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Abstract Atrioventricular valve regurgitation (AVVR)
influences morbidity and mortality in the atrioventricular
canal defect (AVC). Fetal cardiac structures are subject to
hemodynamic changes, as well as growth and maturation
during gestation, which may alter the degree of AVVR and
affect prognosis. We sought to investigate the frequency of
change in degree of AVVR documented by fetal echocar-
diography (echo) between different periods of gestational
age. Subjects with AVC seen in the Fetal Heart Program
between January 2008 and September 2010 were identified.
Degree of AVVR was assessed by color Doppler imaging
and categorized as Grade 0 (no AVVR), Grade 1 (hemo-
dynamically insignificant AVVR = trivial or mild), and
Grade 2 (hemodynamically important AVVR = >moder-
ate). Levels of AVVR between periods were compared.
Forty-three fetuses were analyzed. Overall, 60 % had no
change, 14 % had a decrease, and 26 % had an increase in
AVVR grade. Two fetuses progressed from Grade 0 or 1 to
Grade 2, while one fetus decreased from Grade 2 to Grade
0. Trisomy 21 and heterotaxy syndrome were not risk
factors for AVVR progression. Transitional and incomplete
canal defects may be more susceptible to AVVR progres-
sion. Sixty percent of fetuses with AVC will not exhibit
progression of AVVR between the second and third tri-
mesters of gestation. In those who exhibit change, it is most
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often within a hemodynamically insignificant range
between none and mild regurgitation (Grades O and 1).
These findings have implications for the counseling, fol-
low-up, and delivery plans of the fetus with AVC defect.
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Introduction

Fetal cardiac structures and cardiovascular hemodynamics
are subject to changes in utero following organogenesis, as
well as growth and maturation. As gestation progresses, there
is an increase in preload as overall blood volume increases,
as well as a decrease in placental impedance, causing a
decrease in afterload [9, 11, 14]. In addition, the heart grows
with the fetus and the atrioventricular (AV) valve apparatus
matures as gestational age (GA) progresses.

In patients with atrioventricular canal defects, the
structure of the AV valve can result in variable amounts of
AV valve regurgitation, which can affect the hemody-
namics of the fetal circulation [3, 15]. Patient morbidity
and mortality are significantly influenced by the degree of
AV valve regurgitation [1, 5, 12]. Some data suggest that
the amount of regurgitation present in fetal life is typically
similar to that in postnatal life [3, 6, 10, 13, 18]. In addi-
tion, the degree of regurgitation prior to surgical inter-
vention in more than half of patients does not improve
postoperatively [9, 11, 14, 16]. Due to the significant
impact of AV valve regurgitation on clinical outcomes, the
degree of regurgitation assessed in utero impacts the
manner of counseling, frequency of patient follow-up,
delivery plan, and overall prognostic assessment [3, 4, 7,
15]. However, the natural history of AV valve regurgitation
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throughout gestation has not yet been studied in a serial,
longitudinal manner in the fetus with AV canal defect.

Methods

This is a retrospective, descriptive study investigating the
natural history and frequency of change in the degree of
AV valve regurgitation of fetuses with AV canal defects
diagnosed by echocardiography at different periods of
gestation. A secondary aim of the study is to assess whether
trisomy 21 or heterotaxy syndrome represent risk factors
for progression of AV valve regurgitation between mid-
and late gestation. Fetuses with incomplete (no ventricular
septal defect), transitional (restrictive ventricular septal
defect), and complete (large ventricular septal defect)
common AV canal anomalies who underwent fetal
echocardiography within the Fetal Heart Program at the
Children’s Hospital of Philadelphia (CHOP) between Jan-
uary 01, 2008, and September 30, 2010, were identified.
Patients were included for analysis if they underwent a
fetal echocardiogram at both <28-weeks gestation and
>32-weeks gestation. If more than two fetal echocardio-
grams were performed, we recorded information from the
first and last fetal studies to create the largest window of
time of gestational maturation between analyses.

Fetal echocardiograms were performed on Siemens
Acuson Sequoia Ultrasound Machines (Mountain View,
CA) with a 6C2 curvilinear probe with a default setting for
color scale set between 60 and 80 cm/s. Degree of atri-
oventricular valve regurgitation (AVVR) can be graded in
multiple ways by echocardiography. In addition to quali-
tative assessment, our imaging laboratory guidelines for
assessment of AVVR use the general principles of semi-
quantitative assessment of AVVR by Doppler color flow
using the ratio of the regurgitant jet area to the atrial area.
The percentage of regurgitant color jet area in comparison
with the atrial area <30 % is mild, 30-50 % moderate, and
>50 % severe AVVR [1, 5, 12, 17].

This study was designed to identify major changes in
AVVR that could significantly affect clinical outcome. As a
result, report descriptions of AVVR were divided into
three broad classifications: Grade 0 represents no AV valve
regurgitation; Grade 1 represents hemodynamically
insignificant AV valve regurgitation, while Grade 2 repre-
sents hemodynamically significant AV valve regurgitation.
The designation of hemodynamic significance applies to the
range of regurgitation equal to or greater than moderate
regurgitation. These are degrees of insufficiency that could
potentially place a fetus at risk of heart failure with possible
hydrops and/or impairment of growth and development, or
would engender a consideration for possible need for sur-
gical attention at the time of operative repair. If right and/or

left AV regurgitation was described, the highest degree of
regurgitation was used for analysis. Data were compiled and
described in categorical form. Chi-squared and Fisher’s
exact tests were used to perform statistical analysis with
significance set at p < 0.05.

Results

During the study period, 100 patients with AV canal
defects were evaluated in the Fetal Heart Program at The
Children’s Hospital of Philadelphia. Of this group, 43
patients qualified for inclusion in this study with serial fetal
echocardiograms performed at both <28-weeks gestation
and >32-weeks gestation to allow for comparison. Patients
excluded from the analysis had a similar distribution of the
type of AV canal defect and the presence of heterotaxy
syndrome and Down syndrome. Eighty-eight percent of the
cases were complete AV canal defects, while 12 % were
transitional or incomplete AV canal defects. Within the
group of complete AV canal patients, 58 % (22/38) had
relatively well-balanced ventricles, while 42 % (16/38) had
unbalanced ventricular arrangement, resulting in hypopla-
sia of one of the ventricular chambers. Within the group of
43 subjects, five had pulmonary atresia, five had significant
right ventricular outflow tract obstruction or valvar pul-
monary stenosis, while three had aortic arch hypoplasia
requiring arch augmentation or reconstruction at postnatal
surgery.

The average GA at the first study evaluated was 22.7 +
3.0 weeks for patients included in the analysis. The average
GA at the final study evaluated was 35.3 + 1.4 weeks. In
fetuses with a GA of <28-weeks, 13/43 (30 %) had Grade 0
AVVR, 23/43 (53 %) had Grade 1 AVVR, and 7/43 (16 %)
had Grade 2 AVVR. In the follow-up study at a GA of >32-
weeks, 10/43 (23 %) had Grade 0 AV VR, 25/43 (58 %) had
Grade 1, and 8/43 (19 %) had Grade 2 AVVR (Table 1).

Change in AVVR grade was then analyzed and
demonstrated that 26 of 43 patients (60 %) evaluated had
no change in AVVR. Six of 43 patients (14 %) had a
decrease in AVVR. Eleven of 48 patients (26 %) had an
increase in AVVR (Fig. 1). Four of five (80 %) subjects
with a transitional or incomplete AV canal defect had an

Table 1 Distribution of regurgitation grades at the first and final fetal
echocardiogram

First study Final study

GA (weeks) 227 +3 353+ 14
Grade 0 13 10

Grade 1 23 25

Grade 2 7 8
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increase in AVVR. Despite the high rate of increased
regurgitation within this subgroup, the change in AVVR
was hemodynamically insignificant, increasing from Grade
0 to Grade 1. Only two patients (2/43, 5 %) demonstrated
an increase in AVVR with progression from a score of O or
1 to a score of 2, representing a hemodynamically signif-
icant change in regurgitation. Both of these patients had
complete AV canal defects. The first patient had trisomy 21
with balanced ventricles that were normal in size, as well
as mild aortic valve and transverse arch hypoplasia. The
other subject had heterotaxy syndrome with segments
{S,L,D}, a common atrium, unbalanced atrioventricular
canal favoring the right ventricle, and double outlet right
ventricle with transverse arch hypoplasia and coarctation of
the aorta.

Analysis of the genetic and syndromic status of the
fetuses in the study group demonstrates that 21 subjects
had trisomy 21, 14 were diagnosed with heterotaxy syn-
drome based on anatomical features, one had chromosome
8p deletion, five had no known abnormalities, and two had
an unknown genetic/syndromic status. There was no sta-
tistically significant association between trisomy 21 and
heterotaxy syndrome and progression of AVVR; however,
the number of subjects with AVVR progression and the
overall number of subjects without these syndromes were
low (Fig. 2).

Discussion

Fetal echocardiography not only evaluates the anatomy of a
structural heart defect, but also provides information on the
function and pathophysiology of the cardiovascular system
of the fetus [3, 6-8, 10, 13, 18]. Serial prenatal cardio-
vascular imaging is now regularly performed on patients
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diagnosed with congenital heart disease in utero. As a
result, we are now able to observe the natural history of
physiological changes that occur during gestation after the
heart has formed and continues to mature. AV canal
defects represent a type of congenital heart disease that can
be appreciated in the four-chamber view in screening
obstetric ultrasounds [2]. As a result, the diagnosis of an
AV canal defect is commonly made with fetal imaging [2,
9, 11, 14, 16].

In this study, we focused our observations on the degree
of AV valve regurgitation in patients with AV canal defects
at <28-weeks gestation and at >32-weeks gestation. There
was an increase in AVVR in 26 %, most notably seen in
patients with transitional or incomplete canal defects. This
suggests that incomplete or transitional canal defects may
be susceptible to AVVR progression in utero to a greater
degree than those with complete AV canal defect; however,
the number of subjects with this diagnosis was small.
Patients with incomplete or transitional AV canal defects
may have differences in valve and subvalvar architectural
structure when compared to complete AV canal defects.
Dense chordal attachments to the septum in those without a
large ventricular septal defect may place such patients at
risk of progression of regurgitation. Nevertheless, the
majority of patients with worsening AVVR, including all
the patients with incomplete or transitional AV canal
defects, did not demonstrate a major change in AVVR that
resulted in hemodynamic compromise.

Despite physiological changes during gestation, as well
as growth and maturation of the fetal heart, 95 % of
patients with AV canal defects demonstrated no hemody-
namically significant change in AV valve regurgitation
from mid-gestation to late gestation (grade remained O or
1). There were two patients within the cohort that
demonstrated a hemodynamically significant change in
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Fig. 2 Distribution of AVVR 25
grades at <28-weeks gestation
and >32-weeks gestation by
trisomy 21, heterotaxy, no
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deletion status (graphics by
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AVVR during gestation. One subject had Down syndrome
and a balanced Rastelli type C complete AV canal. The
other patient had heterotaxy syndrome with an unbalanced
AV canal and double outlet right ventricle. A unifying
feature of the cardiac disease of both patients was trans-
verse arch hypoplasia. A potential mechanistic explanation
for the progression of AV valve regurgitation in these
patients could be that evolution of arch obstruction over the
course of gestation contributes to an increase in afterload
for the ventricle over time, resulting in worsening AV
valve regurgitation. Obstruction to outflow could represent
a risk factor for the development of worsening AVVR
during gestation; however, the small numbers in this study
limit the generalizability of these data.

In a previous analysis, we retrospectively evaluated the
same group of patients with diagnosis of AV canal defect
by fetal echocardiography and investigated the likelihood
of progression of AV valve regurgitation from fetal life to
the first month of postnatal life [3, 4, 7, 15]. Our analysis
demonstrated that 90 % of patients diagnosed with AV
canal defects display no hemodynamically significant
change in AV valve regurgitation from fetal to postnatal
life despite the significant hemodynamic changes associ-
ated with the transition from fetus to neonate at birth.
Furthermore, we also analyzed postnatal echocardiograms
performed at >1 month of age in unrepaired patients, none
of whom were receiving prostaglandin E1 therapy. Of these
patients, 18/22 (82 %) exhibited no hemodynamically
significant AVVR progression from fetal life to >1 month
of life. Other studies have demonstrated that AV valve

regurgitation seen postnatally prior to operative repair is a
risk factor for AV valve incompetence requiring reopera-
tion after complete repair [1, 5, 12, 17].

There are several limitations to this study. This was a
retrospective analysis subject to referral bias of patients
with complex congenital heart disease presenting to our
tertiary care center. Patients with complex findings were
more likely to require close surveillance with frequent
studies and were therefore more likely to meet the inclu-
sion criteria for the study. However, the high rate of tri-
somy 21 and heterotaxy syndrome, as well as additional
cardiac abnormalities, is consistent with other studies in the
literature [3, 6-8, 10, 13, 18]. One hundred patients were
diagnosed with AV canal defect in fetal life during the
study period, and 43 had two studies for analysis. The
excluded patients had similar characteristics to those
included in the study.

The findings of this analysis indicate that the AV valve
regurgitation in patients with AV canal defects evaluated
by fetal echocardiography performed at mid-gestation is
predictive of that seen in the final fetal echocardiogram in
the late third trimester, closer to delivery. Our data suggest
that fetuses with AV canal defects with hemodynamically
insignificant AV valve regurgitation and no obstruction to
outflow at mid-gestation may not require frequent follow-
up imaging for the sole purpose of the evaluation of AV
valve regurgitation prior to the final fetal echocardiogram
before birth. AV valve regurgitation affects overall prog-
nosis, and as a result, prediction of the degree and fluctu-
ation of AV valve regurgitation as the child grows is
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important for assessment of outcomes. Our study suggests
that the fetal assessment of AV valve regurgitation at mid-
gestation is good predictor of long-term AV valve regur-
gitation, and therefore provides a good foundation for
accurate individualized counseling and estimation of
prognosis for families of these children when the diagnosis
is made in fetal life.
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