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INTRODUCTION

    With the advent of high resolution ultrasound, detailed assessment of fetal anatomy became a reality.  Such detail revealed variants of normal anatomy, which have since become known as “ultrasound markers”.  These markers, though present in many normal fetuses, have been associated with increased risk of chromosomal aneuploidy, genetic disease, congenital anomalies, and perinatal risk.  Examples of such “markers” include nuchal thickness, renal pylectasis, and echogenic fetal bowel.

     Small discrete foci in the fetal cardiac ventricles was first described in 1987 by Schechter et al.  Originally, these foci were given colorful terms such as “golfballs” and “peas”.  Subsequently, more scientific terminology was applied:  Intracardiac Echogenic Foci (ICEF) or Echogenic Intracardiac Foci (EIF).  

     ICEF was added to the growing number of “ultrasound markers”.  The presence of ICEF raised the following issues:

1. Is there an increased risk of Chromosomal Aneuploidy?

2. Is there an increased risk of Congenital Heart Disease?

3. Is there an increased risk of Cardiac Dysfunction?

DEFINITION AND CHARACTERISTICS

     Intracardiac Echogenic Foci (ICEF) are typically small discrete structures, found within the cardiac ventricles, and having the following characteristics:

1. Echogenicity comparable to fetal bone

2. Seen in the region of the Papillary muscle or Chrodae Tendinae 

3. Not attached to the ventricular wall

4. Moving in synchrony with the Mitral or Tricuspid Valve

    They may been seen as early as the first trimester using high resolution vaginal probes, but typically are discovered in the second trimester at the time of routine or targeted ultrasound.  

INCIDENCE

     The overall incidence of ICEF is approximately 4%.  Optimal visualization of ICEF is from the apical 4-chambered view of the fetal heart.  If this view is not seen, ICEF can be easily missed.  In addition, the incidence will also depend on the reason for ultrasound referral.  In patients at high risk for perinatal problems such as chromosomal aneuploidy, the incidence is approximately 6% compared to 3% in a low risk population.  High risk patients generally are 
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referred to tertiary centers with high resolution scanners and expert sonographers.  Thus this difference in incidence not doubt reflects ascertainment bias to some degree.  However, high risk patients also are at increased risk for aneuploidy, and thus this may also be reflective of a higher incidence of aneuploid fetuses in that population.  (Figures 1 and 2)
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Figure 1:  Normal Apical 4- chambered view of fetal heart.





Figure 2.  Intracardiac Echogenic Focus in Left Ventricle

CHARACTERISTICS: Size, Number and Location

     ICEF most often are solitary, in the left ventricle, and measure 1-4 mm. In greater then 90% of cases, ICEF are solitary and in the left ventricle.  The size upper limit is generally considered 4 mm.   Rare reports of echogenic foci in the fetal atria have been reported, but these most likely represent a different entity. ICEF are less often found in the right ventricle and bilaterally.  The approximate breakdown is as follows:

     ICEF Laterality





Left & Solitary :  
94%






Right & Solitary:
  3%






Bilateral:
 
  3%

     Less commonly, “atypical” ICEF will be seen.  These include large foci > 4mm, multiple foci within the same ventricle, and more than 2 foci.  There does not seem to be any increased incidence of adverse outcome in these cases, though the small number of cases reported may not allow for definitive conclusions.  

     There is some controversy regarding the association of right sided or bilateral ICEF and risk of chromosomal aneuploidy and/or congenital heart disease.  In some series the risk of aneuploidy and congenital heart disease is increased in such cases, whereas in other series there does not appear to be an association.  The majority of these studies do not have proper control groups for comparison and also suffer from ascertainment bias (high risk patients referred to specialized centers constitute the study group; in such a group there will be a higher incidence of identification of markers of all kinds, possibly leading to the erroenous association between the marker and the particular risk in question.  The lack of appropriate controls also tends to exaggerate the relationship)

ICEF: EPIDEMIOLOGY

     The relationship of ICEF to other variables for perinatal risk such as maternal age and biochemical markers (MSAFP, HCG, Estriol) is important.  ICEF and other ultrasound “markers” are often used to modify or adjust  “a priori” risk of chromosomal aneuploidy.  The “a priori” risk refers to the baseline risk defined either my maternal age or biochemical markers.  Such adjustment is only possible if these other variables of risk are “independent” of the ultrasound markers.  In addition, it is important to know if there are any ethnic differences in the baseline incidence of  ICEF.  To date the following is the consensus:

AGE:  If the incidence of aneuploidy is controlled for (ie. only babies with normal chromosomes are included), then the incidence of ICEF appears to be independent of maternal age.  This makes it possible to use ICEF as an ultrasound marker to adjust the “a priori” age related risk of aneuploidy.

BIOCHEMICAL MARKERS:   Although studies are more limited in this context, it would appear that the incidence of ICEF is independent of levels of  2nd trimester Biochemical markers (AFP, HCG & Estriol) use to assess aneuploidy risk.  This makes it possible to use ICEF as an ultrasound marker to adjust aneuploidy risk assigned by 2nd trimester Biochemical markers. 

ETHNICITY:  Preliminary studies seem to indicate that there is a higher incidence of ICEF in the Asian population.  In one series reported from Japan, there was a 13.4% incidence of ICEF, which is higher then the 4-5% incidence reported in most series.  However, the study was not controlled for other ethnic groups, again raising the possibility of ascertainment bias.  Another study which did have appropriate controls from other ethnic groups, studied the incidence of ICEF in an Asian population.  The incidence was compared to a Caucasian and African American Population.  This study showed an incidence of  30% in Asians, 6% in African Americans and 11% in Caucasians.  Only the higher incidence in Asian women was statistically significant with an Odds ratio of 3.8 (95% conf 1.8-7.6).  The incidence of aneuploidy was the same in all three groups and thus, the higher incidence could not be explained on that basis.  

     At the present time, there is a strong suggestion that ICEF as a normal anatomic variant, has a higher incidence in the Asian population.  This information is important, since using ICEF to adjust for aneuploidy risk may not be applicable to this population. 
NATURAL HISTORY

     Most studies indicate persistance of ICEF during the course of pregnancy and in the newborn period when ICEF are detected in the 2nd trimester by transabdominal ultrasound.   A figure of approximately 96% persistance has been quoted.  Of those ICEF that persist, approximately 37% increase in size, 12% decrease in size, and 51% remain stable in size.  Newborn studies seem to indicate a pattern of persistence though neonatal studies are somewhat more limited.  

     The natural history of ICEF detected in the first trimester by transvaginal ultrasound may be somewhat different however. One study showed a 7.4% incidence of ICEF detected by transvaginal ultrasound at an average of 14 weeks gestation.  Repeat transabdominal ultrasound at around 20 weeks gestation showed an incidence of only 3%, indicating a 40% resolution of ICEF during that time period.  This was independent of aneuploidy. The authors concluded that ICEF detected in the 1st trimester represent a normal anatomic variant in most cases.  It was not clear from the study if the difference in detection from 14 to 20 weeks represented a higher sensitivity of transvaginal ultrasound to detect ICEF or whether the difference was truly due to a resolution of the ICEF.

     In summary, most ICEF detected in the 2nd trimester persist during the course of gestation. and into the newborn period. This persistence does not appear to have any prognostic significance in terms of risk of congenital heart disease, risk or aneuploidy, nor cardiac dysfunction. ICEF detected by tranvaginal ultrasound in the 1st trimester have a tendency to resolve in almost half the cases.  It is not clear if this is true resolution or represents  a difference in the sensitivity of the transvaginal approach to detect ICEF. 

      It  is important to explain the natural history of ICEF  to patients, since they may erroneously attach a negative prognosis to “persistence” of the foci.  In addition, followup ultrasounds to follow the ICEF are not necessary. 

ETIOLOGY

     At the present time, several etiologies have been proposed.  These are based on neonatal echocardiography followup in cases of prenatally diagnosed ICEF, and on autopsy results. The following findings have been reported

1. Neonatal Echo:  Persistent foci in region of Papillary Muscle and Chordae Tendinae

2. Neonatal Autopsies:  Calcification of Central Papillary Muscle in 16% of Trisomy 21, and 39% of   Trisomy 13 babies in 103 autopsies. This calcification correlated with ICEF detected by prenatal ultrasound

3. Neonatal Echo:  Bulbous (nonfenestrated) Chordae Tendinae

4. Neonatal Autopsies:  Course intramyocardial calcification surrounded by fibrosis in 2 aneuploid and 4 chrosomally normal fetuses.  These autopsy findings correlated with prenatally diagnosed ICEF.

     In fetuses with chromsomal aneuploidy, the autopsy results are convincing and seem to indicate that microminerlization or  microcalcification of the Papillary Muscle is the etiology.  However, some neonatal studies show the echogenicity in the area of the Chordae Tendinae, and others indicate that lack of fenestration or thickening of the Chordae Tendinae may be etiologic.  Still other studies indicate calcification with fibrosis. In studies in which autopsy findings are correlated with the prenatal ICEF ultrasound findings, the majority of the babies had chromosomal aneuploidy and the chromosomally normal babies did not have a normal prenatal course. 

     Prenatal ultrasound findings of ICEF also differ in terms of echogenicity of the ICEF as well as their location within the ventricle.  

     When using the echogenicity of bone as a reference, some ICEF have the same echogenicity as bone.  Other ICEF are cleary visible and echogenic, but are less echogenic then fetal bone.  At least one study showed that ICEF of higher echogenicity (same as bone)  had a higher incidence of aneuploidy when compared to ICEF of low echogenicity (less then bone).  This distinction is clearly recognized in most modern studies on ICEF, which insist on an echogenicity of the ICEF equal to bone, for subject inclusion in the study.  

     Anecdotally, ICEF do not appear to be constant in location.  Some are closer to the ventricular myometrium, while others appear closer to the A-V valves, indicating that in some cases the focus is in the area of the Chordae Tendinae, while in other cases the focus is in the area of the Papillary muscle.  

     Finally, ICEF detected in the first trimester by vaginal ultrasound  tend to resolve in almost half of the cases.  This strongly suggests that it may be a normal anatomic variant when discovered at this time.

 It is therefore not clear if all ICEF are due to papillary muscle microcalcification.   It may  be that the ultrasound finding described as ICEF may have a heterogenous etiologies:

1. Calcification with or without fibrosis of Papillary Muscle or Myocardial Tissue

2. Incomplete Fenestration of Chordae Tendinae

Such heterogenous etiologies may explain the divergent findings on ultrasound in which some ICEF are clearly in the midventricular cavity (papillary muscle and chordal tissue) while others are closer to the ventricular wall (Papillary or myocardial tissue).  In addition, differences in echogenicity are often noted with ICEF and it may be that the more echogenic ICEF represent a microcalcification and/or fibrotic process whereas the less echogenic ICEF may represent anatomic variants such as less fenestrated chordae tendinae.  It may be that by using echogenicity and/ or location of the ICEF, one may be able to distinguish calcified from noncalcified ICEF.  This distinction may have prognostic significance in such areas as risk of fetal chromosomal aneuploidy  (see later section on ICEF and Chromosomal Aneuploidy).  

     In summary, the etiology of ICEF is related to microcalcification of Papillary Muscle in fetuses with chromosomal aneuploidy and in some fetuses with normal chromosomes. These ICEF tend to be of the same echogenicity of fetal bone when noted by prenatal ultrasound.   In otherwise normal fetuses, the finding represents a normal anatomic variant, and tends to persist throughout gestation and into the newborn period.  Some cases of ICEF however, may have other etiologies such as incomplete fenestration of the fetal Chordae Tendinae.  It is hypothesized that such “noncalcified” ICEF may appear less echogenic on prenatal ultrasound though histopathologic correlation studies are not available.  There is also a suggestion that the risk of aneuploidy may be less in those fetuses with ICEF of low echogenicity (ie, less than fetal bone).

ICEF:  DIFFERENTIAL DIAGNOSIS 

     It is important to understand that echogenic areas within the fetal heart may be due to other abnormalities.  These would include cardiac tumors and Endocardial Fibroelastosis.  The distinction between uncomplicated ICEF and these other entities should be relatively straightforward to sonographers trained in assessment of the fetal heart. 

1. Fetal Cardiac Tumors:  Cardiac tumors are relatively uncommon compared to ICEF having an incidence of approximately  1.4/1000.  The incidence however, is common enough to make accurate diagnosis extremely important.  The commonest fetal cardiac tumor is a Rhabdomyoma, followed by Teratoma, Myxoma and Fibroma.   The Rhabdomyoma is important since approximately 1/3 of babies with this tumor may have Tuberous Sclerosis.  All of these tumors may also be problematic as they may impair fetal cardiac return and cardiac output, as well as causing serious fetal arrhythmias.  Many of these tumors have areas of calcification and hyperechogenicity and thus must be distinguished from ICEF.,

2. Endocardial Fibroelastosis is a condition in which the endocardium of the ventricle becomes fibrotic and dysfunctional.  It is often due to outflow tract obstruction such as critical aortic stenosis in which case it is referred to as “secondary”.  There has also been a suggestion that congenital mumps may cause this condition though the evidence for this is not strong.  Endocardial Fibroelastosis is referred to as “primary” if there is no underlying cause.  Sonographically, the affected endocardium appears extremely echogenic and could be mistaken for ICEF.

ICEF:  CLINICAL IMPLICATIONS

     Once ICEF are detected by prenatal ultrasound, questions arise as the clinical significance of the finding.   The general consensus is that most cases of ICEF represent a normal anatomic variant.  However, questions have been raised as to whether ICEF increases the risk of the following problems:

1. Aneuploidy

2. Congenital Heart Disease

3. Cardiac Dysfunction

ICEF AND ANEUPLOIDY:  Several observational studies have documented a high incidence of calcification of the cardiac papillary muscle and neonatal anueuploidy, most often noted in babies with Trisomy 21 and Trisomy 13.  There has been considerable controversy regarding the risk of chromosomal aneuploidy and ICEF, with some studies showing risk and others showing none.  

     Many of these studies have methodologic problems.Failure to take into account the study population’s “a priori risk” (baseline risk of aneuploidy based on age or AFP), may lead to ascertainment bias.  For example, studying a population of women over 35 with fetal ICEF will tend to demonstrated increased risk since the baseline risk of aneuploidy is higher to begin with in that population, whereas studying a population of women in their 20’s will tend not to demonstrated increased risk.  In fact, most studies addressing at risk populations (35 years or older and/or Low MSAFP) have shown the risk of aneuploidy is higher with ICEF whereas most studies studying populations not at risk have shown no significant increase in risk.  

      Also, failure to record whether the ICEF is an isolated finding may also lead to erroneous results.  Clearly the significance of  isolated  ICEF will be much different then ICEF in presence of other ultrasound markers for aneuploidy (eg. short femur, short humerus, echongenic bowel, nuchal thickening, etc.).  

     Most fetuses with trisomy 13 and 18 have structural abnormalities which are usually identified by an expert sonography.  In these cases the ICEF would generally not be isolated. Only approximately 20% of fetuses with trisomy 21 have structural anomalies.  Thus in the case of trisomy 21, other ultrasound markers are sought.  In fact, approximately 50% of fetuses with Trisomy 21 and ICEF have other ultrasound markers.  Conversely however, of Trisomy 21 fetuses with only one ultrasound “marker”, ICEF is the most common isolated marker.  Thus, in fetuses with isolated ICEF, the problem largely relates to whether there is a risk of trisomy 21, and if so what is the magnitude of that risk.  

LIKLIHOOD RATIOS: One solution to this problem has been to analyze ICEF in fetuses in whom it is an  ISOLATED finding, perform karyotyping, determine the percentage ICEF in aneuploid fetuses and  the percentage of ICEF in euploid (normal chromosomes) fetuses, and determine if these are statisticially significant.  If so, then the percentages are expressed as a ratio called the LIKLIHOOD RATIO, which is then multiplied by the a priori risk or baseline risk (determined by age and/or MSAFP) to determine an adjusted risk, from which decision making can occur.. 

The incidence of ICEF in triomy 21 fetuses is approximately 18%.  However, the incidence of ISOLATED ICEF  in trisomy 21 fetuses(no other ultrasound markers or structural anomalies) is only approximately 9%.  The incidence of isolated ICEF in euploid fetuses is approximately 4.5%.  A liklihood ratio would be determined:  9%/4.5% which would equal 2.0 . Thus in the presence of isolated ICEF, the baseline risk of trisomy 21 is doubled. (SEE FIGURE 1) The baseline “risk” is the age related risk.  There is also evidence that the MSAFP or “Triple Screen” risk can also be used as the baseline risk. The consensus is that isolated ICEF is an independent marker for risk of Trisomy 21. This marker however,  is relatively nonspecific (ie. it is common in euploid fetuses), and the degree of increased risk is modest compared to other chromosome markers.  (SEE TABLE 1)
     For example, in a patient who has a baseline risk of 1:400 of  trisomy 21 based on age, and in whom there is isolated ICEF, the risk of 1/400 would be doubled to 1:200.  As this baseline risk exceeds that of a 35 year old patient and equals the risk of amniocentesis related pregnancy loss, the patient would be offered the option of amniocentesis and prenatal karyotyping. In another case, a patient with a baseline risk of 1:800 would have an adjusted risk of 1:400 and would be counseled against amniocentesis.  

     Another system utilizes a “point” assignment with amniocentesis offered for a score of 2 or greater.  (SEE TABLE 2).  Both systems appear to have equal sensitivity and both assign weighted risks for different ultrasound markers including ICEF.  The point system has the benefit of simplicity while the risk adjustment system assigns an actual numerical risk. 

     RIGHT SIDED OR BILATERAL ICEF:  Some studies have demonstrated that the finding of right sided or bilateral ICEF increases the risk of aneuploidy.  Again, these studies are limited in their scope and may suffer from ascertainment bias.  One meta-analysis study failed to show any difference in incidence of Trisomy 21 between isolated unilateral left ICEF, isolated right sided ICEF,  and isolated bilateral ICEF.  At the present time, it is prudent to advise patients that right sided or bilateral ICEF may increase the risk of Trisomy 21 to a larger degree then isolated left ICEF.  Some authorities emprically double the liklihood ratio to 4 in this context.  

     IN SUMMARY a unilateral isolated ICEF, probably does increase the risk of Trisomy 21, but only modestly so compared to other ultrasound markers for aneuploidy.  A liklihood ratio of 2.0 has been suggested.  The net result is that the finding of an isolated ICEF in a patient with a an elevated a priori risk  (>35 yrs of age, Abnormal Triple Screen, Previous aneuploid child), would increase the risk of  aneuploidy, specifically trisomy 21.   In a patient  with low a priori risk, an isolated ICEF would probably not significantly increase the risk of Trisomy 21.   Attempts to quantify this risk have included a “point system” and an ultrasound adjusted risk.  The point system offers amniocentesis for a score of 2 or greater.  The adjusted risk system offers amniocentesis  when the adjusted risk equals or exceeds that of a 35 year old patient OR equals or exceeds 1:200 which is the procedural related pregnancy loss from amniocentesis.  Both systems recognize the a priori risk and have a weighted assignment for ultrasound markers such as ICEF.

     There is a suggestion that isolated right sided or bilateral ICEF may increase the risk of Trisomy 21 though support for this contention is weak at the present time. 

ICEF AND CONGENITAL HEART DISEASE    

      As discussed above, ICEF is a marker for chromosomal aneuploidy.  Aneuploid fetuses have a high incidence of congenital heart disease being approximately 50 % in Trisomy 21, 90 % in Trisomy 13, and 99% in Trisomy 18.  Thus in studying a possible association between congenital heart disease and ICEF, it is important to evaluate only chromosomally normal fetuses.  It is also important to have an appropriate control group of fetuses without ICEF and to control for variables such as baseline maternal risk for congenital heart disease (including maternal age).  Appropriate echocardiographic evaluation of both study and control babies in the neonatal period is also essential since “minor” congenital heart disease (eg. atrial septal defect, ventricular septal defect) is frequently missed on the newborn physical exam. It is also important to take into account the difference in baseline population incidence of congenital heart disease in fetuses (10/1000 or 1%) and neonates (8/1000 or 0.8%).  
     At the present time, there has been no prospective controlled study addressing the association of ICEF and congenital heart disease.  One study showed an incidence of  3/1000 in fetuses with ICEF which is less then the risk of congenital heart disease in the general population (fetal risk 10/1000) However, the numbers were small and there was no control group.  Another study looked at this issue from a different perspective, by determining the incidence of ICEF in chromsonally normal fetuses, with known congenital heart disease.  The authors found an increased of  ICEF in patients with known congenital heart disease when compared to historical data on the incidence of ICEF in the general population.  The study also found that there was a high representation of right sided and bilateral ICEF.   The study however, had no control group and clearly suffered from ascertainment bias.  However, at the present time, bilateral or right sided ICEF may be associated with an increased risk of congenital heart disease.  

     IN SUMMARY:  The association of ICEF and congenital heart disease has not been defintively determined.  Studies addressing this problem have lacked sufficient numbers, controls, and neonatal evaluation. Accordingly, it would be considered premature to state that there is no increased risk of congenital heart disease and that fetal cardiac evaluation is not necessary in the face of ICEF. However, it would be fair to say that if there is an association, it is most likely weak, the relative risk is most likely small, and most fetuses who are chromosomally normal with ICEF do not have congenital heart disease. 

     FETAL ECHOCARDIOGRAPHY AND ICEF:  Presently, many authorities state that fetuses with ICEF do not require fetal echocardiography due to the lack of association between ICEF and congenital heart disease. However, such a recommendation is probably not prudent for the following reasons:

1. ICEF may be confused with other more serious cardiac abnormalities such as Endocardial Fibroelastosis and Cardiac Tumors.  

2. The association of ICEF and risk of congenital heart disease has not  been adequately studied.

3. ICEF is a marker for chromosomal aneuploidy:  most fetuses with ICEF have not undergone genetic amniocentesis at the time of presentation and thus are not known to be chromosomally normal.  Such  babies should undergo a genetic ultrasound. Due to the high inicidence of congenital heart diseaese in aneuploid fetuses, this should also include at least a 2D and color doppler assessment of the fetal heart.  

Based on the information available at this time the following is recommended:

A four chambered cardiac view with outflow tract assessment and color flow should be performed in the following patients:

1. Isolated Left Sided ICEF

2. No increased risk of aneuploidy (age, MSAFP, prior history)

3. Normal genetic ultrasound

4. High risk for aneuploidy but in whom amniocentesis has been performed showing normal fetal karyotype

Formal Fetal Echocardiography should be performed in the following patients:

1. Right Sided or bilateral ICEF

2. Increased risk of aneuploidy, where patient refuses genetic amniocenetesis

3. Abnormal genetic ultrasound where patient refuses genetic amniocenetesis

4. Risk factors for Congenital Heart Disease

ICEF AND CARDIAC DYSFUNCTION

     In chromosomally normal babies without congenital heart disease, ICEF are considered normal anatomic variants.  Fetal and neonatal echocardiographic studies have shown normal cardiac function.  Patients can therefore be reassured that isolated ICEF do not cause cardiac dysfunction or disability.

SUGGESTED ALGORITHMS FOR MANAGEMENT OF ICEF

     Algorithms for the management of ICEF based on risk are presented.  The algorithms address issues and management. relating to chromosomal aneuploidy and congenital heart disease. 

(SEE FIGURES 2,3)
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