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Extracardiac Doppler indices predict perinatal mortality in
fetuses with Ebstein anomaly and tricuspid valve dysplasia
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Keck School of Medicine, Los Angeles, CA, natal mortality. Past studies have focused on cardiac predictors of mortality; we
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Ematl shwang@chia.usc.edd sought to describe the fetal echo (FE) extracardiac Dopplers in this cohort and deter-
mine their association with perinatal mortality.

Method: Fetuses with EA/TVD at 23 centers from 2005-2011 were included for ret-
rospective study. Doppler pattern and velocity of the umbilical artery (UA), umbilical
vein (UV), ductus venosus (DV), and middle cerebral artery (MCA) were collected.
Bivariate and multivariate analyzes were performed. The primary outcome measure
was perinatal mortality, defined as fetal demise or neonatal death.

Results: Of 190 cases that met eligibility criteria, alterations were seen in 50% of UA,
16% of UV, 48% of DV, and 8% of MCA Doppler indices on the last FE (median
27.4 weeks). Independent predictors of perinatal mortality included abnormal UA
Doppler pattern of absence or reversed end diastolic flow (OR 9.7) and UV velocity z
score <1 (OR 2.5), in addition to diagnosis <32 weeks (OR 4.2) and tricuspid valve

(TV) annulus z score 26 (OR 5.3).
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Conclusion: Abnormal UA Doppler pattern and decreased UV velocity are indepen-

dent predictors of perinatal mortality in EA/TVD fetuses and should be used to refine

mortality risk and guide perinatal management.

1 | INTRODUCTION

Ebstein anomaly and tricuspid valve dysplasia (EA/TVD) are rare but
potentially serious congenital tricuspid valve malformations, occurring
in approximately 1 to 5 in 20,000 live births and accounting for less
than 1% of congenital heart disease (CHD).%? While EA and TVD are
morphologically distinct, they carry the same hemodynamic burden of
tricuspid regurgitation (TR) that can lead to heart failure. Severe cases
are often diagnosed in utero and carry a poor prognosis with perinatal
mortality rates of 38%-79%.%" In 2015, Freud et al reported a 45%
perinatal mortality rate in a large multicenter study of prenatally diag-
nosed EA/TVD with contemporary medical and surgical management.
The strongest predictors of mortality were earlier gestational age
(GA) at diagnosis, larger tricuspid valve (TV) annulus z score, presence
of pulmonary regurgitation (PR), and presence of a pericardial effusion
on fetal echocardiography (FE).¢

Extracardiac Doppler indices reflect the uteroplacental environ-
ment and can be used in the evaluation of fetal disease states and the
risk for disease severity to progress in utero. Abnormal umbilical
artery (UA) Doppler indices, such as increased pulsatility index (PI),
and their relationship to middle cerebral artery (MCA) Doppler indices,
have been associated with adverse perinatal outcomes in fetuses with
and without CHD.””” Examination of the umbilical vein (UV) and
ductus venosus (DV) has also been used to provide important physio-
logic and prognostic information.1®!! As in other fetal conditions,
these Doppler indices may have important value with regard to risk
stratification and prognostication in EA/TVD. The aim of this study
was to understand the usefulness of extracardiac Doppler indices in a
multicenter cohort of fetuses with EA/TVD that were previously eval-
uated primarily based on the cardiac findings.® Our investigation
sought to describe the Doppler findings in the context of the known
pathophysiologic aberrations of EA/TVD and to assess their value as

risk factors for perinatal mortality in affected fetuses.

2 | METHODS

We conducted an ancillary analysis of a previously evaluated multi-
center cohort of prenatally diagnosed EA/TVD patients.® This cohort
was identified retrospectively from 23 centers in the United States
and Canada and included 243 fetuses diagnosed with EA/TVD from
January 2005 to September 2011. Each center obtained IRB approval
with a waiver of informed consent and de-identified FE studies were
sent to a core lab at Boston Children's Hospital which were then
shared with Children's Hospital Los Angeles (CHLA). Details regarding

the cardiac and clinical findings in this cohort have previously been

What's already known about this topic?

o Ebstein anomaly and tricuspid valve dysplasia carry a high
perinatal mortality rate. Intracardiac findings such as
larger tricuspid valve (TV) annulus and presence of pul-

monary regurgitation (PR) predict mortality.

What does this study add?

e This is the first large multicenter study to describe
extracardiac findings in this rare group. Abnormal umbili-
cal artery pattern and low umbilical vein velocity are
independent predictors of perinatal mortality and provide

additive value in prenatal prediction of mortality.

described, however the analysis did not include extracardiac Doppler
measurements.®

De-identified DICOM images were independently evaluated and
measurements of extracardiac Dopplers were performed by two
reviewers (SW, JP) at our institution's core lab (CHLA), who were
blinded to clinical outcome. For study inclusion, a patient must have
had at least one FE with extracardiac Doppler waveform obtained at
high enough quality for adequate interpretation. In accordance with
guidelines on Doppler interrogation,'? we used measurements
acquired at an insonation angle of 20 degrees or less for pulsed-wave
Doppler. If multiple FEs with Doppler indices were available, the first
and last FE were analyzed. The Doppler waveform patterns were
noted, with an abnormal pattern defined as absence or reversal of end
diastolic flow (AREDF) for the UA, AREDF or increased diastolic flow
for the MCA, notching for the UV, and absence or reversal of flow
during atrial systole (A wave) for the DV. The following measurements
were performed where possible: peak systolic velocity (PSV), end dia-
stolic velocity (EDV), and time averaged max velocity (TAMAX) for the
UA for those without AREDF; the mean velocity for the UV; the S
wave velocity, A wave velocity, and TAMAX for the DV for those
without absence or reversal of the A wave; and the PSV, EDV, and
TAMAX for the MCA.

For the UA and MCA, the Pl was calculated as (PSV — EDV)/
TAMAX. Of note, Pl was not calculated when there was AREDF. The
cerebroplacental ratio (CPR) was calculated as MCA PI/UA PI. For
guantitative assessment of the DV, the PI of veins (PIV) was calcu-
lated as PIV = (S wave velocity — early diastolic A wave velocity)/
TAMAX.22 To adjust for the wide distribution of GA at the time of the
examination, all velocities and Pls with available published normal

values were converted to z scores for GA.*31¢
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The primary outcome was perinatal mortality, defined as fetal
demise or neonatal death before hospital discharge, in accordance
with the primary study.® Cases with elective terminations or loss to
follow-up were excluded. Clinical variables collected included GA at
diagnosis, at the time of the FE, and at birth. In addition, the presence
of PR was noted and tested for association with abnormalities in
Doppler parameters. Doppler data were reported as median (range)
for continuous variables or counts with frequencies for categorical
variables.

Two analyzes were conducted. The first used data for the last FE,
and the second used data for the first FE if performed prior to
24 weeks of gestation. Bivariate analyzes to explore associations
between Doppler indices and perinatal mortality were performed
using a Wilcoxon rank sum test, or chi-square or Fisher's exact test
where applicable. Multiple logistic regression modeling was performed
for the outcome of perinatal mortality using variables that were not
missing in 15 or more cases for the last FE or 10 or more cases for the
FE prior to 24 weeks of gestation and that had a p value <.10 on
bivariate analysis. Forward, backward, and stepwise variable entry
techniques were used to identify the most parsimonious models
where the criterion for inclusion was a p value < .05. Upon identifica-
tion of these models, all potential interaction terms were tested for
inclusion in the models. Continuous variables were converted to cate-
gorical variables for interpretability where possible, using receiver
operating characteristic (ROC) curves to determine optimal cut-point
values, specifically for TV annulus and UV velocity Z scores. For the
analysis of the last FE, data-splitting (randomization into training and
testing groups, 75% and 25% respectively) was performed post hoc to
correct for over-optimism of the final model's ¢ statistic. Odds ratios
(OR) and their 95% confidence intervals (Cl) were reported. Analyzes
were performed on SAS v. 9.4 (SAS Institute, Cary, NC) statistical

software.

3 | RESULTS

Of 243 patients in the cohort, 215 had at least one extracardiac

Doppler index available for review. The median GA at diagnosis

215 fetuses with
extracardiac Doppler indices

I—I—I

among this cohort with available Doppler indices was 26.1 (14.0-40.0)
weeks. Of this group, 13 pregnancies were terminated, 10 were lost
to follow-up in the prenatal period and two were lost to follow-up in
the postnatal period, resulting in 190 patients for analysis. As shown

in Figure 1, there were 37 fetal demises and 55 neonatal deaths in this

TABLE 1 Extracardiac Doppler indices and Z scores at time of last
fetal echocardiogram
Doppler index Median (range) or N (%) N
Umbilical artery, N = 188
Systolic velocity Z score —2.08 (=7.69 to +5.24) 188
Diastolic velocity Z score -1.75(-12.31 to +1.37) 163
Mean velocity Z score 0.10 (-5.74 to +4.23) 185
Pl Z score 1.57 (—2.99 to +7.54) 161
AREDF 24 (12.8%) 188
Abnormal pattern or Pl 93 (49.7%) 187
Umbilical vein, N = 178
Mean velocity Z score 0.63 (—2.91 to +5.73) 178
UV notching 28 (15.7%) 178
Ductus venosus, N = 132
A wave Z score —2.38 (-4.82 to +1.70) 106
PIV Z score 1.29 (-2.60 to +9.00) 102
A wave reversal 25 (18.9%) 132
Abnormal pattern or PIV 63 (47.7%) 132

Middle cerebral artery, N = 108

Systolic velocity Z score —1.34 (—6.94 to +4.49) 107
Mean velocity Z score —1.32 (=7.50 to +4.45) 105
Pl Z score —-0.30 (-=5.17 to +3.10) 99
AREDF 7 (6.5%) 108
Abnormal pattern or PI 9 (8.3%) 108
CPR Z score, N = 98 —1.54 (-4.85 to +1.67) 98

Abbreviations: AREDF, absent/reversed end diastolic flow; CPR,
cerebroplacental ratio; EA/TVD, Ebstein anomaly/tricuspid valve
dysplasia; PI, pulsatility index; PIV, pulsatility index of veins; UV,
umbilical vein.

FIGURE 1 Perinatal outcome in the
cohort of patients with Doppler indices
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sub-cohort of fetuses with EA/TVD, yielding a perinatal mortality rate (18.0-40.0) weeks. A FE was performed at or prior to 24 gestational
of 48% (92/190) which was similar to 45% reported in the original weeks in 82 pregnancies (43%), with 62 having at least one Doppler

cohort.® The median GA at the time of the last FE was 27.4 index available for review.

Ductus Venosus (DV)

A wave absence/reversal

Jag
\

Umbilical Vein (UV) Umbilical Artery (UA)
UV pulsations, lower velocity Absent/reversed end diastolic flow, elevated pulsatility index

FIGURE 2 Examples of the abnormal Doppler indices of the ductus venosus (DV), umbilical artery (UA), and umbilical vein (UV) seen in
EA/TVD fetuses. Normal DV waveform consists of antegrade flow during ventricular systole, early ventricular diastole, and atrial contraction
while abnormal waveforms manifest as diminished, absent, or reversed diastolic flow. UA Doppler waveforms normally show antegrade diastolic
flow while abnormal waveforms include absent or reversed diastolic flow. Normal UV waveform consists of constant velocity antegrade flow
while abnormal waveform manifests as UV notching or pulsatility [Colour figure can be viewed at wileyonlinelibrary.com]
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The Doppler characteristics of the cohort at the time of the last
FE are summarized in Table 1 and illustrated in Figure 2. Compared to
the general population, fetuses with EA/TVD had higher average
z scores for UA Pl with a median of 1.57. Moreover, 49.7% of the
cohort had either an elevated UA Pl z score >2 (the 98th percentile)
or an abnormal UA pattern of AREDF. An abnormal finding of UV
notching was present in 15.7% of the cohort, but the median UV
velocity z score was 0.63 (—2.91 to +5.73). Quantitative measures of
DV A wave reversal revealed a decreased median A wave z score
(—2.38 [-4.82 to +1.70]) and borderline elevated median PIV z score
of 1.29. Nearly half of the fetuses (47.7%) exhibited an abnormal pat-
tern of A wave reversal or elevated PIV z score >2. The median MCA
Pl z score was normal at —0.30 (-5.17 to +3.10). As a result of the rel-
atively elevated UA PI z score and normal MCA Pl z score, the median
CPR z score in our EA/TVD cohort was lower (-1.54 [-4.85 to
+1.67]) than in normal fetuses.

The associations of extracardiac Doppler indices at the time of
last FE with perinatal mortality by bivariate analysis are summarized in
Table 2. Lower UA PSV, EDV, and mean velocity z scores, higher UA
Pl z score, abnormal UA pattern, lower mean UV velocity, and UV
notching were all associated with increased perinatal mortality. There
were no associations between DV indices, MCA indices, or CPR

z scores and perinatal mortality. Elevated UA PI, abnormal UA pattern,

elevated MCA PI, and decreased UV mean velocity z scores were all
associated with the presence of PR (p = .003, p < .001, p = .020, and
p = .067, respectively). Specifically, the median UA PI z score was sig-
nificantly higher in fetuses with PR than those without (2.31 [-1.67
to +6.82] vs. 1.36 [2.99 to +7.54]). Additionally, 24% (20 of 82) of
fetuses with PR had an abnormal UA pattern while only 4.6% (6 of
131) of fetuses with no PR had an abnormal pattern (p < .0001). While
the median MCA PI z score fell in a normal z score range, there was a
difference between those with and without PR (0.30 [-3.41 to +3.10]
vs. —0.44 [-5.17 to +1.96], respectively). DV Doppler indices were
not associated with the presence of PR.

TABLE 3 Multiple logistic regression analysis of variables
associated with perinatal mortality (c statistic = 0.81)

Odds ratio (95% Cl) p value
GA at diagnosis <32 weeks 4.2 (1.7-10.3) .002
Absence or reversed 9.7 (2.0-48.3) .005
diastolic flow in UA
UV velocity Z score < 1 2.5(1.2-5.3) .014
TV annulus Z score = 6 5.3(2.6-11.0) <.001

Abbreviations: ClI, confidence interval, GA, gestational age, TV, tricuspid
valve; UA, umbilical artery, UV, umbilical vein.

TABLE 2 Bivariate associations of extracardiac Doppler indices with perinatal mortality at the time of the last fetal echocardiogram

Doppler index Non-survivors (N = 92)

Umbilical artery, N = 188
Systolic velocity Z score
Diastolic velocity Z score
Mean velocity Z score

N =702.32(-1.67 to +7.54)

N =92 22 (23.9%)

N =92 61 (66.3%)

Pl Z score

AREDF

Abnormal pattern or PI
Umbilical vein, N = 178
N =87 0.30 (—2.91 to +3.47)
N =87 19 (21.8%)

Mean velocity Z score
UV notching

Ductus venosus, N = 132
A wave Z score
PIV Z score
AREDF

N =43 1.09 (-2.60 to +3.60)
N = 60 14 (23.3%)
Abnormal pattern or PIV N = 60 29 (48.3%)

Middle cerebral artery, N = 108

N =92 -2.51(-7.69 to +2.34)
N =70 -2.04 (-12.31 to +0.67)
N =92 -0.20 (-5.74 to +2.59)

N =45 -2.19 (-4.34 to +1.70)

Systolic velocity Z score
Mean velocity Z score
Pl Z score

AREDF

Abnormal pattern or Pl
CPR Z score, N = 98

N =56 —1.35(-5.61 to +4.49)
N =56 —1.30 (—6.84 to +4.45)
N =52 -0.26 (-3.77 to +2.48)
N =575 (8.8%)

N =57 6 (10.5%)

N =52 -1.62 (-4.85 to +0.86)

Survivors (N = 98) p value
N =96 —1.63 (-5.07 to +5.24) .001
N =93 -1.56 (-4.76 to +1.37) .016
N =930.61(-1.88 to +4.23) <.001
N =911.27(-2.99 to +5.34) .004
N=962(2.1%) <.001
N =95 32 (33.7%) <.001
N =910.99 (-1.88 to +5.73) <.001
N =919 (9.9%) .039
N =61-2.64 (-4.82 to +0.71) .068
N =59 1.40 (-1.43 to +9.00) 444
N=7211(15.3%) 270
N =72 34 (47.2%) 1.000
N=51-1.13 (-6.94 to +1.96) .926
N =49 —1.40 (-7.50 to +3.41) 913
N =47 -0.30 (-5.17 to +3.10) .547
N =512 (3.9%) 443
N =51 3(5.9%) 495
N =46 —1.40 (—4.21 to +1.67) 261

Abbreviations: AREDF, absent/reversed end diastolic flow; CPR, cerebroplacental ratio; EA/TVD, Ebstein anomaly/tricuspid valve dysplasia; PI, pulsatility
index; PIV, pulsatility index of veins; UV, umbilical vein.
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Variables that were eligible for testing in the multiple logistic
regression model for perinatal mortality for the last FE were: GA at
diagnosis, pericardial effusion, pleural effusion, ascites, skin edema,
PR, antegrade flow across the pulmonary valve, left to right ductus
arteriosus flow, UA AREDF, abnormal UA pattern or PI, the UA PSV
z score, the UA mean velocity z score, abnormal UV pattern, the UV
mean velocity z score, and the TV annulus z score. The final model is
presented in Table 3 (c statistic = 0.81) with the following variables
found to be independently associated with perinatal mortality: GA at
diagnosis <32 weeks (OR 4.2, 95% Cl, 1.7-10.3), abnormal UA Dopp-
ler pattern with absence or reversal of diastolic flow (OR 9.7, 95% Cl,
2.0-48.3), UV velocity z score <1 (OR 2.5, 95% Cl, 1.2-5.3), and TV
annulus z score 2 6 (OR 5.3, 95% Cl 2.6-11). Data-splitting yielded a
bias correction of the c statistic to 0.74 on the testing dataset. Maxi-
mizing Youden's index (sensitivity + specificity — 1) yielded an optimal
cutoff for the predicted probability of the model of 55%, resulting in
72% sensitivity and 73% specificity of the model.

Of the 62 patients who had a FE at or before 24 gestational
weeks with available Doppler indices, the median GA at the time of
the FE was 21.0 (18.0-24.0) weeks. On bivariate analysis, lower UA
PSV (p =.014), lower UA EDV (p = .048), lower UA TAMAX
(p = .016) z scores, abnormal UA pattern (p = .054), and lower UV
mean velocity z score (p = .026) were all associated with increased
perinatal mortality, but UV notching was not. Additionally, the DV
and MCA Doppler indices showed no association with mortality.
None of the extracardiac Doppler indices were associated with peri-
natal mortality in this early GA cohort on multivariate analysis.
Rather, the only variable that was associated with perinatal mortality
was a TV annulus z score 26 (OR 12.5, 95% Cl, 3.2-49.5; ¢
statistic = 0.76).

Umbilical Vein

Decreased
upstream
flow/pressure

FIGURE 3

4 | DISCUSSION
This study is the first to describe the abnormal extracardiac FE Dopp-
ler findings in a large, multicenter cohort of fetuses with EA/TVD. We
found that an abnormal UA pattern and UV velocity z score < 1, in
addition to GA at diagnosis <32 weeks and TV annulus z score > 6
were associated with perinatal mortality by multivariate analysis. The
abnormal UA and UV Doppler findings were also associated with the
presence of PR, which provides insight into the pathophysiology of
EA/TVD in utero. Not surprisingly, given the well-established progres-
sive nature of this disease, the extracardiac Doppler findings were not
predictive of outcome when assessed at a GA of less than 24 weeks.
The presence of UA AREDF and increased UA Pl z score in our
EA/TVD cohort were significantly higher in non-survivors as com-
pared to survivors; in fact, perinatal mortality was 9.2 times more
likely in those with an abnormal UA pattern. The etiology of the
abnormal UA pattern and elevated UA Pl in the EA/TVD cohort is
likely multifactorial. In bivariate analyzes, both the UA peak systolic
and diastolic velocities in non-survivors were lower, suggesting dimin-
ished flow to the placenta as a result of decreased cardiac output that
has been well-described in EA/TVD.Y7-1? Additionally, there was a
strong association between elevated UA Pl and the presence of PR,
suggesting that decreased or reversed diastolic flow due to retrograde
ductus arteriosus flow and circular shunt physiology may contribute
to the finding.?° As the presence of PR has been associated with
mortality,® it is not surprising to see this association with both an
abnormal UA pattern and PI. The presence of PR may be at times diffi-
cult to discern, particularly if the fetal position or acoustic windows
are unfavorable or if the pulmonary valve is not well seen. However,

acquisition of the UA pulsed Doppler is usually easier and less user-

Ductus
Venosus
N e
\\
" \
Increased \
downstream

pressure

In severe cases of EA/TVD, the umbilical vein sees decreased upstream flow and pressure from the placenta as well as increased

downstream pressure from elevated central venous pressure which results in a relatively lower pressure differential (red solid line) compared to
EA/TVD patients with less severe pathophysiology (red dashed line) [Colour figure can be viewed at wileyonlinelibrary.com]
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dependent which could prove to be a more reliable surrogate for
assessing the presence and degree of PR.2!

It is plausible that the abnormal UA pattern in non-survivors is
also influenced by placental dysfunction. Abnormal UA flow has been
associated with many placental pathologies,?? and in particular, the
placentas of newborns with CHD have been shown in several studies
to be more likely abnormal.2®24 Furthermore, women carrying fetuses
with CHD appear to be at increased risk of preeclampsia and fetal
growth restriction.242¢ The fetus with severe EA/TVD is already in a
tenuous hemodynamic state due to cardiac dysfunction, abnormal
right atrial pressure and decreased cardiac output.*”*827 The addition
of placental dysfunction with associated increased resistance in these
cases may further compromise the circulation and lead to develop-
ment of hydrops and fetal demise. As such, the UA Doppler examina-
tion is useful in that it identifies not only the intracardiac effects such
as PR and circular shunt, but also the effects of the extracardiac
environment.

UV velocity z score <1 was also found to be an independent pre-
dictor of mortality in multivariate analysis. Though the median UV
velocity z scores fell within a normal z score range for both non-
survivors and survivors (0.30 vs 0.99), it was significantly higher in the
latter, which provides insight into the underlying pathophysiology that
contributes to poor outcomes. In severe cases of EA/TVD, there is
substantial tricuspid regurgitation, right ventricular dysfunction, and
decreased antegrade pulmonary blood flow or even reversal of flow
through the right heart in the case of circular shunt physiology.
Fetuses with EA/TVD have been shown to have larger right atrial
(RA) size and decreased RA reservoir function as compared to fetuses
with right heart obstructive lesions.?® Therefore, a lower UV velocity
seen in fetuses with EA/TVD is likely to be associated with elevated
right atrial and central venous pressure.

A lower UV velocity may also reflect a state of overall decreased
fetal cardiac output leading to decreased UA flow and thereby
decreased placental flow. This hypothesis is supported by a recent
study using magnetic resonance imaging (MRI) that showed UV flow
was decreased in fetuses with EA/TVD compared to UV flow in nor-
mal controls.'” The combination of decreased upstream pressure from
the placenta and increased downstream central venous pressure in
the more severe EA/TVD cases may lead to a lower pressure differen-
tial in the umbilical vein that manifests as a relatively lower UV veloc-
ity z score (Figure 3). As is in the case with the UA, obtaining a UV
Doppler waveform is a highly accurate and reproducible measure with
low user- and software-dependence.?’

Although abnormal qualitative and quantitative DV indices were
noted in nearly half of the fetuses with EA/TVD who had them mea-
sured in our cohort, these findings were not associated with perinatal
mortality. The DV Doppler pattern of reversal of flow during atrial
systole has been associated with poor prognosis in fetuses with nor-

8,13

mal hearts and has been associated with tricuspid regurgitation.*®

However, several studies have reported that flow reversal in fetuses
with right-sided CHD is not associated with worse outcomes.3%32 |t
has been hypothesized that in EA/TVD fetuses, a severely dilated RA

allows for absorption of elevated RA pressure and creates stretching

of the foramen ovale such that the septum primum remains function-
ally open in atrial systole and thus does not manifest as DV flow
reversal.?® Our findings support those of previous studies; neither
guantitative DV measures (e.g., S wave, D wave, A wave, PIV z scores)
nor abnormal qualitative measures of DV flow reversal were associ-
ated with perinatal mortality.

We found that MCA PI was not significantly different when com-
paring survivors and non-survivors. Fetuses with placental insuffi-
ciency have been shown to have lower MCA Pl and CPR, known as
the “brain sparing” effect.3® This effect has also been demonstrated in
CHD as a presumed cerebral autoregulatory response to hypox-
emia®*3>; however, there has yet to be clarity in the case of EA. For
example, in one study it was noted that EA was associated with a
decreased MCA Pl and CPR.2¢ However, another study reported
increased MCA Pl in EA/TVD which was found to be a risk factor for

h.2” We found that when fetuses were subdivided into

neonatal deat
those with and without PR, there was a significantly higher MCA PI
z score in those with PR. While one may expect the MCA PI z score to
be lower in severe EA/TVD to reflect cerebral vasodilation in
response to relative hypoxemia and low cardiac output,3® the complex
flow disturbance of circular shunt physiology that occurs often in
cases with significant PR may impact MCA P, resulting in a “normal”
Pl not suggestive of cerebral vasodilation. Of note, normal appearance
of MCA PI does not necessarily imply normal cerebral oxygen delivery
in utero and thus the effects of this lesion are unknown, particularly
with regard to neurodevelopment. Further work is needed to investi-
gate this complex physiology and the effect on the circulation.

As shown by past studies,®3?*° EA/TVD is a progressive disease
in utero. Many fetuses do not manifest markers of poor hemodynamic
status such as PR, ventricular dysfunction, or effusion until later in
gestation. Similarly, we demonstrated that extracardiac Doppler indi-
ces were not associated with perinatal mortality at GA less than
24 weeks. This is likely due to progressive TR, right heart dysfunction,
and circular shunting, which lead to heart failure with low cardiac out-
put and an inability to compensate in the face of changing placental
resistance as gestation advances. Regardless of the underlying
sequence of events, our findings underscore the need for caution
when counseling families earlier in gestation and the need to discuss
the full range of possible outcomes. Moreover, ongoing surveillance
of extracardiac Doppler findings throughout later gestation is critical
for ongoing counseling, refinement of risk stratification, and perinatal

management planning.

5 | LIMITATIONS

Due to the retrospective nature of this study, data were missing for
some patients. In particular, extracardiac Doppler indices were not
performed on all FEs, which decreased the size of our cohort for anal-
ysis and limited the variables that were eligible for the logistic regres-
sion models. Nevertheless, while this study describes a subset of the
original cohort, the perinatal mortality was similar. Variations in fetal

Doppler acquisition across multiple institutions using different
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machines, probe settings, and transducer frequencies could affect the
qualitative diagnosis of Doppler patterns such as AREDF. However,
the Doppler waveforms for each FE were independently reviewed to
ensure adequate waveform tracings with good interobserver correla-
tion noted between the two core labs, CHLA and Boston Children's
(supplemental data). Long term survival was not analyzed to avoid
confounding factors such as variable medical and surgical manage-
ment across the multiple heart centers involved in the study. Such
outcomes may be of interest in the future, particularly with regard to
understanding the MCA Doppler findings. Finally, we did not perform
a comprehensive analysis of maternal, placental, or fetal factors that
may have contributed to our understanding of the umbilical Doppler
findings, such as maternal comorbidities, placental weights and patho-
logic evaluation, and fetal growth restriction; such investigations may
be of interest prospectively.

6 | CONCLUSIONS

Extracardiac Doppler indices in fetuses with EA/TVD provide impor-
tant hemodynamic insight into the in utero physiology of the disease
process and were associated with perinatal mortality. In particular, the
findings of an abnormal UA pattern and lower UV velocity were both
ominous signs in the late gestation fetus. Unlike previous studies of
CHD, DV abnormalities and MCA Doppler patterns were not associ-
ated with mortality in this EA/TVD cohort. Given the ease of repro-
ducibility and reliability in obtaining umbilical vessel Dopplers, an
abnormal UA pattern and UV velocity z score <1 should be considered
additional risk factors for perinatal mortality in the fetus with
EA/TVD.

ACKNOWLEDGEMENTS

We thank Lisa M. Korst, MD, PhD for assistance with data analysis.
The authors also thank all the additional centers and investigators
who have contributed to the initial multicenter study including Pri-
mary Children's Hospital, University of Utah School of Medicine,
Department of Pediatrics, Division of Cardiology (Michael Puchalski);
Boston Children's Hospital, Harvard Medical School, Department of
Pediatrics, Division of Cardiology (Brian T. Kalish); Hospital Sant Joan
de Déu, Pediatric Cardiology, Barcelona, Spain (Maria C. Escobar-
Diaz); All Children's Hospital, Johns Hopkins University Department
of Pediatrics, Division of Cardiology, St. Petersburg FL (Grace Freire);
Morgan Stanley Children's Hospital of New York-Presbyterian,
Columbia University Medical Center, Department of Pediatrics, Divi-
sion of Cardiology (Stephanie M. Levasseur); Stanford University,
Department of Pediatrics, Division of Cardiology (Elif Seda Selamet
Tierney); Nationwide Children's Hospital, Ohio State University Col-
lege of Medicine, Department of Pediatrics, Division of Cardiology
(John Kovalchin); Children's Medical Center, University of Texas
Southwestern Medical School, Department of Pediatrics, Division of
Cardiology (Catherine M. lkemba); Seattle Children's Hospital, Univer-
sity of Washington School of Medicine, Department of Pediatrics,
Division of Cardiology (Margaret Vernon); Children's Healthcare of

Atlanta, Emory University School of Medicine, Department of Pediat-
rics, Division of Cardiology (Cyrus Samai, Erik Michelfelder); Mattel
Children's Hospital, University of California Los Angeles David Geffen
School of Medicine, Department of Pediatrics, Division of Cardiology
(Gary M. Satou); Ann & Robert H. Lurie Children's Hospital of Chicago,
Northwestern University Feinberg School of Medicine, Department of
Pediatrics, Division of Cardiology (Nina Gotteiner).

CONFLICT OF INTEREST

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Shuo Wang
Edgar T. Jaeggi
Colin K. Phoon

https://orcid.org/0000-0001-9104-9798
https://orcid.org/0000-0002-9012-6592
https://orcid.org/0000-0003-0956-071X

REFERENCES

1. Attenhofer Jost CH, Connolly HM, Dearani JA, Edwards WD,
Danielson GK. Ebstein's Anomaly. Circulation. 2007;115:
277-285.

2. Hoffman JIE, Kaplan S. The incidence of congenital heart disease.
J Am Coll Cardiol. 2002;39(12):1890-1900.

3. Wertaschnigg D, Manlhiot C, Jaeggi M, et al. Contemporary outcomes
and factors associated with mortality after a fetal or neonatal diagno-
sis of Ebstein anomaly and tricuspid valve disease. Can J Cardiol.
2016;32(12):1500-1506.

4. McElhinney DB, Salvin JW, Colan SD, et al. Improving outcomes in
fetuses and neonates with congenital displacement (Ebstein's malfor-
mation) or dysplasia of the tricuspid valve. Am J Cardiol. 2005;96(4):
582-586.

5. Barre E, Durand |, Hazelzet T, David N. Ebstein's anomaly and tricus-
pid valve dysplasia: prognosis after diagnosis in utero. Pediatr Cardiol.
2012;33:1391-1396.

6. Freud LR, Escobar-Diaz MC, Kalish BT, et al. Outcomes and predictors
of perinatal mortality in fetuses with Ebstein anomaly or tricuspid
valve dysplasia in the current era: a multicenter study. Circulation.
2015;132(6):481-489.

7. Wieczorek A, Hernandez-Robles J, Ewing L, Leshko J, Luther S,
Huhta JC. Prediction of outcome of fetal congenital heart disease
using a cardiovascular profile score. Ultrasound Obstet Gynecol. 2008;
31:284-288.

8. Hofstaetter C, Hansmann M, Eik-Nes SH, Huhta JC, Luther SL. A car-
diovascular profile score in the surveillance of fetal hydrops. J Matern
Fetal Neonatal Med. 2006;19(7):407-413.

9. Hecher K, Campbell S, Doyle P, Harrington K, Nicolaides K. Assess-
ment of fetal compromise by Doppler ultrasound investigation of the
fetal circulation. Circulation. 1995;91(1):129-123.

10. Reed KL, Chaffin DG, Anderson CF, Newman AT. Umbilical venous
velocity pulsations are related to atrial contraction pressure wave-
forms in fetal lambs. Obstet Gynecol. 1997;89(6):953-956.

11. Reuss ML, Rudolph AM, Dae MW. Phase blood flow patterns in the
superior and inferior venae cavae and umbilical vein of fetal sheep.
Am J Obstet Gynecol. 1983;145(1):70-78.

12. Bhide A, Acharya G, Bilardo CM, et al. ISUOG practice guidelines: use
of Doppler ultrasonography in obstetrics. Ultrasound Obstet Gynecol.
2013;41:233-239.


https://orcid.org/0000-0001-9104-9798
https://orcid.org/0000-0001-9104-9798
https://orcid.org/0000-0002-9012-6592
https://orcid.org/0000-0002-9012-6592
https://orcid.org/0000-0003-0956-071X
https://orcid.org/0000-0003-0956-071X

ﬂl_wl [_E Y—_PRENATAL DIAGNOSIS

13.

14.

15.

16.
17.
18.

19.
20.
21
22.
23.
24.
25.

26.

27.

WANG ET AL

Turan OM, Turan S, Sanapo L, et al. Reference ranges for ductus
venosus velocity ratios in pregnancies with normal outcomes.
J Ultrasound Med. 2014;33:329-336.

Acharya G, Wilsgaard T, Berntsen GKR, Maltau JM, Kiserud T. Dopp-
ler-derived umbilical artery absolute velocities and their relationship
to fetoplacental volume blood flow: a longitudinal study. Ultrasound
Obstet Gynecol. 2005;25:444-453.

Flo K, Wilsgaard T, Acharya G. Longitudinal reference ranges for
umbilical vein blood flow at a free loop of the umbilical cord. Ultra-
sound Obstet Gynecol. 2010;36:567-572.

Ebbing C, Rasmussen S, Kiserud T. Middle cerebral artery blood flow
velocities and pulsatility index and the cerebroplacental pulsatility
ratio: longitudinal reference ranges and terms for serial measure-
ments. Ultrasound Obstet Gynecol. 2007;30:287-296.

Zhu MY, Stochitoiu IA, Jaeggi ET, et al. Combined ventricular output
and oxygen delivery are reduced while oxygen extraction fraction is
increased in fetuses with Ebstein's Anomaly by MRI. J Cardiovasc
Magn Reson. 2016;18(Suppl 1):071.

Eckersley LG, Howley LW, van der Velde ME, et al. Quantitative
assessment of left ventricular dysfunction in fetal Ebstein's anomaly
and tricuspid valve dysplasia. J Am Soc Echocardiogr. 2019;32(12):
1598-1607.

Ishii T, Tworetzky W, Harrild DM, Marcus EN, McElhinney DB. Left
ventricular function and geometry in fetuses with severe tricuspid
regurgitation. Ultrasound Obstet Gynecol. 2012;40:55-61.

Meise C, Germer U, Gembruch U. Arterial Doppler ultrasound in
115 second- and third-trimester fetuses with congenital heart dis-
ease. Ultrasound Obstet Gynecol. 2001;17(5):398-402.

Thomas RL, Peng TC, Eglinton GS, Strobino DM, Johnson TR. Preci-
sion of umbilical artery Doppler studies. Intraobserver, interobserver,
and biologic variability of fetal Doppler velocimetry. J Ultrasound Med.
1991;10(4):201-204.

Sebire NJ, Sepulveda W. Correlation of placental pathology with pre-
natal ultrasound findings. J Clin Pathol. 2008;61:1276-1284.

Rychik J, Goff D, McKay E, et al. Characterization of the placenta
in the newborn with congenital heart disease: distinctions based
on type of cardiac malformation. Pediatric Cardiol. 2018;39:1165-
1171.

Albalawi A, Brancusi F, Askin F, et al. Placental characteristics of
fetuses with congenital heart disease. J Ultrasound Med. 2017;36:
965-972.

Ruiz A, Ferrer Q, Sanchez O, et al. Placenta-related complications in
women carrying a foetus with congenital heart disease. J Matern Fetal
Neonatal Med. 2016;29(20):3271-3275.

Fantasia I, Andrade W, Syngelaki A, Akolekar R, Nicolaides KH.
Impaired placental perfusion and major fetal cardiac defects. Ultra-
sound Obstet Gynecol. 2019;53:68-72.

Zun Z, Zaharchuk G, Andescavage NN, Donofrio MT,
Limperopoulos C. Non-invasive placental perfusion imaging in preg-
nancies complicated by fetal heart disease using velocity-selective
arterial spin labeled MRI. Sci Rep. 2017;7:16126.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Howley LW, Khoo NS, Moon-Grady AJ, et al. Right atrial dysfunction
in the fetus with severely regurgitant tricuspid valve disease: a poten-
tial source of cardiovascular compromise. J Am Soc Echocardiogr.
2017;30:579-588.

Figueras F, Fernandez S, Hernandez-Andrade E, Gratacos E. Umbilical
venous blood flow measurement: accuracy and reproducibility. Ultra-
sound Obstet Gynecol. 2008;32(4):587-591.

Smrcek JM, Krapp M, Axt-Fliedner R, et al. Atypical ductus venosus
blood flow pattern in fetuses with severe tricuspid regurgitation.
Ultrasound Obstet Gyncol. 2005;26:180-182.

Arya B, Krishnan A, Donofrio MT. Clinical utility of ductus venosus
flow in fetuses with right-sided congenital heart disease. J Ultrasound
Med. 2014;33:1563-1571.

Berg C, Kremer C, Geipel A, Kohl T, Germer U, Gembruch U. Ductus
venosus blood flow alterations in fetuses with obstructive lesions of
the right heart. Ultrasound Obstet Gynecol. 2006;28(2):137-142.
Spinillo A, Gardella B, Bariselli S, Alfei A, Silini EM, Bellow BD.
Cerebroplacental Doppler ratio and placental histopathological fea-
tures in pregnancies complicated by fetal growth restriction. J Perinat
Med. 2014;42(3):321-328.

Donofrio MT, Bremer YA, Schieken RM, et al. Autoregulation of cere-
bral blood flow in fetuses with congenital heart disease: the brain
sparing effect. Pediatr Cardiol. 2003;24(5):436-443.

Modena A, Horan C, Visintine J, Chanthasenanont A, Wood D,
Weiner S. Fetuses with congenital heart disease demonstrate signs of
decreased cerebral impedance. Am J Obstet Gynecol. 2006;195(3):
706-710.

Chen Y, Lv G, Li B, Wang Z. Cerebral vascular resistance and left ven-
tricular myocardial performance in fetuses with Ebstein's anomaly.
Am J Perinatol. 2009;26(4):253-258.

Asoglu MR, Turan OM, Seger L, Kochan M, Turan S. Middle cerebral
artery pulsatility index as a possible predictive marker for neonatal
death in fetuses with tricuspid valve malformations. Ultrasound Obstet
Gynecol. 2020;55(4):552-554.

Pearce W. Hypoxic regulation of the fetal cerebral circulation. J Appl
Physiol. 2006;100:731-738.

Selamet Tierney ES, McElhinney DB, Freud LR, et al. Assessment of pro-
gressive pathophysiology after early prenatal diagnosis of the Ebstein
anomaly or tricuspid valve dysplasia. Am J Cardiol. 2016;119:106-111.
Schwartz ML. Fetal progression of Ebstein's anomaly. Circulation.
2003;108(12):86-87.

How to cite this article: Wang S, Freud LR, Detterich J, et al.
Extracardiac Doppler indices predict perinatal mortality in
fetuses with Ebstein anomaly and tricuspid valve dysplasia.
Prenatal Diagnosis. 2021;41:332-340. https://doi.org/10.
1002/pd.5873


https://doi.org/10.1002/pd.5873
https://doi.org/10.1002/pd.5873

	Extracardiac Doppler indices predict perinatal mortality in fetuses with Ebstein anomaly and tricuspid valve dysplasia
	1  INTRODUCTION
	2  METHODS

	2  What's already known about this topic?
	2  What does this study add?
	3  RESULTS
	4  DISCUSSION
	5  LIMITATIONS
	6  CONCLUSIONS
	ACKNOWLEDGEMENTS
	  CONFLICT OF INTEREST
	  DATA AVAILABILITY STATEMENT

	REFERENCES


