age (maximum two 
weeks gestational age difference). For final analysis, 
Student’s t-test was performed to demonstrate significant 
differences in cardiac function parameters between the 
20 HLHS and 20 control fetuses. In addition, a linear 
regression analysis was carried out to investigate the 
relationship of the c-TDI-based regional velocity and 
displacement values and gestational age in both the HLHS 
and control groups. The level of statistical significance 
was p < 0.05.

RESULTS

HLHS fetuses showed significantly lower e’ velocities 
measured in the tricuspid annulus and the right ventricular 
free wall compared to healthy control fetuses (18.55 vs. 
28.65 mm/s; p=0.02, 10.71 vs. 20.76 mm/s; p=0.01, 
Tab. 1). 

In the apex area HLHS fetuses also showed lower e’ 
velocities but without statistical significance (5.30 vs. 8.58 
mm/s; p=0.08, Tab. 1).

Annular displacement showed significantly lower values 
in the HLHS group compared to the control group (2.02 
vs. 2.99 mm; p=0.04, Tab. 1).

Also in the right ventricular free wall and in the apex 
area displacement values were significantly lower in the 
HLHS group compared to controls but without reaching 
statistical significance (0.92 vs. 1.54 mm; p=0.09, 0.40 
vs. 0.91 mm, p = 0.06, Tab. 1).

Healthy control fetuses showed a significant increase 
of annular e’ and a’ velocity (R2=0.23; p=0.03; R2=0.24; 
p=0.03) in the course of pregnancy (Fig. 2). 

Likewise, there was a significant increase in right 
ventricular free wall a’ velocity in healthy control fetuses 
(R2=0.27; p=0.02, Fig. 2). Right ventricular free wall and 
annular displacement values also showed a significant 
increase in the course of pregnancy in the control group 
(R2=0.20; p=0.048; R2=0.23; p=0.03, Fig. 2).

In HLHS fetuses there were no significant changes of 
velocities and displacement values during pregnancy 
(Fig. 2).

According to myocardial velocity and displacement 
values there was a significant decrease from the base of 
the fetal heart to the apex pointed (apicobasal gradient) 
in both groups (p<0.05) (Tab. 2-3).

Oliver Graupner et. al.2017 JAN;  7(1):12-18

Figure 3: Impact of gestational age on segmental c-TDI-derived systolic (s’) and 
diastolic (e’,a’) peak velocities as well as peak systolic displacement for HLHS 
fetuses (red squares) and controls (blue circles). [part 2 of 2 ]
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also described lower e´ velocities 
in case of HLHS1. Other color 
tissue Doppler studies reported 
about increasing annular velocities 
during gestation in normal fetuses 
placing the ROI in the RV free 
wall or annulus14,15. We think, that 
measurements of tissue velocities 
are highly dependent on region 
of interest placement (even close 
to the atrioventricular level), the 
basically undefined ROI size (in the 
literature this ranges between 1 and 
3mm) and the different ultrasound 
machines with post-processing 
algorithms14-20. Therefore, published 
tissue velocities vary and cannot 
be used interchangeably. 
Absolut values of s´ velocities in 
both groups were comparable, 
suggesting a preserved systolic 
function of the right ventricle in 
fetuses with HLHS, which is in line 
with our previous results12,13.

Second, we found highest tissue 
velocities at the base of the heart 
at the atrioventricular valve level 
significantly decreasing towards 
the apex of the heart within 
the right ventricle in HLHS and 
normal fetuses. This finding has 
not been described before by 
c-TDI techniques and compares 
well to postnatal data21,22. Further 
investigations of fetal cardiac 
function using Velocity Vector 
Imaging (VVI) techniques showed 
decreasing global RV myocardial 
longitudinal peak systolic velocities 
from the base towards the apex23.

Th i rd ,  we  inves t iga ted 
displacement, which is the integral of the velocity over 
time within the right ventricular myocardium and found 
a significant decrease of values from the base to the apex 
of the RV in normal fetuses and in cases with HLHS. To our 
knowledge this is the first study reflecting c-TDI based RV 
displacement analysis in fetal HLHS. We found significantly 
lower values of annular displacement in the HLHS group 
compared to the control group and a significant increase 
of RV free wall and annular displacement values in the 
course of pregnancy only in control fetuses. Brooks et 
al. who examined RV function in HLHS fetuses using 
VVI techniques reported about reduced peak global 
RV longitudinal displacement values in HLHS fetuses, 
while radial displacement was increased compared to 
controls. The authors concluded that fetal RV in HLHS 
becomes more spherical with reduced ratio of longitudinal 
to circumferential deformation2.

DISCUSSION

This study demonstrates, that in fetuses with HLHS right 
ventricular myocardial function differs from normal controls. 
First, lower e’ velocities measured in the tricuspid annulus 
and the right ventricular free wall in HLHS compared to 
healthy control fetuses might provide further evidence 
of altered ventricular diastolic function. We previously 
described a lower e´ velocity and e´/a´ ratio  reflecting 
an impaired ventricular relaxation during early diastole 
in fetuses with HLHS using a drawn ROI, which covers 
the middle and basal part of the right ventricular wall13. 
In comparison to our previous findings we observed 
an increase in diastolic velocities (e´, a´) of the basal 
part in control fetuses during gestation. Natarajan et al. 
described a significant increase of RV free wall (measured 
just beneath the tricuspid annulus) diastolic velocities 
in HLHS and control fetuses. Similar to our results they 

HLHS Myocardial 
function Segment Mean values Difference P-value

RI
GH

T 
VE

NT
RI

CL
E

s´ 
(mm/s)

annulus vs. middle 23.68 vs. 12.45 11.23 < 0.001*

middle vs. apex 12.45 vs. 8.54 3.91 0.025*

annulus vs. apex 23.68 vs. 8.54 15.14 < 0.001*

e´
(mm/s)

annulus vs. middle 18.55 vs. 10.72 7.83 0.003*

middle vs. apex 10.72 vs. 5.31 5.41 < 0.001*

annulus vs. apex 18.55 vs. 5.31 13.24 < 0.001*

a´
(mm/s)

annulus vs. middle 38.55 vs. 25.43 13.12 < 0.001*

middle vs. apex 25.43 vs. 16.13 9.30 0.032*

annulus vs. apex 38.55 vs. 16.13 22.42 < 0.001*

Displacement
(mm)

annulus vs. middle 2.02 vs. 0.92 1.10 < 0.001*

middle vs. apex 0.92 vs. 0.40 0.52 0.02*

annulus vs. apex 2.02 vs. 0.40 1.62 < 0.001*

Table 2. Comparison of myocardial velocities and displacement between the different segments for for HLHS fetuses; 
s’: Peak velocity during ventricular systole, e’: Peak early diastolic relaxation velocity, a’: Peak late diastolic relaxation 
velocity

Controls Myocardial 
function Segment Mean values Difference P-value

RI
GH

T 
VE

NT
RI

CL
E

s´ 
(mm/s)

annulus vs. middle 28.91 vs. 15.80 13.11 < 0.001*

middle vs. apex 15.80 vs. 9.53 6.27 < 0.001*

annulus vs. apex 28.91 vs. 9.53 19.38 < 0.001*

e´
(mm/s)

annulus vs. middle 28.66 vs. 20.76 7.90 0.03*

middle vs. apex 20.76 vs. 8.58 12.18 < 0.001*

annulus vs. apex 28.66 vs. 8.58 20.08 < 0.001*

a´
(mm/s)

annulus vs. middle 38.69 vs. 27.14 11.55 < 0.001*

middle vs. apex 27.14 vs. 16.85 10.29 < 0.001*

annulus vs. apex 38.69 vs. 16.85 21.86 < 0.001*

Displacement
(mm)

annulus vs. middle 2.99 vs. 1.54 1.45 < 0.001*

middle vs. apex 1.54 vs. 0.91 0.63 0.03*

annulus vs. apex 2.99 vs. 0.91 2.08 < 0.001*

Table 3. Comparison of myocardial velocities and displacement between the different segments for healthy control 
fetuses; s’: Peak velocity during ventricular systole, e’: Peak early diastolic relaxation velocity, a’: Peak late diastolic 
relaxation velocity 
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Limitations of the study include angle dependency of 
the technique as only axial velocities can be acquired as 
well as sensitivity to fetal positions, respiratory and body 
movements and maternal body mass index especially 
when calculating the derived modalities. c-TDI equipment 
is designed for adults (higher myocardial velocities) what 
may limit an adequate examination of the fetal heart.

We acknowledge the small number of cases included in 
this series. In conclusion we have shown an altered right 
ventricular myocardial function in HLHS within different 
myocardial segments of the right ventricle. The technique 
may be of value in the prenatal assessment of myocardial 
function, however its role as a monitoring tool and outcome 
predictor in fetuses with HLHS needs to be defined in 
future studies.
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