
Echocardiographic Diagnosis and Prognosis of Fetal
Left Ventricular Noncompaction

Alisa Arunamata, MD, Rajesh Punn, MD, Bettina Cuneo, MD, Saroja Bharati, MD,
and Norman H. Silverman, MD, DSc (Med), FASE, Palo Alto, California; Oak Lawn and Chicago, Illinois

Background: Left ventricular noncompaction (LVNC) has rarely been described in the fetus.

Methods: The presence of associated congenital heart disease and rhythm disturbance was identified and the
presence of heart failure was assessed using the cardiovascular profile score in all fetuses with LVNC present-
ing from January 1999 to July 2010. The left ventricle was divided into 12 segments—four segments each at
the base,midpapillary, and apical regions—in the short-axis view to calculate the noncompaction/compaction
ratio for each segment.

Results:Of 24 fetuseswith LVNC included in the study, 22 had significant congenital heart disease, and 15 had
complete heart block. Of the 16 patients with adequate follow-up and not electively terminated, 12 (81%) died
or progressed to heart transplantation. The average noncompaction/compaction ratios were 2.02 in patients
who died or underwent heart transplantation and 1.67 in survivors (P = .2034). Fifty-seven of 93 measured
segments (61%) of the left ventricle in the patients who died or underwent heart transplantation had noncom-
paction/compaction ratios $ 2 compared with five of 17 measured segments (29%) in survivors (P = .0837).
The average cardiovascular profile score was 6. The apical region had greater involvement of noncompaction
than the midpapillary and basal regions, with ratios of 2.27, 2.14, and 1.10, respectively (P = .00035).

Conclusions: Fetuses with LVNC have a poor prognosis that may be related to associated congenital heart
disease, increased segmental involvement of noncompaction, and complete heart block and can be predicted
by the cardiovascular profile score. (J Am Soc Echocardiogr 2012;25:112-20.)
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Left ventricular noncompaction (LVNC) is a disease that may repre-
sent a failure of normal embryonic myocardial maturation, resulting
in the persistence of trabeculated, loosely interwoven fibers or
‘‘spongy’’ myocardium.1-3 Despite the ability to recognize LVNC in
the fetus, it is rarely described in this population. Many studies
have discussed the use of echocardiography to explain the lesion in
adults and children, identifying prominent trabeculations and the
utility of the noncompaction/compaction ratio in diagnosing this
lesion.4-10 The noncompaction/compaction ratio is determined by
measuring the depth of noncompaction and compaction zones in
systole from a short-axis or apical view (Figure 1). However, although
distinct criteria have been established for the diagnosis of LVNC after
birth, criteria for diagnosis in the fetus have not been
established.9,11,12

The objectives of this study were to analyze echocardiographic
data to (1) establish the criteria for diagnosis of fetal LVNC on the
basis of a 12-segment modification of the standards adopted by
the American Heart Association and American Society of
Echocardiography,12 (2) identify associated anatomic and physiologic
consequences, (3) determine the severity of noncompaction using the
noncompaction/compaction ratio, and (4) define outcomes to assess
prognosis.

METHODS

Demographic Data Collection

We retrospectively reviewed our experience with fetuses diagnosed
with LVNC at Lucile Packard Children’s Hospital at Stanford,
California, and The Heart Institute for Children at Hope Children’s
Hospital in Oak Lawn, Illinois, from January 1999 to July 2010 using
the Siemens syngo Dynamics workstation (Siemens Medical
Solutions USA, Inc., Ann Arbor, MI). Demographic data included ges-
tational age at presentation and gender. The collected outcome data
included physiologic consequences, rhythm disturbances, hydrops fe-
talis, death, and termination. Available postnatal echocardiograms
and necroscopy studies were reviewed to confirm the diagnosis of
noncompaction (Table 1). This study was approved through our
institutional review board (Protocol 17803), and all data were made
anonymous in accordance with the Health Insurance Portability and
Accountability Act.
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Echocardiographic Data
Collection

Ultrasound equipment included
the Siemens Acuson C512 revi-
sion 12.0 (Siemens Medical

Solutions USA, Inc., Mountain View, CA) and the Phillips iE33
(Philips Medical Systems, Bothell, WA). All fetal echocardiographic re-
cords were reviewed by two reviewers (A.A. and R.P.). Strict criteria
were used to ensure the appropriate diagnosis; all fetuses had the
following left ventricular findings as described by Jenni et al.4: (1) mul-
tiple trabeculations and recesses, (2) distinct compacted and noncom-
pacted layers, and (3) a noncompaction/compaction ratio $ 2.0
during systole. Given the retrospective nature of this study, we first
identified patients with a diagnosis of LVNC in the report and then
reviewed the echocardiograms to ensure that the patients met all in-
clusion criteria. The first complete fetal echocardiogram for the pa-
tient was included in the study. Studies with incomplete imaging
and poor quality were excluded from analysis.

To determine the severity of noncompaction, we calculated the
noncompaction/compaction ratio in the short-axis view of the left
ventricle for four segments each at the level of the mitral valve,
papillary muscle, and apex, which was an abbreviated version of
the 16-segment model described by the American Society of
Echocardiography and the American Heart Association as a result
of the limitations in resolution on fetal echocardiography12

(Figure 1). We subsequently calculated the average noncompaction/
compaction ratio for each segment (Table 2). Segments that were
missing because of ventricular septal defects or that were not well vi-
sualized were not included in the average. Segments were given
a score of zero when there was no evidence of noncompaction.
One reviewer (R.P.) analyzed all segments blinded to fetal outcomes
to reduce bias in measurements.

To confirm the reproducibility of the noncompaction/compaction
ratio, a random number generator in Microsoft Excel (Microsoft
Corporation, Redmond, WA) selected three patients in each cohort
from Lucile Packard Children’s Hospital and The Heart Institute for
Children at Hope Children’s Hospital for a total of six patients (pa-
tients 1, 6, 9, 17, 22, and 23). Two reviewers (A.A. and R.P.) then in-
dividually repeated noncompaction/compaction ratios for all 12
segments of the left ventricle in these selected patients. Reviewers
measured segments at each level using the same clip and frame
number.

In addition to LVNC, we identified other congenital heart disease,
rhythm disturbances such as congenital heart block, and hydrops fe-
talis. The diagnosis of hydrops was established as an abnormal accu-
mulation of fluid in two or more fetal compartments, such as
ascites, pleural effusion, pericardial effusion, and skin edema.

Fetal heart failure was assessed by the cardiovascular profile score
as described by Huhta.13 The score is composed of five echocardio-
graphic categories that assess cardiac function, cardiomegaly,
hydrops, and arterial and venous Doppler, with each category receiv-
ing 2 points for normality.

Statistical Analysis

Using analysis of variance in SAS Enterprise Guide version 4.2 (SAS
Institute Inc., Cary, NC), we sought to determine whether there
were differences in the average noncompaction/compaction ratio
among the basal, midpapillary, and apical regions. A post hoc
Bonferroni test was used to establish which region was more involved
than the others. Student’s t test was used to compare the difference in

noncompaction/compaction ratios between patients who died or un-
derwent heart transplantation and those who survived. A Mann-
Whitney U test was used to compare the number of segments with
noncompaction/compaction ratios $ 2 in patients who died or un-
derwent heart transplantation and those that survived. For all statisti-
cal tests, P values < .05 were considered statistically significant.

To confirm reproducibility of the noncompaction/compaction ra-
tios and assess for intraobserver variability between reviewers, we cal-
culated the intraclass correlation coefficient for the measurements
taken at the base, midpapillary, and apical regions in the six patients
with repeated analyses.

RESULTS

From January 1999 to July 2010, 30 patients were reviewed, and 24
patients fit our inclusion criteria, with 12 patients from each institu-
tion. Six patients were excluded for incomplete imaging (n = 3)
and lack of evidence for LVNC (n = 3).

Twelve patients died after birth, with confirmation of LVNC on au-
topsy (n = 5) and postnatal echocardiography (n = 3) (Figure 2).
Figure 3 illustrates the marked trabeculations and multiple recesses
in the left and right ventricles of patient 1 on postnatal autopsy.
Two fetuses were electively terminated, and six patients were lost
to follow-up, continuing their perinatal care at outside institutions.
Hydrops was present in nine patients: five died, two were lost to
follow-up, one was terminated during pregnancy, and one survived.

The indications for referral for fetal echocardiography were con-
cern for congenital heart disease (n = 8), arrhythmia (n= 16), hydrops
(n = 2), and pericardial effusion (n = 1) noted on routine prenatal ul-
trasound. The associated congenital heart disease, arrhythmias, and
clinical outcomes are noted in Table 1.

Of the 24 fetuses with LVNC, 22 had significant congenital heart
disease. This included complete atrioventricular canal (n = 13),
double-outlet right ventricle (n = 14), pulmonary atresia (n = 3), pul-
monary stenosis (n = 4), mitral atresia (n = 1), ventricular septal de-
fects (n = 11), and transposition of the great arteries (n = 6) (Table 1).

Mean gestational age at diagnosis was 26.5 6 7 weeks (Table 1).
The gender of the fetuses identified was predominantly female,
with 13 female fetuses, six male fetuses, and five fetuses of unknown
gender because of termination or loss to follow-up (Table 1).

Maternal morbidity included three mothers with type 2 diabetes
managed on insulin and one with hyperthyroidism not on medica-
tion. Of the 21 patients with genetic studies performed, all were found
to have normal genetics, with no evidence of metabolic disorders.
Extracardiac disease included polycystic kidney disease (n = 1) and
cerebral atrophy (n = 2) with one patient surviving who later devel-
oped metastatic osteosarcoma.

Interventions after diagnosis of fetal LVNC included terbutaline
(n= 11), betamethasone to improve lungmaturity (n= 3), therapeutic
amniocentesis (n= 1), and termination with dilatation and evacuation
(n = 2).

The degree of LVNC using the noncompaction/compaction ratio
for each segment of involvement is identified in Table 2. The average
noncompaction/compaction ratio for each segmental area is illus-
trated in Figure 4, with a greater number of segments in the apical re-
gion with ratios > 2.0. The average ratios for the basal, midpapillary
and apical regions in the 24 patients in the study were 1.10, 2.14,
and 2.27, respectively. Results of the analysis of variance of these re-
gions demonstrated that there was a statistically significant difference

Abbreviation

LVNC = Left ventricular
noncompaction
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among these three regions (P = .00035). A post hoc Bonferroni test
showed that although the apical average was greater than those of
the base and midpapillary regions, only the difference between the
apex and the base achieved statistical significance: the basal and
midpapillary difference was 10.6864 (P = .1154), the midpapillary
and apical difference was 4.3947 (P= .9740), and the apical and basal
difference was 15.0811 (P = .0127).

The average noncompaction/compaction ratio of patients who
died or underwent heart transplantation was 2.02, while the average
ratio of patients who survived was 1.67. Although the ratio of patients
who died or underwent heart transplantation was greater than that in
the surviving group, the difference between the two groups did not
achieve statistical significance (P = .2034).

Of the 93 measured left ventricular segments in the patients who
died or underwent heart transplantation, excluding segments in
which ventricular septal defects were present or that were not well
visualized, there were 57 segments (61%) with noncompaction/com-
paction ratios $ 2. Of the 17 measured left ventricular segments in
the patients who did not die or undergo heart transplantation, exclud-
ing segments in which ventricular septal defects were present or that
were not well visualized, there were five segments (29%) with non-
compaction/compaction ratios$ 2 (Table 2). The difference between
the number of segments with ratios $ 2 in the two groups was not
statistically significant (P = .0837).

Intraclass correlation coefficients to assess the reproducibility of the
noncompaction/compaction ratios were very good, at 0.9518,
0.8812, and 0.7933 for the basal, midpapillary, and apical regions,
respectively.

Of the 24 fetuses, 15 were noted to have complete heart block
(Table 1). Two fetuses were noted to have sinus bradycardia, two
had second-degree heart block, and five had normal sinus rhythm.
Of the 15 patients with complete heart block, nine patients died,
two are alive, two were electively terminated, and two were lost to
follow-up. Thus, of the 11 patients with complete heart block and ad-
equate follow-up, mortality was 81% among patients with complete
heart block and LVNC. Of the four survivors with follow-up informa-
tion, two patients had complete heart block and two patients had
sinus rhythm, with one progressing to heart transplantation (Figure 2).

The cardiovascular profile score was determined for all 24 fetuses
in the study (Figure 5). Of the 24 fetuses, the highest cardiovascular
profile score was 8 and the lowest was 3, with an average cardiovas-
cular profile score of 6. Among the patients who survived, the average
cardiovascular profile score was 7.67 (range, 7–8); among the patients
who died, the average cardiovascular profile score was 6.08 (range,
4–8) (Figure 5). Nine patients had hydrops, and 15 patients had
atrioventricular valve regurgitation, mitral regurgitation, or tricuspid
regurgitation. Seven fetuses displayed notching of umbilical venous
flow on Doppler, a finding that usually represents poor ventricular

Figure 1 Diagram of 12-segment analysis of the left ventricle from the short-axis (SAX) view and example of noncompaction (NC) and
compaction (C) zones at the level of the apex (AP). The three diagrams at the bottom illustrate the modified version of the American
Heart Association and American Society of Echocardiography’s 16 segments of the left ventricle from the short-axis view at the level
of the mitral valve (MV), papillary muscles (PM), and apex. An example of the noncompaction and compaction zones of the left ven-
tricle is demonstrated at the level of the apex from our institution (patient 1). The noncompaction/compaction ratio was measured at
end-systole for each of the 12 segments for all patients included in the study. Left ventricle segmental diagrams courtesy of Cerqueira
et al.12 have been modified to conform to the described limitations of fetal imaging. ANT, Anterior; INF, inferior; LAT, lateral; RV, right
ventricle; SEPT, septal.
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Table 1 Associated pathology, rhythm, clinical outcome of LVNC diagnosed in utero

Patient Diagnosis
Cardiac position

and situs Gender
Gestational
age (wk) Pathology Rhythm Hydrops Outcome Postnatal studies

1 LVNC, RVNC Dextrocardia,
situs solitus

Female 28 DORV, TR, PS, AS,
interrupted IVC

CHB Yes Died Autopsy

2 LVNC Levocardia,
situs solitus

Female 26 + 2 Moderate MR, mild RVH Sinus bradycardia No Died Echocardiography

3 LVNC, RVNC Levocardia,
situs solitus

Male 29 + 1 AVSD, DORV, PS, AS,
interrupted IVC, RVH

CHB Yes Died Echocardiography

4 LVNC Levocardia,
situs solitus

Unknown 17 DORV with d-MGA,
pulmonary atresia

CHB No Terminated None

5 LVNC Levocardia,
situs solitus

Female 15 AVSD, severe MR,
pulmonary atresia

CHB Yes Terminated None

6 LVNC Levocardia,
situs solitus

Unknown 18 DORV, mitral atresia, aortic
arch interruption type B

Sinus No Lost to follow-up None

7 LVNC Dextrocardia,
situs solitus

Female 29 + 2 AVSD, DORV, RV hypoplasia,
AS, interrupted IVC

Sinus No Lost to follow-up None

8 LVNC Left atrial
isomerism

Male 30 AVSD, pulmonary atresia, RV
hypoplasia, interrupted IVC

Sinus bradycardia No Died Echocardiography

9 LVNC Levocardia,
situs solitus

Female 21 + 4 None Sinus Yes Alive, metastatic
osteosarcoma

Echocardiography

10 LVNC Dextrocardia,
situs solitus

Female 33 AVSD, DORV, RVH,
interrupted IVC,
coarctation of
the aorta

CHB Yes Lost to follow-up None

11 LVNC Dextrocardia,
situs solitus

Female 32 DORV with d-MGA,
crisscross AV valves,
severe TR, mild MR

Sinus No Alive, underwent heart
transplantation

Echocardiography

12 LVNC Levocardia,
situs solitus

Male 18 + 1 AVSD, DORV with d-MGA,
AS, RV hypoplasia, RVH,
hypoplastic aortic valve,
hypoplastic aortic arch

CHB No Alive Echocardiography

13 RVNC, LVNC Levocardia,
situs solitus

Male 22 AVSD, DORV with d-MGA CHB Yes Died Autopsy

14 LVNC Dextrocardia,
situs solitus

Unknown 17 AVSD High second-degree
heart block

No Lost to follow-up None

15 LVNC Levocardia,
situs solitus

Male 34 AVSD, DORV with l-MGA,
interrupted IVC, LSVC
coronary sinus, PS, AS

CHB Yes Died None

16 LVNC Left atrial
isomerism

Female 28 AVSD, DORV with d-MGA, PS Second-degree
heart block

Yes Died Autopsy

17 LVNC Left atrial
isomerism

Male 37 AVSD CHB No Died None

18 LVNC Levocardia,
situs solitus

Female 36 AVSD, DORV CHB No Alive None

19 LVNC Dextrocardia, left
atrial isomerism

Unknown 22 + 3 AVSD, interrupted IVC CHB Yes Lost to follow-up None

(Continued )
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compliance and cardiac function. Our patients had notching in sys-
tole, evidenced by the simultaneous umbilical arterial flow below
the baseline. The notching of umbilical venous flow was secondary
to the atrioventricular valve regurgitation present in all seven of these
fetuses. For the eight patients with missing umbilical venous or arterial
data, a full score of 2 was assigned. Patients with reversal of flow in the
ductus venosus but with complete heart block were given a full score
of 2.

DISCUSSION

We present the largest fetal series to date describing the diagnosis of
LVNC and the association of mortality with structural cardiac disease,
increased segmental involvement of noncompaction, conduction issues
(heart block), and low cardiovascular profile scores. Noncompaction
recognized by fetal echocardiography carries a poor prognosis. Of the
16 fetuses with LVNC with adequate follow-up who survived the
pregnancy, 81% of patients in our study died or progressed to heart
transplantation.

Other studies in the literature on fetal LVNC support our poor out-
comes. Friedberg et al.14 examined the previous largest series of fe-
tuses with ventricular noncompaction in association with left atrial
isomerism and heart block. Of the seven fetuses included in their
study, three suffered neonatal demise, one was spontaneously
aborted, two were terminated electively, and one survived. Other
studies have reported isolated cases of fetal LVNC with similarly
poor outcomes.3,15,16

There have been few reports of successful outcomes of LVNC di-
agnosed in utero. Menon et al.17 described six patients who survived
the neonatal period with aggressive inotropic and ventilator support.
This case series was unusual in that there was no fetal demise, and the
patients all presented with isolated LVNC.

However in our series, 22 of 24 fetuses (92%) with LVNC had as-
sociated congenital heart disease, many of which had significant ana-
tomic and physiologic consequence leading to eventual cardiac
failure with neonatal death. Associated structural congenital heart dis-
ease may confer additional risk for neonatal demise given that of the
24 fetuses in our study, the mortality rate including progression to
heart transplantation among the 16 patients with adequate follow-
up was 81%. Adult series have shown a lower mortality rate, likely
because there is no reported associated congenital heart disease, or
those with congenital heart disease and significant cardiomyopathy
may have died before adulthood.9,10 Our own recent series of
pediatric patients noted that 13 of 44 patients (31%) had significant
congenital heart disease, while the mortality rate was 18%,10 indicat-
ing that expression of disease in the fetus may be more severe than
presentation in later life. Other studies have reported similar series
of pediatric patients with few associated cardiac lesions and lower
mortality rates.7,18 The differences between pediatric mortality rates
versus fetal mortality rates with LVNC again may be due to those
with significant congenital heart disease and cardiomyopathy
suffering fetal demise or death in the neonatal period.

A comparison of mortality between fetuses with similar associated
congenital heart disease, specifically double-outlet right ventricle, left
atrial isomerism, and complete atrioventricular canal, but without
LVNC noted lower mortality rates overall.19-21 Lagopoulos et al.19 de-
scribed a series of 93 fetuses with prenatal diagnoses of double-outlet
right ventricle, with 24 pregnancy terminations and seven in utero
deaths and a 1-year postnatal survival rate of 84%. Our own series
of 19 fetuses with double-outlet right ventricle noted three
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terminations and seven deaths, with a postnatal survival rate past 28
days of 30.8%.20 Pepes et al.21 outlined a series of 41 fetuses diag-
nosed with left atrial isomerism with associated cardiac defects similar
to our series (complete atrioventricular canal, complete heart block,
double-outlet right ventricle) but without LVNC and reported 22
pregnancy terminations, seven intrauterine deaths, one neonatal
death, and one infant death. Although the patients in our study had
significant other associated congenital heart disease, it may be that
LVNC itself is a risk factor for mortality.

In our study, 61% of left ventricular segments of patients who died
or underwent heart transplantation had noncompaction/compaction
ratios$ 2 compared with 29% of segments of patients who survived
(P = .0837). The average noncompaction/compaction ratio of pa-
tients who died or underwent heart transplantation was greater at
2.02, while the average ratio of patients who survived was 1.67
(P = .2034), appearing as if increased segmental involvement and de-
gree of involvement is associated with poor outcome as suggested in
the pediatric population.10 The average noncompaction/compaction
ratio overall in our series was 1.84, compared with the average non-
compaction/compaction ratio of 1.3 in pediatric patients with either

isolated LVNC or insignificant congenital heart disease who sur-
vived.10

A 12-segment approach was used in our study and demonstrated
greater involvement of noncompaction in the apical region than the
midpapillary and basal segments, similar to the pediatric population.10

Themore apical noncompaction found in our study is consistent with
our knowledge of embryologic development given that the left ven-
tricle compacts from base to apex and septum to free wall (Figure 4).1

The intraclass correlation coefficients to assess the reproducibility
of the noncompaction/compaction ratios were close to 1, with the
data collected at the base being more consistent than both the midpa-
pillary and apical regions (0.9518, 0.8812, and 0.7933, respectively),
likely related to the small size of the apex in the short-axis view in
comparison with the base, leading to errors in estimation of
noncompacted myocardium. Despite the limited resolution of fetal
echocardiograms, noncompacted myocardium can be identified
and a noncompaction/compaction ratio can be reliably calculated.

Complete heart block in association with LVNCwas noted in 15 of
the 24 fetuses (63%). Of the 11 patients with complete heart block
and adequate follow-up, mortality was 81%. Although this has been

Table 2 Noncompaction/compaction ratios in basal, midpapillary, and apical segments of the left ventricle on fetal
echocardiography

Patient

Base Midpapillary Apex

AS AL IS IL Average AS AL IS IL Average AS AL IS IL Average

1 VSD 2.14 VSD 2.27 2.20 2.27 0.00 1.00 3.03 1.58 1.21 2.79 1.71 3.77 2.37
2 0.00 0.00 0.00 0.00 0.00 0.00 2.72 0.00 0.55 0.82 NI NI NI NI NA

3 0.00 0.00 0.00 0.00 0.00 VSD 2.43 VSD 0.03 1.23 1.00 1.61 1.96 2.41 1.74
4 VSD 2.00 VSD 3.30 2.65 1.00 1.81 2.27 1.50 1.65 NI NI NI NI NA

5 VSD 0.00 VSD 0.00 0.00 VSD 1.54 VSD 2.50 2.02 VSD 2.11 2.09 1.83 2.01
6 VSD 0.00 VSD 0.00 0.00 VSD 2.05 1.52 2.12 1.90 2.00 1.64 2.04 2.17 1.96

7 VSD 2.68 1.26 2.59 2.18 VSD 2.56 1.00 2.79 2.12 2.43 3.21 2.63 3.67 2.98
8 VSD VSD 1.12 2.67 1.89 0.30 2.20 2.79 2.25 1.88 0.85 1.33 NI 3.04 1.74

9 0.00 0.00 0.00 0.00 0.00 0.64 1.00 1.50 1.56 1.18 0.68 1.94 1.47 1.64 1.43
10 NI NI NI NI NA NI NI NI NI NA NI NI NI NI 2.04*

11† NI NI NI NI NA NI NI NI NI NA NI NI NI NI NA
12† NI NI NI NI NA NI NI NI NI NA NI NI NI NI NA

13 NI NI NI NI NA 2.00 3.17 VSD 2.33 2.50 1.33 2.33 1.67 2.33 1.92
14 NI NI NI NI NA 3.00 3.00 2.25 2.00 2.56 5.33 2.25 2.80 3.60 3.50

15 1.67 3.00 2.33 3.25 2.56 3.33 4.75 5.33 2.18 3.90 3.00 3.50 2.18 3.50 3.05
16 NI NI NI NI NA 4.00 4.00 2.53 3.67 3.55 2.80 2.29 1.67 2.75 2.38

17 NI NI NI NI NA VSD 2.29 2.50 2.80 2.53 NI NI NI NI 3.20*
18 NI NI NI NI NA 3.75 4.40 2.40 2.17 3.18 NI NI NI NI 4.25*

19 NI NI NI NI NA NI NI NI NI NA NI NI NI NI 2.25*
20† NI NI NI NI NA NI NI NI NI NA NI NI NI NI NA

21 0.83 0.00 VSD 1.00 0.61 3.14 1.88 2.00 1.29 2.08 2.58 2.00 3.00 2.50 2.52
22 0.83 0.70 NI 1.65 1.06 1.35 1.75 NI 1.88 1.66 2.33 1.31 2.76 2.67 2.27

23 NI NI NI NI NA 2.00 2.32 2.25 2.19 2.19 1.95 1.53 1.81 2.21 1.88
24 NI NI NI NI NA VSD 2.00 3.00 2.44 2.48 2.00 3.11 1.80 3.11 2.51

Segmental
average

0.55 0.96 0.78 1.39 2.06 2.44 2.10 2.05 2.12 2.13 2.14 2.72

Base total average 1.10 Midpapillary total average 2.14 Apex total average 2.27

Base SD 1.12 Midpapillary SD 0.81 Apex SD 0.58

AL, Anterior lateral; AS, anterior septal; IL, inferior lateral; IS, inferior septal; NA, not applicable; NI, not imaged; SD, standard deviation; VSD,
ventricular septal defect.
*Based on an apical four-chamber view.
†No short-axis view available.
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described in the adult population previously, with complete
atrioventricular block as the primary presentation with prominent
left ventricular trabeculations seen on subsequent echocardiogra-
phy,22 ventricular arrhythmias are seen more frequently in the
pediatric population.10

The gender of the fetuses identified was predominantly female,
with 13 female fetuses, six male fetuses, and five fetuses of unknown
gender because of termination or loss to follow-up (Table 1). This ob-
servation is in contrast to a predominance of LVNC in male patients
among older adults and adolescents.4,6 The discrepancy is likely due
to the small sample size of our study.

Maternal morbidity included three mothers with type 2 diabetes
managed on insulin. This is not surprising, as the association between
poorly controlled diabetes and cardiac defects has been well de-
scribed in the literature.23,24

Although chromosomal abnormalities such as 22q11.2 deletion
have also been well described to have associated cardiac abnormali-

ties,25,26 all of our patients with genetic studies were found to have
normal genetics, with no evidence of metabolic disorders. This
could also be due to the small number of patients in the study.

Extracardiac disease was limited in our patients, leading to the as-
sumption that the high mortality rate can be attributed to congenital
heart disease rather than external factors.

Cardiovascular profile scores were exceptionally poor in our case
series, with a maximum score of 8, a minimum score of 3, and an av-
erage score of 6. The cardiovascular profile score represents an indi-
cator of fetal cardiac well-being and uses known markers by
ultrasound that have been correlated with poor fetal outcome. In a re-
cent study by Wieczorek et al.,27 fetuses with cardiovascular profile
scores # 7 were more at risk for perinatal death than those with car-
diovascular profile scores$ 8 (mortality, 87.5% vs 15.2%; P < .0001).
Moreover, the presence of hydrops and severe cardiomegaly (heart/
chest area ratio > 0.5) was statistically significantly associated with
mortality (hydrops odds ratio, 12.4, P = .03; cardiomegaly odds ratio,
11.4, P= .04). Consistently, of the 12 patients who died, three patients
had scores of 4, one had a score of 5, three had scores of 6, and two
had scores of 7. Although three patients had scores of 8, all three had
complete heart block, making it difficult to interpret the cardiovascu-
lar profile score given the inability to use Doppler findings. The aver-
age cardiovascular profile score of patients who died or underwent
heart transplantation was 6.08, while the average cardiovascular pro-
file score of patients who survived was 7.67 (Figure 5). More specifi-
cally, 12 patients did not have arterial umbilical Doppler studies, and
eight patients did not have venous umbilical Doppler studies available
for analysis. As a result, we issued the full 2 points to each category for
which the information was not available. Despite the potential of
overscoring, of the seven patients who had both missing arterial
and venous Doppler studies, only two patients scored 8 points, while
five patients still accumulated #7 points, and clinical outcomes were
poor. In our series, the umbilical vein notching was presumably due to
the significant atrioventricular valve regurgitation, because the notch-
ing occurs in systole.

Limitations

Although we examined systolic function among fetuses with LVNC,
we did not examine diastolic dysfunction, whichmay also be a predic-
tor of poor outcome.28 From an imaging standpoint, not all patients
had short-axis views available, making it difficult to accurately assess

Figure 4 Graphical representation of the 12 segments involved
in LVNC in fetuses. The outer rim represents the basal seg-
ments, and the middle and innermost layers constitute the
midpapillary and apical segments, respectively. The legend
identifies the colors that represent the ranges of average non-
compaction (NC)/compaction (C) ratios for each patient. ant,
Anterior; inf, inferior; lat, lateral; sept, septal.

Figure 3 Pathologic specimen of LVNC on postnatal autopsy
from patient 1. Note the marked trabeculations and multiple
small cavities and recesses in both the right ventricle (RV) and
left ventricle (LV). C, End points of the arrows mark the com-
pacted myocardium; LAD, left anterior descending coronary ar-
tery; NC, end points of the arrows mark the noncompacted
myocardium; *, left atrial appendage.

Figure 2 Flow diagram describing the outcomes of the 24 stud-
ied patients.
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the average segmental involvement. Given the limited resolution of
fetal echocardiography and the small size of the fetal heart, we had
to decrease the number of segments we assessed with the noncom-
paction/compaction ratio.

Additionally, because this was a retrospective study, we did not
have long-term follow-up of patients, particularly our patients who
were referrals from outside facilities. Several fetuses had incomplete
follow-up echocardiography at later gestational ages, but these were
inadequate to provide the 12-segment analysis, so we were unable
to evaluate how the noncompaction/compaction ratios evolved
with advancing gestation. Further prospective studies would be able
to evaluate these changes in the myocardium over time, as the
mean gestational age at diagnosis in our study was 26.5 6 7 weeks
(Table 1). Moreover, because of the retrospective nature of the study,
we selected only those patients with LVNC diagnosed in utero. Our
study population included only one patient with isolated LVNC, lead-
ing to speculation that themajority of fetuses with isolated LVNCmay
not have been diagnosed prenatally, possibly skewing results toward
worse outcomes.

Moreover, arterial and venous umbilical Doppler studies were un-
available for some patients, thus providing the opportunity for falsely
elevated cardiovascular profile scores. Alternatively, cardiovascular
profile scores were likely negatively influenced by the 15 patients
with heart block, thus compromising several of the scoring categories
and possibly leading to falsely reduced scores.

CONCLUSIONS

Our fetal case series describes the criteria for diagnosis of LVNC in
utero and demonstrates the poor prognosis associated with the diag-
nosis when accompanied by other structural cardiac disease,
increased segmental involvement of noncompaction, conduction is-
sues (heart block), and low cardiovascular profile scores. Although
further studies are still needed on prognosis related to fetal LVNC,
the poor outcomes of patients in this setting may influence parental
counseling. Physicians should consider the data and limitations
when speaking with parents. LVNC in utero, as it presents postnatally,
involves the basal, midpapillary and apical regions of the heart, with

the apical regions more affected than either the basal or midpapillary
region.

REFERENCES

1. Bartram U, Bauer J, Schranz D. Primary noncompaction of the ventricular
myocardium from the morphogenetic standpoint. Pediatr Cardiol 2007;
28:325-32.

2. Agmon Y, Connolly HM, Olson LJ, Khandheria BK, Seward JB. Noncom-
paction of the ventricular myocardium. J Am Soc Echocardiogr 1999;12:
859-63.

3. Moura C, Hillion Y, Daikha-Dahmane F, Eydoux P, Fallet C, Oury JF, et al.
Isolated non-compaction of the myocardium diagnosed in the fetus: two
sporadic and two familial cases. Cardiol Young 2002;12:278-83.

4. Jenni R, Oechslin E, Schneider J, Attenhofer Jost C, Kaufmann PA.
Echocardiographic and pathoanatomical characteristics of isolated left
ventricular non-compaction: a step towards classification as a distinct
cardiomyopathy. Heart 2001;86:666-71.

5. Chin TK, Perloff JK, Williams RG, Jue K, Mohrmann R. Isolated noncom-
paction of left ventricular myocardium. Circulation 1990;82:507-13.

6. St!ollberger C, Finsterer J. Left ventricular hypertrabeculation/noncompac-
tion. J Am Soc Echocardiogr 2004;17:91-100.

7. Pignatelli RH, McMahon CJ, DreyerWJ, Denfield SW, Price J, Belmont JW,
et al. Clinical characterization of left ventricular noncompaction in chil-
dren: a relatively common form of cardiomyopathy. Circulation 2003;
108:2672-8.

8. Engberding R, Yelbuz TM, Breithardt G. Isolated noncompaction of the left
ventricular myocardium—a review of the literature two decades after the
initial case description. Clin Res Cardiol 2007;96:481-8.

9. Aras D, TufekciogluO, Ergun K, OzekeO, Yildiz A, Topaloglu S, et al. Clin-
ical features of isolated ventricular noncompaction in adults long-term
clinical course, echocardiographic properties, and predictors of left ventric-
ular failure. J Card Fail 2006;12:726-33.

10. Punn R, Silverman NH. Cardiac segmental analysis in left ventricular non-
compaction: experience in a pediatric population. J Am Soc Echocardiogr
2010;23:46-53.

11. Kohl T, Villegas M, Silverman N. Isolated noncompaction of ventricular
myocardium—detection during fetal life. Cardiol Young 1995;5:187-9.

12. Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs AK, Kaul S,
Laskey WK, et al. Standardized myocardial segmentation and nomencla-
ture for tomographic imaging of the heart. A statement for healthcare

Figure 5 Graph illustrating the average cardiovascular profile score (black circle) and the range (line end points) for each indicated
outcome. The average cardiovascular profile score is specifically noted.

Journal of the American Society of Echocardiography
Volume 25 Number 1

Arunamata et al 119



professionals from the Cardiac Imaging Committee of the Council on
Clinical Cardiology of the American Heart Association. Circulation
2002;105:539-42.

13. Huhta JC. Guidelines for the evaluation of heart failure in the fetus with or
without hydrops. Pediatr Cardiol 2004;25:274-86.

14. Friedberg MK, Ursell PC, Silverman NH. Isomerism of the left atrial ap-
pendage associated with ventricular noncompaction. Am J Cardiol
2005;96:985-90.

15. Kitao K, Ohara N, Funakoshi T, Moriyama T, Maruo T, Yamane M, et al.
Noncompaction of the left ventricular myocardium diagnosed in pregnant
woman and neonate. J Perinat Med 2004;32:527-31.

16. Karatza AA, Holder SE, Gardiner HM. Isolated non-compaction of the
ventricular myocardium: prenatal diagnosis and natural history. Ultra-
sound Obstet Gynecol 2003;21:75-80.

17. Menon SC, O’Leary PW, Wright GB, Rios R, MacLellan-Tobert SG,
Cabalka AK. Fetal and neonatal presentation of noncompacted ventricular
myocardium: expanding the clinical spectrum. J Am Soc Echocardiogr
2007;20:1344-50.

18. Tsai SF, Ebenroth ES, Hurwitz RA, Cordes TM, Schamberger MS,
Batra AS. Is left ventricular noncompaction in children truly an isolated le-
sion? Pediatr Cardiol 2009;30:597-602.

19. Lagopoulos ME, Manlhiot C, McCrindle BW, Jaeggi ET,
Friedberg MK, Nield LE. Impact of prenatal diagnosis and anatomical
subtype on outcome in double outlet right ventricle. Am Heart J
2010;160:692-700.

20. Kim N, Friedberg MK, Silverman NH. Diagnosis and prognosis of fetuses
with double outlet right ventricle. Prenat Diagn 2006;26:740-5.

21. Pepes S, Zidere V, Allan LD. Prenatal diagnosis of left atrial isomerism.
Heart 2009;95:1974-7.

22. Taniguchi M, Hioka T, Maekawa K, Takagagi K, Shoji K, Yoshida K. Adult
case of isolated ventricular noncompaction discovered by complete atrio-
ventricular block. Circ J 2004;68:873-5.

23. Lisowski LA, Verheijen PM, Copel JA, Kleinman CS, Wassink S,
Visser GH, et al. Congenital heart disease in pregnancies complicated by
maternal diabetes mellitus. An international clinical collaboration, litera-
ture review, and meta-analysis. Herz 2010;35:19-26.

24. Schaefer-Graf UM, Buchanan TA, Xiang A, Songster G, Montoro M,
Kjos SL. Patterns of congenital anomalies and relationship to initial mater-
nal fasting glucose levels in pregnancies complicated by type 2 and gesta-
tional diabetes. Am J Obstet Gynecol 2000;182:313-20.

25. Goldmuntz E, Clark BJ, Mitchell LE, Jawad AF, Cuneo BF, Reed L, et al.
Frequency of 22q11 deletions in patients with conotruncal defects. J
Am Coll Cardiol 1998;32:492-8.

26. Botto LD, May K, Fernhoff PM, Correa A, Coleman K, Rasmussen SA,
et al. A population-based study of the 22q11.2 deletion: phenotype, inci-
dence, and contribution tomajor birth defects in the population. Pediatrics
2003;112:101-7.

27. Wieczorek A, Hernandez-Robles J, Ewing L, Leshko J, Luther S, Huhta J.
Prediction of outcome of fetal congenital heart disease using a cardiovascu-
lar profile score. Ultrasound Obstet Gynecol 2008;31:284-8.

28. McMahon C, Pignatelli RH, Nagueh SF, Lee VV, Vaughn W, Valdes SO,
et al. Left ventricular non-compaction cardiomyopathy in children: char-
acterization of clinical status using tissue Doppler-derived indices of left
ventricular diastolic relaxation. Heart 2007;93:676-81.

120 Arunamata et al Journal of the American Society of Echocardiography
January 2012


	Echocardiographic Diagnosis and Prognosis of Fetal Left Ventricular Noncompaction
	Methods
	Demographic Data Collection
	Echocardiographic Data Collection
	Statistical Analysis

	Results
	Discussion
	Limitations

	Conclusions
	References


