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Figure 12.9. Case 8. The heart is seen in a four chamber 
projection in the prenatal and post- 
natal scan. The complete atrioventric- 
ular defect can be seen. There was a 
common bridging atrioventricular valve 
leaflet. 
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Figure 12.10. Case 8. There are two vessels seen behind the 
heart in cross section as circles. 
Normally only the descending aorta is 
seen lying between the left atrium and 
the spine. The vessel to the right of 
the aorta is the azygous vein. 
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Figure 12.11 (top) Case 9. The M mode is recorded across both 
ventricular chambers. Both 
chambers are thickened. 

Figure 12.12 (below) The two dimensional image is seen 
in the four chamber projection. 
The heart is seen to lie in the 
middle of the chest. The ventric- 
ular walls are thickened. The 
ostium primum atrial septal defect 
is seen. 
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ostium primum atrial septal defect Figure 12.12. The 

pulmonary artery arose from the right ventricle anterior 

to the aorta but parallel to it. The aorta was just below 

the mean for this gestational age at 0.4 cms. Figure 12.13. 

(normal range 0.45 ± 0.1 cms). The aorta was thought to 

arise from the right ventricle also. The arch of the aorta 

could not be visualized but the unusual orientation of the 

whole heart was thought to account for this. A diagnosis of 

ostium primum atrial septal defect with double outlet right 

ventricle was suspected. The association of this combination 

of abnormalities in addition to the positional abnormality 

of the heart was thought to indicate a diagnosis of left 

atrial isomerism and polysplenia (177). Termination of 

pregnancy was carried out at 22 weeks gestation. At autopsy 

multiple splenunculi were found in the abdomen, and bilateral 

left bronchial anatomy. Left atrial isomerism, ostium 

primum atrial septal defect and right and left ventricular 

hypertrophy were confirmed (Figure 12.14,15). Azygous 

continuation of the inferior vena cava was found. In 

addition to these abnormalities, interruption of the aortic 

arch was found between the left common carotid and left 

subclavian arteries (Figure 12.16). 
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Figure 12.13. Case 9. The aortic root and left atrium are 
seen in M mode. The atrial contraction 
can be seen to be at twice the vent- 
ricular rate. 
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Figure 12.14. Case 9. 

BILATERAL 
LEFT ATRIAL 

APPENDAGES 

The heart is seen unopened. 
Bilateral left atrial appendages 
can be seen. The ascending aorta is 
seen to be short and to divide into 
4 branches. The aorta is smaller 
than the pulmonary artery lies behind 
and to the right of it. 
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Figure 12.15. Case 9. The heart is opened to show the 
bilateral ventricular hypertrophy and 
the ostium primum atrial septal 
defect. 
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Figure 12.16. Case 9. 
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In the anatomical specimen the 
continuity between left ventricle 
and aortic root is displayed and in 
(a) the same section is displayed 

echocardiographically. 
(b) demonstrates the normal appearance 

of the infundibulum of the right 
ventricle supporting the pulmonary 
valve with the left ventricle seen as 
a concentric structure behind. The 
normality of arterial connections 
therefore is demonstrable on the 
echocardiogram although incorrectly 
interpreted at the time. The short 
branching posterior great artery was 
incorrectly thought to be the pulmonary 
artery. 
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Discussion 

Arrhythmias presenting during fetal life are an 

important group to be studied echocardiographically. The 

limitations of the electrocardiogram in fetal life, detailed 

in Chapter 9, mean that the echocardiogram is the only way 

of elucidating an arrhythmia. The "P" wave of the electro- 

cardiogram is impossible to record non invasively in pre- 

natal life. However, atrial and ventricular wall motion can 

be recorded on the M mode echocardiogram. The relationship 

of atrial to ventricular contraction will provide clues to 

the type of arrhythmia present. Cardiomyopathies and 

structural cardiac anomalies can be readily excluded. 

Documentation of the tachyarrhythmias can be performed and 

managed according to the circumstances. In our case the fetus 

was sufficiently mature for delivery. However, if this had 

not been the case or there was suspicion that the fetus was 

compromised as a result of the arrhythmia, the mother could 

have been digitalised. Fetal decompensation would have 

been evidenced by right heart dilatation or the development 

of ascites. There is good placental transfer of digoxin, 

similar concentrations having been found immediately after 

birth, in maternal and fetal blood. (178). 

It is interesting that two of our cases in which a 

slow heart rate was recorded, Case 12.5 and Case 12.6, showed 

similar abnormal echocardiographic findings; namely right 

: -tt 
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heart dilatation with left ventricular and aortic root 

measuiunents below the mean for gestation. In one case, 

Case 12.7, with complete heart block, the mitral valve 

could not be shown to open in intrauterine life. Decreased 

left ventricular blood flow in intrauterine life may 

restrict left ventricular and aortic root development, 

but the mechanism of diminished left heart flow is as yet 

undefined. 

Three of our cases, Case 12.5,12.8 and 12.9 had 

left atrial isomerism and polysplenia, in association with 

structural cardiac malformations. In each case, azygous 

continuation of the inferior vena cava was present. Atrial 

isomerism is usually, but not invariably, associated with 

splenic anomalies (179). Right atrial isomerism is 

associated with asplenia and more major cardiac anomalies, 

left atrial isomerism with polysplenia and slightly less 

severe cardiac malformations (177) although over 60% of 

children with left atrial isomerism die in the first year 

of life. Cases 12.8 and 12.9 had severe malformations. 

It is important to note atrial situs as these isomeric 

syndromes may have a different recurrence rate from other 

forms of congenital heart disease (180). 
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CHAPTER 13 

RESULTS: 

Abnormal echodardiographic appearances secondary to extra- 

cardiac abnormality. 

Unusual echocardiographic appearances probably representing 

normal variation. 

This chapter describes abnormal echocardiographic 

appearances which probably do not represent primary cardiac 

disease. These echocardiographic findings are important 

to interpret accurately. Table VII summarises the cases 

discussed in this chapter. 

Abnormal echocardiographic appearances secondary to extra- 

cardiac abnormality. 

The first group consists of four cases and all presented 

because of fetal ascites. Case 13.1. This case was first 

seen at 20 weeks gestation. Fetal ascites was very marked 

and the right ventricle was seen to be grossly dilated. 

The appearance is seen in Figure 13.1. The right atrium and 

right ventricle were dilated although the fibrous tricuspid 

valve ring remains fairly narrow. The whole cardiac size 

seemed to occupy more than half the thorax, although normally 

it fills only a third. Despite extensive viral and antibody 
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TABLE VII 

Case 13.1 

Case 13.2 

Case 13.3 

Case 13.4 

Case 13.5 

Case 13.6 

Case 13.7 

Echocardio- 
graphic 
finding 

Right vent- 
ricular 
dilatation 

Right vent- 
ricular 
dilatation 

Right vent- 
ricular 
dilatation 

Right vent- 
ricular 
dilatation 

Right vent- 
ricular 
dilatation 

Right vent- 
ricular 
dilatation 

Right vent- 
tricular 
dilatation 

Gestational Associated Outcome 
age Abnorm- 

alities 

20/52 Fetal IUD 27/52 
ascites Leukaemia 

22/52 Fetal Termin- 
ascites ation 
Cystic XO fetus 
hygro- 
mata 

22/52 Fetal Normal 
ascites baby at 

term 

30/52 Fetal Normal 
ascites 

32/52 Fetal 
ascites 

22/52 Fetal 
ascites 
Rh iso- 
immunisat- 
ion 

35/52 Rh iso- 
immunisat- 
ion 

Case 13.8 Whole cardiac 28/52 Growth 
dilatation retard- 
Poor LV function ation 

Case 13.9, Echogenic body 22,24 None 
10,11,12 within left 19 weeks 

ventricle 19 2eeks 

Normal 
baby at 
term 

Gross 
anaemia 
on 
delivery 
Normal 
after 
exchange 
trans- 
fusion 

Gross 
anaemia on 
delivery. 
Normal 
after 
exchange 
trans- 
fusion. 

Intra- 
uterine 
death. 
24 hours 
later 

Normal 
babies 
at 
delivery 

a ä 
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Figure 13.1. Case 13.1 The heart is seen in a four chamber 
projection. The right atrium and 
right ventricle are dilated with the 
tricuspid valve ring remaining 
fairly narrow. The whole heart 

appears enlarged. 
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Figure 13.2. Case 13.2 The heart is again seen in the four 
chamber view. The right side is dilated and there are bilateral 
pleural effusions. 
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testing, including chromosome culture of the amniotic 

fluid, no cause of the fetal ascites could be detected. 

No other fetal organ could be seen to be abnormal. Intra- 

uterine death occurred at 27 weeks gestation. Autopsy 

discovered a monocytic leukaemia. 

Case 13.2. Case 13.2 presented at 27 weeks gestation 

with gross fetal ascites. This case is illustrated in 

figure 13.2. The right ventricular dilatation was marked, 

the right ventricle having twice the internal diameter of 

the left. No structural abnormality of the heart could be 

seen. Bilateral pleural effusions could also be seen in 

this case. (Figure 13.2). This fetus showed large cystic 

hygromata on both sides of the neck. The diagnosis of 

Turner's syndrome was suspected, and the pregnancy was term- 

inated. The diagnosis was confirmed by chromosome analysis 

of a fibroblast culture of the fetal specimen. Apart from 

the nonspecific right ventricular dilatation found echo- 

cardiographically, there were no other abnormal findings 

within the heart at autopsy. 

Case 13.3,13.4,13.5. Three presented at 22,30 and 

32 weeks respectively. There was marked fetal ascites and 

right ventricular dilatation in each. Despite thorough 

investigation, no cause could be found for either fetus 

having ascites. Investigation included chromsome culture 
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Figure 13.3. Case 13.7. The heart is seen in the four 
chamber projection with the spine 
posterior. The right heart is 
uniformly dilated. 
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of the amniotic fluid, bacteriological and viral screening, 

antibody testing, and in case 13.3, fetoscopy was performed. 

The only abnormality found in the fetal blood specimen was 

a marginally low serum albumin. A transfusion of albumin 

was given and regression of fetal ascites coincided with 

this. Fetoscopy was not performed in cases 13.4 or 13.5. 

All three cases appeared to be of the same severity and 

ran a similar course. The fetuses appeared otherwise normal. 

They were delivered close to term, by which time the ascites 

had completely resolved in Case 13.3, and almost completely 

in cases 13.4 and 13.5. The right ventricular dilatation 

decreased in parallel with the diminution of ascites. 

Postnatally no abnormality could be detected in any of the 

babies apart from mild dysmaturity. 

Rhesus isoimmunisation. Cases 13.6 and 13.7. There 

were two cases known to have rh-isoimmunisation (Cases 13.6 

and 13.7). Case 13.6 was first seen at 23 weeks gestation. 

The right ventricle was slightly dilated. An exchange trans- 

fusion was performed. Two weeks later, the right ventricle 

was more dilated and there was seen to be a rim of fetal 

ascites. Exchange transfusion was again performed. This 

sequence was repeated weekly until 28 weeks gestation, with 

fetal ascites reaccumulating more quickly each time after 

exchange transfusion. The size of the right ventricle was 

consistently twice the size of the left ventricle after the 
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development of fetal ascites. At delivery, at 28 weeks 

gestation, the haemoglobin was 5.4 gms. The right sided 

dilatation of the heart regressed after correction of the 

anaemia. Case 13.7. Case 13.7 presented at 35 weeks 

gestation with diminished fetal movement. The right vent- 

ricle was slightly dilated. The patient was found to have 

very raised anti-Rh antibodies. Twenty four hours later 

right ventricular dilatation was noted to have increased 

dramatically. This case is illustrated in Figure 13.3. 

No fetal ascites had as yet developed. The patient was 

delivered by caesarian section and the fetus was found to 

have a haemoglobin of 5 gms. After exchange transfusion, 

the baby's condition rapidly improved and the echocardio- 

graphic abnormalities resolved. 

'Placental"Insufficiency: Case 13.8. One case, Case 13.8, 

presented at 28 weeks gestation with intrauterine growth 

retardation. On examination of the pregnancy there was 

oligohy amnios. The biparietal diameter and abdominal 

circumference measurements were below the 5th percentile for 

the gestational age. The fetus was noted to be immobile. 

The heart, however, was beating, though dilated and occupying 

more than one half of the fetal thorax. The enlargement 

seemed to involve all four cardiac chambers in the four 

chamber view. (Figure 13.4). Left ventricular function was 

I 
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Figure 13.4. Case 13.8. The fetal heart is seen in the 
four chamber projection. The heart 
appears to occupy more of the fetal 
thorax than usual (c. f. e. g. 
Figure 12.5). Both ventricular 
chambers appear equally dilated. 
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decreased with poor posterior left ventricular wall movement. 

Shortening fraction was 16.6%, VCF 0.69 circ. /sec. Twenty 

four hours later, no fetal heart beat was detected and 

delivery of the fetus was induced. Severe placental 

insufficiency was found. No structural abnormality of the 

fetus or of the fetal heart was found. This dilated, poorly 

functioning fetal heart was thought to be part of severe 

oxygen deprivation of the fetus, just prior to its death. 

Unusual echocardiographic appearances probably representing 

normal variation 

Papillary body: Cases 13.9,10,11,12. These cases 

all showed identical appearances when studied initially at 

22,24,19 and 19 weeks respectively. Each was followed closely 

during pregnancy and examined at least three times, the last 

time at around 36 weeks gestation. The appearance was of 

an intraventricular echogenic body within the cavity of the 

left ventricle (Figure 13.5). It seemed to be related to 

the papillary muscles of the mitral valve but in no case 

was the mitral valve thought abnormal on the two dimensional 

or M mode scan. Both the left ventricle and left atrium 

were a normal size in each case. Cases 13.9,10,11,12 have 

all been followed up postnatally. Case 13.12 is illustrated 

in Figure 13.6. Theclinical examination postnatally, in 
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each case, was completely normal. The postnatal echo- 

cardiogram again demonstrated the echogenic body within 

the left ventricular chamber, and showed it to be related 

to one of the papillary muscles supporting the mitral 

valve. This finding is thought to represent a variation of 

normality, unassociated with functional disability. 

Discussion 

Case 13.1 had severe anaemia in association with a 

monocytic leukaemia and this is the probable cause of 

cardiac failure in this case. Cases 13.3,4 and 5 were all 

similar in their course and ultrasound findings; that is, 

they all presented with unexplained fetal ascites and 

associated cardiac signs, namely right heart dilatation. 

The echocardiographic findings all regressed in parallel 

with the fetal ascites. In each case a normal baby, although 

small for dates, was the outcome. It is thought that some 

form of intrauterine infection, perhaps viral, produced 

these findings, the infective event or fetal insult being 

expressed in the long term by growth retardation. The 

infection could have affected the heart causing right heart 

failure, which resolved, or alternatively the infection 

could have caused a severe anaemia or hypoalbuminaemia, 

which produced cardiac failure. This transitory fetal ascites 

has been described by other authors (181). Etches and Lemons, 
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reviewing 22 cases of non-immune hydrops, recorded seven 

cases of "idiopathic" hydrops (182). Kleinman (183) found 

no cases of idiopathic hydrops in his series of 13 cases 

and suggests that fetal tachycardia, undiagnosed, produces 

hydrops and subsequent fetal death. Autopsy in these cases 

would not elucidate this cause of fetal ascites. In one of our 

cases fetoscopy was performed. No anaemia was found although 

mild hypoalbuminaemia was present. An intrauterine trans- 

fusion of albumin was performed and regression of the fetal 

ascites coincided with this therapy but could have been 

unrelated. In the other two similar cases recovery occurred 

spontaneously. It may be that these three cases are not a 

homogeneous group. Right heart dilatation is not an 

invariable accompaniment of fetal ascites; five cases of 

fetal ascites have been seen where no cardiac signs were 

detected. It is thought that in these cases fetal ascites 

was secondary to some cause other than cardiac failure. 

The cardiac signs are unexplained in Case 13.2 where 

right heart dilatation and fetal ascites were seen in 

association with Turners syndrome. 

Case 13.6 and 13.7 where right heart dilatation was 

found in association with the severe anaemia of rhesus iso- 

immunisation seems readily explicable. In Case 13.6 the 
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recurring anaemia produced cardiac failure and fetal ascites. 

In Case 13.7 the pregnancy was interrupted before right 

heart failure could become established and thus before the 

signs of ascites had developed. It is quick and simple to 

measure and monitor right ventricular size in rhesus iso- 

immunisation and this may prove to have useful predictive 

value in relation to the degree of anaemia present. However 

rate of development of anaemia may also be an important 

factor in causing cardiac failure in this condition. Five 

further cases of rhesus isoimmunisation have been studied 

and followed. In once case the anaemia was more severe 

prior to each exchange transfusion than in either of the 

cases described above, that had cardiac signs. Despite this, 

neither right ventricular dilatation, nor ascites developed. 

In the other four cases the anaemia was less severe than 

Cases 13.5 and 13.6. Measurement of the right ventricular 

internal dimension may therefore give a useful, although not 

absolute guide, to the degree of anaemia present. Perhaps 

more importantly it may predict the ability of the individual 

fetus to tolerate anaemia. Variation in placental function 

and oxygenation may modify the ability of an individual 

fetus to tolerate anaemia. This hypothesis requires to be 

tested using larger numbers of cases but severe rhesus iso- 

immunisation in this country is now a rare disease. It is 

interesting to note that cardiac failure in the fetus appears 
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to affect mainly the right ventricle. This observation 

has been made by other authors (184). It may be that the 

right ventricle is unable to withstand sudden changes in 

volume or pressure it is required to handle in utero and 

therefore fails preferentially. The right ventricle is 

more compliant than the left, particularly in fetal life 

(185). 

In case 13.8, whole cardiac dilatation was seen just 

prior to fetal death from placental insufficiency. It is 

thought that this may be nonspecific sign of severe oxygen 

deprivation in the fetus. Signs of poor cardiac muscle 

function, expressed by decreased left ventricular functional 

measurements, are consistent with this hypothesis. 

The last four cases demonstrate an unusual echocarclio- 

graphic finding which could easily be wrongly interpreted by 

the inexperienced observer as representing a structural 

abnormality. The body seen within the left ventricular 

cavity is very densely echogenic. It could be mistaken for 

a cardiac tumor, the most common in children being a rhab- 

domyoma or fibroma. However rhabdomyoma are commonly 

multiple and always associated with tuberose sclerosis (186). 

The site of this body in the papillary muscle would be most 

unusual for a fibroma or myxoma. It would be very unlikely 
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to have seen four cardiac tumors in a series of 647 patients. 

Cardiac tumors form only 0.086 percent of heart disease in 

children (187). Tumor size might also change during preg- 

nancy and cause some functionally observable effects. How- 

ever, none has caused any functional disability or clinical 

signs on postnatal follow up. 

In summary therefore, abnormal echocardiographic findings 

may indicate extracardiac disease. Where no primary cardiac 

cause can be detected to account for these echocardiographic 

appearances, disease elsewhere in the fetus, in the mother, 

or in the placenta, should be specifically sought. Where 

unusual echocardiographic appearances are seen with no 

apparent functional disability these should not be assumed 

to represent abnormality. The documentation of normal 

variation in the appearance of cross-sectional scanning is 

at an early stage in adults and children and this is even 

more so in the fetus. 
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CHAPTER 14 

"RESULTS: 

Follow Up Studies 

It was essential to include in the project follow-up 

studies which would allow assessment of the accuracy and 

reliability of prenatal echocardiography. The method of 

follow-up depended on the outcome of the pregnancy. It also 

depended on the initial reason for studying the pregnancy. 

In every case in which there was an anatomical 

specimen, a determined attempt was made to obtain the 

specimen for study by the author and the same cardiac mor- 

hologist (RHA). Cooperation from pathologists was not always 

achieved and some specimens were not made available to us. 

In 12 of these the referring hospitals pathologist's report 

had to suffice. In 3 cases the heart was apparently not 

examined at autopsy and no report became available. Several 

patients were referred for fetal echocardiography or obstet- 

ric scanning from a long distance. In these cases also the 

local pathologists report was all that became available. 

In all the remaining cases in which an abnormality was 

suspected, and the fetus did not survive, the anatomical 

dissection was carried out in the presence of the author 

by the same morphologist (RHA), with the exception of 

case 11.2 as indicated in the text. 
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The method of follow-up in the surviving fetuses, the 

vast majority, falls into one of two categories. In all 

these patients, studied because of a family history of 

congenital heart disease, the babies were examined clinic- 

ally and echocardiographically at around two months of age. 

The majority (96)were examined by the author and the same 

paediatric cardiologist (MJT); some (16) were examined by 

the paediatric cardiologist at other centres and a report 

sent. The remaining fetuses which had been studied echo- 

cardiographically were examined clinically by a paediatric- 

ian (477 cases) and no indication for further examination 

or echocardiography was thought to be present except in 

three cases. Cyanotic congenital heart disease was suspected 

in three cases in the immediate postnatal period but all 

were found to have a structurally normal heart on echocardio- 

graphy. Table VIII summarises the number of patients in 

each group and the method of follow-up. The anatomical 

findings, in each case suspected of an abnormality, have 

been discussed throughout the text. False positives and 

false negatives and possible reasons for them have also been 

discussed at the appropriate part of the text. In no other 

case to date where the heart was thought to be echocardio- 

graphically normal was the surviving fetus found to have 

congenital heart disease. 
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It is acknowledged that some defects, even major 

defects, may have been overlooked by the paediatrician at 

immediate postnatal examination. Because of the number of 

pregnancies studied however, it was impossible to examine 

all the babies postnatally echocardiographically. The 

majority of severe congenital heart disease presents within 

the first six months or certainly the first year of life (188). 

The study has now been in progress for three years. No 

baby examined prenatally and judged to be normal has presented 

to the cardiac clinic at an older age. This is not an 

absolute guarantee that none has congenital heart disease 

but the antenatal catchment area for the two hospitals 

concerned should be the same area served by the paediatric 

cardiac clinic. 

Throughout the text, deficiencies in the prediction 

of abnormalities have been stated and discussed. More 

complete and exact prediction of abnormality can only 

improve with greater experience of prenatal scanning coupled 

with thorough postnatal or anatomical correlation. The follow- 

up studies however, do suggest that the prediction of norm- 

ality is reliable and accurate, once the appearance of the 

normal fetal heart is thoroughly understood. 
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TABLE VIII 

Number 

Anatomical Fo11ow-Up Total 58 

RHA and LDA 42 

Others 16 

Paediatric examination 477 

Clinical & echocardiographic 
examination Total 112 

MJT & LDA 96 

Others 16 

Total no. of cases studied 647 



139. 

Summary of abnormalities 'found in groups of 'Pregnancies 

studied 

During the three year period 647 pregnancies were 

studied. The number in each group of pregnancies and the 

abnormalities seen in each are summarised in Table IX. 

Two hundred normal pregnancies were studied initially to 

familiarise the author with normal cardiac anatomy. These 

subjects were randomly selected from the routine antenatal 

ultrasound clinic and no high risk factor was present. No 

structural cardiac anomalies were seen or are known to have 

been overlooked in this series. As described in the first 

part of this chapter the offspring of this group were exam- 

ine postnatally by a paediatrician. Only three cases were 

thought to require further investigation, none was found to 

have heart disease, and no case has since presented although 

fetal echocardiography in this group took place over two 

years ago. A further 54 normal pregnancies were studied when 

the feasibility of M mode echocardiography was being assessed 

during the cross-sectional study. 

The largest high risk group studied, 198 subjects, were 
those with a family history of congenital heart disease. In 

186 of these, the mother had had a previous child with 

congenital heart disease, in 172 the previous child had not 
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survived. In three cases the family history of congenital 

heart disease was in a second degree relative. These were 

four cases of parental congenital heart disease, two maternal, 

two paternal. In three of the four patients where a parent 

had congenital heart disease surgical correction of the lesion 

had taken place in childhood; one mother had had a shunt 

procedure for cyanotic congenital heart disease to enable 

her to embark on the pregnancy. Four cases were referred 

because of Marfan's syndrome in a parent, one maternal, 

three paternal. 

One hundred and sixty patients in this group were 

seen twice, initially at 18-20 weeks gestation. If picture 

quality was good, they were re-examined at 24-26 weeks. If 

picture quality was poor on the initial examination, re- 

study was at 21-22 weeks gestation. Twenty three patients 

in this group, were examined three times during their preg- 

nancy. Of these, twenty were studied at the outset of the 

project and three examinations were performed to reassure 

the author that all structures had been adequately identified. 

Two cases, in which a V. S. D. was suspected early in pregnancy, 

were studied three times, the last examination being at 36 

weeks gestation. In neither case was a defect seen at 

36 weeks (See Chapter 11). In one further case adequate 

visualisation of the aortic arch had not been achieved in 

the early studies, and as the previous child had had 
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coarctation of the aorta restudy of the aortic arch took 

place at 36 weeks gestation and was normal. Fifteen 

patients were examined only once. In three cases of 

20-21 weeks gestation, image quality was so good restudy 

was judged unnecessary. In three cases of over 28 weeks 

gestation picture quality was adequate and restudy judged 

unnecessary. Nine patients had been referred from too 

great a distance for restudy to be practical (Greece, Spain, 

Scotland, Ireland etc. ) In seven of those picture quality 

was acceptable at the initial examination. In two cases 

the patient returned later on the same day by which time 

fetal movement had occurred and adequate pictures were 

obtained. 

Four structural abnormalities were seen in the 198 

patients with a family history of congenital heart disease; 

namely double outlet right ventricle with absent left 

atrioventricular connection (one), truncus arteriosus (one), 

atrioventricular septal defect and double outlet right 

ventricle (one) and left atrial isomerism with a ventricular 

septal defect in one. 

The fetal heart was examined in 86 pregnancies complic- 

ated by maternal diabetes. All the patients were well 

controlled except one patient seen in late pregnancy. This 

patient had multiple premature ectopic beats and was 
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discussed in Chapter 12. Good diabetic control was esta- 

blished in most cases prior to conception and carefully 

monitored throughout pregnancy. All 86 patients were 

studied initially between 18-22 weeks gestation, when 

normal cardiac connections were identified. The patients 

were then restudied between 32 weeks gestation and delivery. 

At this second examination an M mode echocardiogram was 

recorded in addition to the cross-sectional study with 

particular attention paid to measurement of the ventricular 

septum and posterior left ventricular wall. In no case 

was a structural abnormality found. 

Ten cases of fetal cardiac arrhythmia were studied and 

are discussed together in Chapter 12. Four showed irreg- 

ularity of rhythm, one atrial flutter, one sinus bradycardia 

and four complete heart block. The case with sinus brady- 

cardia and two of the cases with complete heart block showed 

structural cardiac abnormality. 

Seventeen cases with fetal ascites were studied. Two 

were cases of rhesus isoimmunisation. In four cases struct- 

ural cardiac malformation was seen; aortic stenosis (1 case) 

hypoplastic aortic arch (1 case) right ventricular hyper- 

trophy (1 case) and a cardiac tumour (1 case). In thirteen 

of the seventeen cases, including both of those with immune 

hydrops fetalis, right ventricular dilatation was seen. 



143. 

That the right ventricle appears to fail preferentially 

in utero, has been noted by other workers (189). In six 

cases of hydrops the heart was completely normal; the 

causes of hydrops in these six included intra thoracic 

tumor (1 case) cystic hygromata (2 cases) neck teratoma 

(1 case) a large encephalocoele (1 case) and listeria 

monocytogenes (1 case). In the five remaining cases of 

non-immune fetal hydrops the aetiology included leukaemia 

(1 case) idiopathic (three cases) cystic hygromata in 

Turner's syndrome (1 case). 

Fifty eight cases were studied because an extra-cardiac 

fetal anomaly had been detected. This group included chromo- 

somal anomalies (12 cases) renal anomalies (15 cases), neural 

tube defects (19 cases) omphalocoele (5 cases) gastrointest- 

inal tract anomalies (4 cases) and limb reduction deformities 

(3 cases). Eight cardiac malformations were seen in this 

group; a primum atrial septum defect in a case of trisomy 21, 

a hypoplastic aortic arch in an XO fetus, tetralogy of Fallot 

in 2 cases of trisomy 18, tetralogy of Fallot in association 

with hydrocephalus and three cases of hypertrophic cardio- 

myopathy seen in association with renal anomalies. 

Fifteen cases of intrauterine growth retardation were 

studied. In no case had an extracardiac abnormality been 

detected to account for poor growth. In only one case was 
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there an echocardiographic abnormality seen. This was whole 

heart dilatation with diminished left ventricular function. 

There was an intrauterine death in this case within 24 hours 

of the echocardiographic study. 

Three cases were referred because the mother had been 

exposed to viral infection in early pregnancy, mumps (one 

case) and rubella (two cases). Mumps virus in early preg- 

nancy is said to affect the fetal heart (190). The commonest 

effect of rubella virus on the heart is to damage the wall 

of the ductus arteriosus such that it does not close spont- 

aneously on delivery (191). This would be impossible to 

predict prenatally as the ductus arteriosus is always seen. 

However, occasionally, rubella virus can cause more extensive 

cardiac damage (192). No abnormality was detected in any of 

these three cases. 

Six cases were referred because of possible damage to 

the fetus by drug ingestion. The drugs were taken in the first 

twelve weeks of pregnancy and included lithium (two cases) 

oestrogens (2 cases) epanutin (one case) and a mixture of 

phenobarbitone and oestrogens in an overdose (one case). 

All were associated with an increased incidence of congenital 

heart disease (193). Lithium ingestion is particularly 

associated with Ebstein's malformation in the fetus (194). 

No cardiac abnormality was detected in this group. 
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Discussion 

The numbers of subjects in each group of pregnancies 

studied are summarised in Table IX. The detection of cardiac 

abnormalities in each group are ennumerated. Some structural 

abnormalities detected had more than one "high risk" reason 

for study; for example, an extracardiac anomaly and ascites 

detected in the same fetus. 

The finding of four cardiac abnormalities out of 195 

cases where there was a first degree relative with congenital 

heart disease on the face of it seems to bear out the 

expected recurrence rate commonly quoted for congenital heart 

disease, of 2% (195,196). However, as 172 of the mothers had 

lost the previous baby this suggests that these siblings had 

more severe lesions. These tend to be complex and rarer 

lesions, and thus should have a lower recurrence rate than 

2% (197). Three out of the four cases had atrial isomerism 

sometimes called asplenia or polysplenia syndromes, in the 

second sibling. In one case this was right isomerism, two 

cases left isomerism. In none of these cases was catheter- 

ization or autopsy data detailed enough on the first sibling, 

to ascertain atrial situs. It may be that these families 

were at a different risk from recurrence if both siblings 

had atrial isomerism. Both have been described in sibships 

(198) and some geneticists suggest a recessive form of 
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inheritance (199). In the fourth case, that of truncus 

arteriosus, the same anomaly had been present in the 

previous sibling. This has been described previously (200). 

In the diabetic mothers, there was no evidence of 

hypertrophic cardiomyopathy in any of the fetuses in the 

last trimester of pregnancy. An increased incidence of 

structural cardiac abnormality (201) and signs of hyper- 

trophic cardiomyopathy, have been described in the off- 

spring of diabetic mothers (202). The incidence of fetal 

abnormality in maternal diabetes has been correlated with 

the adequacy of control (203). It is also suggested that 

the transient cardiomyopathy in the newborn is seen more 

commonly where there has been poor diabetic control in the 

last trimester of pregnancy (204). This may account for 

our failure to identify any abnormalities in this group. 

Four cases of cardiac anomaly, seen out of 15 cases 

of non-immune hydrops is consistent with autopsy findings 

in hydrops fetalis. (205,206). Kleinman et al (1982) (207) 

found 10 structural cardiac anomalies out of 13 cases of 

fetal ascities. This may reflect a difference in the mode 

of referral between the two centres. Three of our cases 

were of idiopathic hydrops fetalis, a condition well described 

by other authors (208), but which Kleinman et al suggest is 
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is not a real entity. However, all of our three cases showed 

severe fetal hydrops in the midtrimester but all three babies 

survived, and no abnormality was found at birth. It is 

difficult to call this condition anything other than idio- 

pathic hydrops. 

Eight cases of structural cardiac anomaly were found 

in 58 cases with fetal extracardiac anomaly. This incidence 

will vary with the type of fetal anomaly studied. Autopsy 

studies show an increased incidence of heart malformation in 

fetuses with other anomalies, some abnormalities such as 

chromosomal defects, be ing more strongly associated with 

congenital heart disease than others (209). Conversely, the 

incidence of associated abnormalities in patients with con- 

genital heart disease lies between 25 (210) and 30 percent 

(211). It is interesting that three cases of hypertrophic 

cardiomyopathy were seen in association with renal anomalies. 

This condition has been described postnatally in patients 

with renal failure (212). It may reflect hypertension in 

the fetus producing a hypertensive cardiomyopathy mimicking 

the appearance of hypertrophic obstructive cardiomyopathy. 

The lack of structural cardiac abnormalities in small- 

for-dates fetuses is not surprising. A recent study in 

Toronto found that the presence of congenital heart disease 

did not significantly affect the mean birth weight (213). 
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The one case, in which a dilated poorly functioning heart 

was found in a growth retarded fetus, was followed by 

intrauterine death within the next 24 hours. This cardiac 

appearance may have been secondary to fetal hypoxia. 

In summary, the scattter of abnormalities found 

perhaps illustrates our present inadequate knowledge and 

misconceptions, rather than confirming accepted thinking. 

The genetic factors affecting the recurrence of congenital 

heart disease may be more complicated than current concepts 

suggest. Control of maternal diabetes may be a factor in 

prevention of congenital heart disease in these subjects. 

The dynamics of cardiac function and cardiac failure in 

utero are poorly understood at the present time, as the 

cases of fetal ascites and hypertrophic cardiomyopathy 

suggest. 
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TABLE IX 

Group of precjnancy No. ' of No. of structural 
'Subjects 'abnormalities 

detected. 

Normal 254 None 

Family history 'of 'CHD 

- previous child with CHD 186 4) 

- 2nd degree relative CHD 3 None ) 

- Marfans syndrome in one 4 None ) 
parent ) 

- One parent (of fetus) 4 None ) 
with CHD ) 

- Total 198 4) 

Maternal diabetes 86 None 

Fetal arrhythmia 10 3 

Fetal ascites non-immune 15 4 

Fetal ascites immune 2 None 
hydrops 

Extracardiac fetal 58 8 
anomaly 

Intrauterine growth 15 1 
retardation 

Miscellaneous - drugs 6 None 

Maternal mumps 1 None 

Maternal rubella 2 None 
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CHAPTER 15 

DISCUSSION AND CONCLUSIONS 

Summarised conclusions from the results 

From the initial studies of the normal fetal heart 

in unselected pregnancies the echocardiographic description 

of normal cardiac connections was found to be feasible 

between 16 weeks gestation and term. Because of the 

differences in the extent of visualisation of the fetal 

heart, from the heart in postnatal life, and thus difficult- 

ies in interpretation of cardiac sections, validatory direct 

and indirect anatomical studies were performed. Some intrin- 

sic anatomical differences, between the prenatal and post- 

natal heart, resulting from the differences in circulatory 

physiology, were observed on the echocardiogram. The cross 

sectional echocardiogram could be used to display the 

structural anatomy of the fetal heart, the cross-sectionally 

directed M mode beam providing further information concerning 

the normal heart. The M mode echocardiogram was used to 

define valve and chamber wall motion, for the acquisition of 

measurement data and the derivation of functional character- 

istics. It also proved possible to record the fetal electro- 

cardiogram with the M mode tracing to time events within the 

cardiac cycle. During the course of the study of the fetal 

heart in 647 pregnancies, 41 abnormalities of cardiac structure 

or function were suspected. These cases are described in the 
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text. The discussion of each case includes the method of 

confirmation of each prediction and the accuracy of pred- 

iction. There were three false negative diagnoses and one 

false positive. In the remaining 602 pregnancies the fetal 

heart was correctly predicted to be normal. As the echo- 

cardiographic appearance of the normal fetal heart was 

found to be slightly different from the postnatal heart, so 

structural anomalies were not found to have echocardiographic 

appearances identical with those in postnatal life. Although 

a scatter of examples of congenital heart malformations have 

been seen by no means all anomalies of the heart are as yet 

described in fetal life. Further experience of detection of 

structural cardiac abnormality in the fetus will allow 

greater accuracy in prenatal prediction of anomalies, 

paralleling the improving accuracy and reliability of the 

echocardiogram in the diagnosis of congenital heart disease 

in paediatric practise. Improved selection of high-risk 

pregnancies and concentration of experience in a referral 

centre should optimise the accuracy of the technique. It 

may be some, potentially severe, congenital heart defects 

are not possible to visualise in early prenatal life; for 

example the thin membrane involved in discrete coarctation 

of the aorta may be impossible to detect allowing this 

diagnosis to be missed. Only further experience will confirm 

or deny this. The limitation of the technique that we have 

demonstrated is the inability to detect atrial or ventricular 

A 
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septal defects in the small fetal heart. Such defects may 

become larger, and thus functionally significant, as the 

heart grows. However, advances in the resolution of ultra- 

sound imaging techniques should improve the capability of 

defining smaller defects. At the same time this will allow 

the anatomy of smaller and younger hearts to be visualised, 

thereby extending the technique. 

Future research areas 

Firstly, the inheritance of congenital heart disease 

requires re-examination. It is probable that the mode of 

inheritance of most congenital heart disease cannot be 

homogeneously grouped as multifactorial, as is currently 

accepted thinking. Different forms of congenital heart 

disease may have different patterns of recurrence and there- 

fore a different recurrence rate. Once a test for prenatal 

diagnosis is introduced, genetic counselling with accurate 

prediction for recurrence becomes more important. It is 

therefore essential that this field receives renewed attention. 

Echocardiographic techniques allow the non-invasive 

investigation of cardiac function in utero, a field of study 

as yet undocumented in the human fetus. Some aspects of 

normal cardiac function are introduced here, but further 

investigation with other techniques, such as Doppler echo- 
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cardiography, or investigation of cardiac function in the 

non-resting state, are examples of future possible work. 

Cardiac function in labour or under stress conditions, 

during maternal drug therapy or during smoking, would be 

interesting to study. 

The natural history of intrauterine arrhythmias is 

as yet unknown. The frequency of arrhythmias, whether they 

require treatment, whether they are related to unexplained 

intrauterine deaths, or the development of non-immune hydrops 

fetalis, whether they disappear spontaneously or are the 

precursor of postnatal arrhythmias, all require further 

investigation and experience. 

These are some examples of possible areas of extension 

of research arising from the study. Doubtless many other 

ideas will occur to other workers once fetal echocardiography 

is recognised to be feasible and accurate. 

The Potential. application of fetal 

echocardiography 

Up to the present time fetal echocardiography has been 

a specialised technique confined to a few individual workers 

and applied to selected high risk pregnancies. But increas- 

ing prenatal ultrasound scanning in routine obstetric cases 
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using continually improving methods of imaging is rapidly 

changing this fact. Once the ultrasonographer understands 

fetal cardiac anatomy it becomes possible to include the 

heart in a routine real-time cross-sectional investigation, 

and differentiate a heart that appears normal from the 

malformed heart. Within the last three years this peripheral 

screening "sieve" of ultrasonographers familiar with cardiac 

scanning has greatly expanded such that referrals from this, 

already screened population, have a high incidence of abnorm- 

ality. This enables, not only a much larger antental pop- 

ulation to be screened for congenital heart disease, but also 

concentration of experience of abnormality in a specialised 

centre. This is an ideal way of extending the technique 

which, it is hoped, will continue in the future. 

The concentration of experience in a referral centre 

will not only be to increase accuracy of diagnosis but increase 

experience of the antenatal management of cardiac abnormal- 

ities. As discussed in Chapter one the main application of the 

technique is in the prediction of a defect allowing delivery 

of the infant in a specialised centre. This will avoid 

delay in diagnosis and the high morbidity and mortality in 

infancy associated with congenital heart disease. An import- 

ant part of the antenatal management of a patient, in whom 

a fetal cardiac anomaly has been detected will include 

counselling, support and preparation for an affected infant. 

In the long term future, when the accuracy of echocardiography 
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has been more completely assessed in both prenatal and post- 

natal life, prevention of the birth of fatally or severely 

physically handicapped infants, by mid trimester termination 

of pregnancy, will become a further application of the 

technique. This is a controversial area, with difficult 

ethical considerations, which needs to be cautiously 

approached. Advice on the management of an affected preg- 

nancy will be influenced by the individual defect present, 

with consideration given to the confidence limits of the 

particular diagnosis and can only be given by those routinely 

involved in the care of children with congenital heart disease. 

Only such a team of physicians and surgeons can accurately 

infer operability, morbidity and mortality based on the 

echocardiographic appearances of an anomaly. In summary, 

therefore, study of the fetal heart by echocardiography is 

an exciting technical advance which will have wide ranging 

implications to the future practise of paediatric cardiology, 

once greater experience has allowed a more complete assessment 

of the accuracy and reliability of fetal echocardiography. 
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APPENDIX I 

SPECIFICATION OF FETAL ELECTROCARDIOGRAM 

General System Specification: 

Line voltage requirements 

Line frequency 

Line power consumption 
Ambient temperature 
(operating) 

Integral power lead length 

Electrical instrument 
class type 

220 V AC RMS 

59 Hx 

< 15 VA 

10 - 40 °C 

3m 

II B (HTM8), IICF (BS5724) 

(±10%) 

(max. ) 

Preamplifier Functional 
Specification: 

Frequency response 
(DC mode, -3dB) 
(AC mode, -3dB) 
Gain (G) nominal 
Common mode rejection ratio 
(G=1000, Rs=0, F=50Hz) 

DC - 10 kHZ 

1 Hz - 10 kHz 

1000 

100dB (min. ) 

Differential input impedance 

Common mode input impedance 

Differential input range 
Common mode input range 
Output impedance 

Offset voltage 
Noise 1 Hz - 10 kHz 

1 Hz -1 kHz 

1 Hz - 100 Hz 

100 Mohm (min. ) 

100 Mohm (min. ) 

± 10/G V (max. ) 

± 10 V (max. ) 

560 (nom. ) 
20 mV (max. ) 
10 u, V RMS (typ-) 
3 µV RMS (typ. ) 
1 uV RMS (typ. ) 

Filter Unit Specification: 

Gain (variable) 

Frequency response 
(normalised, 0dB at 10OHx) 
TO 1 Hz 

1 Hz to 100 Hz 

100 Hz to 250 Hz 
250 Hz to 10 kHz 

49.5 Hz to 50.5 Hz 

0- 10 (nom. ) 

+24dß/octave (nom. ) 

+6dB/octave 

-12dB/octave 

-18dß/octave 

-20dB (min. ) 
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Calibration signal 
Pulse repetition frequency 300 p. p. min (nom. ) 

Pulse width 40mS (nom. ) 

Pulse amplitude (referred l2mV 
to input of pre-amp) 

Safety Specification: 

Isolation voltage (input to 
output) 
Continuous 2 kV (pk. ) 

Non-repetitive (lOmS) 5 kV (max. ) 

Input connector leakage current 

250 V RNS supply 10 4A (max. ) 

Dimensions (each unit); 

Case size (W xHx D) 205 x 75 x 140 mm (approx. ) 

Materials (excluding front High Impact ABS 
and back panels) 
Front and back (pre amp) Plastic laminate 

Front and back (filter unit) Brushed aluminium 
alloy 

Weight 1.5 Kg. (max. ) 
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