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OBIETTIVI

Lo scopo del nostro studio è stato quello di dimostrare e confermare l’utilità 

dell’ampio spettro di metodiche fornite dalla tecnologia ecografica tridimensionale e 

quadridimensionale, nel diagnosticare, monitorare, prevedere o studiare determinate 

patologie ostetriche.

Il nostro studio ha coinvolto patologie perinatali che risultano essere ancora di 

problematica gestione. In particolare si è cercato di approfondire la diagnosi e la 

previsione delle patologie cromosomiche, della pre-eclampsia e della pre-eclampsia 

grave tale da richiedere l’espletamento del parto prima di 32 settimane di gestazione,

di alcune malformazioni cardiache quali la Trasposizione completa e corretta dei 

Grossi Vasi, lo studio della funzionalità cardiaca in feti normali e con ritardo di 

crescita intrauterino.

Per tutti gli esami effettuati è stato utilizzato un ecografo Voluson 730 (G. E. 

Healthcare).

La tecnica ultrasonografica utilizzata è stata quella tradizionale bidimensionale 

con la misurazione di distanze (valvole cardiache, biometria fetale), con l’uso del 

Doppler colore e pulsato (visualizzazione di vasi sanguigni quali le arterie uterine e

l’arteria ombelicale, dei flussi sanguigni intracardiaci, la visualizzazione dei 

diagrammi di flusso dei vasi uterini, la misurazione del PI, TVI, dei flussi trans-

valvolari cardiaci). 

La tecnica tradizionale è stata integrata e confrontata con quella

tridimensionale e quadridimensionale. 



Gli apparecchi ecografici tridimensionali acquisiscono un singolo volume di

voxels mediante una “spazzolata” del fascio ultrasonoro attraverso l’area di

interesse, e ciò permette l’approccio standard per lo studio tridimensionale delle

strutture non-cardiovascolari. L’immagine così ottenuta è un’immagine statica.

La tecnologia 4D aggiunge l’elemento movimento ed in particolare lo Spatio-

Temporal Image Correlation (STIC) permette di ottenere una sequenza di un singolo 

ciclo cardiaco, come fosse un esame bidimensionale condotto dal vivo ed in tempo 

reale. La sovrapposizione del colore è invece particolarmente utile per verificare la

normale emodinamica cardiaca o la presenza di eventuali anomalie.

L’utilizzo del power Doppler tridimensionale ha permesso di studiare gli indici 

di vascolarizzazione placentare  quali vascularization index (VI), flow index (FI) e

vascularization flow index (VFI).

Per studiare il volume di un tessuto, di un organo o di una cavità (nel caso 

specifico dell’intera placenta o delle cavità cardiache) è stata utilizzata la tecnica 

VOCAL (Virtual Organ Computer-Aided anaLysis), che permette di ottenere una 

sequenza di diverse sezioni dopo una rotazione di alcuni gradi rispetto alla 

precedente. In ogni piano il contorno è stato tracciato manualmente. Il computer ha 

poi eseguito la ricostruzione e calcolato il volume.

Per studiare le scansioni utili a diagnosticare malformazioni cardiache quali la 

Trasposizione dei grossi vasi è stata utilizzata la metodica SonoVCAD

(Sonographically based Volume Computer-AideD) che ricostruisce automaticamente 

le scansioni cardiache diagnostiche da un volume quadridimensionale del torace 

fetale ottenuto tramite STIC.

Le tecniche descritte sono state utilizzate nella ricerca clinica, permettendo la 

stesura dei quattro studi analizzati di seguito.



VASCOLARIZZAZIONE PLACENTARE MISURATA MEDIANTE 

ECOGRAFIA POWER DOPPLER TRIDIMENSIONALE DA 11 A 13 + 6 

SETTIMANE DI GRAVIDANZA IN FETI NORMALI E ANEUPLOIDI

Oggetto: Stabilire il ruolo potenziale del 3D power Doppler nella valutazione 

della circolazione placentare nell’ecografia di screening da 11 a 13 + 6 settimane di 

gravidanza.

Metodi: E’ stata eseguita una valutazione placentare mediante 3D power 

Doppler in 25 gravidanze con feti con cariotipo anomalo e in un gruppo di controllo di 

100 gravidanze da 11 a 13 + 6 settimane di gestazione. Usando lo stesso setting 

prestabilito per tutti i casi, sono stati calcolati per l’intera placenta l’indice di 

vscolarizzazione (VI), l’indice di flusso (FI) e l’indice di flusso e vascolarizzazione 

(VFI).

Risultati: Nel gruppo con cariotipo normale tutti gli indici vascolari 

aumentavano significativamente con l’avanzare della gravidanza tra 11 e 13 + 6 

settimane di gestazione (VI: r = 0,482, p<0,001; FI: r = 0,295, p = 0,0,0029; VFI: r = 

0,484, p<0,001). Nel gruppo a cariotipo anomalo, gli indici di flusso non erano 

significativamente differenti dai normali nei casi con Trisomia 21 (13 casi), ma erano 

significativamente ridotti rispetto ai casi normali nei casi con Trisomia 13 e 18 (VI: t = 

8,321, p<0,0001; FI: t = 12,934, p<0,0001; VFI: t = 7,608, p<0,0001).

Conclusioni: La valutazione 3D power Doppler della circolazione placentare 

non è utile nello screening della Trisomia 21, ed è improbabile che aumenti 



ulteriormente la detection rate già alta per le Trisomie 13 e 18. Comunque abbiamo 

fornito i valori normali degli indici vascolari placentari tra 11 + 0 e 13 + 6 settimane di 

gestazione, cosa che potrà essere utile in ricerche future sulla vascolarizzazione 

placentare in alcune gravidanze a rischio.

Parole chiave: Ecografia 3D, alterazioni cromosomiche, vascolarizzazione 

placentare, power Doppler.
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ABSTRACT

Objective To establish the potential role of three-
dimensional (3D) power Doppler evaluation of the
placental circulation in aneuploidy screening at 11 to
13 + 6 weeks of gestation.

Methods 3D power Doppler ultrasound examination
of the placenta was performed in 25 pregnancies
with fetuses with abnormal karyotype and in 100
control pregnancies at 11 to 13 + 6 weeks of gestation.
Using the same pre-established settings for all cases,
the vascularization index (VI), flow index (FI) and
vascularization flow index (VFI) were calculated for the
whole placenta.

Results In the chromosomally normal group all the
vascular indices increased significantly with advancing
gestation between 11 and 13 + 6 weeks (VI: r = 0.482,
P < 0.001; FI: r = 0.295, P = 0.0029; VFI, r = 0.484,
P < 0.001). In the chromosomally abnormal group, the
flow indices were not significantly different from normal
in cases with trisomy 21 (13 cases), but they were
significantly reduced compared with normal in cases
with trisomies 13 and 18 (VI: t = 8.321, P < 0.0001:
FI: t = 12.934, P < 0.0001; VFI: t = 7.608, P < 0.0001).

Conclusions 3D power Doppler evaluation of the
placental circulation is not useful in screening for trisomy
21, and unlikely to further increase the already high
detection rate for trisomies 13 and 18. However, we
provide normal ranges of placental vascular indices
between 11 + 0 and 13 + 6 weeks of gestation, which
may be useful in future research on placental vascularity
in certain at-risk pregnancies. Copyright  2007 ISUOG.
Published by John Wiley & Sons, Ltd.

INTRODUCTION

Placental size and vascularity have been found to differ
from normal in pregnancies with aneuploid fetuses.
Histopathological studies of the placenta of fetuses
with trisomy 21 and other aneuploidies have shown
trophoblastic hypoplasia and villous hypovascularity
from the first trimester of pregnancy1–3. However, there
is uncertainty as to whether the observed differences truly
reflect alterations in placental vascularization or whether
they are secondary either to artifactual changes related to
fetal demise in specimens obtained from aborted material
or to limitations in the chorionic villus sampling (CVS)
method in ongoing pregnancies4,5.

Three-dimensional (3D) ultrasound studies of placental
volume during the first trimester have reported it to
be reduced in size in pregnancies affected by trisomies
13 and 186, while conflicting results have been found
for trisomy 217, but no data are available on vascular
structure. Recent advances in technology allow the
combination of 3D ultrasound with power Doppler,
making it possible to quantify Doppler signals in a volume
obtained by 3D scanning8 and allowing investigation
of the entire placental circulation. In this study, we
investigated the potential value of this new technique
by comparing the vascularization of the placenta in
pregnancies with chromosomally abnormal fetuses with
that in euploid control pregnancies at 11 to 13 + 6 weeks’
gestation.

METHODS

Placental vascularity was measured at 11 to 13 +
6 weeks in 25 pregnancies complicated by chromoso-
mal defects and in 100 control pregnancies scheduled
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for CVS or during nuchal translucency measurement.
All women gave their informed consent to partici-
pate.

3D volume scanning was performed with a Voluson 730
(GE Healthcare, Kretztechnik, Zipf, Austria) ultrasound
machine equipped with a 4–8-MHz transducer, as
described previously9. Using the same pre-established
instrument settings in all cases (angio mode, cent;
smooth, 4/5; frequency, low; quality, 16; density, 6;
enhance, 16; balance, gain balance > 150; filter, 2; actual
power, 2dB; pulse repetition frequency, 0.9), power
Doppler was used to image the placental vasculature.
The 3D placental volume was acquired keeping the
probe perpendicular to the placental plate and the
size of the volume box was adapted in order to
include the placenta fully. The sweep angle was set
at 85◦. The placental volume was stored and later
analyzed offline by an observer who was blinded to
the sequence of recordings. Virtual Organ Computer-
aided AnaLysis (VOCAL 2, GE Medical Systems,
Milwaukee, WI, USA) was used to evaluate placental
volume by obtaining a sequence of 12 sections of the
placenta, separated by successive rotations of 15◦. In
each plane, the contour was traced manually and the
organ was then reconstructed automatically by computer
(Figure 1).

After estimation of the placental volume, the 3D
power Doppler histogram was used to determine the
following vascular indices from computer algorithms10:
(1) vascularization index (VI), which refers to the color
voxel/total voxel ratio, i.e. the color percentage within
the volume of interest (placenta), and provides an indi-
cation of how many vessels can be detected within the
placenta (vascularity); (2) flow index (FI), which refers to
the weighted color voxel (on a scale of 0–100)/total color
voxel ratio and provides an amplitude value for the color
signal, thus giving information on how many blood cells
are being transported at the time of the 3D sweep (placen-
tal blood flow); and (3) vascularization flow index (VFI),
which refers to the weighted color voxel/total voxel ratio,
combining the information of vessel presence (vascularity)
and amount of transported blood cells (blood flow).

The reproducibility of the indices was assessed by
measuring placental volume and flow in pregnancies
undergoing routine ultrasound examination between 11
and 13 + 6 weeks of gestation at the beginning and again
at the end of the session. Offline analysis by observers
blinded to the sequence of placental volumes resulted in
intraobserver and interobserver coefficients of variation
< 12% and < 14.5%, respectively, for VI, FI and VFI.

In the chromosomally normal fetuses, regression
analysis was used to determine the significance of
the association between the placental flow indices and
crown–rump length (CRL). Shapiro–Wilk’s test was
used to analyze the normal distribution of data. Each
measurement was then expressed as the number of
SDs by which it differed from the expected mean for
CRL (delta value) and a one-sample t-test was used

Figure 1 Three-dimensional power Doppler images of the placenta
of a euploid fetus (a) and a trisomy 18 fetus (b).

to test significant differences. P < 0.05 was considered
statistically significant.

RESULTS

The median maternal age was 38 (range, 18–44) years
and the median fetal CRL was 66 (range, 45–84) mm.
There were 13 cases of trisomy 21, eight cases of trisomy
18, two cases of trisomy 13, one case of triploidy and
one of Turner syndrome. The control fetuses were found
to have normal karyotype either at CVS, at subsequent
amniocentesis or after birth at clinical examination of the
newborn.

Placental vascularity was measured successfully in
all cases. In normal fetuses, all three indices increased
significantly with advancing gestation, as shown in
Figure 2 (VI: slope, 0.155; intercept, 10.534; residual SD,
3.037; r = 0.482; P < 0.001; FI: slope, 0.308; intercept,
32.837; residual SD, 10.752; r = 0.295; P = 0.0029;
VFI: slope, 0.106; intercept, 4.362; residual SD, 2.062;
r = 0.484; P < 0.001).

In pregnancies affected by trisomy 21, there were
no significant differences from normal in VI (mean
difference, −0.639; t = 1.796; P = 0.097), FI (mean

Copyright  2007 ISUOG. Published by John Wiley & Sons, Ltd. Ultrasound Obstet Gynecol 2007; 30: 259–262.
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Figure 2 Reference limits (mean, 5th and 95th centiles) of placental vascularization (a), flow (b) and vascularization flow (c) indices in normal
fetuses, plotted against crown–rump length (CRL).
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Figure 3 Placental vascularization (a), flow (b) and vascularization flow (c) indices in fetuses with chromosomal defects (trisomy 21 (°),
trisomy 18 (�), trisomy 13 (�), triploidy (×) and Turner syndrome (�)) plotted on the normal reference range for crown–rump length
(CRL) shown in Figure 2.

difference, −0.611; t = 2.040; P = 0.0639) and VFI
(mean difference, −0.432; t = 1.192; P = 0.2564). In
pregnancies affected by trisomies 13 and 18, these indices
were significantly lower than normal (VI: mean difference,
−2.767; t = 8.321; P < 0.0001; FI: mean difference,
−2.131; t = 12.934; P < 0.0001; VFI: mean difference,
−2.164; t = 7.608; P < 0.0001). The fetus with Turner
syndrome had normal flow indices, while the triploid fetus
showed values below the norm (Figures 1b and 3).

DISCUSSION

We have shown that vascularization of the whole placenta
may be assessed in a reproducible way by 3D power
Doppler ultrasound. This confirms the reliability of the
technique, which has already been used in the analysis
of small placental portions during the late second and
third trimesters10 and in the study of the vascularization
of other fetal and maternal organs11,12.

In normal pregnancy we found a significant increase
with increasing gestation of all three of the vascular

Copyright  2007 ISUOG. Published by John Wiley & Sons, Ltd. Ultrasound Obstet Gynecol 2007; 30: 259–262.
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indices considered, suggesting an increase in placental
vascularity during this period of gestation. Although we
did not investigate direct relationships between vascular
indices and histomorphometric parameters, our Doppler
findings were consistent with histological data showing
a progressive increase of placental vasculature during
the early second trimester of pregnancy13,14. Indeed, in
normal pregnancies there is a substantial increase in
placental angiogenesis, resulting in an estimated 56-fold
increase in capillary volume in peripheral villi, during this
period15.

In pregnancies affected by trisomies 13 and 18, the
vascular indices were significantly lower than the norm.
This confirms histological findings in ongoing pregnancies
affected by trisomies 13 and 18 that show decreased
vascularization and trophoblastic hypoplasia in placental
samples obtained by CVS2,5 as well as the small placental
volumes obtained by 3D ultrasound in these fetuses6. In
spite of a tendency towards lower vascularization indices
in the placentae of trisomy 21 fetuses, there were no
statistical differences compared with normal fetuses. This
may have been due to the relatively small number of
trisomy 21 fetuses in this study. One possible explanation
for the low vascular indices values found in such fetuses is
delayed development of placental vascularization. Indeed,
histomorphological studies on CVS material from ongoing
trisomy 21 pregnancies have shown delayed development
of the structure of the chorionic villi5. Since placental
vascular indices increase with advancing gestation, the
lower values found in the trisomy 21 cases may simply
reflect a temporal delay in changes in the villi.

Irrespective of the underlying mechanisms, there
appears to be less difference (from normal) in placental
vascularization in cases of trisomy 21 compared with cases
of trisomies 13 and 18. As a consequence it seems unlikely
that the study of placental vascularization as assessed by
3D Doppler ultrasound might be incorporated into the
first-trimester screening of trisomy 2116. Similarly, it is
difficult to suggest that these vascular indices may further
increase the high detection rate for trisomies 13 and
18 already achieved by using a combination of nuchal
translucency thickness measurement, maternal serum
free beta-human chorionic gonadotropin and pregnancy-
associated plasma protein-A assays and sonographic
evidence of fetal gross anomalies (e.g. exomphalos,
megacystis, holoprosencephaly)17,18. However, to the best
of our knowledge, this study provides the first normal
ranges of placental vascular indices between 11 + 0 and
13 + 6 weeks of gestation; these may be useful in future
research evaluating placental vascularity in pregnancies
at risk of developing complications such as pre-eclampsia
and growth restriction.
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DETERMINAZIONE DELLO STROKE VOLUME (SV) CARDIACO 

FETALE MEDIANTE L’ECOGRAFIA 4D CON LO STIC (SPATIO-

TEMPORAL IMAGE CORRELLATION), CONFRONTATO CON 

L’ECOGRAFIA 2D E DOPPLER

Oggetto: Stabilire la concordanza tra lo Stroke Volume (SV) misurato 

mediante l’ecografia bidimensionale con la funzione Doppler versus l’ecografia 4D 

STIC in feti normali e con ritardo di crescita.

Metodi: Il Doppler 2D e il 4D STIC sono stati usati per misurare lo SV di 40 

feti normali a 20-22 settimane e a 28-32 settimane e di 16 feti con ritardo di crescita 

a 26-34 settimane di gravidanza. E’ stata utilizzata una correlazione intraclasse per 

valutare la concordanza tra SV sinistro e destro ottenuto con le due tecniche, e sono 

stati costruiti dei grafici proporzionali di Bland-Altman. E’ stato analizzato il tempo 

necessario ad ottenere lo SV.

Risultati: il coefficiente di correlazione intraclasse tra le misurazioni ottenute 

mediante Doppler 2D e STIC 4D per il ventricolo sinistro è stata 0,977 e per il 

ventricolo destro 0,980. I limiti proporzionali di concordanza tra i due metodi sono 

stati da 18,7 a 23,9% per il ventricolo sinistro e da -20,9 a 21,7% per il ventricolo 

destro. Il tempo necessario a misurare lo SV è stato significativamente più breve con 

lo STIC 4D (3,1 versus 7,9 minuti p<0,0001) rispetto al Doppler 2D.



Conclusioni: Esiste una buona concordanza tra lo SV misurato mediante 

Doppler 2D e STIC 4D. Lo STIC 4D rappresenta una tecnica semplice e rapida per 

misurare lo SV e promette di diventare il metodo di scelta. 

Parole chiave: ecocardiografia fetale; ecografia 4D; STIC; stroke volume

cardiaco fetale
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Fetal cardiac stroke volume determination by
four-dimensional ultrasound with spatio-temporal image
correlation compared with two-dimensional and Doppler
ultrasonography

Giuseppe Rizzo1*, Alessandra Capponi2, Ottavia Cavicchioni1, Marianne Vendola1 and Domenico Arduini1

1Department Obstetrics and Gynecology, Università di Roma “Tor Vergata”, Italy
2Department Obstetrics and Gynecology, Ospedale GB Grassi Roma, Italy

Objective To assess the agreement of stroke volume (SV) measured with two-dimensional (2D) ultrasonog-
raphy with Doppler capability (vs) four-dimensional (4D) with spatiotemporal image correlation (STIC) in
normal and growth restricted fetuses.

Methods 2D Doppler and 4D STIC were used to measure SV of 40 normal fetuses at 20 to 22 and 28 to
32 weeks, and 16 growth-restricted fetuses at 26 to 34 weeks of gestation. Intraclass correlation was used
to evaluate the agreement between left and right SV obtained by the two techniques, and proportionate
Bland–Altman plots constructed. The time necessary to obtain SV was analyzed.

Results The intraclass correlation coefficient between 2D Doppler and 4D STIC measurements for the left
ventricle were 0.977 and 0.980 for the right ventricle. The proportionate limits of agreement between the
two methods were 18.7 to 23.9% for the left ventricle and −20.9 to 21.7% for the right ventricle. The time
necessary to measure SV was significantly shorter with 4D STIC (3.1 (vs) 7.9 min p < 0.0001) than with 2D
Doppler.

Conclusions There is a good agreement between SV measured either by 2D Doppler or by 4D STIC. The
4D STIC represents a simple and rapid technique to estimate fetal SV and promises to become the method of
choice. Copyright  2007 John Wiley & Sons, Ltd.
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INTRODUCTION

An accurate and reliable method for measuring cardiac
output would be useful in evaluating fetuses with
structural and functional heart defects (Simpson, 2004;
Yagel et al., 2007). Conventionally, this may be obtained
by recording Doppler velocity waveforms from the
outflow tracts and by measuring aortic and pulmonary
valves diameter in two-dimensional (2D) ultrasound
(Allan et al., 1987; Groenenberg et al., 1989; Silverman,
1993). However these recordings are time consuming,
and require a favorable position of the fetus and an
experienced operator. These factors have limited its
application in clinical practice.

Four-dimensional (4D) with spatiotemporal image
correlation (STIC) ultrasonography allows to acquire
fetal cardiac volume and to reconstruct a cine loop car-
diac cycle from which a specific cardiac phase can be
identified and analyzed (DeVore et al., 2003; Goncalves
et al., 2003; Chaoui et al., 2004; Deng and Rodeck,
2004). Experiments in vitro with pulsatile balloon mod-
els have validated the reproducibilty of 4D STIC in

*Correspondence to: Giuseppe Rizzo, Dept Obstetrics and Gyne-
cology, Università di Roma Tor Vergata, Ospedale “Fatebene-
fratelli S. Giovanni Calabita”, Isola Tiberina 89, 00186 Roma,
Italy. E-mail: giuseppe.rizzo@uniroma2.it

measurements of small volumes compatible with those
of the hearts of second and third trimester fetuses (Bhat
et al., 2004), and it has been recently applied to human
fetuses in the calculation of stroke volume (SV) (Mess-
ing et al., 2007)

The objective of this study was to test the feasibility of
measuring fetal SV with 4D STIC ultrasonography and
to evaluate its agreement with the standard technique
based on 2D and Doppler ultrasonography.

METHODS

After informed consent from the mother we cross-
sectionally investigated 20 fetuses at 20 to 22 weeks,
and 20 fetuses at 28 to 32 weeks gestation referred
to our unit for standard ultrasonographic examina-
tion. Criteria of inclusion were: (1) singleton preg-
nancy, (2) absence of structural anomalies, (3) normal
fetal size, (4) successful recordings of Doppler wave-
forms from outflow tracts, and aortic and pulmonary
valves diameters, (5) successful 4D STIC volume acqui-
sition, and (6) exhaustive postnatal follow-up. We also
studied 16 fetuses with intra-uterine growth restriction
(IUGR) at 26 to 34 weeks of gestation. IUGRs were
defined in presence of an ultrasonographic estimated
fetal weight <5th percentile for our population standard,
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and abnormal umbilical artery Doppler velocity wave-
forms (Pulsatility Index >95th percentile in 9 cases,
absent or reverse end diastolic flow respectively in five
and two fetuses). All IUGR fetuses were from singleton
pregnancies, free from structural anomalies. A complete
postnatal follow-up was available in all the fetuses, and
successful recordings were obtained for both 2D Doppler
and 4D STIC.

In order to reduce the interobserver variability, all the
recordings (2D, Doppler and 4D STIC) were performed
by the same examiner (G.R.) with a Voluson 730
ultrasound machine (G. E. Healthcare, Kretztechnik,
Zipf, Austria) equipped with a 4- to 8-MHz transducer.

Using previously reported techniques (Rizzo et al.,
1992), the inner diameters of the aorta and pulmonary
artery were measured at an insonation angle perpendicu-
lar to the vessel wall, between the open semilunar valves.
The optimal frame for measurement was searched in the
memory buffer of the ultrasound equipment. In a sep-
arate axial insonation with the color Doppler function
superimposed, the sample volume of the Doppler was
placed immediately distal to the valve leaflets keeping
the angle of insonation close to 0◦, and velocity wave-
forms were recorded from both aorta and pulmonary
arteries. Recordings obtained at an angle of insonation
>20◦ were rejected. Recordings were obtained during
fetal quiescence and the time velocity integral (TVI)
was calculated on six consecutive and uniform veloc-
ity waveforms. Left and right SV were calculated as
π∗(D/2)2∗TVI. The intraobserver coefficient of varia-
tion of left and right SV was <12% (Rizzo et al., 1992).

4D STIC volumes were acquired when fetuses were
in a dorso-posterior position allowing either apical,
rightsided or leftsided insonation of four chamber view
of the fetal heart. The acquisition angle of the volume
box was selected between 20 and 25◦ according to fetal
position, and acquisition time was set at 10 s (Rizzo
et al., 2007). After an adequate volume acquisition had
been obtained prior to storage of the volumes, the
orientation was standardized by rotating, if necessary,
the image on the y-axis (laterally, from side to side in
order to store all volumes with the left ventricle on the
left side of the image and the apex of the heart positioned
at the 11 o’clock position (Paladini, 2007). No other

rotation maneuvers were performed prior to storage on
the hard disk.

Later offline evaluation of the STIC volumes was per-
formed on a personal computer by an examiner who
was blinded to the results of the 2D and Doppler mea-
surements using specialized 3D software (4D View 5.0,
GE Medical systems). The plane A (transverse origi-
nal plane of acquisition) was rotated in order to have
an apical four-chamber view, and a clear visualization
of the mitral and tricuspid valves. Postprocessing facili-
ties such as contrast, zoom, shading and colorizing were
used to provide the clearest visualization of endocar-
dial delimitation. Finally, end-diastolic and end-systolic
frames were selected as, respectively, the largest and
smallest ventricular size by the frame-to-frame analy-
sis of the virtual cardiac cycle of 4D STIC. The Virtual
Organ Computer-aided Analysis (VOCAL 2 GE Med-
ical Systems, Milwaukee, WI, USA) was then used to
evaluate end-systolic and end-diastolic volumes of each
ventricle by obtaining a sequence of 12 sections of the
heart, each obtained after a 15◦ rotation from the previ-
ous one. In each plane the contour was traced manually,
and at the end, the computer provided the reconstruction
of the ventricle and calculated its volume (Figure 1).
The SV from left and right ventricles was calculated as
the difference between the end-diastolic and end-systolic
volumes.

To assess the agreement between 2D Doppler and 4D
STIC ultrasonography, the SV measurements of the left
and right ventricles were compared using the interclass
coefficient of variations. A proportionate Bland–Altman
plot (difference in SV between the two methods divided
by the mean of both measurements expressed as percent
against the mean SV of the two methods) was con-
structed. The proportionate limits of agreement and the
under- or overestimations of 4D STIC compared with 2D
Doppler were calculated (Bland and Altman, 2003). The
time required to calculate SV with the two techniques
was calculated and differences analyzed by t-test.

RESULTS

The intraobserver and interobservers agreement of the
4D STIC measurement was assessed by remeasuring

Figure 1—Example of quantification of left ventricle volume during diastole (left panel) and systole (right panel) in a 20-week fetus using the
visual organ computer aided analysis (VOCAL) tool

Copyright  2007 John Wiley & Sons, Ltd. Prenat Diagn 2007; 27: 1147–1150.
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three times the left and right stroke by two independent
observer in ten randomly selected 4D STIC volumes.
For the left ventricle SV intraobserver and interobserver
correlation coefficients were respectively 0.98 [95%
confidence interval ((CI)) 0.92–0.99] and 0.95 (95% CI
0.88–0.97), while for the right ventricle SV 0.97 (95%
CI 0.91–0.98) and 0.93 (95% CI 0.87–0.95).

The mean values of SV obtained with the two tech-
niques in the different group of fetuses considered are
reported in Table 1. When comparing the SV measured
with 2D Doppler and 4D STIC the intraclass coefficient
for the left ventricle was 0.977 (95% CI 0.963–0.986)
and 0.980 (95% CI 0.968–0.988) for the right ventricle
(Figure 2).

The proportionate limits of agreement between the
two methods were 18.7 to 23.9% for the left ventricle,
and −20.9 to 21.7% for the right ventricle (Figure 3).
The overestimation of 2D Doppler techniques was 2.6%
for the left ventricle and 0.4% for the right ventricle.
There were no significant differences in fetal heart rate
when comparing values calculated either on Doppler
tracings or on 4D STIC volumes (144 ± 9 bpm (vs)
142 ± 11 bpm t = 1.48, p = 0.137). The average time
required to acquire a 4D STIC volume and analyze both
left and right SV was 3.1 ± 0.84 min, values which are
significantly lower than those necessary to obtain the
same measurements with 2D Doppler ultrasonography
(7.9 ± 2.3 min p < 0.0001).

Table 1—Stroke volume (mL) measured by 2D Doppler and 4D STIC in the three groups of fetuses (mean and standard deviation)

2D doppler LV 4D STIC LV 2D doppler RV 4D STIC RV

20–22 weeks 0.492 (0.156) 0.482 (0.154) 0.583 (0.147) 0.599 (0.147)
28–32 weeks 2.310 (0.546) 2.195 (0.323) 2.804 (0.528) 2.759 (0.530)
IUGR 1.630 (0.346) 1.562 (0.524) 1.576 (0.360) 1.546 (0.389)

Figure 2—Scatterplot showing the correlation of left and right stroke volume measured by 2D Doppler and 4D STIC ultrasonography. Open
circles are normal fetuses at 20 to 22 weeks, open triangles are normal fetuses at 28 to 32 weeks, and closed circles are IUGR fetuses at 26 to
34 weeks

Figure 3—Bland and Altman plot of differences (%) against mean for measurement of right and left stroke volume obtained by 2D Doppler
and 4D STIC with mean and 95% limits of agreement indicated. Open circles are normal fetuses at 20 to 22 weeks, open triangles are normal
fetuses at 28 to 32 weeks, and closed circles are IUGR fetuses at 26 to 34 weeks

Copyright  2007 John Wiley & Sons, Ltd. Prenat Diagn 2007; 27: 1147–1150.
DOI: 10.1002/pd



1150 G. RIZZO ET AL.

DISCUSSION

The only two techniques presently enabling measuring
of SV are 2D Doppler and the 4D STIC ultrasonogra-
phy. Both techniques can measure SV reliably and with
good reproducibility. In our study, the SV measurements
by 2D Doppler and 4D STIC ultrasonography performed
independently by two observers showed high interclass
coefficients, small differences and small limits of agree-
ment for both left and right ventricle, which suggests
close agreement between the two techniques.

4D STIC ultrasonography has the advantage to allow
to measure SV only by visualizing the standard four-
chamber view and then automatically acquiring from this
section the cardiac volume. This approach reduces the
‘operator dependency’ of the measurements necessary
with 2D Doppler technique that indeed requires to
obtain four different sections of the fetal heart, namely,
right and left outflow tracts in both transverse view (to
measure valve diameter) and axial view to keep the
angle of insonation of Doppler beam near to 0◦. It also
dramatically reduces the time necessary to measure SV
as clearly shown in this study.

A potential limitation of 4D STIC is the need to
acquire volumes from a quiescient fetus placed in a
supine position. Previous reports from us and others
have shown how this condition can be easily met
during a routine ultrasound examination (Chaoui et al.,
2004; Rizzo et al., 2007; Yagel et al., 2007). In addition
oligohydramnios may adversely affect the quality of the
acquired cardiac volumes. The results obtained in this
study on IUGR fetuses where the amniotic fluid volume
was reduced suggest that also under these conditions
reproducible recordings may be obtained.

The high reproducibility of SV found in this study
was in agreement with the results recently reported by
Messing et al. (2007) who found intra and interobserver
variations inferior to 5 and 10%, respectively, measur-
ing cardiac volumes with 4D STIC. Our method of
4D STIC postprocessing analysis differs from that of
Messing et al. (2007) since we did not use inversion
mode. Inversion mode allows us to visualize the fluid-
filled space inside but requires manual adjustment of
the threshold. Since this may add an operator depen-
dency in the calculation we avoided this technique. The
strong reproducibilty of our measurements support our
approach.

Although this study was small and SVs were measured
in a limited number of fetuses, our results demonstrate

how SV can be measured by 4D STIC during the second
half of pregnancy in normal and IUGR fetuses. This
may add a further tool for fetal cardiac evaluation in
functional and structural heart diseases.

In conclusion, 4D STIC ultrasonography promises to
become the method of choice for measuring fetal SV
whenever that seems necessary.
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APPLICAZIONE DEL AUTOMATED SONOGRAPHY SU FETI AFFETTI 

DA TRASPOSIZIONE DEI GROSSI VASI

Oggetto: Lo scopo di questo studio è stato di valutare, in feti al secondo 

trimestre di gravidanza, affetti da trasposizione dei grossi vasi (TGA), il rendimento 

del software sonoVCAD (sonografically based computer-aided analysis) che 

automaticamente recupera scansioni diagnostiche del cuore da un volume 4D del 

torace fetale, ottenuto mediante STIC.

Metodi: Abbiamo valutato retrospettivamente i volumi ottenuti mediante STIC 

di 12 feti affetti da TGA (TGA completa: 10 casi; TGA corretta: 2 casi). I dati sono 

stati analizzati per determinare se le scansioni diagnostiche, cioè la scansione 

cardiaca 1 (tratto di efflusso del ventricolo sinistro)  e la scansione cardiaca 2 (tratto 

di efflusso del ventricolo destro), fossero identificate correttamente in almeno 1 delle 

7 immagini tomografiche generate automaticamente e se permettessero la diagnosi 

di TGA.

Risultati: In 9 feti su 10 affetti da TGA completa, la scansione cardiaca 

diagnostica 1 ha mostrato un vaso arterioso che si biforcava (arteria polmonare), 

proveniente dal ventricolo sinistro, mentre in 7 feti su 10 era visualizzabile l’aorta 

proveniente dal ventricolo destro. In entrambi i casi con TGA corretta, è stato 

possibile mostrare l’arteria polmonare a partenza dal ventricolo morfologicamente 

sinistro, mentre in uno dei due casi è stata visualizzata la connessione dell’aorta con 

uno dei ventricoli morfologicamente di destra. Nella totalità dei feti affetti da TGA è



stato possibile mostrare un’anomalia della connessione ventricolo-arteriosa nelle 

scansioni1 o 2.

Conclusioni: Questo approccio automatico mostra una buona riproduzione

delle scansioni cardiache nei feti affetti da TGA, funzione che si può dimostrare utile 

nel migliorare l’efficacia diagnostica per questa patologia.

Parole chiave: Ecografia automatizzata, malformazioni congenite cardiache, 

ecocardiografia fetale, ecografia 4D, trasposizione dei grossi vasi.



Application of Automated Sonography
on 4-Dimensional Volumes of Fetuses
With Transposition of the Great Arteries
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Objective. The purpose of this study was to assess, in second-trimester fetuses with transposition of
the great arteries (TGA), the performance of software (sonographically based volume computer-aided
analysis) that automatically retrieves diagnostic cardiac planes from a 4-dimensional volume of the fetal
chest obtained with spatiotemporal image correlation. Methods. We retrospectively evaluated the
4-dimensional spatiotemporal image correlation volumes of 12 fetuses with TGA (complete TGA, 10
cases; correct TGA, 2 cases). The data were analyzed to determine whether the target diagnostic
planes, that is, cardiac plane 1 (left ventricle outflow tract) and cardiac plane 2 (right ventricle outflow
tract), were correctly identified in at least 1 of the 7 automatically generated tomographic sonograph-
ic image displays and whether they allowed diagnosis of TGA. Results. In 9 of 10 fetuses with com-
plete TGA, target diagnostic cardiac plane 1 showed a branching arterial vessel (pulmonary artery)
arising from the left ventricle, whereas in 7 of 10 fetuses, the aorta arising from the right ventricle was
shown. In both cases with correct TGA, the pulmonary artery starting from the morphologic left ven-
tricle was shown, whereas in 1 of 2, the connection of the aorta with the morphologic right ventricle
was found. In all of the fetuses with TGA, a ventricular arterial connection anomaly was shown in
either cardiac plane 1 or 2. Conclusions. This automatic approach shows good retrieval of diagnostic
cardiac planes in fetuses with TGA, which may improve diagnostic efficacy for this disease. Key words:
automated sonography; congenital heart diseases; fetal echocardiography; 4-dimensional sonography;
transposition of the great arteries. 
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renatal diagnosis of transposition of the great
arteries (TGA) is one of the most challenging
topics in obstetric sonography, and this condition
is frequently missed in routine screening pro-

grams.1–3 This is mainly due to the difficulties of the oper-
ator in visualizing the cardiac outflow tract and showing
abnormal ventricular arterial connections and the paral-
lel arrangement of the great arteries. Because its prenatal
identification substantially reduces neonatal mortality,4,5

methods able to improve TGA diagnosis would be
extremely beneficial.

Four-dimensional (4D) sonography with spatiotempo-
ral image correlation (STIC) allows acquisition of the fetal
cardiac volume and reconstruction of a cine loop cardiac
cycle from which different cardiac planes can be identi-
fied and analyzed.6–8 There is evidence that this
approach may help in identification of congenital heart
diseases, including TGA.9,10 However, this analysis
involves manual “navigation” by the operator in the vol-
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ume acquired, requiring specific operator expe-
rience and competence.

More recently, an automatic approach to
retrieve 2-dimensional diagnostic planes out of
the volume acquired (sonographically based vol-
ume computer-aided analysis [sonoVCAD]) has
been reported and validated in the normal fetal
heart.11,12 The objective of this study was to ana-
lyze the utility of sonoVCAD in diagnosis of TGA
during the second trimester of pregnancy. 

Materials and Methods

We retrospectively analyzed 4D STIC volumes of
12 fetuses with TGA, searched from our 4D car-
diac volume database, consisting of 832 cases
referred to our unit for suspected congenital
heart diseases. Ten of the fetuses included had
complete TGA, with associated ventricular septal
defects in 4 of them and an intact septum in 6,
whereas the remaining 2 fetuses had correct TGA.
The postnatal diagnosis of TGA was confirmed in
all the cases by echocardiography or at surgery.
The mean gestational age at 4D acquisition was
21 weeks (range, 18–23 weeks). These 12 fetuses
represented all of the cases of TGA available dur-
ing the second trimester in our database.

Four-dimensional STIC volumes were acquired
with a Voluson 730 ultrasound machine (GE
Healthcare, Kretztechnik, Zipf, Austria) equipped
with a 4- to 8-MHz transducer and following a
previously reported technique13,14 starting at a
reference plane from the 4-chamber view of the
fetal heart with the fetal spine positioned at the
3- and 9-o’clock positions. The acquisition angle
of the volume box was set between 20° and 25°
according to the fetal position, and the acquisi-
tion time was set at 10 seconds. After an ade-
quate volume acquisition, before storage of the
volumes, the orientation was standardized by
rotating the image on the y-axis laterally, if neces-
sary, from side to side to store all volumes with
the left side of the fetus on the left side of the
image and the apex of the heart at the 11-o’clock
position. No other rotation maneuvers were per-
formed before storage on the hard disk. Volumes
were analyzed offline with the use of 4D View ver-
sion 7.0 software (GE Healthcare, Kretztechnik)
by using the sonoVCAD option. Once the 4-
chamber view was oriented with the apex at the

11-o’clock position, the spine at the 6-o’clock
position, and the reference point at the atrioven-
tricular septal insertion on plane A (Figure 1),
activation of the sonoVCAD function allowed
visualization of a “starting plane” in which 7
tomographic sonographic imaging planes par-
allel to the 4-chamber view were displayed
(Figure 2A). Activation of cardiac plane 1, 2, and 3
functions automatically displays the left ventricle
outflow tract, the right ventricle outflow tract,
and the abdominal circumference section
(Figure 2, B–D).

The data were analyzed to determine whether
the target diagnostic planes (cardiac planes 1 and
2) were correctly identified in 1 of the 7 tomo-
graphic sonographic imaging planes and
whether they allowed diagnosis of TGA.

Results

Analysis of the starting plane showed a normal 4-
chamber view in all 10 cases with complete TGA
(Figure 3A and Video 1A), whereas a morphologic
right ventricle was identified in the left side of the
fetal thorax in the 2 cases with correct TGA (Figure
4A and Video 2A). A straight-course arterial vessel
arising from the left ventricle with lateral branch-
es was shown in 9 of 10 cases of complete TGA
(Figure 3B and Video 1B) when the cardiac plane
1 function was activated. After activation of the

772 J Ultrasound Med 2008; 27:771–776
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Figure 1. Display of the 4-chamber view obtained from a 4D
STIC acquisition in plane A in the standardized position necessary
before starting automated analysis with the apex at the 11-
o’clock position, the spine at the 6-o’clock position, the left side
in the lower part, and the reference point (yellow point) at the
septal insertion. LV indicates left ventricle; RV, right ventricle; and
Sp, spine.
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cardiac plane 2 function, a cranial arch without
branching arising from the right ventricle was
shown in 7 of 10 fetuses with complete TGA
(Figure 3C and Video 1C). In all of these cases, a
ventricular arterial connection anomaly was
shown in either cardiac plane 1 or 2.

In the 2 cases with correct TGA, a branching ves-
sel starting from the morphologic left ventricle
was shown (Figure 4B and Video 2B) when the
cardiac plane 1 function was activated, whereas
in 1 of 2, the connection of the aorta with the right
ventricle was visualized with the cardiac plane 2
function (Figure 4C and Video 2C).

Discussion

Identification of TGA during prenatal life dra-
matically changes the chances of survival and
substantially reduces neonatal morbidity.4,5

Therefore, prenatal diagnosis of this defect must
be increased to improve early neonatal manage-
ment. At present, 2-dimensional sonographic
diagnosis of TGA relies on identification of out-
flow tract planes, targets still difficult to achieve
successfully for most sonographers performing
second-trimester fetal anomaly screening. As a
consequence, the detection rate of TGA in the

J Ultrasound Med 2008; 27:771–776 773
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Figure 2. Tomographic sonographic imaging of a normal fetal heart after activation of the sonoVCAD function. A, Starting plane showing the normal
4-chamber view. B, Cardiac plane 1 displaying the outflow tract of the left ventricle. C, Cardiac plane 2 showing the outflow tract of the right ventri-
cle. D, Cardiac plane 3 showing the abdominal circumference. * indicates branching of the pulmonary artery; ao, aorta; L, left; lv, left ventricle; pa, pul-
monary artery; R, right; rv, right ventricle; s, spine; and st, stomach.
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general population is less than 20%,1,2 and it does
not seem to increase even when specific training
programs for screening of congenital heart dis-
eases are designed.15

This process can be facilitated by using 4D
STIC acquisition of the fetal trunk and subse-
quent multiplanar analysis, which allows visu-
alization of outflow tract and arch views. The
main limitation of this approach is the com-
plex anatomy of the fetal heart, which requires
operator skill in the 3-dimensional orientation
and subsequent retrieval of the diagnostic
planes from acquired volumes. Automatic
retrieval of outflow tracts by sonoVCAD has
recently been found to be successful for iden-
tification of cardiac planes in healthy fetuses at

18 to 23 weeks’ gestation.12 Our study shows
that application of this automated approach to
4D cardiac volumes may facilitate identifica-
tion of the abnormal connections between
ventricles and great arteries occurring in both
complete and correct TGA.

The high success rate of identification of
abnormal ventricular-arterial connections
found in this study is in agreement with the data
reported by Viñals et al,9 who, using a manual
multiplanar approach on 4D STIC volumes,
showed the abnormal connection between the
left ventricle and the pulmonary artery in 8 of
8 cases of complete TGA and the abnormal
connection between the right ventricle and the
aorta in 6 of 8.

774 J Ultrasound Med 2008; 27:771–776
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Figure 3 (Videos 1A–1C). SonoVCAD display from a fetus with complete
TGA. A, Starting plane with the normal 4-chamber view. B, Cardiac
plane 1. A branching vessel (pulmonary artery) arises from the left ven-
tricle. C, Cardiac plane 2. A straight vessel (aorta) starts from the right
ventricle. Abbreviations and symbols are as in Figure 2.

A

B C
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The advantage of the automatic approach
used in this study with respect to manual
navigation inside the volumes should be
emphasized because it may offer a wider clini-
cal application in the future of 4D sonography.
Indeed, this technique provides the opportunity
of automatically showing the abnormal ventric-
ular arterial connections in all fetuses with TGA
after acquisition of a cardiac volume obtained
from the standard 4-chamber view. This view is
routinely obtained by all sonographers perform-

ing prenatal screening with a higher success rate
and requires a shorter specific training period
than that necessary to visualize the outflow tract
planes.16 Therefore, application of automated
sonography seems highly promising for reduc-
tion of the operator dependency of convention-
al sonography,12 particularly in diagnosis of
congenital heart diseases affecting outflow
tracts. Further prospective studies are required
to evaluate the efficacy of this technique in low-
risk populations.

J Ultrasound Med 2008; 27:771–776 775

Rizzo et al

Figure 4 (Videos 2A–2C). SonoVCAD display from a fetus with correct
TGA. A, Starting plane with the 4-chamber view in which a morpholog-
ic right ventricle is situated on the left side of the fetal thorax. B, Cardiac
plane 1. A branching vessel (pulmonary artery) arises from the morpho-
logic left ventricle. C, Cardiac plane 2. A straight vessel (aorta) starts from
the morphologic right ventricle. Abbreviations and symbols are as in
Figure 2.

A

B C
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DOPPLER DELLE ARTERIE UTERINE E CALCOLO DEL VOLUME 

PLACENTARE MEDIANTE ECOGRAFIA TRIDIMENSIONALE AL 

PRIMO TRIMESTRE NELLA PREVISIONE DELLA PRE-ECLAMPSIA

Oggetto: Confrontare l’efficacia della velocimetria Doppler a livello delle 

arterie uterine e del calcolo del volume placentare mediante l’ecografia 

tridimensionale, utilizzando questi metodi separatamente o combinati, nel predire a 

11-14 settimane, le gravidanze che svilupperanno la pre-eclampsia.

Metodi: Si tratta di uno studio prospettivo di 348 donne nullipare programmate 

per un’ecografia prenatale di routine a 11-14 settimane di gravidanza. Sono stati 

usati il Doppler colore e pulsato per ottenere, per via transaddominale, l’immagine 

dell’onda di flusso delle arterie uterine ed è stato calcolato l’indice di pulsatilità medio 

(PI). E’ stato misurato mediante ecografia tridimensionale il volume placentare, 

usando il VOCAL (virtual organ computer-aided analysis). Sono state considerate le 

seguenti variabili riguardanti l’outcome: pre-eclampsia e la pre-eclampsia che ha 

richiesto un parto prima della 32° settimana.

Risultati: La pre-eclampsia è insorta nel 4,1% delle pazienti studiate e nel 

1,7% è stato necessario espletare un parto prima della 32° settimana. Il volume 

placentare è risultato significativamente più basso nelle pazienti che avrebbero poi 

sviluppato una pre-eclampsia (t = 4,636; p<0,003) e questo è stato particolarmente 

evidente nelle gravidanze per le quali il parto è avvenuto prima della 32° settimana (t

= 9,704; p<0,0002). Non è stata trovata alcuna correlazione tra volume placentare e 

PI medio a livello delle arterie uterine (r = -0,08; p = 0,327). Il PI delle arterie uterine 



ed il volume placentare hanno mostrato una sensibilità simile nella previsione della 

pre-eclampsia (50% vs 56%) e nella pre-eclampsia con parto prima delle 32 

settimane (66,7% vs 66,7%). La combinazione del PI a livello delle arterie uterine e 

del volume placentare ha fornito risultati migliori se confrontato all’utilizzo di uno solo 

di questi parametri (sensibilità nella previsione della pre-eclampsia 68,7% e della 

pre-eclampsia che ha richiesto il parto prima di 32 settimane 83,3%).

Conclusioni: La combinazione di una velocimetria Doppler anormale a livello 

delle arterie uterine e di un basso volume placentare a 11-14 settimane ottiene 

risultati migliori di quanto non permettano l’uno o l’altro test separatamente, nella 

previsione della pre-eclampsia.

Parole chiave: Ecografia Doppler, ecografia tridimensionale, arterie uterine, 

volume placentare, pre-eclampsia.
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Abstract
Objective: To compare the efficacy of uterine artery Doppler velocimetry and three-dimensional ultrasound placental volume calculation

alone or in combination in predicting at 11–14 weeks of gestation those pregnancies who will develop pre-eclampsia.

Study design: This was a prospective study of 348 nulliparous women scheduled for a routine prenatal ultrasound examination at 11–14

weeks. Color and pulsed wave Doppler was used to obtain uterine artery flow velocity waveforms transabdominally and the mean pulsatility

index (PI) of the uterine arteries was calculated. The placental volume was measured by three-dimensional ultrasound using the virtual organ

computer-aided analysis. Outcome variables considered were pre-eclampsia and pre-eclampsia requiring delivery <32 weeks.

Results: Pre-eclampsia developed in 4.1% of the patients studied and in 1.7% a delivery before 32 weeks was required. Placental volume

resulted significantly lower in pregnancies who will develop pre-eclampsia (t = 4.636, p < 0.003) and this was particularly evident in those

pregnancies delivering <32 weeks (t = 9.704, p < 0.0002). No relationship was found between placental volume and mean uterine artery PI

(r = �0.08, p = 0.327). Uterine artery PI and placental volume showed similar sensitivities in predicting pre-eclampsia (50% vs. 56%) and

pre-eclampsia with delivery <32 weeks (66.7% vs. 66.7%). The combination of uterine artery PI and placental volume gave better results

when compared to the single use of one of these parameters (pre-eclampsia sensitivity 68.7%, pre-eclampsia requiring delivery <32 weeks

83.3%).

Conclusions: The combination of abnormal uterine artery Doppler and low placental volume at 11–14 weeks achieves better results than does

either test alone in the prediction of pre-eclampsia.

# 2007 Elsevier Ireland Ltd. All rights reserved.

Keywords: Doppler ultrasound; Three-dimensional ultrasound; Uterine artery placental volume; Pre-eclampsia
1. Introduction

Early identification of pregnancies at risk to develop

severe complications such as pre-eclampsia (PET) is one of

the main objectives of perinatal medicine. Although the

underlying mechanism of these complications is still poorly

understood there are increasing evidences of a relationship

between impaired placentation and the subsequent devel-

opment of PET [1,2].
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Doppler study of the uterine arteries at 22–24 weeks of

gestation proved to be a reliable method to identify patients

at risk to develop PET with sensitivity above 90% in the

prediction of severe cases [3,4]. Since an earlier identifica-

tion of pregnancies at risk should be beneficial to promptly

start pregnancy management protocol and/or prophylaptic

treatment [5,6], uterine Doppler studies have been also

performed during the first trimester. Such studies [7–9] have

however, reported a poorer performance when compared to

late second trimester recordings with an overall sensitivity of

25% in the prediction of PET, improving to 60% for the

more severe and earlier onset disease.

More recently the development of three-dimensional

(3D) ultrasound has allowed obtaining reproducible
.
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measurements of placental volume [10] and there are some

evidences of a relationship between first trimester placental

volume and uterine Doppler velocimetry in the second

trimester [11,12].

The objective of this study was to determine the

relationship between uterine artery Doppler velocimetry

and placental volume in the first trimester and their

combined role in predicting PET.
Fig. 1. Distribution of uterine artery mean pulsatility index (PI) in the 348

pregnancies examined at 11–14 weeks of gestation. The 95th centile was

2.35 (open circles indicates pregnancy with normal outcome, closed circle

pregnancies developing pre-eclampsia, triangles pre-eclampsia requiring

delivery <32 weeks).
2. Patients and methods

Three hundred and forty-eight singleton patients

undergoing first trimester ultrasonographic examination

between 11 + 0 and 13 + 6 weeks gestation were con-

sidered for this study. Criteria of inclusion were: (a)

nulliparous, (b) absence of pre-existing maternal diseases

such as chronic hypertension, collagenopaties, diabetes,

(c) satisfactory Doppler recordings from both uterine

arteries and placental volume, (d) absence of fetal

anomalies and (e) exhaustive perinatal follow-up. These

patients were recruited during a period of 12 months

among 402 consecutive nulliparous patients. Fifty-four

patients were later excluded for the following reasons:

four pregnancies miscarried, six fetuses showed chromo-

somal or structural abnormalities, 21 cases resulted in an

inadequate 3D acquisition of the placenta and finally 23

patients (5.7%) did not give birth in our departments and

were thus lost at follow-up.

Outcome variables were PET and PET requiring delivery

before 32 weeks for maternal and/fetal indications. PET was

defined according to the guidelines of the International

Society for the Study of Hypertension in Pregnancy. This

requires two recordings of systolic/diastolic pressure >140/

90 measured at least 4 h apart in previously normotensive

women, and proteinuria of 300 mg or more in 24 h, or two

readings of at least 2+ on dipstick analysis of midstream or

catheter urine specimen if no 24 h collection available [13].

All recordings were performed by transabdominal

ultrasonography (RAB 4-8L probe, Voluson 730, GE

Medical Systems, Milwaukee, WI, USA).

Uterine artery Doppler was obtained with the patient in a

semirecumbent position following a previously described

technique [14]. A sagittal view of the uterus and of the

cervical canal was obtained and color flow mapping was

used to identify the uterine arteries coursing along the side of

the cervix and uterus. The pulsed Doppler sample volume

was placed on the ascending branch of the uterine artery

closest to the internal os. The pulsatility index (PI = S � D/

M) was measured on three consecutive waveforms and the

mean value between the left and right arteries was

calculated. The presence of an early diastolic notch in the

waveforms was recorded. An abnormal value was con-

sidered a mean PI greater than 2.36 corresponding to the

95th centile of a cross-sectional study on 3045 pregnancies

[7] (Fig. 1).
The 3D placental volume was acquired keeping the probe

perpendicular to the placental plate and the size of volume

box was adapted in order to fully include the placenta. The

sweep angle was set at 858. The placental volume was stored

and later analyzed offline by an observer blinded of the

results of uterine arteries and pregnancy outcome. The

Virtual Organ Computer-aided AnaLysis (VOCAL 2 GE

Medical Systems, Milwaukee, WI, USA) was used following

the technique of Wegrzyn et al. [10]. Briefly a sequence of 12

sections of the placenta was obtained each after a 158 rotation

from the previous one. In each plane the contour was traced

manually and at the end the computer provided the

reconstruction of the organ and the volume value (Fig. 2).

2.1. Statistical analysis

Since placental volume increases with advancing gesta-

tion regression analysis was used to establish relationships

with fetal crown rump length (CRL). Shapiro–Wilks’w test

showed that the data were not normally distributed. A log

transformation was therefore performed to achieve a normal

distribution. Each measurement of the log-transformed

placental volume was then expressed as the number of

standard deviations that differ from the expected mean for

gestation (delta value).
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Fig. 2. Three-dimensional volume of the placenta obtained using the

Virtual Organ Computer aided Analysis (VOCAL) technique.

Fig. 3. Uterine artery velocity waveforms with an early diastolic notch and

increased PI values (PI = 2.55).
The unpaired t-test was used to evaluate differences in

placental volumes between pregnancies with normal out-

come and those developing PET.

Linear regression analysis was used to assess the

relationships between delta placental volume and mean

uterine artery PI.

The sensitivity, specificity, positive and negative pre-

dictive values of mean uterine PI, delta placental volume and

their combination were calculated in the prediction of PET.
3. Results

The characteristics of the patients studied are reported in

Table 1. PET was present in 16 pregnancies (4.5%)

associated with growth restriction (birth weight<10 centile,
Table 1

Demographic characteristics of the study population and pregnancy out-

come

Maternal age (years median and range) 32.4 (16–43)

Body mass index (median range) 24.2 (16.2–53.4)

Cigarette smoker >5 cig/die (no. %) 35 (9.9%)

PET (no. %) 16 (4.5%)

PET and IUGR (no. %) 7 (2.0%)

PET requiring delivery <32 weeks (no. %) 6 (1.7%)

PET and IUGR requiring delivery <32 weeks (no. %) 4 (1.1%)

IUGR was defined as a birth weight <10 centile.
IUGR) in seven cases. Delivery before 32 weeks secondary

to maternal and/or fetal indications occurred in six patients

(1.7%). An abnormal mean PI uterine artery (>2.35) was

present in 18 patients (5.1%). A bilateral notch was present

in 157 (45.1%) of the pregnancies and this is therefore

unlikely to prove useful in the screening of PET and its

presence was not considered in further analysis.

In uncomplicated pregnancies the placental volume

increases linearly with increasing CRL values (ln plac

volume = 0.011 � CRL + 3.43, residual ln S.D. = 0.173,

r = 0.63 p < 0.0001) (Fig. 3). Significantly lower placental

volumes were found in patients developing PET (delta

value = �1.540; t = 4.636, p < 0.003), this was particularly

evident in those requiring delivery <32 weeks of gestation

(delta value = �1.789; t = 9.704, p < 0.0002) (Fig. 4). There

was no significant relationship between mean uterine artery

PI and placental volume delta value (r = �0.08, p = 0.327).

No significant differences where found in placental

volume according either to smoking habits categorized as

non-smokers and smoking >5 cigarettes/day (t = 1.501,

p = 0.134) or to body mass index categorized as < or > =

30 kg/m2 (t = 0.750, p = 0.453). Similarly there were no

differences in mean PI uterine artery values according to the

same smoking (t = 0.573, p = 0.563) and body mass index

(t = 0.469, p = 0.638) categories.

The screening characteristics for PET of uterine artery

velocity waveforms and placental volume are compared in

Table 2. An abnormal PI in uterine arteries or a placental

volume below the 5th centile showed similar sensitivities in

predicting PET but the sensitivities for both parameters were

higher for PET requiring delivery before 32 weeks. The

higher sensitivity values were reached when uterine arteries

PI and placental volume were used in combination

considering the result of the test positive when at least

one of the parameters was abnormal.
4. Discussion

This study analyzes the role of uterine artery Doppler,

placental volume assessed by 3D ultrasound and their

combined use in the first trimester for the prediction of PET

in an unselected population of nulliparous pregnancies. We

found a prevalence of PET of 4.5% a value higher than those

reported in other studies [7,9]. Possible explanations for this
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Fig. 4. Placental volume values (open circles indicates pregnancy with normal outcome, closed circle pregnancies developing pre-eclampsia, triangles pre-

eclampsia requiring delivery <32 weeks) plotted on the reference limits (median, 95th and 5th solid lines) for crown rump length (CRL) values.
finding may be the inclusion criteria limited to nulliparous

pregnancies in which the prevalence of PET is higher, the

demographic characteristics of the patients included or

limitations in the sample size.

Although some cautions are necessary in interpreting the

results obtained in a relatively low number of subjects our

data show how both abnormal uterine artery and reduced

placental volume resulted independent risk factors to

develop PET.

Previous studies of uterine artery Doppler performed at

11–14 weeks of gestation on unselected population have

reported an overall sensitivity of 25% for the prediction of

PET, improving to 60% for disease requiring delivery before

32 weeks [7–9]. In this study we analyzed a population of

nulliparous in which the prevalence of PET was as expected

higher than in previous studies [7–9] and as a consequence

higher sensitivity values were found. Moreover, also in such

population the values of sensitivity reached are in terms of

performance still inferior to late second trimester screening
Table 2

Screening characteristics of uterine artery mean PI > 95th centile and placental

Sensitivity (%)

All PET

Uterine PI > 95th centile 50.0

Placental volume <5th centile 56.3

Both abnormal 25.0

At least one parameter abnormal 68.7

PET requiring delivery <32 weeks

Uterine PI > 95th centile 66.7

Placental volume <5th centile 66.7

Both abnormal 50.0

At least one parameter abnormal 83.3
[3,4], limiting therefore its potential application in clinical

practice.

Few data are up to now available on the relationship

between placental volume and subsequent PET. Hafner et al.

found that a low placental volume in the first trimester is

strongly associated with abnormal uterine Doppler in second

trimester [11] and that placental volume at 12 weeks of

gestation and uterine Doppler screening at 22 weeks have

similar sensitivities for the prediction of PET [12]. Our data

confirm these findings by showing lower placental volume in

pregnancies that will develop PET. Placentation in the first

trimester of pregnancy may therefore play a crucial role in

determining the risk of subsequent late-pregnancy compli-

cations such as PET. A possible cause of the small placental

volume may be a shallow invasive activity of the extravillous

trophoblast cells occurring in the first trimester secondary

either to a reduction in oxygen tension in the intervillous

space or to the activation of inhibitors of trophoblast

differentiation and proliferation [15].
volume <5th centile used alone or in combination

Specificity (%) PPV (%) NPV (%)

96.7 44.4 97.6

98.2 60.0 97.9

99.7 80.0 96.5

94.9 39.3 98.4

95.9 22.2 99.4

96.8 26.7 99.4

99.4 60.0 99.1

93.3 17.9 99.7
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Of interest is the lack or relationship found in our study

between uterine Doppler and placental volume suggesting

their independent role as risk factors. This finding is

supported by the results of Schuchter et al. [16] who

similarly found no relationship between placental volume

and uterine Doppler in the prediction of IUGR in the first

trimester.

The lack of relationship may reflect two different

pathophysiological mechanisms involved in the genesis of

PET. Pregnancies with abnormal Doppler uterine waveforms

may reflect an inadequate trophoblastic invasion of the

maternal spiral arteries that may occur in presence of a

normal size placenta. On the otherhand despite the presence

of a normal trophoblastic invasion as indicated by normal

uterine Doppler indices a small placenta may act as distinct

genesis of PET. The smaller trophoblast mass may cause a

reduced production of vasoactive substances or anti-

oxidative agents leading to endothelial dysfunction and to

the symptoms of hypertension and proteinuria [17,18].

Irrespective of the underlying mechanisms our data

suggest that combining the first trimester uterine Doppler

screening with the assessment of placental volume by 3D

ultrasound may improve the detection rate of PET to values

similar to those found for the late second trimester. These

data encourage further research on uterine Doppler

combined with placental volume as well as with other

potential biochemical markers in the attempt to detect

pregnancies at risk of PET in the first trimester.
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CONCLUSIONI

Abbiamo quindi concluso che l’utilizzo della tecnica tridimensionale e 

quadridimensionale apporta notevoli vantaggi in quanto lo studio dei volumi si può 

effettuare una volta terminato l’esame ecografico e può essere ripetuto da diversi 

operatori o dallo stesso operatore più volte, con la possibilità di studi in doppio cieco.

L’approccio automatico mostra una buona riproduzione delle scansioni 

cardiache nei feti affetti da TGA, funzione che si può dimostrare utile nel migliorare 

l’efficacia diagnostica per questa patologia.

Esiste una buona concordanza tra lo SV (stroke volume) misurato mediante 

Doppler 2D e STIC 4D. Lo STIC 4D rappresenta una tecnica semplice e rapida per 

misurare lo SV e promette di diventare il metodo di scelta.

La combinazione di una velocimetria Doppler anormale a livello delle arterie 

uterine e di un basso volume placentare a 11 - 14 settimane ottiene risultati migliori 

di quanto non permettano l’uno o l’altro test separatamente, nella previsione della 

pre-eclampsia.

Abbiamo fornito i valori normali degli indici vascolari placentari tra 11 + 0 e 13 

+ 6 settimane di gestazione, cosa che potrà essere utile in ricerche future sulla 

vascolarizzazione placentare in alcune gravidanze a rischio.

Ulteriori studi sono comunque necessari per convalidare ulteriormente queste 

metodiche ed è comunque importante ricordare che per ottenere un volume di qualità 

non sarà possibile prescindere da una buona immagine bidimensionale. 
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