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Summary 

Estabisched Facts
I  Fetal cardiac function can be evaluated with the use of Doppler, M mode and 2D echocardiography.

I  A correlation between the echocardiographic findings and the fetal clinical condition and the anatomical 

substrate found at post mortem is presented in two fetuses with endocardial fibroelastosis (EFE), one 

with a critical aortic stenosis and one with high-output cardiac failure due to chorioangiomatosis.

Novel Insights 
I  In the fetus with critical aortic stenosis the cardiovascular score was diminished, there was no 

hydrops, the systolic and global cardiac function indices were within normal limits but the diastolic 

function indices were abnormal. 

I  The fetus with high-output cardiac failure was hydropic, the cardiovascular score was also diminished 

and abnormal Doppler indices of systolic, diastolic and global cardiac function were found. 

I  Doppler parameters of cardiac dysfunction can be applied to the fetus and correlate with the fetal 

clinical condition and the post mortem findings. The finding of early diastolic dysfunction may assist in 

the identification of at risk fetuses with a potential to benefit from early diagnosis and management. 

Abstract 

Background
Two fetuses with endocardial fibroelastosis (EFE), one with critical aortic stenosis and one with high-

output cardiac failure due to chorioangiomatosis are presented to evaluate the correlation between Doppler 

echocardiographic findings, the fetal clinical condition and the anatomical substrate found at post mortem. 

Methods
Doppler measurements of cardiac function (systolic, diastolic and global) and a cardiovascular score 

(CVSc) incorporating five parameters of fetal wellbeing were recorded. 

Results
In the fetus with critical aortic stenosis the CVSc was diminished, there was no hydrops, the systolic 

and global cardiac function indices were within normal limits but the diastolic function indices were 

abnormal. The fetus with high-out failure was hydropic, the CVSc was diminished and abnormal 

Doppler indices of systolic, diastolic and global cardiac function were found. In both fetuses 

abnormalities in the measured Doppler parameters were found consistent with clinical cardiac 

dysfunction and the post mortem findings. 

Conclusion
Recognition of abnormal diastolic function Doppler indices may assist in earlier identification of fetal 

cardiac compromise.

18175_Clur binnenwerk.indd   166 18-10-2010   14:00:57



167

Echo Doppler: clinical and anatomical correlations

Case Report

Two fetuses were referred to our fetal materal unit, one with a tachycardia and the other with a suspected 

cardiac defect. Echocardiograms, (including 2D, M mode and Doppler flow measurements, [1-3]) 

and later post mortem examinations were performed on these two fetuses. They both had endocardial 

fibroelastosis (EFE), one with critical aortic stenosis (no hydrops fetalis) and one with high-output 

cardiac failure (with hydrops fetalis), due to a rare case of diffuse placental chorioangiomatosis [4]. 

Case 1:  
Maternal details: 28 year old para 1 gravida 2. 

Fetal details: Chromosomally normal male (46 XY) of 20+4 weeks’ gestation. 

Echocardiogram: A cardiomegaly (cardio-thoracic ratio 38.4%), but no hydrops, was present. A 

situs solitus levocardia with atrio-ventricular and ventriculo-arterial concordance was seen. The 

left atrium was markedly dilated. Left to right shunting was seen over a restrictive foramen ovale. 

The interatrial septum bulged towards the right. A severe mitral regurgitation was present (Figure 

1A). The left ventricle was dilated and poorly contractile on 2D. The endocardium was echo-dense 

suggesting the presence of fibroelastosis. An additional area of irregular echodensity was seen above 

the mitral valve and posterolaterally (Figure 1B). The interventricular septum was intact. The aortic 

valve was stenotic and thought to be monocuspid. The ascending aorta was hypoplastic. The 2D 

and Doppler measurements are seen in Table 1. The left ventricular systolic function indices and 

myocardial performance index (MPI) were not abnormal [5-9]. The parameters of left ventricular 

diastolic function were all abnormal [5-10]. The tricuspid valve A-wave velocity was increased but 

the other Doppler parameters of right ventricular diastolic function did not vary significantly from 

the controls. 

Cardiovascular score [11]: Unfortunately no ductus venosus, umbilical vein or umbilical artery 

Doppler recordings were made, thus a minimum score of 3 or a maximum score of 7 was possible 

(Table 2).

Follow up: A diagnosis of critical aortic stenosis with secondary EFE and cardiac failure was made. 

A termination of pregnancy was performed at 21+4 weeks’ gestation in view of the poor fetal 

prognosis.

Post mortem examination: Autopsy of the heart revealed severe dilatation of left atrium and left 

ventricle. The foramen ovale was probe patent but appeared small and slit-like, and was interpreted 

as being restrictive. The dilated wall of the left ventricle was almost circumferentially covered by 

a white scale of fibrous tissue that extended into the rigid and narrowed left ventricular outflow 

tract (Figure 2A). Histology confirmed the presence of EFE. A severely dysplastic aortic valve, 

composed of interrupted fragments of thickened valvular tissue was in continuity with EFE (Figure 

2B). In addition, histology of the left ventricular myocardium showed multifocal areas of fibrosis 

and dystrophic calcification directly underneath the layer of EFE, which must have resulted from a 

previous (healed) intrauterine subendocardial myocardial infarction ( Figure 2C).
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Case 2:
Maternal details: 33 year old para 1 gravida 2. 

Fetal details: Chromosomally normal male (46 XY) of 26+6 weeks’ gestation. Oligohydramnion and 

no definite visualisation of the bladder.

Echocardiogram:  A cardiomegaly (cardio-thoracic ratio 63.3%), tachycardia, pericardial effusion, 

and ascites were present. A situs solitus levocardia with atrio-ventricular and ventriculo-arterial 

concordance was seen. Both atria were dilated. The foramen ovale was non-restrictive and there was 

Table 1. Measurements of cardiac function in the two affected fetuses and controls (means and standard deviations) 
with published values [5-10].

 Case 1 Controls Published Values Case 2 Controls Published Values

n 1 44  1 11
Gest Age weeks 20+4 18-22  

26
 24-28

  (20.4±1.0)   (26.7±1.3)
Heart Rate b/min 135   186
PV an cm 0.43 0.38±0.08 0.39[6] 0.43* 0.57±0.1 0.53[6]
PV peak vel cm/s  52.3±11.4  37.6* 65.5±17.5
PV AT ms  33.9±9.1  31 36.0±8.9
PV ET ms  179.4±21.9  138* 188±31.3 188±15[7]
RV SV ml  0.56±0.29 0.42[9] 0.59* 2.27±0.89 2.32[9]
RV CO ml/min  86.8±45.5  109.56* 286.4±87.58
 
AV an cm 0.281 0.32±0.06 0.32[6] 0.32* 0.45±0.1 0.44[6]
AV peak vel cm/s 54 53.8±11.9  33* 72.8±13.2
AV AT ms 44 38.9±9.7  42.5 50.3±11
AV ET ms 176 174±13.8  147* 178±19.3 183±10[7]
LV SV ml 0.44 0.439±0.23 0.54[9] 0.20* 1.45±0.8 1.83[9]
LV CO ml/min 58.74 66.0±35.0  37.87* 198.9±117.4
LV SF %    11*  ≥28[5]

MV E cm/s 44.8* 24.4±6.7 27±11[10] 54* 29.0±6.7 32±12[10]
MV A cm/s 23.8* 42.0±9.2 44±14[10] 14* 46.2±7.3 47±15[10]
MV E/A 1.88* 0.588±0.11  3.86* 0.639±0.15
MV TVI cm 4.6 4±0.9 4.8[10] 3* 4.9±1.2 5.8[10]
MV C-O time ms 216 220.7±19.3  210 220.6±27.5 250±12[7]
LV MPI 0.227 0.291±0.12 0.35±0.08[8] 0.429* 0.273±0.14 0.36±0.06[7]
      0.36±0.08[8]
LV E/TVI 9.7* 6.1±1.3  18* 6.6±3.8
 
TV E cm/s 32 28.4±6.2 29±12[10] 74* 34.7±6.3 35±13[10]
TV A cm/s 61* 46.2±6.3 46±16[10] 15* 51.9±7.7 51±16[10]
TV E/A 0.53 0.62±0.12  4.93* 0.701±0.10 
TV TVI cm 5 4.5±1.1 4.9[10] 4 5.1±1.3 5.9[10]
TV C-O time ms 262* 232.9±17.5  253 243.7±11.2 252±17[7]
RV MPI  0.293±0.14  0.833* 0.343±0.17 0.35±0.05[7]
RV E/TV I 6.4 6.4±1.0  18.5* 7.6±3.3

*measurement more than one standard deviation greater or less than the control mean; A, peak A-wave velocity; 
an, annulus; AV, aortic valve; AT, acceleration time; b/min, beats per minute; cm, centimeter; cm/s, centimeters per 
second; CO, cardiac output; C-O time, atrioventricular valve closing to opening time; E, peak E-wave velocity; E/A, 
E/A ratio; ET, ejection time; E/TVI, peak E-wave divided by time velocity integral; LV, left ventricle; MPI, myocardial 
performance index; ml, milliliters; ml/min, milliliters per minute; ms, milliseconds; MV, mitral valve; PV, pulmonary 
valve; RV, right ventricle; SF, shortening fraction; SV, stroke volume; TV, tricuspid valve; vel, velocity.
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normal right to left shunting over it. A moderate tricuspid regurgitation and mild to moderate mitral 

regurgitation were seen. Both ventricles were dilated and poorly contractile on 2D (Figure 3). The 

interventricular septum was intact. The pulmonary valve was larger than the aortic valve. A prominent 

atrial reversal was seen in the Doppler recording of the vena cava inferior.

The Doppler and M mode measurements are seen in Table 1. The aortic and pulmonary valve peak 

velocity and time to peak ejection and right and left ventricular stroke volume and cardiac output were 

abnormal. The parameters of diastolic function were also significantly abnormal as were the left and 

right ventricular myocardial performance indices. The findings suggest biventricular systolic, diastolic 

and global cardiac dysfunction [4-10]. 

Cardiovascular score [11]: Unfortunately there was no umbilical vein Doppler recording available, 

but the ductus venosus pulsatility index was normal. Assuming the progression of abnormal venous 

Doppler measurements outlined by Huhta [12], and thus a normal umbilical venous Doppler, a score 

of 4 out of ten was given (Table 2.).

Follow up: A diagnosis of dilated cardiomyopathy with a sinus tachycardia and heart failure was 

made. Initially the mother was treated with digoxin but no improvement in fetal cardiac performance 

was seen. Labour was induced at 31 weeks’ gestation in view of the severe hydrops fetalis with lung 

hypoplasia and the extremely poor prognosis.

Placental biopsy: No evidence for Parvo or Enterovirus infections was found.

Post  mortem examination: A severely edematous male fetus, weighing 2665g, with relativity short 

arms and legs was seen (Figure 4A). The abdominal cavity contained 700ml of ascites fluid. The lungs 

were hypoplastic (weight 8.5g; lung/body weight ratio 0.037). The heart weighed 11.6g (n= 8±3.1g). 

There was a pericardial effusion. Both ventricles were dilated and showed fibrous thickening of the 

endocardium, which was most prominent in the left ventricle (Figure 4B). The presence of EFE 

was confirmed by histology (Figure 4C). There were no valvular abnormalities and no septal defects 

noticed in the heart. Examination of the placenta of the baby, revealed a huge hypertrophic mass of 

placental parenchyma, weighing 950g, with an abnormal lobulated structure and histologic features of 

diffuse multifocal chorangiomatosis, involving more than 40% of the placental volume (Figure 4D). 

These findings were highly suggestive for high-output cardiac failure with the massive increase in the 

fetal vascular bed as the initial cardiac insult.

Table 2. Cardiovascular score

 Case 1 Case 2 Normal

Hydrops fetalis 2 0 2
Abnormal venous Doppler (umbilical vein and ductus 0-2* 2**  2
venosus Doppler)
Cardiomegaly 1 0 2
Abnormal myocardial function 0 0 2
Redistribution of cardiac output (umbilical arterial 0-2*** 2 2
Doppler)
Total 3-7 4  10

* no ductus venosus or umbilical vein Doppler recordings made. 
** no umbilical vein Doppler recording made but the ductus venosus pulsitility index was normal.  
*** no umbilical artery Doppler recording made.
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Figure 1. Echocardiogram of Case 1.
A: Doppler study of the mitral valve showing holosystolic mitral regurgitation and reversed E-A pattern 
of mitral inflow. B: Four chamber view showing the echodense endocardium (EFE) (thin arrows) of the 
dilated left ventricle (LV) and the echodense area (Ca++=calcification) above mitral valve (fat arrow). Note 
the dilation of the left atrium (LA). RA=right atrium and RV=right ventricle.

Figure 2. Post mortem features of Case 1. 
A: Cross section through left ventricle, viewed from the apex. It shows dilatation and massive endocardial 
fibroelastosis (EFE) appearing as a thick white scale covering the inner surface of the cavity. The arrow 
points towards the rigid and stenotic outflow tract. B: Section through outflow tract and aortic valve sho-
wing marked EFE. The arrow indicates the severely dysplastic leaflets of aortic valve. C: Histology of endo-
myocardium with prominent fibroelastosis (EF). Calcifications appear as homogenous dark purple stained 
structures indicated by arrows. Haematoxylin &Eosin stain, x 90.
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Figure 3. Echocardiogram of Case 2.
2D image of 4-chamber view showing 
the cardiomegaly, the dilated ventricles 
(V) and atria, and the pericardial effu-
sion.

Figure 4. Post mortem features of Case 2. 
A: Photo of the baby showing the severe hydrops. B: Heart lung specimen showing hypoplastic lungs (L) 
and opened dilated ventricles. Asterisk is in left ventricle; Areas with light brown inner surface represent 
fibroelastosis. C: Endomyocardial section taken at the site of asterisks in figure 4B, showing marked fi-
broelastosis (EF). M, myocardium. Elastic van Gieson stain, x60. D: Detail of placenta showing marked 
increase of dilated thin walled capillary vessels in chorionvilli; capillary vessles are outlined with anti-CD31 
immunostain, which is reactive with endothelial cells. X200. 

18175_Clur binnenwerk.indd   171 18-10-2010   14:01:13



172

Chapter 11

Comments

Hydrops fetalis due to congestive cardiac failure is associated with a high perinatal mortality [13]. 

Cardiac dysfunction can be diagnosed postnatally with the use of Doppler and M-mode measurements 

[1], however abnormal measurements do not always correlate with symptomatology or exercise 

capacity [14]. In the fetus these parameters have also been used to evaluate cardiac function [5-10]. 

The cardiovascular score has been developed in an attempt to correlate ultrasound findings with 

cardiac function and has been shown to be helpful in the prediction of cardiac failure in hydropic 

fetuses and to aid in the prediction of fetal outcome [15]. If Doppler parameters of cardiac function 

correlate with the fetal clinical cardiac status, then they could assist in the identification of the failing 

ventricle prior to the onset of hydrops fetalis when active interventions may be more beneficial. 

EFE is generally considered to be a reactive process of the endocardium to myocardial stress [16]. 

Doppler parameters of cardiac failure used in adults were measured in two fetuses with EFE and 55 

age-matched controls. The clinical state of fetal congestive cardiac failure was characterized in terms 

of the cardiovascular score combining five signs related to fetal prognosis: 1) edema, 2) abnormal 

venous Doppler, 3) cardiomegaly, 4) abnormal myocardial function and 5) redistribution of cardiac 

output [11,12,15]. The Doppler measurements made in the two fetuses with EFE were correlated to 

the fetal clinical condition expressed as a cardiovascular score and the anatomical substrate found at 

post mortem examination.

None of the measured parameters of left ventricular systolic function in fetus 1, (peak velocity and 

acceleration time over the semilunar valves (a measure of ventricular afterload), stroke volume, cardiac 

output and left ventricular shortening fraction), varied more than one standard deviation from the 

control mean. However, with aortic stenosis an increased aortic peak ejection velocity is expected if 

the systolic function is normal. As the aortic stenosis in fetus 1 was severe, the measured aortic peak 

velocity was incongruously normal confirming left ventricular systolic dysfunction, which correlates 

with the reduced cardiovascular score (3 to 7) and the post mortem findings. 

The MPI was used to evaluate global cardiac function as it incorporates the isovolumetric contraction 

time (ICT), (a measure of systolic function) and the isovolumetric relaxation time (IRT, a measure of 

diastolic function). In a study to validate the fetal MPI van Miegham et al. found it a good indicator 

of systolic function but less so of diastolic function [17]. The left ventricular MPI was normal in 

fetus 1 (no hydrops) and abnormal for both ventricles in fetus 2 (hydrops) suggesting a possible 

relationship between an abnormal MPI and the development of hydrops. Falkensammer et al. 

compared the cardiovascular score to the MPI in 7 fetuses with cardiac failure. They found the MPI 

for both ventricles to be significantly higher than normal among the hydropic fetuses and inversely 

related to the cardiovascular score. [12]. Hofstaetter et al. measured the cardiovascular score in 102 

hydropic fetuses, (mortality rate of 46%), and found an average score of 5.5±1.8 in those who died 

and 6.3±2.1 in the survivors [15]. 
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The evaluation of diastolic function is challenging in the adult and even more so in the fetus. We 

measured Peak E- and A-wave velocities, E/A velocity ratio and time velocity integral (TVI) over the 

atrioventricular valves to describe diastolic function [1]. During the early phase of diastole, represented 

by the E-wave velocity over the atrioventricular valves, active ventricular relaxation occurs. In the late 

phase, represented by the A-wave velocity, passive ventricular relaxation occurs while atrial contraction 

assists ventricular filling [1]. In severe diastolic dysfunction a shortened or normal IRT, a normal or 

increased but brief E-wave (abrupt cessation of ventricular filling secondary to the rapidly increasing 

ventricular pressure), and a reduced A-wave velocity are found in the adult. The Doppler parameters 

of diastolic function were significantly abnormal in both fetuses and corresponded with the severe 

adult pattern described above suggesting impaired left ventricular relaxation and compliance in both 

(fetus 2 worse than fetus 1), impaired right ventricular relaxation and compliance in fetus 2 and 

impaired right ventricular compliance in fetus 1. The changes in the right atrial pressure are not 

merely a reflection of the increased left atrial pressure in fetus 1 as the foramen ovale was restrictive, 

rather the increased A-wave velocity reflects increased right atrial pressure due to reduced right to left 

shunting over the foramen ovale. 

The mechanism of cardiogenic hydrops is thought to be congestive cardiac failure relating to limited 

ventricular compliance and increased ventricular end-diastolic pressures. Williams and Kleinman 

proposed that in addition to this, in situations of left ventricular outflow tract obstruction, hydrops 

develops from lymphatic pulmonary edema secondary to left atrial hypertension [18]. Their hypothesis 

was based on the observation of hydrops in two patients with left ventricular outflow tract obstruction 

and a restrictive foramen ovale. It is surprising then that fetus 1 had no hydrops in the presence of a 

restrictive foramen ovale and increased left atrial pressure. Fetus 1 was not tachycardic, had no hydrops, 

had normal left ventricular systolic Doppler indices and normal right and left ventricular MPIs but 

abnormal left and right ventricular indices of diastolic function. It is possible that the indices of systolic 

and global cardiac dysfunction become abnormal at a later stage of cardiac decompensation. Should 

this be the case then the early identification of abnormal diastolic function parameters may help in the 

identification of early fetal cardiac compromise which may respond better to therapeutic interventions. 

Weiner and Shalev evaluated the cardiac function of an affected 20 week fetus from a family with 

familial EFE [19]. The 20 week fetal echocardiogram showed dilated atria but no other features of 

EFE but an extremely low atrioventricular E/A velocity ratio and abnormal venous flow velocity 

waveforms. Two weeks later the 2D echocardiographic features of EFE were evident and the pregnancy 

was terminated, demonstrating the value of abnormal Doppler diastolic cardiac function parameters 

in the earlier detection of cardiac dysfunction.  

In conclusion, two cases of fetal cardiac failure have been presented where Doppler parameters of 

cardiac dysfunction were measured and found to correlate with the fetal clinical condition and post 

mortem findings. The identification of changes in Doppler diastolic dysfunction parameters may 

assist in the early recognition of at risk fetuses that may benefit for early diagnosis and management.  
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