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ABSTRACT
Objectives: To propose a biventricular performance index based on the average values 
of the duration of the cardiac cycle of each of the ventricles, to determine the variable 
included in the study with the most significant statistical correlation, to establish 
reference values that allow the work of each ventricle to be identified according to this 
variable, and to obtain a balanced biventricular output index. Methodology: Prospective 
and cross-sectional study in fetuses of 168 pregnant women, in pregnancies between 
16 and 38 weeks without maternal-fetal pathologies. Flow velocity waves were obtained 
from both atrioventricular valves and the total systole-diastole cycle time was calculated 
in milliseconds for each valve. Averages, standard deviation, and Z-score were calculated 
of the systolic-diastolic time for each ventricle and the individual ventricular performance 
index (VPI) were calculated by dividing the value obtained by the fetal heart rate (FHR). 
The average value of both was obtained and this, when divided by the heart rate, made it 
possible to obtain the biventricular performance index (BPI) to establish the correlation 
between this, the fetal heart rate and gestational age. Results: Systolic-diastolic time 
values in milliseconds for the right ventricle were 420.8 (SD ±28.3) and for the left 
ventricle 418.8 (SD ±26.3), with no statistically significant differences (p<0.371). The 
correlation with the FHR was negative for both ventricles: (-0.491 and -0.553; p<0.05). The 
mean biventricular time was 418.37 ms (±20.59) and the correlation with gestational age 
was 0.48 (p<0.05); the correlation with FHR was negative, -0.50 (p<0.05).The BPI showed 
values of 2.8 (extremes 2.4 (P5) and 3.4 (P95)). The correlation between BPI and FHR was 
0.78 (p<0.05) and of lesser degree with gestational age (0.27; p<0.05). Conclusions: It 
was demonstrated that the systolic-diastolic times of each ventricle did not differ from 
each other and were negatively correlated with fetal heart rate. It was shown that it is 
possible to evaluate the fetal cardiac cycle of each ventricle by means of the ventricular 
performance index as well as to qualify with the biventricular performance index the 
combined cardiac output as balanced.
Key words: Echography, fetal, Heart function tests, fetal, Ultrasonography, 
Echocardiography Doppler

RESUMEN
Objetivo. Proponer un índice de rendimiento biventricular basado en los valores 
promedio de la duración del ciclo cardíaco de cada uno de los ventrículos, determinar la 
variable incluida en el estudio con la correlación estadística más significativa, establecer 
valores de referencia que permitan identificar el trabajo de cada ventrículo en función 
de dicha variable y obtener un índice de gasto biventricular equilibrado. Metodología. 
Estudio prospectivo y transversal en fetos de 168 gestantes, en embarazos entre las 
16 y 38 semanas sin patologías materno-fetales. Se obtuvieron ondas de velocidad 
de flujo de ambas válvulas atrioventriculares y el tiempo total del ciclo sístole-diástole 
se calculó en milisegundos para cada válvula. Se calcularon promedios, desviación 
estándar y puntuación Z del tiempo sistólico-diastólico para cada ventrículo y el índice 
de rendimiento ventricular individual dividiendo el valor obtenido entre la frecuencia 
cardiaca fetal. Se obtuvo el valor promedio de ambos y este, al ser dividido por la 
frecuencia cardíaca, permitió obtener el índice de rendimiento biventricular para 
establecer la correlación entre este, la frecuencia cardiaca fetal y la edad de gestación. 
Resultados. Se halló valores de tiempo sistólico-diastólico en milisegundos para el 
ventrículo derecho de 420,8 (DE ±28,3) y para el ventrículo izquierdo de 418,8 (DE 
±26,3), sin diferencias estadísticamente significativas (p=0,371). La correlación con 
la frecuencia cardíaca fetal resultó negativa para ambos ventrículos (-0,491 y -0,553; 
p<0,05). El tiempo promedio biventricular fue de 418,37 ms (± 20,59) y la correlación 
con la edad gestacional de 0,48 (p<0,05); la correlación con la frecuencia cardiaca fetal 
fue negativa, -0,50 (p<0,05). El índice de rendimiento biventricular mostró valores 
de 2,8 (extremos 2,4 (P5) y 3,4 (P95)). La correlación entre el índice de rendimiento 
biventricular y la frecuencia cardiaca fetal fue 0,78 (p<0,05), de menor grado (0,27) con 
la edad gestacional. Conclusiones. Se demostró que los tiempos sistólico-diastólicos 
de cada ventrículo no difirieron entre sí y se correlacionaron de manera negativa con 
la frecuencia cardiaca fetal. Se comprobó que es posible evaluar el ciclo cardíaco fetal 
de cada ventrículo mediante el índice de rendimiento ventricular, así como calificar con 
el índice de rendimiento biventricular el gasto cardíaco combinado como equilibrado. 
Palabras clave. Ecocardiografía fetal, Pruebas de función cardíaca fetal, Ultrasonografía, 
Ecocardiografía Doppler
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Introduction

The fetal cardiac output is accomplished through 
two different circulations that are coupled in a 
parallel circuit, with different hemoreologic char-
acteristics, whereas in extrauterine life and after 
the closure of the ductus arteriosus, foramen 
ovale and umbilical circulation, the so-called 
pulmonary and systemic networks are coupled 
in a series system. Studies show a broad consen-
sus that the fetal heart, in both the human and 
lamb models(1), exhibits right-sided dominance, 
with the majority (52-65%) of cardiac output be-
ing carried by the right ventricle (RV) and most of 
it being shunted through the ductus arteriosus 
into the systemic circulation. Therefore, it is rea-
sonable to say that in the fetus the RV is a sys-
temic ventricle responsible for perfusion of the 
fetal body and placenta through an infra-isthmic 
circulation, while the left ventricle is cerebral 
and systemic with predominantly supra-isthmic 
circulation, although both circulations converge 
downstream in the descending aorta.

The normal fetal heart rate varies from 110 to 
160 beats per minute and works on the subject 
state that the placental bed provides low sys-
temic vascular resistance and absorbs more 
than 40% of the combined cardiac output of 
both ventricles(2-4). Flow through the ductus ar-
teriosus accounts for two-thirds of the cardiac 
output supplying the lower half of the body and 
placenta. The outflow from the left ventricle is 
directed to the subclavian, coronary and carotid 
arteries, supplying the upper extremities, cardi-
ac muscle and brain. The amount of blood en-
tering the pulmonary circulation varies during 
pregnancy, increasing from just over 10% of the 
combined cardiac output at mid-gestation to 
about 25% at 30 weeks gestation(4). The meeting 
of both flows occurs at the isthmus of the aor-
ta and where hemodynamically the balance of 
biventricular output would be represented(5,6).

The cardiac cycle comprises two phases that can 
be evaluated by Doppler flowmetry, a filling or 
diastolic phase with two times E and A and an 
emptying or systolic phase that occurs through 
the ventriculoarterial connections. It is possible 
to add the timing of these two phases that go 
from one isovolumetric relaxation time to the 
next, to obtain the integral time of the cardiac 
cycle in each ventricle. This would highlight the 

interdependence of the work of both, their close 
relationship with the heart rate, and in the case 
of the fetal heart we could assess whether or not 
the work, whose expenditure is combined, is in 
perfect equilibrium.

Impaired cardiac function can often be the first 
sign of fetal pathology associated with hemo-
dynamic decompensation(7-9). Therefore, the 
development of sensitive methods for the quan-
tification of fetal cardiac function is of extreme 
importance(10-12), and it should be considered 
that it is a combined cardiac output and that the 
individualized evaluation of the work of each 
ventricle departs from this concept. 

Over the years, techniques and parameters have 
been proposed for the purpose of quantitative 
evaluation of fetal cardiac function(13-20). Most 
were first developed in the evaluation of the 
adult heart and adapted to the fetus.

Our objective is to propose a performance index 
of systolic-diastolic function that includes both 
ventricles of the fetal heart individually and in-
tegrated at a single time point linked to the de-
pendent variable with the highest degree of cor-
relation, easily obtained and that could inform 
about the existence of a combined output in 
perfect balance.

Methods 

This is a mixed, prospective, and cross-sectional 
study of the fetuses of 168 pregnant women be-
tween 16-38 weeks, without comorbidities, fetal 
anomalies or growth alterations, in which data 
were obtained to define the population: age of 
the pregnant woman, number of pregnancies, 
gestational age by date of last menstrual period 
or otherwise based on ultrasonographic study 
of the first 10 weeks. 

The echocardiographic study in each fetus al-
lowed us to obtain transvalvular (tricuspid and 
mitral) Doppler flow waves (Figure 1). The time 
in milliseconds was obtained from the beginning 
of the isovolumetric relaxation time (IVRT) of the 
atrioventricular wave to the same point of the 
following wave, referred to as the systolic-dia-
stolic time (SDT). 3 to 5 waves were included in 
the sweep to facilitate the accuracy of the mea-
surements, as illustrated in Figure 1.
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For statistical analysis, SPSS for Windows (version 
8.0, SPSS Inc.) and De Vore calculator(21) were used 
to determine the percentage of one study group 
with 5th or 95th centile values included in the other, 
using the mean and standard deviation (SD) of the 
results of both ventricles. Data were expressed for 
each ventricle as the mean, standard deviation (SD 
±), Z-score and percentiles. The value of the systol-
ic-diastolic times of each ventricle was calculated, 
divided by the FHR to obtain the ventricular perfor-
mance index (VPI) for each, and then the mean of 
both was calculated dividing the result by the av-
erage FHR to obtain the biventricular performance 
index (BVPI). Inferential statistical tests were used 
to compare the systolic-diastolic time values and 
univentricular and biventricular performance in-
dexes with gestational age (GA) and fetal heart rate 
(FHR). Finally, a cubic model curvilinear correlation 
test was applied between gestational age (GA) and 
fetal heart rate (FHR) as independent variables and 
the biventricular integral performance index (BVPI) 
as dependent variable, in order to evaluate the de-
gree of association and significance between both 
variables. The results are presented in tables and 
graphs adjusted to the design, accompanied by a 
speedometer with percentile values to facilitate the 
location of the proposed indexes.

Results

The mean age of the patients was 28 years (SD 
±6), 72 primigravidae (42.9%), 90 with 2-3 (53.6%) 
gestations and 6 with more than 3 (3.6%), with-
out medical or gestational comorbidities, with 
fetuses without anomalies and with growth 
curve appropriate to gestational age. Gestation-
al age was between 16-38 weeks. Figure 2 shows 
the distribution according to mean, standard de-
viation, percentiles and Z-score of the values of 
systolic-diastolic times of both ventricles (SDTRV, 
SDTLV), the average time between both (MBVT) 
and the biventricular performance index (BVPI). 
The mean and dispersion values of the systol-
ic-diastolic times of both ventricles expressed in 
milliseconds were 420.8±28.3 for the right ven-
tricle and 418.8±26.3 for the left ventricle. Only 
5% and 3% of the left ventricular values were 
below 1.65 ZS (<P5) and above this value +1.65 
(>P95) of the values referred to the right ventri-
cle. The biventricular performance index values 
were 2.87 (P50), 2.28 (P5) and 3.58 (P <95).

Figure 3 shows the mean values and their re-
spective 95%CI for right ventricular systolic-dia-
stolic time, left ventricular systolic-diastolic time 
and average. When comparing the mean values 
and their dispersion measures (SD) of the sys-
tolic-diastolic times of each ventricle with the 
mean time value of both by Student's t-test of 
the three paired samples, no statistically signif-
icant differences were found, t=0.98 (NS). The 
correlation between the systolic-diastolic time 
(SDT) of each ventricle with gestational age, al-
though significant (p<0.05), was low (Spearman's 
r=0.34 for the right ventricle and 0.30 for the left 
ventricle). The correlation between the systol-
ic-diastolic time of each ventricle and FHR was 
negative, -0.491 for the right and -0.553 for the 

Figure 1. Doppler flow wave of the mitral valve (MV) and tricuspid 
valve (TV), measurement of the systolic-diastolic time index (TSDI) 
(red arrow).

Figure 2. Distribution according to mean, standard deviation, percentiles and Z-score of the values of systolic-diastolic times of 
both ventricles (RVSDT and LVSDT), mean biventricular systolic-diastolic time (MBVSDT) and biventricular performance index 
(BVPI). Only 5% and 3% of LVSDT values are located below 1.65 ZS (<P5) and above this value +1.65 (>P95), with respect to 
RVSDT values (paired samples Student's t, t=0.899, p=0.371, NS). RVSDT: right ventricular systolic-diastolic time, LVSDT: left 
ventricular systolic-diastolic time, MBVSDT: mean biventricular systolic-diastolic time. BVPI=MBVSDT/FHR: mean biventricular 
systolic-diastolic time / fetal heart rate.

Percentiles
Index P5 P10 P20 P30 P50 P70 P90 P95  P97.5
RVSDT 374.25 384.58 397.03 406.08 420.80 435.52 457.02 467.35 476.27

LVSDT 375.54 385.14 396.71 405.12 418.80 432.48 452.46 462.06 470.35

MBVSDT 384.50 392.01 401.07 407.66 418.37 429.08 444.73 452.24 458.73

BVPI 2.28 2.41 2.57 2.68 2.87 3.06 3.33 3.46 3.58

 -1.65   -1.28  -0.84   -0.52  0.00  +0.52   +1.28   +1.65  +1.96 
Z score
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left, both significant (p<0.05). In view of this de-
pendence and the non-difference between ven-
tricular SD times, we proceeded to calculate the 
mean biventricular time (MBVT) with values of 
418.37 (SD±20.59), whose correlation with gesta-
tional age was 0.48 and with FHR -0.50 (p<0.05).

The biventricular performance index (BVPI) cal-
culated by the formula biventricular averaging 
time divided by FHR (BVT/FHR) showed a high-
grade bivariate correlation with FHR values (0.78, 
p<0.05) and a low-grade correlation with GA 
(0.27). The inverse model curvilinear correlation 
test between fetal heart rate (FHR) as the inde-
pendent variable and biventricular performance 
index (BVPI) as the dependent variable yielded 
the predictive equation values (b0=-1.4377 and 
b1=629.457), with an R² of 0.771, p<0.05) (Figure 
4).

Figure 5 shows a speedometer-type graph that 
allows us to locate both the ventricular perfor-
mance index and the biventricular performance 
index according to percentiles. Values located in 
the green zone would show balance and, in case 
of imbalance, alert (yellow) and red (alarm). If 
the values for each ventricle are different but are 
located in the green zone, they should be consid-
ered adequate; if the calculation was made for 
the VBPI and it is located in the green zone, it is 
equivalent to balanced cardiac output; if in the 
yellow zone, it is a danger of imbalance; and in 
red, evident imbalance.

Discussion

There have been many and varied strategies for 
the evaluation of fetal cardiac output(22-29). Their 
advantages and disadvantages have been insist-
ed upon, and several alternatives have been pro-
posed(27). In addition, some of them present cer-
tain limitations, such as modalities that evaluate 
only univentricular systolic or diastolic function, 
formulas with difficulties in their application that 
limit their diffusion, the requirement of advanced 
technology that is not available to all those who 
use ultrasonography and, finally, the evaluation 
of the efficiency and efficacy of the techniques 
with reference to their usefulness in clinical deci-
sion making. Filling (diastole) and ejection (systole) 
times can be measured by Doppler flowmetry(30-35), 
obtaining ventricular filling waves (E and A) and 
ejection waves through the sigmoid valves (ET).

Inverse

Method

Rsq d.f. F Sigf b0 b1

0,783 153 551,96 0,000 -1,4377 629,457
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Figure 4. Dispersogram of BVPI values as a function of mean 
FHR for the time of the study. Correlation inverse method 
R²=0.783, p<.005.
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Figure 3. Box plot with the mean values and their respective 
95%CI of RVSDT (right ventricular systolic-diastolic time), 
LVSDT (left ventricular systolic-diastolic time), and MSDB-
VT (average, correlation of biventricular systolic-diastolic 
time), as a function of GA R2=0.48 (NS), with FHR R²= - 0.50 
(p<0.05). Correlation of mean biventricular systolic-diastolic 
time (MSDBVT) with GA= 0.39, p<0.05 and with FHR = - 0.52, 
p<0.05 (see Figure 4).

Figure 5. Speedometer-type graph (VPI: ventricular perfor-
mance index) that gathers values according to percentiles 
and allows quick orientation to locate the SDT/FHR values 
for each ventricle in case of adjusted values (green zone) or 
in case of imbalance, alert (yellow) and alarm (red). If the 
values for each ventricle are different but are in the green 
zone, these values should be considered as adequate; if the 
calculation was made for the VPI and is in the green zone, it is 
equivalent to balanced cardiac output; in the yellow zone it is 
danger of imbalance and red, evident imbalance. 
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Ventricular or diastolic filling is biphasic and 
comprises the period beginning with the isovol-
umetric relaxation time (IVRT) and ending with 
AV valve closure (sum of E and A waves), which 
means that the result of diastolic function is the 
sum of IVRT + E/A time.

The systolic period begins with the isovolumetric 
contraction time (IVCT) and ends with sigmoid 
valve closure, ending the ejection time (ET). 
Consequently, systolic function corresponds to 
the sum of IVCT + ET. Therefore, the cardiac cy-
cle corresponds to the sum of systolic time and 
diastolic time. The dependence between both 
functions is obvious -there is a close correla-
tion between preload and afterload- and if an 
integral index is sought to evaluate both func-
tions, the totality of the times should be taken 
into account and not as the TEI does(33,34), which 
only takes into account a relationship between 
ejection time and filling time (TE/TLL) and not 
the total duration of the cycle. Thus, to evaluate 
systolic-diastolic performance, it is necessary to 
know the total time of both functions for each 
ventricle, the correlation between them and 
whether there are significant differences be-
tween these times, as well as their dependence 
on the variables of gestational age and heart 
rate. The whole would make it possible to estab-
lish an index that indicates biventricular balance, 
a strategy that we have not found in the litera-
ture consulted(2-39).

Only the mitral valve (but not the tricuspid one) 
flow velocity waveform allows us to observe 
filling and ejection at the same time due to the 
position of the pulmonary artery; obviously, the 
time between two filling waves represents the 
systolic time.

The fraction of filling and emptying times in both 
ventricles has been evaluated separately(35) and 
in a low-risk population, finding that FHR is the 
only determining factor. These authors conclude 
that FHR influences both filling and emptying 
times, and that the gestational age-estimated 
weight ratio determines it to a low degree in 
ejection; therefore, accurate evaluation of filling 
and emptying time should include FHR.

From this point of view, the methodology we 
propose, which includes the evaluation of the 
systolic-diastolic time of each ventricle, the av-
erage value of both times, and obtaining the 

performance index as a function of heart rate, 
could be useful for the evaluation of balanced 
biventricular work, without ignoring the fact 
that the right ventricle accounts for the greatest 
proportion of the combined cardiac output and 
is the most prone to show restrictive changes 
in adverse hemoreologic circumstances such 
as intergemellar transfusion syndrome(36) and 
restricted fetal growth(37,38), circumstances in 
which the usefulness of the proposed strategy 
should be demonstrated and which will be the 
subject of future studies.

Likewise, taking into account the concept of 
the helical architecture of the myocardium de-
scribed by Torrent-Guasp(39), where the con-
traction of the basal loop (right segment) leads 
to emptying of the right ventricle (RV) while 
the apical loop of the left segment acts on the 
atrioventricular junction to expel the volume ac-
quired by the left ventricle, it is to be assumed 
that any involvement that modifies a segment 
of the cardiac anatomy should cause differences 
between the systolic and diastolic times of the 
affected segment, and when compared with the 
reference times for normal hearts and contrast-
ed with the heart rate, this difference would be 
more markedly evident.

We propose a strategy for the evaluation of fetal 
cardiac work of easy execution, reference values 
and formula for the calculation of the uni- and 
biventricular performance index, based on a 
population of low-risk fetuses. Future studies 
are warranted to confirm the usefulness of eval-
uating ventricular systolic-diastolic times of the 
fetal heart, individually, in their average value or 
by means of a biventricular performance index 
such as the one proposed, in these and other fe-
tal conditions. The work does not include a com-
parison of the strategy with other tools used 
to evaluate fetal cardiac function or cases with 
pathologies that could have repercussions on 
the values of the parameters evaluated, leaving 
these objectives for future research.

In the present study it was possible to demon-
strate that it is possible to evaluate the fetal 
cardiac cycle of both ventricles by means of a 
biventricular performance index derived from 
the average time of systolic-diastolic intervals 
of both ventricles divided by the variable fetal 
heart rate, which allows inferring the existence 
of a combined cardiac output in perfect equilib-
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rium. The mitral valve flow velocity waveform 
allows us to observe filling and ejection at the 
same time, but not the tricuspid waveform, due 
to the position of the pulmonary artery. But, 
obviously, the time between two filling waves 
represents the systolic time. The proposed tech-
nique would obviate the need to obtain separate 
right ventricular filling and ejection times.

We consider that it is an accessible tool using 
standard ultrasound equipment without relying 
on off-line post-processing, and that it should 
be able to predict cardiac dysfunction before 
clinical signs of hemodynamic redistribution or 
hydrops appear. And it is here that our results 
allow us to point out that the biventricular per-
formance index under normal conditions is in-
versely associated (decrease) with fetal heart 
rate significantly, and to a lesser degree with 
gestational age. And, values below or above the 
expected limits for one or both ventricles, or 
of the biventricular performance index, could 
detect failures in the performance of the fetal 
heart under adverse circumstances.
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