
C
li

n
ic

a
l
a
n
d

E
x
p
e
ri

m
e
n
ta

l
O
b
st

e
tr

ic
s
&

G
y
n
e
co

lo
g
y

Clin. Exp. Obstet. Gynecol. 2021 vol. 48(4), 867-874
©2021 The Author(s). Published by IMR Press.

Original Research

Reference values of fetal atrioventricular time intervals derive
from antegrade late diastolic arterial blood flow (ALDAF) from
14 to 40 weeks of gestation
Thanakorn Heetchuay1,* , Thotsapon Trakulmungkichkarn1, Noel Pabalan2, Nutthaphon Imsom-Somboon1

1Department of Obstetrics & Gynecology, Phramongkutklao Hospital, 10400 Bangkok, Thailand
2Chulabhorn International College of Medicine, Thammasat University (Rangsit Campus), 12120 Pathumthani, Thailand

*Correspondence: nong-dan@hotmail.com (Thanakorn Heetchuay)

DOI:10.31083/j.ceog4804137
This is an open access article under the CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/).

Submitted: 20 November 2020 Revised: 8 April 2021 Accepted: 12 April 2021 Published: 15 August 2021

Background: Congenital heart defects are the most common of birth
defect, which leads to neonatal death after birth. Early diagnosis
during prenatal period would be a benefit for precaution and treat-
ment. Antegrade Late Diastolic Arterial blood Flow (ALDAF) was re-
ported to measure fetal atrioventricular (AV) time intervals (FAVTI)
at an early gestational ages (GA) of 6 weeks. There has been no pre-
vious studies reporting reference value of fetal atrioventricular time
intervals (FAVTI) derive from ALDAF technique. Methods: Using fe-
tal echocardiogram, this cross-sectional study was performed on 528
healthy fetuses between 14 and 40 weeks. Pulsed wave Doppler-
derived FAVTI (milliseconds) were measured from ALDAF-AO and
ALDAF-PA and left ventricle (LV) In/Out. Correlations between these
three Doppler measurement techniques were examined with the
Bland-Altman analysis and Pearson correlation coefficient. GA was
used as specific reference value and its correlation with FAVTI was ex-
amined with linear regression. Results: We establish reference val-
ues of fetal atrioventricular (AV) time intervals (FAVTI) from ante-
grade late diastolic arterial blood flow (ALDAF) aorta (AO) and pul-
monary artery (PA) from 14 to 40 weeks of gestation (GA). A positive
correlation between FAVTI and GA was identified when using each of
the three measurements (ALDAF-AO/ALDAF-PA and LV In/Out) (R2
= 0.177–0.272; P < 0.001). GA had the strongest impact on ALDAF-
AO FAVTI, which was estimated to have a predicted FAVTI of 1.02 ×
GA (weeks) + 87.82. Bland-Altman analysis showed FAVTI of ALDAF-
AO and ALDAF-PA were also significantly correlated (R2 = 0.573, P
< 0.001). Intra-observer and inter-observer reliability coefficients
showed good reproducibility (ICC >0.90) for all methods. Conclu-
sions: This is the first study to establish reference ranges for FAVTI
obtained from ALDAF-AO/ALDAF-PA for each week of gestation from
14 to 40 weeks. Our findings inform clinical practice by establishing
GA-specific ALDAF-AO/PA cut-off values for the diagnosis of congen-
ital heart block. FAVTI from ALDAF-AO/ALDAF-PA is a more practi-
cal measurement to use in the clinical setting because it is easier to
investigate than LV In/Out. Good reproducibility in FAVTI measure-
ments and a lack of fetal heart rate influence underpin the strength
of our findings.
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1. Introduction
Congenital heart disease (CHD) is a major cause of death

in the first year after birth [1] with a perinatal mortal-
ity prevalence of about 0.4% [2]. Most infants born with
CHD come from families without risk factors for this disease.
However, general screening of low-risk populations shows
variation in CHD detection rates, ranging from 5 to 14% [3–
5]. In view of these variations, screening of whole popu-
lations may be warranted in order to achieve high prenatal
detection rates. Detailed fetal echocardiography screening,
which is widely used for prenatal diagnosis of CHD, has been
reported to generate a pooled detection rate of 45.1% [6].
Screening of pregnant women between the gestational ages
(GA) of 18–22 weeks has been recommended by the Ameri-
can Institute of Ultrasound in Medicine using fetal echocar-
diography for heart rate and rhythm assessment [7]. The
clinical procedure is especially required for those with high
risk of congenital heart block. In pregnant women with sys-
temic lupus erythematous, rheumatoid arthritis, or positive
blood test for anti-SSA/Ro or anti-SSB/La, fetal congenital
heart block occurs in as many as 2–5% of pregnancies at GA
of 18–24 weeks [8].

The pathogenesis of congenital heart block includes
transplacental passage of maternal autoantibodies whichmay
trigger an inflammatory process resulting in AV node dam-
age and progressive prolongation of the electrical AV con-
duction. The inflammatory destruction of the AV node may
be preventable if recognized at an early stage before leading to
third-degree AV block. A first or second-degree AV block in
a fetus is rectified with intrauterine fluorinate steroids. Late
diagnosis comes with severe pathological conditions result-
ing in a third-degree AV block, where the block is consid-
ered complete. At this phase, the fetus may die in utero, or it
may be necessary to install a pacemaker to control the heart
rhythm. Thus, this provides a strong rationale for detecting
AV blocks at the first or second-degree levels [9].

Of the several methods for diagnosing congenital fetal
heart block, pulsed wave Doppler measurements of fetal atri-
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Fig. 1. Schematic drawing of appropriate positions of Doppler gate. (A) LVOT; (B) RVOT with appropriate positions of Doppler gate that can create
waveform of outflow tract to identify ALDAF-AO/PA. (C) drawing of LV In/Out with appropriate positions of Doppler gate that create waveform of mitral
valve inflow and aortic valve outflow to identify LV In/Out waveform.
LVOT, left ventricular outflow tract; RVOT, right ventricular outflow tract; ALDAF, antegrade late diastolic arterial blood flow; AO, aorta; PA, pulmonary
artery; LV In/Out, left ventricular inflow/outflow.

oventricular time intervals (FAVTI) are the most commonly
used [10–12]. Measurements are performed of the left ven-
tricular inflow and outflow tracts (LV In/Out), the supe-
rior vena cava and ascending aorta (SCV/AO), or pulmonary
artery and pulmonary vein (PA/PV). However, novel meth-
ods of detection that aim to raise efficiency are continually in
development. In 2013, a method of using antegrade late di-
astolic arterial blood flow (ALDAF) was reported to measure
FAVTI at an early GA of 6 weeks [13]. ALDAF detection oc-
curs before the opening of the aortic and pulmonary valves at
the end of diastole. Diastolic function in the immature fetus
is reduced because the myocardium at this GA stage is less
compliant with hindering efficient relaxation. For ALDAF
detection, as a consequence of atrial contraction, ventricu-
lar end diastolic pressures must be sufficiently high. Thus,
in atrial systole, the ventricles function as conduits, permit-
ting forward blood flow through the semilunar valves in late
diastole, resulting in augmented cardiac output. The ease of
using ALDAF stems from a position that allowed measure-
ment from both the aorta (AO) and pulmonary artery (PA).
ALDAF FAVTI was found to strongly correlate with post-
natal electrical PR interval [13], although this study did not
specify the reference values of FAVTI based on GA for use in
clinical diagnosis. We, therefore, conducted this study to es-
tablish reference values of FAVTI obtained by ALDAF/AO
and ALDAF/PA methods at GA of 14–40 weeks.

2. Materials andmethods
This cross-sectional descriptive study was undertaken be-

tween 1November 2019 and 10 June 2020 at Phramongkutk-
lao Hospital, Bangkok, Thailand. The study was approved

by the institutional review board Royal Thai Army Medical
Department. Eligible pregnant women were designated as
low risk for a fetus with CHD, which we defined as a history
of a normal complete anomaly ultrasound scan according to
our protocol at the first trimester (GA 11–14 weeks) and sec-
ond trimester (GA 16–20weeks). Participants were recruited
from the antenatal care clinic at Phramongkutklao Hospital,
and written informed consent was obtained.

2.1 Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) women aged 18
years and older, (2) GA of 14–40 weeks with normal anomaly
scan, (3) no known medical or obstetric complications, (4)
reliable GA based on regular menstrual cycle and certain last
menstrual period consistent with sonographic fetal biometry
in the first half of pregnancy and (5) normal fetal heart rate
with no arrhythmia. Women at 14–15 weeks of pregnancy
could be enrolled if first trimester scan was normal, but were
then withdrawn from the study if the second trimester com-
plete anomaly scan revealed any abnormalities.

Exclusion criteria were (1) multi-fetal pregnancies; (2) ab-
normal chromosomes in the fetus; (3) abnormal fetal growth
(either restriction or macrosomia); (4) women with immune
system disorders, including systemic lupus erythematosus,
anti-phospholipid syndrome, rheumatoid arthritis, Sjogren
syndrome, hyperthyroidism and undifferentiated autoim-
mune diseases; (5) women with a positive blood test for anti-
SSA/Ro or anti-SSB/La auto-antibodies and (6) women tak-
ing medications (i.e., beta-adrenergic agonists) that affect fe-
tal heart rate.
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Fig. 2. Position of sample volume and pulse wave Doppler waveform patterns in each method, red line represent onset of A wave and yellow
line represent onset of Vwave. (A) ALDAF-AO; (B) ALDAF-PA; (C) LV In/Out.
ALDAF, antegrade late diastolic arterial blood flow; AO, aorta; PA, pulmonary artery; LV In/Out, left ventricular inflow/outflow; A, Atrial contraction peak
velocity; V, ventricular systole; E, Early diastolic peak velocity.

2.2 Doppler measurements

All fetal echocardiogram were performed by specialists
in maternal-fetal medicine (MFM) with qualified diploma of
the Thai Subspecialty Board of Maternal and Fetal Medicine
issued by the Medical Council of Thailand. At least 150
cases per month of fetal echocardiogram were performed in
our MFM division. All pulse wave Doppler investigations
were performed during fetal quiescence and apnea on Sam-
sung HS60 abdominal 1–5MHz curvilinear transducer (Sam-
sung Medison, Korea). The setting of pulse wave Doppler
included a wall motion filter of 120 Hz, a sweep speed of
117 mm/s to obtain 4–5 waveform images, pulse repeti-
tion frequencies of 5.5–6 kHz and an angle between the ul-
trasound beam and blood flow of less than 20◦. In each
woman, FAVTIs were measured using three different assess-
ment (ALDAF-AO, ALDAF-PA and LV In/Out), repeated
three times, all of which were averaged.

2.3 ALDAF-AO

In ALDAF-AO, we sought an apical view of the left ven-
tricular outflow tract (LVOT). Transducer orientation was

then adjusted to ensure an insonation angle <20 degrees
along the direction of the aortic blood flow. A Doppler gate
of 1–3 mm was selected and placed within the aorta and dis-
tal to the aortic valves (Fig. 1A) [13]. FAVTI measurement
was set at onset of atrial systole (A-wave; red line) to onset
of ventricular systole (V-wave; yellow line) during the same
cardiac cycle (Fig. 2A).

2.4 ALDAF-PA

In ALDAF-PA, we sought a five-chambered view, with
rotation or tilting of the transducer cephalad in order to view
the PA arising from the RV. Transducer orientationwas then
adjusted to ensure an insonation angle<20 degrees along the
direction of the pulmonary artery blood flow. ADoppler gate
of 1–3 mm was selected and placed within the pulmonary
artery and distal to the pulmonic valves (Fig. 1B) [13]. FAVTI
measurement was set at onset of atrial systole (A-wave; red
line) to onset of ventricular systole (V-wave; yellow line) dur-
ing the same cardiac cycle (Fig. 2B).
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2.5 LV In/Out

In LV In/Out, we sought an apical view of LVOT, then
used pulsed Doppler with a sample volume wide enough to
cover both diastolic inflow via the mitral valve and systolic
outflow via the aortic valve. With a sample gate adjustment
of 5–10 mm [14], the angle of insonation was fitted to get as
close as possible to zero degrees (up to 20 degrees) (Fig. 1C).
FAVTI measurement was set at onset of the mitral A-wave
(red line) between the E-peak and A-peak to the beginning
of the aortic V-wave (yellow line) in the aortic outflow tract
(Fig. 2C).

2.6 Statistical analysis

We used SPSS version 26.0 (IBM Corp., Armonk, NY,
USA) to analyze the data. FAVTI data in ALDAF-AO and
ALDAF-PA of each GA were created at reference range per-
centile values of 2.5, 5, 10, 25, 50, 75, 90, 95 and 99. De-
scriptive values of the three Doppler measurements were ex-
pressed as means ± standard deviation. Data distribution
from our large sample size (N = 528) tended towards normal
[15, 16]. Categorical data were expressed in terms of number
or percentage (%). Statistical significance was set at a two-
tailed P value of<0.05.

Correlations between FAVTI with GA in ALDAF-AO,
ALDAF-PA and LV In/Out methods were analyzed with lin-
ear regression. Bland-Altman analysis and Pearson correla-
tion coefficient were used to compare the fetal AV time in-
terval between measurement techniques. Assessing the reli-
ability of FAVTI measurements from all three methods in-
volved intraobserver and interobserver approaches with r
values>0.80 indicating high accuracy.

3. Results
3.1 Quantitative features

A total of 528 pregnant women participated in the study.
Table 1 quantifies the maternal demographic characteris-
tics. This study found no neonatal structural heart anoma-
lies or cardiac arrhythmias. The longest measured time was
in LV In/Out: (118.83 milliseconds (ms) ± 13.27), short-
est was in ALDAF-PA: (112.51 ± 15.03) and in between for
ALDAF-AO (115.02 ± 14.98). The normal reference values
for FAVTImeasured by ALDAFAO and ALDAF-PA divided
into GA from 14 to 40 complete weeks are shown in Table 2.

3.2 Correlation analyses

Linear regression analysis shows highly significant (P <

0.001) positive correlations between FAVTI outcome and
GA in all three methods. The coefficients of determination
(R2) were 0.272, 0.177 and 0.201 with ALDAF-AO, ALDAF-
PA and LV In/Out measurement, respectively (Fig. 3). The
strongest correlation was identified in ALDAF-AO, in which
the predicted estimation was 1.02 × GA (weeks) ± 87.82.
Fig. 4A–C show outcomes of the Bland-Altman analysis
with a FAVTI correlation strongest in ALDAF-AO versus
ALDAF-PA (r = 0.57, P < 0.001) (Fig. 4C). This magnitude

Fig. 3. Linear regression analyses between FAVTI and gestational age
(weeks). (A) ALDAF-AO; (B) ALDAF-PA; (C) LV In/Out.
FAVTI, fetal atrioventricular time intervals; ALDAF, antegrade late dias-
tolic arterial blood flow; AO, aorta; PA, pulmonary artery; LV In/Out, left
ventricular inflow/outflow; R2, square of the correlation. Lines denote re-
gressions and 95% confidence limits for individual observations.

of correlation was confirmed in the mean FAVTIs difference
values (95% CI) of 2.5 (–24.7, 29.7) between ALDAF-AO and
ALDAF-PA, ALDAF-AO versus LV In/Out at –3.8 (–30.3,
22.7) and ALDAF-PA versus LV In/Out at –6.3 (–33.9, 21.3)
(Table 3).
3.3 Reliability

Intraobserver reliability coefficients of FAVTI for
ALDAF-AO, ALDAF-PA and LV In/Out were 0.967, 0.979
and 0.978, respectively (95% CI for the three values ranged
from 0.96 to 0.98). Interobserver reliability coefficients of
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Table 1. Maternal demographic characteristics and FAVTI
measurements.

Characteristics Descriptive statistical data

Age (years) 29.07± 5.77
Gravida

1 250 (47.3)
2 176 (33.3)
3 70 (13.3)
4 28 (5.3)
5 4 (0.8)

Gestational age (weeks) 26.74± 7.69
Pre-pregnancy weight (kilograms) 56.47± 10.97
Height (centimeters) 158.47± 5.49
Pre-pregnancy body mass index (kg/m2) 22.49± 4.24
Current weight (kilograms) 63.8± 11.79
FAVTI (millisecond)

ALDAF-AO 115.02 ± 14.98
ALDAF-PA 112.51 ± 15.03
LV In/Out 118.83 ± 13.27

FAVTI, fetal atrioventricular time intervals; values are expressed as
mean ± standard deviation except in gravida which were expressed as
number of pregnant women (%). ALDAF, antegrade late diastolic arte-
rial blood flow; AO, aorta; PA, pulmonary artery; LV, left ventricle.

FAVTI for ALDAF-AO, ALDAF-PA and LV In/Out were
0.991, 0.959 and 0.989, respectively (95% CI for the three
values ranged from 0.923 to 0.996).

4. Discussion
4.1 Summary of findings

To our knowledge, the present study provides the first
normal reference values for each week of gestation between
14 and 40 weeks of FAVTI derived from ALDAF-AO and
ALDAF-PA. Here, we examined FAVTI in a large popula-
tion (N = 528) between 14 and 40 weeks of gestation accord-
ing to previous studies [9, 12]. We demonstrated GA spe-
cific normal reference values of FAVTI, which is different
from previous investigations presenting with groups of GA
[9, 11, 12, 17–19]. Detailed reference values of FAVTI for
each week of gestation should be more accurate in diagnos-
ing CHB than group GA. FAVTI is longest in LV In/Out and
ALDAF-PA is shorter than ALDAF-AO, which was similar
to findings observed by Howley and colleagues [13]. As a re-
sult of fetal cardiac cycle, ALDAF-AO/PA were obtained be-
yond aortic and pulmonic valve in proximal of vessels and the
distance of RV apex to pulmonic valve is shorter than dis-
tance of LV apex to aortic valve [20]. Therefore, Doppler
signal time in ALDAF-PA was shorter than ALDAF-AO.

We succeeded in obtaining FAVTI for ALDAF-AO/PA
in 100% of examinations, as compared to 80% in a previ-
ous study [13]. Due to technical limitations, clear iden-
tification of the interrogated great artery is difficult in fe-
tuses with gestational ages<11 weeks [13], which may have
led to lower success rate of ALDAF AO/PA in this prior
work. Therefore, in this study, pregnant women were se-

Fig. 4. Bland-Altman analysis of FAVTI. (A) ALDAF-AO versus LV
In/Out; (B) ALDAF-PA versus. LV In/Out; (C) ALDAF-AO versus
ALDAF-PA.
FAVTI, fetal atrioventricular time intervals; ALDAF, antegrade late dias-
tolic arterial blood flow; AO, aorta; PA, pulmonary artery; LV in/out, left
ventricular inflow/outflow.

lected with gestational age greater than or equal to 14 weeks
to improve the success rate. Furthermore, ALDAF-AO/PA
uses a single valve or vessel, in which pulse wave Doppler
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Table 2. Normal reference values for FAVTImeasured by ALDAF-AO and ALDAF-PA.
Gestational

N
ALDAF-Aorta (milliseconds) ALDAF-Pulmonary artery (milliseconds)

age (weeks) P2.5 P5 P10 P25 P50 P75 P90 P95 P99 P2.5 P5 P10 P25 P50 P75 P90 P95 P99

14 17 85 85 89 89 94 102 114 115 115 85 85 89 94 99 106 119 121 121
15 20 58 60 75.3 91.3 99.2 108 113.7 116 117 57 68 82 95 100.3 107 110 110.5 111
16 20 79 82 89.5 96 105 115 119 119 119 83 83 86 95.7 99 111 122 123.2 123.3
17 16 81 81 88 95 99.2 107.8 117 121 121 87 87 89 97 99.3 113 117 128 128
18 30 83 91 94.7 102 109 115.7 124 125 125 85 89 91.8 98 107 113.7 119 123 134
19 17 94 94 98 106 111 115 130 132 132 94 94 100 106 108 117 128 128 128
20 28 77 83 85 100 106.8 116.5 128 130 132 81 91 93 99 104 112.8 134 138 139.3
21 18 94.7 94.7 97.3 100 107.5 116 119 124 124 89 89 90 94 103 111 121 123 123
22 20 85 86.5 91.7 107.5 114.2 119 124 127.5 130 79 85.5 94 104.7 109.5 117 119 120.8 122.7
23 17 87 87 94 100 113 119 128 134 134 91 91 94 98 117 119.7 122.3 136 136
24 17 85 85 108 112.7 117 125 130 132.7 132.7 91 91 102 108 115 123 138 142 142
25 21 100.3 102 104 106 112 117 130 131 132 91 93.3 100 102 108 117 121 128 138
26 17 102 102 102.3 104 117 127.3 136 149 149 79 79 83 99.3 104 113 130 134 134
27 19 83 83 83 108 114.7 121 140 142 142 77 77 83 102 119 123.3 132 140 140
28 17 104 104 104 115.7 121 128.7 142 145 145 97 97 100 111 125 130 140 142 142
29 17 83 83 87.7 111.3 115 121 134 146 146 85 85 89 106 112 125 139 142 142
30 29 85 104 106.7 114.3 121 126 134.7 138 149 83 91 98.3 105 113.3 123 136 138 150
31 20 87 94.5 102.2 107.7 119 126.5 134.2 141.7 147 87 88 90 104 110 121 131 135 138
32 20 99.3 102.7 107 117 123.2 131 142 143.5 145 96 96 97 104.8 116 133 137.2 143.8 150
33 19 96 96 98 108.7 119.3 128 140 142 142 98 98 98 104.7 120.3 125 134 134 134
34 20 81 90.5 106.5 121 124.5 137 143.5 145.8 146.7 100 100 101 112.2 121 125 138 143.5 147
35 19 110.7 110.7 110.7 117 125 134 142 145 145 89 89 106 115 119 134 145 150 150
36 20 100 101.8 105.8 116.7 125 130 136 139 140 94 98 104 117 122 129 134.3 137.5 139
37 18 94 94 101.7 115 122.2 134 142 151 151 100 100 100 104 122.7 134 140 142 142
38 21 74 100 103.3 117 128 130 136 137.7 138 89 96 108 111 119 130 136 137.3 151
39 16 100 100 102 118.5 126.3 137.7 145 147 147 80 80 88 105.7 116 128 142 155 155
40 15 101.3 101.3 102 108 132 139.7 140 153.7 153.7 89 89 101 108 123 134 145.3 149 149

FAVTI, fetal atrioventricular time intervals; N, number of subjects; P, percentile; ALDAF, antegrade late diastolic arterial blood flow; AO, aorta; PA,
pulmonary artery.

measurements were easier to obtain than other techniques
(LV In/Out, SVC/AO or PV/PA) requiring two valves or
vessels for measurement. This led to high reliability coeffi-
cients (>0.9) by intraobserver and interobserver ratings in
our study, indicating ALDAF shows high reliability and re-
producibility method. The ability to obtain FAVTI is based
on well-trained physician, high resolution ultrasound, and
most importantly the ability to accurately position the sample
volume and the angle of insonation is parallel to the signal of
AO or PA outflow. Overall, an average time of 30 min was
necessary to complete the echocardiographic assessment.

The present study showed FAVTI obtained from
ALDAF-AO, ALDAF-PA and LV In/Out FAVTI was
significant correlated with advancing GA. This find-
ing corroborates majority of previously published data
[9, 12, 13, 17–19, 21, 22], although a few studies have not
identified a correlation between FAVTI and GA [11, 23].
This correlation is likely attributable to enhancement of
fetal cardiac size and chamber with progressive GA, which
results in prolonged time of myocardium depolarization and
repolarization leading to increasing FAVTI [19].

Regarding thresholds for FAVTI measurements, we es-
tablished cut-off values for ALDAF-AO/PA for CHB diagno-
sis at>99th percentile for each specific GA betweenGA 14 to
40 weeks (Table 2) which was not similar to those with pre-
vious studies [9, 19, 21, 24, 25]. In this study, cut-off FAVTI
value obtained from ALDAF-AO and ALDAF-PA are 115–
153.7 milliseconds and 111–155 milliseconds respectively as
more detail show in Table 2.

4.2 Advantages of FAVTI measurements

ALDAF-AO/PA has more advantages than LV In/Out in
the aspect of fetal heart rate. At high heart rate, with no fu-
sion of mitral E and A wave in ALDAF, FAVTI can be deter-
mined but by the LVI In/Out method [10, 26, 27]. It was re-
ported that in 39% of moderate to severely prolonged FAVTI
cases [28], the LV In/Out method could not identify A wave.
However, ALDAF AO/PA can obtain FAVTI in all condi-
tions.

Future studies are warranted to validate the ability of the
ALDAF technique to diagnose congenital heart block in preg-
nancywith positive anti Ro/La autoantibody, and other preg-
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Table 3. Bland-Altman analysis and Pearson correlation coefficient of FAVTI between ALDAF-AO, ALDAF-PA and LV In/Out.
Doppler measurement method Mean difference (95% CI) Pearson correlation coefficient (r) (P-value)

ALDAF-AO versus LV In/Out −3.8 (−30.3, 22.7) 0.549 (<0.001)
ADDAF-PA versus LV In/Out −6.3 (−33.9, 21.3) 0.511 (<0.001)
ALDAF-AO versus ALDAF-PA 2.5 (−24.7, 29.7) 0.573 (<0.001)

FAVTI, fetal atrioventricular time intervals; ALDAF, antegrade late diastolic arterial blood flow; AO, aorta;
PA, pulmonary artery; LV In/Out, left ventricle inflow/outflow; CI, confidence interval.

nancies with risk factors for congenital heart block. Our
study provides convincing evidence that ALDAF-AO and/or
ALDAF-PA is a good technique, with minimal bias, high re-
liability, and high reproducibility for evaluation of prenatal
congenital heart block. Both ALDAF-AO/PA can be used
instead LV In/Out. Of note, we did not identify any differ-
ences in effectiveness of ALDAF-AO and ALDAF-PA. Addi-
tional studies should be done to compare FAVTImeasured by
ALDAF-AO/PA with other techniques such as SVC/AO or
PV/PA. Larger sample sizes for each week of gestation may
provide more accuracy in values of FAVTI with ALDAF-
AO/PA.

We identified limitations in our study: (1)we did not com-
pare our findings with electrical PR neonatal time intervals.
However, the accuracy of FAVTI fromALDAF-AO/PA (me-
chanical PR interval) showed good correlation with neona-
tal (EKG) in a previous study [13]. (2) We were likewise
unable to compare FAVTI obtained from Doppler measure-
ment to other techniques such as RV tissue Doppler image,
fetal EKG and fetal magnetocardiography because of supplier
limitation.

5. Conclusions
In conclusion, this is the first study to establish the nor-

mal reference values of FAVTImeasured by ALDAF-AO/PA
for each week of GA between 14–40 weeks. Our findings
will aid clinicians in early detection of fetal congenital heart
block. Good accuracy, reliability, reproducibility and lack of
fetal heart rate influence underpin the strength of our find-
ings.

Abbreviations
ALDAF, antegrade late diastolic arterial blood flow; AO,

aorta; CHD, congenital heart disease; CHB, congenital heart
block; CI, confidence interval; FAVTI, fetal atrioventricular
time intervals; GA, gestational ages; LV In/Out, Left ventric-
ular inflow/outflow; LVOT, left ventricular outflow tract;
PA, pulmonary artery.
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