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Background: Congenital heart disease (CHD) is the most common severe congenital anomaly worldwide.
Diagnosis early in pregnancy is important, but the detection rate by two-dimensional ultrasonography is only
65%–81%. Objectives: To evaluate existing data on CHD and noninvasive abdominal fetal electrocardiography
(ECG). Search strategy: A systematic review was performed through a search of the Cochrane Library, PubMed,
and Embase for studies published up to April 2016 using the terms “congenital heart disease,” “fetal electrocar-
diogram,” and other similar keywords. Selection criteria: Primary articles that described changes in fetal ECG
among fetuses with CHD published in English were included. Data collection and analysis: Outcomes of interest
were changes in fetal ECG parameters observed for fetuseswith congenital heart disease. Findingswere reported
descriptively.Main results:Onlyfive studies described changes observed in the fetal electrocardiogram for fetuses
with CHD, including heart rate, heart rate variability, and PR, QRS, andQT intervals. Fetal ECG reflects the intimate
relationship between the cardiac nerve conduction system and the structural morphology of the heart. It seems
particularly helpful in detecting the electrophysiological effects of cardiac anatomic defects (e.g. hypotrophy,
hypertrophy, and conduction interruption). Conclusions: Fetal ECG might be a promising clinical tool to
complement ultrasonography in the screening program for CHD.
©2016 International Federation of Gynecology andObstetrics. Published by Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Congenital heart disease (CHD) is the most common severe con-
genital anomalyworldwide [1]. It has been defined as “a gross structural
abnormality of the heart or intra-thoracic large vessels that is actually or
potentially of functional significance” [2]. Major CHD is usually defined
as a form of CHD that is lethal or requires intervention in the first year of
life. The incidence of CHD is estimated at 6–12 cases per 1000 live births
(4 cases of major CHD per 1000 live births), which makes this disorder
six times more common than chromosomal anomalies and four times
more common than neural tube defects [3–5]. In Europe, the overall
rate of mortality due to CHD (both perinatal deaths and termination of
pregnancy) was 0.7 per 1000 births in 2000–2005 [6]. Of the fetuses
affected by CHD, 4.5% die in utero and 21.1% die after birth [7].

Diagnosing CHD early in pregnancy enables the identification of
associated extracardiac anomalies (present in 29% of cases) and
cs and Gynecology, Máxima
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chromosomal anomalies (26% of cases) that have an effect on fetal and
postnatal prognosis [8]. Prenatal and genetic counselling by experts can
be offered to parents. Thereafter, parents can decide to terminate or con-
tinuewith the pregnancy. Studies [8,9] have shown that the frequency of
pregnancy termination is higher if prenatal diagnosis is made at an
earlier gestational age (61% and 44% at 19 and 24weeks of pregnancy, re-
spectively). If pregnancy is continued, an adequate plan of management
can be developed, including intrauterine therapy, timing,mode and loca-
tion of delivery, and immediate treatment after birth. It has been demon-
strated that prenatal diagnosis of CHD increases survival rates and
decreases long-term morbidity in both ductus-dependent and foramen
ovale-dependent CHD [9–12]. As Yates [13] has pointed out, however,
prenatally diagnosed CHD often has a worse prognosis because it is
more likely to be severe (i.e. easier to detect by ultrasonography) or
associated with extracardiac or chromosomal anomalies.

Fetal cardiac screening during the second trimester was standard-
ized in 2006 [14]. The detection rate of CHD varies widely, from 65%
to 81% [15–18]. The challenges encountered include the complex
anatomy of the fetal heart, its motion, and small size. Specific echocardi-
ography is performed for fetuseswith risk factors for CHD, and this tech-
nique has a higher detection rate (sensitivity 90%, specificity 98%) [19].
Ireland Ltd. All rights reserved.
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Fig. 1. Flowchart showing the search and selection of articles. Abbreviations: ECG,
electrocardiography; CHD, congenital heart disease.
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However, up to 90% of all cases of CHD occur in the low-risk population
[3,4,20–22], indicating the necessity of an effective screening procedure
that is available to all pregnant women.

Therefore, there is need for a reliable noninvasive diagnosticmethod
with improved predictive value for the diagnosis of CHD. Noninvasive
transabdominal fetal electrocardiography (fetal ECG) is a new field
that is being investigated. This technique can be used early in pregnancy
(from18weeks), is safe to use, and easy to apply [23]. A big advantage is
that fetal ECG is a potentially non-expensive long-term diagnostic tool,
and raw data can be forwarded for evaluation elsewhere.

Extraction of fetal ECG data was first described in 1906 by Cremer
[24], and the approach was first reviewed in 1986 by Pardi et al. [25].
Despite this early documentation, the development of fetal ECG has
lagged behind other techniques for fetal monitoring, partly because of
technical challenges. The fetal signal has low amplitude (2–50 micro-
volts, 1/50th of the maternal ECG), and is masked by both the maternal
electrocardiogram and background noises (maternal electromyogram),
resulting in a low signal-to-noise ratio [25,26]. The fetus is surrounded
by amniotic fluid and maternal tissues, which enlarge the distance to
the electrodes and cause a non-homogenous tissue conduction that in-
terfereswith signal quality. Additionally, the vernix caseosa is electrical-
ly isolating and amain cause of the poor signal-to-noise ratio from 30 to
34 gestational weeks [23,27]. Other challenging factors are the complex
three-dimensional form of the fetal electrocardiogram and the move-
ments of the fetus, which makes it difficult to evaluate the heart from
one direction. Furthermore, at 20 gestational weeks, the fetal heart is
approximately one-tenth of the size of an adult heart and the fetal
heart rate is two to three times faster than the adult heart rate [28].
With improvements in technology and knowledge of information
theory, however, fetal ECG is becoming more and more attractive.

In addition to the challenges in the conduct of fetal ECG, it is also dif-
ficult to interpret the data. By contrast with postnatal life, the systemic
circulation in the fetus is fed from the left and right ventricles in parallel
with equal intraventricular pressure [29]. The right ventricular outflow
is slightly larger than the left ventricular outflow. The ductus arteriosus
propels 40% of the combined cardiac output during the second trimes-
ter. Right-sided obstructive lesions (e.g. tetralogy of Fallot or pulmonary
stenosis) with a dominance of the right ventricle are difficult to diag-
nose in utero; however, they are often accompanied by septal defects
or by left-side obstructive lesions (e.g. aortic stenosis or coarctation of
the aorta), which can be detected more easily. Owing to the fetal circu-
lation in utero, fetuses affected by CHD do not always show overt signs
of cardiac failure, because one side of the heart can compensate for an
abnormality on the other side. At present, the changes in the fetal ECG
amplitudes, segment intervals, and heart axis that are characteristic of
CHD are not known. Although the changes due to CHD seen on neonatal
ECG are documented, these data are not likely to correspondwith those
of fetal ECG because the circulation changes markedly directly after
birth. The aim of the present review was to evaluate the existing data
on CHD and noninvasive abdominal fetal ECG.

2. Materials and methods

As part of a systematic review, the Cochrane Library (2016, Issue 4),
PubMed, and Embase electronic databases were searched to identify all
studies published on fetal ECGand CHDup to April 30, 2016. The follow-
ing keywords were used: “congenital heart disease,” “congenital heart
defects,” “fetal electrocardiogram,” “fetal electrocardiography,” and
“fetal ECG”. The outcomes of interest were changes seen in fetal ECG
parameters, such as ECG intervals, ECG segments, and the electrical
heart axis among fetuses with CHD.

Primary articles that described the changes in fetal ECG among
fetuses with CHD were selected. The reference lists of the selected arti-
cles were also searched. The study language was restricted to English.
Review articles and studies describing diagnostic tools other than
noninvasive abdominal fetal ECG were excluded. Articles that solely
described fetal arrhythmia were excluded because only few arrhyth-
mias are associated with CHD.

The search and selection of articles were performed independently
by two authors (K.M.J.V. and N.B.E.). The guidelines and quality assess-
ment forms of the Dutch Cochrane Center were used to evaluate the
quality of the studies. The findings were reported descriptively and no
statistical analysis was performed.

3. Results

The search and selection of articles is summarized in Fig. 1. In total,
five articles met the inclusion criteria and were reviewed, including
case reports by Hamilton et al. [30] and Brambati and Bonsignore [31].
Three articles by Siddiqui et al. [32], Velayo et al. [33], and Yilmaz et al.
[34] were prospective cohort studies including normal fetuses and
cases of CHD. The five studies were published between 1977 and 2016.

Owing to the low numbers of fetuses, the variation in outcomemea-
sures described, and the differences in signal processing techniques
used in the five studies, it was not possible to directly compare or pool
the results. The basic characteristics and a quality assessment of the
two case reports are given in Table 1, whereas the basic characteristics
and a quality assessment of the prospective studies are given in
Tables 2 and 3. Table 4 presents an overview of the fetal ECG parameters
of the fetuses with CHD included in the review.

Hamilton et al. [30] described a case of complex CHD, in which a
complete heart block was seen in 1977. They used a cardiotocograph
with the capacity to process fetal phonocardiographic and abdominal
fetal ECG signals. The bizarre QRS complexes found on fetal ECG (not
otherwise specified) suggest that the pacemaker was distal to the bun-
dle of His, with a fetal heart rate of 50 beats per minute. After delivery,
cardiac catheterization and angiocardiography were performed to con-
firm the existence of complex CHD (Table 4).

Seven years later, Brambati et al. [31] described a case of an atrioven-
tricular septal defect in which cardiac arrhythmia was seen. The signal
processing method is not extensively described, but data extraction
was mainly performed manually and a median fetal ECG constituting
50 heartbeats was generated. Extrasystoles without a preceding
P wave were found, suggestive of ventricular origin. Additionally,
a prolonged QRS time was found, which was stated to be suspicious
of cardiac enlargement and/or a cardiac anomaly. After delivery,
ventricular extrasystoles, left axis deviation, and right ventricular



Table 1
Characteristics and quality assessment of the two case reports on fetal ECG.

Characteristic Hamilton et al. [30] Brambati et al. [31]

Year of publication 1977 1983
Study design Case report Case report
Number of patients 1 1
Case Complete fetal heart block Fetal cardiac

arrhythmia
Gestational age, wk 32 34
Prenatal ultrasonography
screening

Not described Not described

Fetal ECG signal processing
technique

Unclear; two leads Unclear

Postnatal diagnostics Auscultation, ECG, radiography,
cardiac catheterization/
angiocardiography, autopsy

Auscultation, ECG,
radiography

Diagnosis Multiple cardiac anomalies Atrial septal defect,
mitral insufficiency

Abbreviation: ECG, electrocardiography
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hypertrophy were found on ECG. The neonate was diagnosed with an
atrioventricular septal defect.

Velayo et al. [33] performed a prospective cohort study using
simultaneous fetal ECG and cardiotocography (Doppler ultrasonogra-
phy) recordings. The fetal heart rate information derived from Doppler
ultrasonography was used to filter the fetal ECG [35]. Overall, 179
women were prospectively screened from a low-risk population.
Twelve (7%) showed an abnormal fetal ECG; of these, 8 (4%) were
excluded from further analysis because the fetus had no underlying
structural heart defects, whereas 4 (2%) were confirmed to have CHD
by an ultrasonography examination performed after inclusion in the
study. The remaining 167 women (93%) with normal fetal ECG and no
CHD or other anomalies on ultrasonography evaluation were used for
standardization of normal parameters. The fetal ECG was found to
have a sensitivity of 100%, specificity of 95%, positive predictive value
of 33%, and negative predictive value of 100% for the detection of CHD
in a low-risk population.

Velayo et al. [33] described the four cases of CHD that they found in
their study population in detail (Table 4). They stated that premature
ventricular contractions, as seen in cases one and three,might be caused
by a primary developmental anomaly of the conduction system in the
presence of endocardial cushion defects or an underlying genetic defect
affecting intrinsic myocardial cell physiology. Prolongation of the QT
interval, as seen in cases two and four, might be explained by repolari-
zation dysfunction (alterations in action potential duration) caused by
ventricular aberrations [33]. This is also seen in cases of cardiac remod-
eling due to disease progression. In case four, the various prolonged
Table 2
Characteristics and quality assessment of the study by Velayo et al. [33].

Characteristic Overall Case 1

Year of publication 2011 –
Study design Prospective cohort study –
Inclusion/exclusion criteria Clear –
Risk of selection bias High –
Number of patients 179 1
Gestational age, wk 18–41 23
Prenatal ultrasonography screening Normal Multiple

anomali
Fetal ECG signal processing technique Clear; 14 leads
Other diagnostics prenatally None Chromo

analysis
Postnatal diagnosis and/or therapy Unclear Surgery
Follow-up Unclear –
Confounders Unclear –
Available as in clinical practice Yes –

Abbreviations: ECG, electrocardiography; MRI, magnetic resonance imaging.
intervals might have been late signs of the critical condition of the
fetus, supported by the cardiomegaly with signs of heart failure.

Yilmaz et al. [34] and Siddiqui et al. [32] both performed a prospec-
tive cohort study of the same set of 92 participants: 41 healthy controls
and 51 fetuses with CHD confirmed by fetal echocardiography. A
Monica AN24 fetal electrocardiographic monitor was used to perform
measurements at three gestational ages (19–27, 28–33 and 34–38 ges-
tational weeks). Tracing quality was analyzed in both studies.

Yilmaz et al. [34] calculated the PR, QRS, and QT intervals during ges-
tation. They showed that the PR and QRS intervals both lengthen as ges-
tational age increases among normal fetuses. Among fetuses with CHD,
this lengthening during gestation was not seen, but longer PR and QRS
intervals were seen at all gestational ages as compared with normal
values (Table 4). T waves seemed to be difficult to detect, and were
therefore not included in the analysis.

Siddiqui et al. [32] calculated fetal heart rate and fetal heart rate
variability during gestation. Among the control fetuses, heart rate
decreased during gestation, whereas heart rate variability increased.
Fetuses with CHD generally had a lower fetal heart rate than healthy
fetuses, but no differences in heart rate variability at 34–38 weeks
were observed between the controls and cases except for fetuses with
hypoplastic left heart syndrome (which showed significantly lower
heart rate variability during the active fetal state).

4. Discussion

Overall, the present systematic review revealed that little research
has been published regarding the changes in fetal ECG parameters
observed for fetuses with CHD. The methods of conducting the fetal
ECG measurements were different in most studies and evolved with
time. Additionally, the fetal ECG parameters described in the studies
varied. All the studies included show that fetal ECG can be a valuable
tool to diagnose CHD early in utero. However, data on the fetal ECG
changes observed among fetuses with CHD remain limited.

Both the case reports by Hamilton et al. [30] and Brambati et al. [31]
are from another era, and are therefore not comparable with the signal
processing techniques in current use. It is not likely that the two
pregnancies described received prenatal ultrasonography screening to
detect CHD. Nevertheless, both studies do indicate the potential of
fetal ECG in diagnosing CHD and fetal arrhythmias.

Velayo et al. [33] reported a promising sensitivity and specificity of
100% and 95%, respectively; however, the positive predictive value of
fetal ECG was only 33%. This low positive predictive value can be ex-
plained by the low probability that fetuses in the general population
will have CHD. The eight cases with an abnormal ECG that were exclud-
ed had other abnormalities, including non-immune hydrops fetalis,
Case 2 Case 3 Case 4

– – –
– – –
– – –
– – –
1 1 1
32 33 28

cardiac
es

Multiple cardiac
anomalies

Multiple cardiac
anomalies

Multiple cardiac
anomalies

somal
, MRI

None None None

Unclear Unclear Unclear
– – –
– – –
– – –



Table 3
Characteristics and quality assessment of the studies by Siddiqui et al. [32] and Yilmaz et al. [34].

Characteristic
Yilmaz et al. [34] Siddiqui et al. [32]

Overall HLHS TGA TOF Overall HLHS TGA TOF

Year of publication 2016 – – – 2015 – – –
Study design Prospective cohort study – – – Prospective cohort study – – –
Inclusion/exclusion criteria Clear – – – Clear – – –
Risk of selection bias High – – – High – – –
Number of patients 92 15 12 14 92 19 12 20
Gestational age, wk 20–38 20–38 20–38 20–38 19–38 19–38 19–38 19–38
Prenatal ultrasonography screening Yes – – – Yes – – –
Fetal ECG signal processing technique Clear; 5 leads – – – Unclear – – –
Other diagnostics prenatally None – – – None – – –
Postnatal diagnosis and/or therapy Unclear – – – Unclear – – –
Follow-up Unclear – – – Unclear – – –
Confounders Unclear – – – Unclear – – –
Available as in clinical practice Yes – – – Yes – – –

Abbreviations: HLHS, hypoplastic left heart syndrome; TGA, transposition of the great arteries; TOF, tetralogy of Fallot.
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hypoxemia, or arrhythmia (not otherwise specified). AlthoughCHDwas
not detected in this group, it is nonetheless important to identify this
subset of fetuses that are possibly at risk of fetal distress [36].

Yilmaz et al. [34] and Siddiqui et al. [32] describe the largest case
series of fetal ECG measurements among fetuses with CHD published
so far. However, only three types of CHD—which were commonly diag-
nosed and with “distinct anatomic and physiologic features that could
potentially impact ECG intervals” [34]—were included in those studies.
As a result, there is a high risk of selection bias in both studies. Addition-
ally, identification of the P, QRS, and T waves is not extensively
described by Yilmaz et al. [34]. Siddiqui et al. [32] calculated heart rate
Table 4
Overview of the fetal ECG parameters observed for fetuses with congenital heart disease.

Study No. a Type of CHD Findings fetal ECG (GA, wk)

Hamilton et al. [30] 1 Complex b Bizarre QRS complexes;
Complete atrioventricular b
Atrial rate, 100 bpm;
Ventricular rate, 48 bpm

Brambati et al. [31] 1 Atrial septal defect, mitral
insufficiency

Premature ventricular contr

Velayo et al. [33] 1 Case 1: Atrioventricular
septal defect

Premature ventricular contr
Right axis deviation

Velayo et al. [33] 1 Case 2: Complex c

Velayo et al. [33] 1 Case 3: Complex d Polymorphic premature ven
contractions;
Prolonged pre-ejection peri

Velayo et al. [33] 1 Case 4: Complex e Prolonged pre-ejection peri
Yilmaz et al. [34]
Siddiqui et al. [32]

13–23 Controls HR, 148 ± 4 bpm (19–27)
HR, 141 ± 3 bpm (28–33)
SD, 0.020 ± 0.002 (34–38)

Siddiqui et al. [32] 22 All CHD HR, 143 ± 5 bpm (19–27)
Yilmaz et al. [34]
Siddiqui et al. [32]

5–9 Hypoplastic left heart
syndrome

HR, 143 ± 3 bpm (19–27)
HR, 136 ± 5 bpm (28–33)
SD, 0.013 ± 0.003 (34–38)

Yilmaz et al. [34]
Siddiqui et al. [32]

2–10 Tetralogy of Fallot HR, 140 ± 7 bpm (19–27)

Yilmaz et al. [34]
Siddiqui et al. [32]

4–9 Transposition of the
great arteries

Abbreviations: ECG, electrocardiography; CHD, congenital heart disease; GA, gestational age; QT
rate; SD, standard deviation of heart rate during active fetal state (i.e. heart rate variability); bp

a In the studies of Yilmaz et al. [34] and Siddiqui et al. [32], the number of fetuses included var
is indicated.

b Common atrium, complete atrioventricular canal, double outlet right ventricle, pulmonic s
vena cava with azygous continuation.

c Total anomalous pulmonary venous connection, pulmonic stenosis, systemic right ventricu
venous return anomaly.

d Tetralogy of Fallot, ventricular septal defect, pulmonic stenosis, double outlet right ventric
e Dilated cardiomyopathy, ventricular septal defect, congestive heart failure.
variability in three different ways: interquartile range of the fetal
heart rate, standard deviation of the fetal heart rate, and root mean
square of the standard deviation of the heart rate. Unfortunately, exact
values are not given for each type of CHD separately for either fetal
heart rate or variability. A new trial with a greater sample population
and the inclusion of more types of CHD is needed.

The fetal electrocardiogram reflects the intimate relationship be-
tween the cardiac nerve conduction system and the structuralmorphol-
ogy of the heart [33]. In accordance with Yilmaz et al. [34], other studies
also found that the duration of the Pwave, QRS complex, and PR interval
increases progressively from 18 gestational weeks until term for fetuses
PR interval, ms
(GA, wk)

QRS interval,
ms (GA, wk)

QT interval,
ms (GA, wk)

lock;

actions Extrasystole: 112 ± 22 (34)
Normal complex: 72 ± 9 (34)

actions;

QTc, 518 (32)
tricular

od
od 115 (33) QTc, 445 (33)

93 ± 12 (20–24)
102 ± 15 (28–32)
109 ± 18 (34–38)

52 ± 5 (20–24)
56 ± 7 (28–32)
56 ± 9 (34–38)

240 ± 15 (20–24)
231 ± 41 (28–32)
233 ± 43 (34–38)

97 ± 16 (20–24)
113 ± 12 (28–32)
120 ± 21 (34–38)

66 ± 6 (20–24)
62 ± 7 (28–32)
61 ± 16 (34–38)

119 ± 29 (20–24)
105 ± 14 (28–32)
113 ± 21 (34–38)

61 ± 3 (20–24)
59 ± 9 (28–32)
67 ± 5 (34–38)

92 ± 21 (20–24)
101 ± 10 (28–32)
101 ± 20 (34–38)

60 ± 2 (20–24)
64 ± 9 (28–32)
64 ± 8 (34–38)

c, fetal QT interval corrected for heart rate (QT divided by the square root of RR); HR, heart
m, beats per minute.
ied by gestational age; therefore, theminimumandmaximumnumber of fetuses per group

tenosis, aneurysmal right aortic arch with mirror-image branching, interrupted left-sided

lar dysfunction, common atrioventricular valve, bilateral superior vena cava, pulmonary

le, transposition of the great arteries, multi-aortopulmonary collateral arteries.
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with normal cardiac structures [36,37]. This reflects the anatomic devel-
opment of the atria and ventricles during pregnancy, with a gain in the
weight and mass of the fetal heart. The increase in PR interval indicates
the development of the atrioventricular conducting tissue [38].

Yilmaz et al. [34] showed that, among fetuses with CHD, the normal
lengthening in PRandQRS intervals duringpregnancy is absent. Addition-
ally, most CHDs are associatedwith an increased or decreased ventricular
mass or cardiac arrhythmias [25,30,31,33]. In the case of a severe endo-
cardial cushion defect (atrioventricular septum defect), the abnormal
atrioventricular connection affects the conduction system, and this is
reflected in a longer PR interval and left axis deviation [25,31,33,39].

The aim of Siddiqui et al. [32] was to characterize autonomic regula-
tion in fetuseswith CHD, and to studywhether autonomic development
is altered by comparison with healthy controls. Although it was not the
aim, the study seems to indicate that heart rate variability might not be
a good screening tool to detect CHD because heart rate variability was
lower only among fetuses with hypoplastic left heart syndrome and
only in the measurement at 34–38 gestational weeks. Moreover, there
were only minor differences in fetal heart rate between controls and
fetuses with CHD.

The rate of prenatal detection by two-dimensional ultrasonography
is mainly influenced by the experience of the sonographer. It is relative-
ly difficult to interpret the anatomyof the fetal heart correctly because it
is a dynamic, constantly moving structure that rhythmically beats ap-
proximately more than twice per second. In addition, some diagnoses
(e.g. coarctation of the aorta and CHDs that develop/progress during
pregnancy such as pulmonary stenosis, aortic stenosis, ventricular hy-
poplasia, and cardiomyopathy) remain challenging to diagnose even
in experienced centers. Given the fetal circulation, it is difficult to define
lesion severity in the presence of the unique fetal shunts that permit re-
distribution of ventricular preload and output to the contralateral ven-
tricle or great artery [3].

Computerized evaluation of the fetal electrocardiogram might
eliminate some of the above-mentioned problems. First, performer
variability—as occurs in the case of ultrasonography—would be absent
because the data are analyzed by computerized algorithms. Second,
the equipment is cheaper and smaller by comparison with ultrasonog-
raphy equipment. Third, application of the fetal ECG system involves
minimum training. Last, at the time of the fetal anomaly scan, CHDs
that evolve during gestationmight present no anomalies by ultrasonog-
raphy, but might show fetal ECG characteristics.

The present review has some limitations. Because little research has
been published, the amount of ECG recordings that was available per
type of CHD was limited. Only two case reports and three prospective
trials were found. The methods of conducting the fetal ECG measure-
ments were different in the five studies and evolved during time.
Additionally, the fetal ECG parameters that were described varied in
every study. Nevertheless, all the studies included show that fetal ECG
can be a valuable tool for diagnosing CHD early in utero.

In conclusion, fetal ECG is a promising clinical tool that complements
ultrasonography in the screening program for CHD. It is particularly suit-
able for the detection of secondary effects due to CHD (i.e. hypotrophy,
hypertrophy, and conduction interruption). However, more research
establishing normal fetal ECG values and studies concerning the true
incidence of fetal ECG anomalies in CHD are needed.
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