
Perinatal Changes in Fetal Ventricular Geometry,
Myocardial Performance, and Cardiac Function in

Normal Term Pregnancies

Olga Patey, MD, Michael A. Gatzoulis, MD, PhD, FACC, FESC, Basky Thilaganathan, MD, PhD, FRCOG,
and Julene S. Carvalho, MD, PhD, FRCPCH, London, United Kingdom

Background: The fetal heart at term is exposed to an increase in hemodynamic work as a consequence of
fetal growth, increased circulating volume, and alteration in loading patterns due to maturational
changes in fetoplacental circulation. The extent to which these cardiovascular changes influence
human fetal and neonatal cardiac adaptation has not been fully elucidated. The aim of this study was to
evaluate perinatal cardiovascular changes in ventricular geometry and myocardial performance in normal
term fetuses.

Methods: Prospective study of 108 uncomplicated pregnancies delivering at term. M-mode, two-dimensional
or B-mode, pulsed wave Doppler, pulsed wave tissue Doppler, and two-dimensional speckle tracking imaging
were performed a few days before and within 24 hours of birth.

Results:Analysis of paired fetal and neonatal echoes demonstrated significant perinatal changes (P < .0001 for
all) in right ventricular (RV) and left ventricular (LV) geometry (RV/LV end-diastolic dimension ratio, 1.2 vs 0.8;
RV sphericity index, 0.53 vs 0.40; LV sphericity index, 0.46 vs 0.49). There were corresponding significant
(P < .001 for all) perinatal changes in global myocardial performance: LV myocardial performance index,
0.60 versus 0.47; RV myocardial performance index, 0.61 versus 0.42; systolic function: LV longitudinal sys-
tolic strain rate, �1.4/sec versus �1.0/sec; RV longitudinal systolic strain rate, �1.5/sec versus �1.0/sec; RV
S0, 5.3 cm/sec versus 6.5 cm/sec; and diastolic function: LV E0/A0, 0.8 versus 1.1.

Conclusions: The findings support the concept that the perinatal period is associated with major changes
in fetal ventricular geometry and cardiac function in response to significant alterations in loading
conditions. Improved knowledge of perinatal cardiac changes in normal fetuses could facilitate better
understanding of cardiac adaptation in normal and pathological pregnancies. (J Am Soc Echocardiogr
2017;-:---.)
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INTRODUCTION

As the heart grows and develops in utero, it is exposed to an increase
in hemodynamic work as a consequence of fetal growth, increased
circulating volume, and alteration in loading patterns due to matura-
tional changes in fetal and placental circulation. The developing heart
may therefore be subject to considerable changes in ventricular geom-
etry, myocardial performance, and cardiac function, especially at near
term. The right ventricle is a dominant chamber in fetal life, supplying
the lower body organs with less oxygenated blood through the ductus
arteriosus.1 The left ventricular (LV) output directs more oxygenated
blood through the ascending aorta to the upper body, feeding the cor-
onary and cerebral circulation. In this parallel fetal circulation, both
ventricles are in communication with the descending aorta1 and
have similar systolic pressures but are still subject to different after-
loads. Dramatic changes occur at birth with closure of the prenatal
shunts, lowering of the pulmonary vascular resistance, increase in sys-
temic vascular resistance, and the two ventricles now functioning in
series. Although previous investigators have explored this phenome-
non in animal models,2 only few early3-6 and recent7-10 human

From the Molecular and Clinical Sciences Research Institute, St George’s

University of London (O.P., B.T., J.S.C.); Fetal Medicine Unit, St. George’s

University Hospitals NHS Foundation Trust (O.P., B.T., J.S.C.); Brompton Centre

for Fetal Cardiology (O.P., J.S.C.), and National Institute for Health Research

Cardiovascular Biomedical Research Unit (M.A.G.), Royal Brompton Hospital;

and National Heart and Lung Institute, Imperial College London (M.A.G.),

London, United Kingdom.

Dr. Olga Patey was partly supported by Children’s Heart Unit Fund, Royal Bromp-

ton and Harefield Hospital Charity (registration no. 1053584), and Sparks Charity

(registered no. 1003825, grant ref. no. 14EDI01).

The last two authors should be considered similar in author order.

Reprint requests: Dr. Olga Patey, MD, Fetal Medicine Unit, St. George’s University

Hospitals NHS Foundation Trust, Lanesborough Wing Street, London SW17 0QT,

United Kingdom (E-mail: pateyolga@gmail.com).

0894-7317/$36.00

Crown Copyright 2017 Published by Elsevier Inc. on behalf of the American Soci-

ety of Echocardiography. All rights reserved.

http://dx.doi.org/10.1016/j.echo.2017.01.011

1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:pateyolga@gmail.com
http://dx.doi.org/10.1016/j.echo.2017.01.011


studies have investigated the
extent to which these
cardiovascular changes
influence the human perinatal
cardiac adaptation, and they
produced conflicting results.

A comprehensive assessment
of the fetal heart at term may
help to improve the understand-
ing of perinatal fetal cardiac adap-
tation in normal and pathological
pregnancies. Strain and strain rate
analysis by tissue Doppler (TDI)
and speckle tracking (STI) imag-
ing has been found to have a
stronger correlation to invasive
indices of myocardial perfor-
mance, a higher sensitivity for de-
tecting even mild myocardial
damage, and a stronger predictive
value for cardiovascular compli-
cations than conventional echo
indices.11,12 In spite of these
newer techniques for cardiac
imaging, there are few studies
using these methods to assess
perinatal fetal heart function in
normal term pregnancies.8-10

The aim of this study was to
characterize cardiac geometry
and function in normal term
fetuses and neonates and to
describe how perinatal changes
in loading conditions may have
an impact on such parameters.

METHODS

This was a prospective longitu-
dinal study involving the fetuses
of women with apparently un-
complicated pregnancies and
their newborn babies. Pregnant
women attending for routine

antenatal care at St. George’s Hospital between November 2012
and May 2014 were recruited if the pregnancies were assessed as
normal and fetuses had structurally normal hearts. Exclusion criteria
were fetal structural abnormality, impaired fetal growth, any maternal
prepregnancy or pregnancy-related comorbidity, and pregnant
women in labor. All participants gave written consent for fetal and
neonatal echocardiogram. The Ethics Committee of NRES
Committee London-Surrey Borders approved the study protocol
(reference no. 12/LO/0945).
FetalM-mode, two-dimensional (2D) or B-mode, spectral or pulsed

wave (PW) Doppler, PW TDI, and STI echocardiograms were per-
formed few days before birth. Neonatal cardiac assessment was con-
ducted within hours after birth. One investigator (O.P.) performed all
ultrasound examinations using a Toshiba AplioMX ultrasound system
(Toshiba Medical Systems, Japan). Fetal M-mode, B-mode, and PW
Doppler measurements were made with the convex array transducer

PVT-375BT (3.5 MHz), while the sector pediatric heart probe PST-
65AT (6.5 MHz) was used for neonatal heart examination. Fetal
and neonatal PW-TDI curves and 2D images for STI analysis were ob-
tained and recorded with the multisector tissue harmonic transducer
PST-30 BT (3 MHz) with TDI mode activated. All neonatal examina-
tions were recorded with simultaneous electrocardiogram (ECG). In
the absence of a fetal ECG, the cardiac cycle was determined from
a dummy ECG device (Lionheart 2 BIO-TEK Multiparameter
Simulator, BIO-TEK Instruments, Inc., Winooski, VT) and mechanical
movements of the atrioventricular valves (AVVs).
M-mode ultrasound was used for assessment of LV shortening frac-

tion (SF) and longitudinal axis ventricular systolic function. B-mode
(2D) imaging was performed to measure ventricular chambers (right
ventricular [RV] and LVend-diastolic dimensions [EDDs], end-systolic
dimensions [ESDs], RV/LV EDD ratio, ventricular end-diastolic and
end-systolic areas, and RV and LV sphericity index calculated by
dividing ventricular EDDby ventricular end-diastolic length in the api-
cal/basal four-chamber view), ventricular wall thickness, and valve di-
ameters. The PW Doppler technique was used to obtain Doppler
signals from the inflow and outflow tracts for evaluation of diastolic
and systolic function, respectively, for calculation of stroke volume
(SV) and cardiac output (CO) and for estimation of LV myocardial
performance index (MPI). The PW-TDI technique was applied to
derive cardiac indices of myocardial motion S0 as well as E0 and A0

and was also used for estimation of MPI for both right and left ventri-
cles (MPI0). All echocardiographic measurements were performed ac-
cording to the standardized protocol of the study and with regards to
previously described fetal echo techniques (see the Supplemental
Data, available at www.onlinejase.com). For fetal STI, care was taken
to obtain 2D four-chamber apical or basal images. The narrowest
possible ultrasound field and a single focal zone were used during im-
age acquisition to obtain the frame rates greater than 100 frames per
second (fps). These settings provided an acceptable combination of
high temporal resolution with spatial definition to enhance the feasi-
bility of the frame-by-frame tracking technique. Following the obser-
vation of several fetal heart beats, the real-time image was frozen, and
one cardiac cycle was recorded.With the dummy ECG set at 60 bpm,
the system was able to capture at least one whole fetal cardiac cycle
with real fetal heart rate of 120–150 bpm. When several digital clips
were obtained, raw data were transferred to a computer for offline
analysis with frame rates greater than 100 fps using a dedicated soft-
ware (TDI and STI Toshiba software Advanced Cardiac Package,
Toshiba Medical Systems, Japan) on a BTO laptop. The 2D clips
were visually inspected, and the one with the best endocardial border
definition was chosen for STI analysis. The cardiac cycle was defined
with M-mode function (M-Graph) incorporated into the Toshiba soft-
ware whereby anM-mode trace was obtained by placing a cursor line
on the 2D image. This provided a guide to set the R wave position.
Visualization of opening (start of the diastole) and closure (start of sys-
tole) of AVVs was used to confirm definition of the cardiac cycle. The
endocardial and epicardial surfaces of the myocardial segment were
manually traced by a point-and-click approach. When the trace was
recognized and accepted by the software, it was then automatically
generated by the system by creating a region of interest and providing
segmental longitudinal strain and strain rate values and then gener-
ated strain and strain rate curves for each selected myocardial
segment. From these curves, the regional and global (by averaging
values observed in all six segments) peak values were obtained. The
peak systolic values of global and segmental longitudinal strain and
systolic longitudinal strain rate were recorded for LV and RV sepa-
rately. All temporal indices (PW-TDI derived time intervals) were
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