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Contemporary Outcomes in Tetralogy of 
Fallot With Absent Pulmonary Valve After 
Fetal Diagnosis
Anjali Chelliah , MD; Anita J. Moon- Grady , MD; Shabnam Peyvandi , MD; Joanne S. Chiu, MD;  
James E. Bost, PhD; David Schidlow, MD, MMus; Sheila J. Carroll, MD; Brooke Davey, MD; Allison Divanovic, MD; 
Lisa Hornberger, MD; Lisa W. Howley, MD; Ann Kavanaugh- McHugh, MD; John P. Kovalchin , MD;  
Stephanie M. Levasseur, MD; Christopher L. Lindblade , MD; Shaine A. Morris , MD, MPH;  
Deliwe Ngwezi , MD, PhD; Jay D. Pruetz, MD; Michael D. Puchalski, MD; Jack Rychik , MD; Cyrus Samai, MD; 
Theresa A. Tacy, MD; Wayne Tworetzky, MD; Margaret M. Vernon, MD; Jay Yeh, MD; Mary T. Donofrio , MD

BACKGROUND: Tetralogy of Fallot with absent pulmonary valve is associated with high mortality, but it remains difficult to predict 
outcomes prenatally. We aimed to identify risk factors for mortality in a large multicenter cohort.

METHODS AND RESULTS: Fetal echocardiograms and clinical data from 19 centers over a 10- year period were collected. Primary 
outcome measures included fetal demise and overall mortality. Of 100 fetuses, pregnancy termination/postnatal noninterven-
tion was elected in 22. Of 78 with intention to treat, 7 (9%) died in utero and 21 (27%) died postnatally. With median follow- up 
of 32.9 months, no deaths occurred after 13 months. Of 80 fetuses with genetic testing, 46% had chromosomal abnormalities, 
with 22q11.2 deletion in 35%. On last fetal echocardiogram, at a median of 34.6 weeks, left ventricular dysfunction indepen-
dently predicted fetal demise (odds ratio [OR], 7.4; 95% CI 1.3, 43.0; P=0.026). Right ventricular dysfunction independently 
predicted overall mortality in multivariate analysis (OR, 7.9; 95% CI 2.1– 30.0; P=0.002). Earlier gestational age at delivery, 
mediastinal shift, left ventricular/right ventricular dilation, left ventricular dysfunction, tricuspid regurgitation, and Doppler ab-
normalities were associated with fetal and postnatal mortality, although few tended to progress throughout gestation on serial 
evaluation. Pulmonary artery diameters did not correlate with outcomes.

CONCLUSIONS: Perinatal mortality in tetralogy of Fallot with absent pulmonary valve remains high, with overall survival of 64% 
in fetuses with intention to treat. Right ventricular dysfunction independently predicts overall mortality. Left ventricular dys-
function predicts fetal mortality and may influence prenatal management and delivery planning. Mediastinal shift may reflect 
secondary effects of airway obstruction and abnormal lung development and is associated with increased mortality.

Key Words: congenital heart disease ■ fetal cardiology ■ fetal echocardiography ■ prenatal diagnosis ■ tetralogy of Fallot with absent 
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Tetralogy of Fallot with absent pulmonary valve 
(TOF/APV) is a rare congenital heart defect as-
sociated with severe perinatal morbidity and 

mortality, with a reported survival after initial diag-
nosis of 14% to 68%.1– 3 The clinical presentation is 
highly variable. Patients may have perinatal demise, 

may present with severe postnatal respiratory and 
hemodynamic compromise, or be born with no re-
spiratory symptoms, with a relatively benign neonatal 
course, and undergo elective repair later in infancy. 
Despite improved fetal diagnosis, it remains diffi-
cult to reliably predict the clinical course of a patient 

Correspondence to: Mary T. Donofrio, MD, Division of Cardiology, Children’s National Hospital, 111 Michigan Ave, NW, Washington, DC 20010.E- mail: 
mdonofri@childrensnational.org 

Supplementary Material for this article is available at https://www.ahajo urnals.org/doi/suppl/ 10.1161/JAHA.120.019713.

For Sources of Funding and Disclosures, see page 12.

© 2021 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution- NonCommercial- NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non- commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0001-5761-5303
https://orcid.org/0000-0003-3822-693X
https://orcid.org/0000-0003-1379-544X
https://orcid.org/0000-0001-7156-5373
https://orcid.org/0000-0001-9173-2458
https://orcid.org/0000-0002-8056-0934
https://orcid.org/0000-0002-6830-5260
https://orcid.org/0000-0001-8625-6565
https://orcid.org/0000-0002-0942-5481
mailto:
mailto:mdonofri@childrensnational.org
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.120.019713
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2021;10:e019713. DOI: 10.1161/JAHA.120.019713 2

Chelliah et al Fetal TOF/APV Outcomes

diagnosed in utero. This ambiguity limits both deliv-
ery planning and prenatal counseling. Several studies 
have attempted to identify fetal predictors of mortal-
ity in TOF/APV. However, they have been limited by 
small study populations and heterogeneous cohorts 
that included other absent pulmonary valve variants, 
including those with an intact ventricular septum or 
tricuspid valve dysplasia.2,3

It has been theorized that severe pulmonary artery 
dilation, a hallmark finding in this defect, develops be-
cause of severe pulmonary insufficiency and volume 
overload. Over time, this can progress and can cause 
airway compression, resulting in postnatal respiratory 
distress.4,5 Magnetic resonance imaging studies in fe-
tuses with TOF/APV suggest that a “ball- valve” mecha-
nism of bronchial obstruction leads to prenatal fluid or 

postnatal air trapping within the lungs and may cause 
lung compression or hyperexpansion that worsens 
respiratory and cardiac compromise.6,7 From a car-
diovascular standpoint, it has been posited that this 
long- term volume and pressure overload on the right 
ventricle cannot only cause ventricular dysfunction and 
dilation but also elevated venous pressures that can 
lead to fetal hydrops.5

To better understand factors affecting perinatal 
and early postnatal mortality that are identifiable in 
the fetal period, we designed a large contemporary 
multicenter cohort study of fetuses with TOF/APV. 
We sought to assess prenatal clinical characteris-
tics and fetal echocardiographic findings reflect-
ing cardiac morphological features, function, and 
Doppler evaluation to identify fetal predictors of in 
utero demise and overall mortality. We hypothesized 
that findings on fetal echocardiogram, such as the 
presence of mediastinal shift and cardiac axis de-
viation, which can reflect both cardiac enlargement 
as well as lung hyperexpansion or hypoplasia, may 
be associated with mortality. A secondary aim, in 
patients with serial fetal evaluation, was to describe 
fetal echocardiographic data from initial fetal echo-
cardiogram in relation to the appearance of the final 
echocardiogram.

METHODS
The data that support the findings of this study are 
available from the corresponding author on reason-
able request.

Study Population
This is a multicenter retrospective cohort study of 
fetuses presenting with TOF/APV over a 10- year pe-
riod. Each center, located within the United States 
or Canada, obtained approval from its institutional 
review board. We included all fetuses with at least 
one available prenatal echocardiogram and a known 
perinatal clinical course. We included fetuses in 
whom pregnancy termination or planned noninter-
vention was elected for maternal and fetal demo-
graphic analysis only. Fetal echocardiography and 
outcomes were analyzed only in fetuses with an in-
tention to treat. Fetuses with known genetic abnor-
malities were not excluded. Fetuses were excluded, 
however, if they had additional associated complex 
congenital cardiac or extracardiac lesions likely to 
significantly alter cardiovascular physiological fea-
tures and prognosis. The primary outcome of this 
study among fetuses with intention to treat was over-
all mortality, defined as fetal or postnatal death from 
time of last fetal echocardiogram until the end of the 
study follow- up period.

CLINICAL PERSPECTIVE

What Is New?
• This multicenter cohort study of outcomes in fe-

tuses with tetralogy of Fallot with absent pulmo-
nary valve demonstrates that perinatal mortality 
remains high, with 64% survival among fetuses 
with intent to treat.

• Right ventricular dysfunction on fetal echocardi-
ogram independently predicted overall mortality; 
however, left ventricular dysfunction predicted 
fetal demise and may therefore influence prena-
tal management and delivery planning.

• Pulmonary artery diameters did not corre-
late with outcomes; mediastinal shift on fetal 
echocardiogram may reflect secondary effects 
of airway obstruction and abnormal lung de-
velopment and was associated with increased 
mortality.

What Are the Clinical Implications?
• A comprehensive assessment of the fetal heart 

and lungs can predict outcomes in tetralogy of 
Fallot with absent pulmonary valve, guide prena-
tal counseling and perinatal management, and 
direct future efforts to further risk stratify and 
potentially reduce mortality from this disease.

Nonstandard Abbreviations and Acronyms

CTA cardiothoracic area
GA gestational age
TOF/APV tetralogy of Fallot with absent 

pulmonary valve
VTI velocity time integral
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Data Collection
Each study institution retrospectively collected and 
anonymized demographic and clinical data for each 
maternal- fetal dyad from hospital medical records. 
Study data were collected and managed using a 
secure online Research Electronic Data Capture 
database hosted at Children’s National Hospital.8 
Anonymized fetal echocardiograms were submitted 
to the lead institution. There, a single observer (A.C.), 
who was blinded to outcome, reviewed each sub-
ject’s final available fetal echocardiogram before de-
livery or demise to assess structural measurements, 
functional variables, and lung characteristics, as de-
scribed below. The time point of the final prenatal 
echocardiogram was chosen for assessment to re-
flect disease evolution over the course of gestation, 
and as these findings most directly influence delivery 
planning. When additional fetal echocardiograms 
were available, the initial fetal echocardiogram at time 
of presentation was also analyzed. The echocardio-
graphic variables assessed are listed in Table 1. As 
these retrospectively reviewed echocardiograms did 
not follow a consistent protocol, quantitative assess-
ment was limited; therefore, we qualitatively assessed 
ventricular size and systolic function. Right ventricu-
lar (RV) and left ventricular (LV) systolic dysfunction 
were defined as abnormal motion of the RV and LV 
free walls, respectively, identified on 4- chamber and/
or short- axis views. Given the presence of pulmo-
nary regurgitation and at a minimum mild RV enlarge-
ment in all fetuses, significant RV dilation was noted 
when graded as moderate or severe; this was as-
sessed qualitatively in the end- diastolic 4- chamber 
and short- axis views, noting septal position bowing 
into the left ventricle. Any degree of LV dilation was 
noted; this was assessed qualitatively in end dias-
tole in the 4- chamber and short- axis views. Tricuspid 
regurgitation was defined as the presence of a holo-
systolic regurgitant color Doppler jet seen crossing 
the tricuspid valve on 4- chamber views. The pres-
ence of pericardial effusion was also assessed. The 

pulmonary valve annulus and main and branch pul-
monary artery diameters were measured using the 
3- vessel view in systole at the largest diameter, and 
their z- scores were calculated using fetal nomograms 
reported by Krishnan et al.9 Cardiothoracic area ratio 
and cardiac axis were measured on axial 4- chamber 
views, in fetuses with adequate images, using stand-
ard techniques.10,11

To assess for mediastinal shift on fetal echocardio-
gram, we used the method described in obstetrical ul-
trasound by Colombani and colleagues.12 Mediastinal 
shift was defined using the axial 4- chamber image of 
the fetal thorax, which was bisected by a sagittal line 
connecting the sternum to the spine. The presence of 
the cardiac 4- chamber view with the heart either more 
than two thirds in the left hemithorax (left shift) or more 
than one third in the right hemithorax (right shift) was 
noted to be significant, suggesting abnormal cardiac 
position (Figure 1).

Categorical assessments, including ventricular size 
and function and the presence of mediastinal shift, 
and quantitative measurements of cardiothoracic area 
(CTA) ratio and pulmonary artery dimensions were re-
peated by an additional blinded observer (M.T.D.) in a 
subset of 20 randomly selected fetuses to assess in-
terobserver variability.

To assess the significance of fetal Doppler findings, 
a single observer (J.S.C.) who was also blinded to out-
come analyzed intracardiac and extracardiac Dopplers, 
in fetuses who had them performed, from the first and 
last fetal echocardiograms. Cardiac Doppler measure-
ments included tricuspid inflow duration/cardiac cycle 
length, peak pulmonary velocity, pulmonary and aortic 
valve velocity time integral (VTI), pulmonary regurgita-
tion VTI, and calculated pulmonary forward/reverse VTI 
ratio. Extracardiac Doppler variables included normal 
versus abnormal ductus venosus Doppler pattern (ie, 
absent or reversed end- diastolic flow), middle cerebral 
artery pulsatility index, and the cerebroplacental ratio 
based on middle cerebral artery and umbilical artery 
pulsatility indexes.

Table 1. Fetal Echocardiographic Study Variables

Structural Functional Cardiopulmonary Doppler

Moderate or greater RV dilation RV dysfunction Abnormal cardiac axis (<30° or >75°) TID/CCL

LV dilation LV dysfunction Presence of mediastinal shift PV peak velocity (cm/s)

PV annulus (diameter, cm, and z- score) Presence of TR PR VTI

MPA size (diameter, cm, and z- score) PV forward/reverse VTI ratio

LPA size (diameter, cm, and z- score) Aortic valve VTI

RPA size (diameter, cm, and z- score) Abnormal DV Doppler pattern

CTA ratio MCA PI

CPR PI

CPR PI indicates cerebroplacental ratio for pulsatility indexes; CTA, cardiothoracic area; DV, ductus venosus; LPA, left pulmonary artery; LV, left ventricular; 
MCA PI, middle cerebral artery pulsatility index; MPA, main pulmonary artery; PR, pulmonary regurgitation; PV, pulmonary valve; RPA, right pulmonary artery; 
RV, right ventricular; TID/CCL, tricuspid inflow duration/cardiac cycle length; TR, tricuspid regurgitation; and VTI, velocity time integral.
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In fetuses for whom >1 fetal echocardiogram was 
available, we described individual differences between 
the first and last fetal echocardiogram in each patient 
to assess whether findings are progressive over the 
course of gestation. We also sought to assess whether 
variables identified in the primary analysis as fetal 
predictors of outcome progressed more on repeated 
echocardiographic assessment among those who 
died compared with those who lived.

Statistical Analysis
Summary statistics were analyzed, with categorical 
variables expressed as a frequency (percentage of pa-
tients included) and continuous variables expressed as 
a mean with SD for normally distributed data and me-
dian with range for nonparametric data. Kaplan- Meier 
survival analysis was performed for those with an intent 

to treat. To test comparisons between groups, χ2 and 
Fisher exact tests were used for categorical variables 
and 2- tailed Student t- test was used for continuous 
variables. Possible fetal predictors of outcomes with 
P<0.05 by univariate analysis were then investigated 
using a stepwise multivariate logistic regression.

Interobserver variability was calculated in the sub-
set of fetuses with second observer measurements 
using the Cohen κ (weighted when appropriate), while 
intraclass correlation coefficients were calculated for 
continuous variables.

Finally, in fetuses with >1 prenatal echocardiogram 
available, variables that were found to have a signifi-
cant association with the primary outcome in the uni-
variate analysis were analyzed for changes between 
the initial fetal echocardiogram at diagnosis and last 
follow- up stratified by the primary outcome of survival. 

Figure 1. Fetal echocardiographic image and diagram demonstrating assessment of mediastinal 
shift.
Per the method described by Colombani et al, in the axial 4- chamber view, a line is drawn through the 
fetal median sagittal plane (A and D).12 Rightward mediastinal shift is defined as greater than one third 
of the cardiac mass within the right (R) chest (B). In leftward mediastinal shift (C), greater than two thirds 
of the heart is seen within the left (L) side of the chest. The fetal cardiac axis is also deviated leftward in 
this example.

A B

C D
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Descriptive analyses were used and included the 
McNemar test for categorical variables and a paired 
t- test or Wilcoxon signed rank test for continuous vari-
ables. Of the variables that appeared to behave dif-
ferently between the group who survived versus the 
group who died, a repeated- measures analysis using 
generalized estimating equations was used to com-
pare the magnitude of change from the first to last 
examination in the variables identified as predictors of 
outcome between the group who survived versus the 
group who died after adjusting for gestational age (GA) 
at the time of fetal echocardiogram.

The lead author (A.C.) had full access to all the data 
in the study and takes responsibility for their integrity 
and the data analysis.

RESULTS
Clinical data and echocardiograms from 108 fetuses 
with TOF/APV were submitted by 19 centers (range, 
1– 18 fetuses per center). Of these, 100 fetuses met in-
clusion criteria. Three were excluded for significant tri-
cuspid valve dysplasia, hypoplasia, or atresia, and 3 for 
additional complex diagnoses, including double- outlet 
right ventricle and unbalanced complete atrioventricu-
lar septal defect. One was excluded because of a large 
congenital diaphragmatic hernia, with abdominal vis-
cera occupying the left hemithorax, and one submit-
ted patient was lost to follow- up after the initial fetal 
echocardiogram and therefore excluded.

Table 2 outlines clinical characteristics of the 100- 
fetus cohort and their mothers. Of fetuses with available 
family history information, 20% had a family member 
with congenital heart disease, with 9 documented to 
have a parent or sibling with congenital heart disease. 
Although 6% of fetuses in the cohort were twins, there 
were no pregnancies with both twins affected. Of the 
100 fetuses, 80 had documented amniocentesis, cho-
rionic villus sampling, and/or postnatal genetic testing. 
The 22q11.2 deletion was the most common genetic 
abnormality among those tested, affecting 28 of 80 
(35%) of those tested. Other findings included 2 fe-
tuses with trisomy 13, 1 with mosaic trisomy 2, 1 with 
an unbalanced translocation, and 5 with partial gene 
deletions or duplications. No fetus had trisomy 18 or 
21. Nine pregnancies affected by genetic abnormalities 
were terminated.

Figure  2 depicts the study population. The 20 
pregnancy terminations all occurred between 18 and 
24 weeks. For 2 fetuses, both with chromosomal ab-
normalities, postnatal palliative care was planned, and 
both died within the first 2 days of life. Seven (9%) of 
the 78 fetuses with intention to treat died in utero, at a 
median GA of 36 weeks (range, 26– 38 weeks). Of the 
71 fetuses with intent to treat born alive, 11 died in the 

neonatal period before an attempt at surgical repair or 
after a decision was made to redirect goals of care. Of 
21 undergoing neonatal repair, 6 died. Thirty- nine of 
78 (50%) of those with intent to treat were discharged 
from the hospital without requiring neonatal surgical 
intervention after a median length of stay of 7.5 days 
(range, 3– 58 days); 4 of them died before (n=1) or after 
(n=3) late repair.

Survival from initial diagnosis was 50% among the 
entire cohort of fetuses diagnosed with TOF/APV, in-
cluding those for whom pregnancy termination or non-
intervention was elected. Overall survival among the 78 
fetuses with TOF/APV and an initial intention to treat 
was 64% (Figure 3). Seventy percent of liveborn babies 
survived. Five patients were lost to follow- up after ini-
tial hospitalization, but among the remaining patients, 
there were no documented deaths after 13 months of 
age.

Table 3 demonstrates clinical characteristics of the 
71 fetuses born alive with intent to treat. Most fetuses 
were born at term, and none was delivered before 
30  weeks’ gestation. Most required respiratory and/
or hemodynamic support in the first 24 hours of life. 

Table 2. Maternal and Fetal Clinical Characteristics of 
Cohort With TOF/APV (N=100)

Characteristics
Median (Range) or 

No. (%)*

Maternal age at first presentation to study 
center, y

29 (17– 45)

GA at presentation to study center, wk 23 (18– 37)

Family history of congenital heart disease 
(n=82)

16 (20)

Twin gestation 6 (6)

Fetal chromosomal abnormality, based on 
prenatal and/or postnatal testing (n=80)

37 (46)

22q11.2 Deletion 28 (35)

Other aneuploidy, duplication, or deletion 9 (11)

Extracardiac fetal anomaly† 16 (16)

Neurologic 4 (4)

Renal/genitourinary 4 (4)

Gastrointestinal 5 (5)

Musculoskeletal/craniofacial 5 (5)

Abnormal amniotic fluid level (at any time in 
follow- up)

23 (23)

Polyhydramnios 19 (19)

Oligohydramnios 4 (4)

Fetal hydrops (n=91) 7 (8)

Fetal MRI performed 8 (8)

GA indicates gestational age; MRI, magnetic resonance imaging; and 
TOF/APV, tetralogy of Fallot with absent pulmonary valve.

*Percentages are based on the number of subjects for which each variable 
was reported, provided as (n=).

†Two fetuses had multiple anomalies.
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Postnatal echocardiogram demonstrated a patent 
ductus arteriosus in only 2 patients; in both, the duc-
tus arteriosus supplied a discontinuous left pulmonary 
artery.

Among patients with intent to treat, fetal clinical 
characteristics and findings on the last available fetal 
echocardiogram, performed a median of 9 (range, 2– 
20) weeks after the initial fetal echocardiogram, were 

assessed. The last fetal echocardiogram in this cohort 
was performed at a median gestation of 34.6 weeks, 
with a range of 19 to 39 weeks, and all but 4 of the final 
studies were performed in the third trimester. Clinical 
and echocardiographic findings were compared be-
tween the cohort of fetuses who died in utero and those 
who were liveborn (Table 4). Factors associated with 
fetal death included fetal hydrops, pericardial effusion, 
LV and/or RV systolic dysfunction, and tricuspid regur-
gitation. Only 5 nonterminated fetuses had hydrops; 3 

Figure 2. Flow diagram depicting management and outcomes among the fetal tetralogy of Fallot 
with absent pulmonary valve (TOF/APV) study cohort.
 

Eligible fetuses 
with TOF/APV

N=100

Pregnancy 
terminated

N=20

Prenatal plan for 
non-interven�on

N=2

Pregnancy 
con�nued with 
intent to treat

N=78

Fetal death
N=7

Live birth
N=71

Neonatal death 
prior to repair

N=11

Neonatal repair
N=21

Deaths
N=6

Late repair
N=39

Deaths
N=4

Figure 3. Kaplan- Meier curve demonstrating survival 
among fetuses with tetralogy of Fallot with absent pulmonary 
valve with intention to treat (n=78).
Survival at birth reflects fetal deaths but excludes terminations.

Table 3. Postnatal Clinical Characteristics of Liveborn 
Infants With TOF/APV With Intent to Treat (N=71)

Characteristics No. (%)* or Mean (SD)

Male sex (n=67) 29 (43)

Cesarean section delivery (n=68) 31 (46)

GA at birth, wk (n=70) 37.5 (2.4)

Birth weight, kg (n=66) 2.8 (0.6)

Need for invasive mechanical ventilation in 
first 24 h (n=69)

38 (55)

Prone positioning used in first 24 h (n=50) 23 (46)

ECMO cannulation in first 24 h (n=70) 6 (9)

PDA present 2 (3)

Left superior vena cava present 4 (6)

ECMO indicates extracorporeal membrane oxygenation; GA, gestational 
age; PDA, patent ductus arteriosus; and TOF/APV, tetralogy of Fallot with 
absent pulmonary valve.

*Percentages are based on the number of subjects for whom each 
variable was reported, provided as (n=).
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of the 5 hydropic fetuses were assessed as having LV 
and RV dysfunction, while the other 2 were assessed 
as having normal biventricular function. Mediastinal 
shift and moderate or severe RV dilation were found 
in all 7 patients with fetal demise. In patients with avail-
able Doppler findings, fetal demise was associated 
with decreased tricuspid inflow duration/cardiac cycle 
length, increased pulmonary valve forward to reverse 
VTI, decreased aortic valve VTI, and decreased pulsa-
tility in the middle cerebral artery Doppler compared 
with survivors.

As complete fetal Doppler data were missing for 
much of the cohort, multivariate regression was per-
formed only on clinical, structural, and functional 
variables. In multivariate analysis, the only indepen-
dent predictor of fetal demise was the presence of 

LV dysfunction (odds ratio [OR], 7.4; 95% CI 1.3, 43.0; 
P=0.026).

When comparing fetuses who died, either in utero 
or postnatally, with those who survived, clinical fac-
tors, including earlier gestation at delivery and lower 
birth weight, were associated with mortality (Table 5). 
Genetic abnormalities were not associated with mor-
tality. However, there was a significantly lower inci-
dence of genetic abnormalities in patients with a stable 
clinical course who were discharged before repair 
compared with those needing neonatal repair or dying 
before repair (29% versus 59%; P=0.02). Ventricular 
functional abnormalities, moderate to severe RV en-
largement, and any LV enlargement were also char-
acteristic of those who died, and accordingly, CTA 
ratios were larger. Mediastinal shift was also more 

Table 4. Fetal Clinical Characteristics and Findings on Final Fetal Echocardiogram Associated With Fetal Death Versus 
Live Birth (N=78)

Variable
Fetal Death (N=7), No. (%) 

or Mean (SD)
Live Birth (N=71), No. (%) 

or Mean (SD)

Unadjusted 
Univariate OR (95% 

CI)
P Value 

(Univariate)

Clinical characteristics

Genetic abnormality (n=67) 3 (75) 25 (40) 4.6 (0.5– 46.3) 0.20

Fetal hydrops (n=74) 2 (33) 3 (4) 10.8 (1.4– 84.5) 0.02†

Fetal echocardiogram: structural and functional assessment

Mediastinal shift 7 (100) 38 (54) NA NA†

Pericardial effusion 4 (57) 8 (11) 5.9 (1.1– 31.3) 0.04†

Abnormal cardiac axis (n=75) 5 (71) 33 (49) 2.7 (0.5– 14.6) 0.26

CTA ratio (n=71) 0.41 (0.09) 0.35 (0.08) 2.0 (0.9– 4.1) 0.08

RV dilation, greater than mild 7 (100) 37 (53) NA NA†

LV dilation 1 (14) 10 (14) 1.0 1.00

RV dysfunction 5 (71) 19 (27) 6.7 (1.2– 37.6) 0.03†

LV dysfunction 4 (57) 9 (13) 8.7 (1.7– 45.7) 0.01*,†

Tricuspid regurgitation (n=74) 4 (67) 17 (25) 6.0 (1.0– 35.7) 0.05†

PV z- score (n=75) −0.4 (2.2) −1.2 (2.1) 1.4 (0.7– 3.0) 0.36

MPA z- score (n=73) 4.5 (1.9) 4.5 (1.9) 1.0 (0.4– 2.1) 0.95

RPA z- score (n=73) 9.8 (6.9) 10.0 (4.5) 1.0 (0.4– 2.2) 0.91

LPA z- score (n=68) 21.6 (7.5) 18.7 (11.4) 1.3 (0.5– 2.8) 0.56

Fetal echocardiogram: Doppler assessment

TID/CCL (n=58) 0.33 (0.1) 0.43 (0.1) 0.2 (0.1– 0.7) 0.008†

PV peak velocity, cm/s (n=55) 222 (35) 252 (57) 0.6 (0.2– 1.7) 0.31

PV forward/reverse VTI (n=42) 2.7 (1.4) 1.3 (0.5) 4.6 (1.3– 15.9) 0.02†

PI VTI (n=49) 14.5 (7.5) 29.7 (12.1) 0.1 (0– 1.3) 0.08

Aortic valve VTI (n=56) 8.9 (3.4) 16.2 (14.1) 0.001 (0.0– 0.7) 0.04†

Abnormal DV Doppler (n=48) 2 (40) 12 (28) 0.58 (0.09– 3.9) 0.58

MCA PI (n=35) 1.5 (0.4) 1.9 (0.4) 0.3 (0.1– 0.98) 0.05†

CPR PI (n=34) 1.4 (0.6) 1.6 (0.5) 0.6 (0.2– 1.5) 0.26

Final fetal echocardiograms performed at a median of 35 weeks (range, 20– 39 weeks). CPR PI indicates cerebroplacental ratio for PIs; CTA, cardiothoracic 
area; DV, ductus venosus; LPA, left pulmonary artery; LV, left ventricular; MCA PI, middle cerebral artery PI; MPA, main pulmonary artery; NA, not applicable; 
OR, odds ratio; PI, pulsatility index; PV, pulmonary valve; RPA, right pulmonary artery; RV, right ventricular; TID/CCL, tricuspid inflow duration/cardiac cycle 
length; and VTI, velocity time integral.

*Significant variable in multivariate analysis (OR, 7.4; P=0.026).
†Significant variable in univariate analysis.
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common in fetuses who died. Doppler abnormalities, 
such as decreased tricuspid inflow duration/cardiac 
cycle length, abnormal ductus venosus pattern, and 
a lower cerebroplacentral ratio pulsatility index, were 
also associated with mortality. Pulmonary artery mea-
surements were not associated with mortality risk. In 
multivariate analysis of clinical, structural, and func-
tional variables, only RV dysfunction was identified as 
an overall independent predictor of mortality (OR, 7.9; 
95% CI; P=0.002).

Interrater variability analysis (Table S1) revealed 
substantial to almost perfect agreement between 
observers when assessing RV and LV dilation and 

dysfunction as well as CTA ratios (κ, 0.8– 1.0), and sub-
stantial agreement for mediastinal shift and pulmonary 
valve/artery dimensions (κ, 0.74– 0.87).

Data from fetuses with >1 prenatal echocardio-
gram available are presented in Table S2 and are 
presented stratified by outcome in Table 6 (survived, 
n=36; died, n=18). Although for the whole cohort 
mediastinal shift and pulmonary artery diameters 
worsened significantly throughout gestation, paired 
descriptive analyses demonstrate that branch pul-
monary artery diameters were the only echocardio-
graphic variables that significantly differed from the 
first to last fetal echocardiogram among the group 

Table 5. Clinical Characteristics and Findings on Final Fetal Echocardiogram Associated With Overall Mortality (Fetal and 
Postnatal) Versus Survival

Fetal Echocardiogram Findings
Fetal or Postnatal Demise (N=28), 

No. (%) or Mean (SD)
Survival (N=50), No. (%) 

or Mean (SD)

Unadjusted 
Univariate OR (95% 

CI) P Value

Clinical characteristics

GA at birth, wk (n=70) 36.5 (2.5) 38 (2.1) 0.5 (0.3– 0.9) 0.02†

Birth weight, kg (n=66) 2.57 (0.7) 2.95 (0.54) 0.5 (0.3– 0.9) 0.03†

Genetic abnormality (n=67) 11 (52) 17 (37) 1.9 (0.7– 5.3) 0.24

22q11.2 Deletion (n=67) 10 (48) 15 (33) 1.9 (0.7– 5.4) 0.24

Fetal echocardiogram: structural and functional assessment

Mediastinal shift 24 (86) 22 (44) 5.9 (1.9– 17.9) 0.002†

Pericardial effusion 3 (29) 3 (6) 6.3 (1.5– 26.1) 0.01†

Abnormal cardiac axis (n=75) 17 (61) 21 (45) 1.9 (0.7– 5.0) 0.18

CTA ratio (n=71) 0.40 (0.09) 0.33 (0.05) 3.7 (1.7– 7.8) 0.001†

RV dilation, greater than mild 22 (79) 22 (45) 4.5 (1.6– 13.0) 0.006†

LV dilation 8 (29) 3 (6) 6.1 (1.5– 25.6) 0.01†

RV dysfunction 17 (61) 7 (14) 9.3 (3.1– 27.9) <0.001*,†

LV dysfunction 11 (39) 2 (4) 14.6 (2.9– 72.6) 0.001†

Presence of TR (n=74) 12 (46) 9 (19) 3.7 (1.3– 10.7) 0.02†

PV z- score (n=75) −0.41 (2.4) −1.4 (1.9) 1.7 (1.0– 2.7) 0.05

MPA z- score (n=73) 5.0 (2.2) 4.2 (1.7) 1.5 (0.9– 2.5) 0.11

RPA z- score (n=73) 10.1 (4.7) 9.9 (4.7) 1.0 (0.6– 1.7) 0.91

LPA z- score (n=68) 22.0 (10.9) 17.0 (10.9) 1.6 (1.0– 2.7) 0.08

Fetal echocardiogram: Doppler assessment

TID/CCL (n=58) 0.38 0.44 0.3 (0.1– 0.7) 0.005†

PV peak velocity, cm/s (n=55) 213 (46) 266 (52) 0.3 (0.2– 0.7) 0.003†

PV forward/reverse VTI (n=42) 1.5 (1.0) 1.3 (0.5) 1.3 (0.7– 2.5) 0.37

PR VTI (n=49) 24.8 (11.5) 31.1 (1.8) 0.6 (0.3– 1.1) 0.09

Aortic valve VTI (n=56) 13.7 (14.1) 16.4 (13.5) 0.8 (0.4– 1.6) 0.5

Abnormal DV Doppler pattern 
(n=48)

9 (50) 5 (17) 0.2 (0.05– 0.8) 0.02†

MCA PI (n=35) 1.7 (0.5) 1.9 (0.3) 0.6 (0.3– 1.2) 0.14

CPR PI (n=34) 1.4 (0.5) 1.7 (0.4) 0.5 (0.2– 1.0) 0.05†

CPR PI indicates cerebroplacental ratio for pulsatility indexes; CTA, cardiothoracic area; DV, ductus venosus; GA, gestational age; LPA, left pulmonary artery; 
LV, left ventricular; MCA PI, middle cerebral artery pulsatility index; MPA, main pulmonary artery; OR, odds ratio; PR, pulmonary regurgitation; PV, pulmonary 
valve; RPA, right pulmonary artery; RV, right ventricular; TID/CCL, tricuspid inflow duration/cardiac cycle length; TR, tricuspid regurgitation; and VTI, velocity 
time integral.

*In multivariate analysis of clinical, structural, and functional variables, only RV dysfunction was identified as an overall independent predictor of mortality 
(OR, 7.9; P=0.002).

†Significant variable in univariate analysis.
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who survived. In contrast, among those who died ei-
ther in utero or after birth, the cardiothoracic ratio was 
significantly higher on the last fetal echocardiogram 
(0.38 on first versus 0.41 on last) as was the per-
centage of fetuses with LV dysfunction (16.7% on first 
versus 44.4% on last). A repeated- measures analysis 
was performed for these 2 variables to determine if 
the rate of change from the first to last fetal echo-
cardiogram was significantly different between the 
group who survived versus the group who died. The 
odds of LV dysfunction per week increase of GA was 
marginally higher in the group who ultimately died 
compared with the group who survived, although our 
study was underpowered to demonstrate statistical 
significance. Similarly, there was no statistical differ-
ence in the rate of change in CTA ratio from the first 
to last fetal echocardiogram between the 2 groups, 
although for every week in GA, CTA ratio increased 
by 0.002 more in the group who died compared with 
the group who survived (95% CI, −0.001 to 0.006; 
P=0.32). Finally, it is notable that findings supporting 
poor prognosis were already present at initial fetal 
echocardiogram in nearly half, and overall worsening 
was not necessarily predictable (Table S2).

DISCUSSION
This 10- year, multicenter cohort represents the larg-
est and most comprehensive study to date of clini-
cal and echocardiographic predictors of outcome in 
prenatally diagnosed TOF/APV. We found that even 
in the modern era, prenatal and postnatal mortality 
remains high, with only 64% infancy survival during 
study follow- up in pregnancies with intention to treat. 
Mortality occurred mostly in the perinatal period; 
there were no documented deaths after 13 months 
of age with median follow- up to 32.9 months (range, 
4.8– 116.4 months). Our findings highlight the dichot-
omous clinical presentation and outcomes in TOF/
APV.13 Although there was significant fetal and neo-
natal mortality among the study population, half of 
the cohort with intent to treat had a distinctly stable 
neonatal course: this group was discharged home 
with plans for later repair, with a low subsequent 
mortality rate.

Our findings are consistent with those of smaller 
contemporary cohorts.2,3,5,14 They are also compara-
ble to those of a recently published multicenter cohort 
of fetal APV syndrome that included 59 European fe-
tuses with TOF/APV; however, in that study, 26 (44%) 
pregnancies were terminated or lost to follow- up pre-
natally, leaving only 33 with intent to treat and doc-
umented outcomes.15 Their study population had a 
higher rate of fetal death than our cohort, 18% of fe-
tuses with intent to treat compared with our 10%, and 

similar postnatal survival, with 66% of fetuses with in-
tent to treat surviving beyond a shorter follow- up pe-
riod of 28 days of age. Unlike our study, in which no 
fetus presented to a study center before 19 weeks, 
15% of their cohort was diagnosed during the first 
trimester. However, of these first- trimester fetuses, 
more than half presented with hydrops, and all were 
terminated, died in utero, or were lost to follow- up. 
As our cohort was collected entirely from large aca-
demic fetal and pediatric cardiology referral centers 
in North America, it is possible that our findings may 
not reflect earlier fetal deaths and terminations that 
may have occurred before pregnant mothers could 
be referred to study centers.

This study identifies several fetal clinical and echo-
cardiographic findings associated with poor outcome 
in TOF/APV that can be used to guide perinatal coun-
seling and perinatal management. For overall mortality, 
qualitative RV systolic dysfunction was found to be the 
key predictor of poor outcome in multivariate analysis. 
This finding is consistent with prior work that has sug-
gested a role for RV dysfunction in predicting mortality 
in TOF/APV.5,14,16 Nearly all of the fetal echocardio-
graphic measures associated with mortality, including 
dilation and systolic dysfunction of both ventricles, the 
presence of tricuspid regurgitation, and increased car-
diothoracic area ratio, are indicators of cardiac com-
promise or failure. The physiologic mechanisms of 
pulmonary insufficiency and cardiopulmonary interac-
tions that result in RV pressure and volume overload 
and decreased ventricular compliance in fetuses with 
TOF/APV are complex and multifactorial. The addi-
tional finding of mediastinal shift likely represents the 
effects of cardiac enlargement as well as the concom-
itant lung abnormalities, including hyperexpansion and 
hypoplasia, that have been reported.6,17– 19 The cardiac 
Doppler findings associated with mortality, such as 
decreased RV filling time and decreased pulmonary 
valve velocity, may also reflect underlying ventricular 
dysfunction, while extracardiac Doppler abnormalities 
related to cerebral and placental perfusion could re-
flect altered fetal circulation attributable to inadequate 
cardiac output.

On the basis of multivariable analysis, fetal demise 
was best predicted in this cohort by the presence of LV 
dysfunction. Although prior studies have identified fetal 
hydrops in association with perinatal mortality,3,5,20 LV 
dysfunction was more prevalent in this population than 
hydrops, a generally later and more ominous finding, 
and may be an earlier indicator of impending demise. 
Univariate analysis also demonstrated associations 
between fetal demise and other indications of fetal 
cardiac compromise, including LV and RV dysfunction, 
presence of tricuspid regurgitation, and decreased tri-
cuspid inflow duration, a Doppler finding suggesting 
diastolic dysfunction and possibly reflecting increased 
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afterload. Surprisingly, less pulmonary regurgitation, as 
reflected in increased pulmonary valve forward/reverse 
VTI, was associated with greater risk of fetal demise. 
This counters the idea that increased pulmonary regur-
gitation causes a greater volume load on the fetal RV. 
However, it is possible that as RV dysfunction and dia-
stolic pressure increase, pulmonary insufficiency may 
become less apparent by Doppler evaluation. Finally, 
it is notable that most fetal deaths occurred late in the 
third trimester, at or close to term. In late- gestation fe-
tuses with TOF/APV who are not anticipated to have a 
low birth weight, the presence of LV dysfunction even 
in the absence of hydrops may therefore impact prena-
tal management and delivery planning.

This study provides further evidence that pulmo-
nary artery dimensions, once hypothesized to cor-
relate directly with severity of airway compromise and 
outcomes,13,21 are in fact not independently associ-
ated with mortality. Mediastinal shift, however, was 
more prevalent in those who died, suggesting that 
the secondary effects of pulmonary artery dilation, in-
cluding lung compression and fluid trapping, do play 
a role in the pathophysiological features of TOF/APV. 
Thus, as Szwast et al have posited, this study sup-
ports that linear pulmonary artery dimensions may not 
reliably reflect their hemodynamic effects.14 Instead, 
echocardiography- based lung assessments, whether 
indirect measures, such as mediastinal shift, or more 
direct evaluation of lung echogenicity on fetal echo-
cardiogram, as suggested by Tenisch et al, may more 
reliably reflect the effects of airway compression and 
fluid trapping than pulmonary artery size.19

It is not surprising that clinical factors, such as pre-
maturity and low birth weight, contribute to poorer 
TOF/APV outcomes, and this finding should be taken 
into consideration when making decisions to deliver. It 
is notable, however, that the high incidence of genetic 
abnormalities, which have been linked to comorbidi-
ties, such as heart failure, arrhythmias, and neurode-
velopmental differences in patients with congenital 
heart disease, did not appear to contribute to worse 
short- term to midterm outcomes in the study popu-
lation. However, this observation should be observed 
with caution, considering the high percentage who un-
derwent elective pregnancy termination.

When initial fetal echocardiograms were compared 
with the latest available fetal echocardiogram, only 
mediastinal shift and branch pulmonary artery dilation 
worsened in a significant manner, suggesting that lung 
pathological features are progressive in these patients. 
Other variables showed a less predictable propen-
sity for change; however, a high number of fetuses 
exhibited concerning findings even at presentation. 
CTA ratio increase and development of LV dysfunc-
tion were more commonly seen in fetuses who did not 
survive. Although findings supporting poor prognosis 

were already present at initial fetal echocardiogram 
in nearly half of fetuses, overall worsening throughout 
the cohort was not predictable. Our findings under-
score the importance of repeated echocardiographic 
assessments throughout pregnancy for development 
of worsening findings, including evidence suggesting 
abnormal heart- lung interactions, to identify fetuses at 
higher risk for poor outcomes.

Given our findings and the extent to which re-
spiratory morbidity can affect survival and long- 
term neurodevelopmental and functional status in 
these patients, future investigation into the role of 
lung findings should also include additional imaging 
modalities, such as fetal magnetic resonance im-
aging, which in a small number of cases have been 
shown to demonstrate abnormalities in lung vol-
umes and echogenicity in fetuses with TOF/APV.6,7 
Incorporation of this additional testing will serve to 
further refine predictive modeling and perinatal care 
in these patients.

Limitations
There were some significant limitations to this ret-
rospective study. Fetal echocardiograms were as-
sessed by a single reviewer but had been performed 
at 19 centers over several years without a stand-
ardized protocol, with several missing clinical and 
echocardiographic data points. Because Doppler 
data were particularly incomplete, they were not in-
cluded in multivariate analysis. Fetal echocardiogram 
timing and follow- up frequency also varied widely, 
which is important given some variables change with 
GA. Although indexing of several parameters to fetal 
weight, most importantly cardiac outputs, would be 
ideal, we did not have reliable fetal weights recorded 
for a large segment of the study population. Center- 
specific practice variations in perinatal and surgical 
management may have also affected outcomes, 
which were not adjusted by center. Exclusion of the 
fetuses subject to pregnancy termination is a limita-
tion in that these may have represented the more 
severely affected or those with genetic abnormali-
ties, thus artificially improving the outcomes in the 
remaining cohort.

The most significant limitation of this study is that 
given the retrospective design of this study measure-
ments of cardiac chamber size and function were of 
necessity qualitative given inconsistent reproducible 
images for quantitative measurement. In addition, fetal 
echocardiographic assessment of mediastinal shift, 
although standardized and based on similar mea-
sures reported by other investigators, was also qual-
itative,12,19,22 and the cohort was not large enough to 
analyze implications of the direction of mediastinal 
shift. Regardless, interobserver variability assessment 
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demonstrated substantial interrater agreement for 
most of the subjective variables used in clinical prac-
tice. Future studies using quantitative, reproducible 
measures of ventricular size and function, such as 
3- dimensional volumes or strain analysis, as well as 
fetal cardiac magnetic resonance imaging, may pro-
vide additional insight and could potentially be more 
sensitive to subtle abnormalities. In addition, a pro-
spective study to determine in utero factors that influ-
ence postnatal care, including the timing of surgery, 
would enable creation of recommendations for de-
tailed prenatal assessment and improved counseling 
for these high- risk patients.

CONCLUSIONS
In the modern era, fetal and postnatal mortality in 
TOF/APV remain high. The fetal echocardiographic 
findings of RV dysfunction, predictive of overall mor-
tality, and LV dysfunction, associated with a high risk 
of in utero demise, suggest that diminished cardiac 
output is the primary cause of mortality. Fetuses 
with mediastinal shift, likely attributable to ventricu-
lar enlargement as well as the secondary effects of 
lung fluid trapping or hypoplasia, have worse post-
natal outcomes, highlighting the importance of lung 
abnormalities in the postnatal care of this high- risk 
population. Our findings demonstrate that a compre-
hensive assessment of the fetal heart and lungs can 
predict outcomes in TOF/APV, guide prenatal coun-
seling and perinatal management, and direct future 
efforts to further risk stratify and potentially reduce 
mortality from this disease.

ARTICLE INFORMATION
Received November 20, 2020; accepted April 16, 2021.

Affiliations
Division of Cardiology, Department of Pediatrics, Morgan Stanley Children’s 
Hospital of New York- Presbyterian, Columbia University Irving Medical 
Center, New York, NY (A.C., S.M.L.); Division of Cardiology, Department of 
Pediatrics, UCSF Benioff Children’s Hospital, University of California- San 
Francisco School of Medicine, San Francisco, CA (A.J.M., S.P.); Division 
of Cardiology, Department of Pediatrics, Massachusetts General Hospital, 
Harvard Medical School, Boston, MA (J.S.C.); Center for Translational 
Research, Children’s Research Institute, Children’s National Hospital, 
George Washington University School of Medicine and Health Sciences, 
Washington, DC (J.E.B.); Department of Cardiology, Department of 
Pediatrics, Boston Children’s Hospital, Harvard Medical School, Boston, 
MA (D.S., W.T.); Division of Cardiology, Department of Pediatrics, Komansky 
Children’s Hospital of New York- Presbyterian, Weill Cornell Medicine, 
New York, NY (S.J.C.); Division of Cardiology, Department of Pediatrics, 
Connecticut Children’s Medical Center, University of Connecticut Health 
Center, Hartford, CT (B.D.); Department of Pediatrics, The Heart Institute, 
Cincinnati Children’s Hospital Medical Center, University of Cincinnati 
College of Medicine, Cincinnati, OH (A.D.); Division of Cardiology, 
Department of Pediatrics, Stollery Children’s Hospital, University of 
Alberta, Edmonton, AB, Canada (L.H., D.N.); Division of Cardiology, 
Department of Pediatrics, Heart Institute, Children’s Hospital Colorado, 
University of Colorado School of Medicine, Denver, CO (L.W.H.); Division 
of Cardiology, Department of Pediatrics, Monroe Carell Jr. Children’s 

Hospital, Vanderbilt University School of Medicine, Nashville, TN (A.K.); 
Division of Cardiology, Department of Pediatrics, Nationwide Children’s 
Hospital, The Ohio State University College of Medicine, Columbus, 
OH (J.P.K.); Division of Cardiology, Department of Pediatrics, Phoenix 
Children’s Hospital, University of Arizona College of Medicine, Phoenix, AZ 
(C.L.L.); Division of Cardiology, Department of Pediatrics, Texas Children’s 
Hospital, Baylor School of Medicine, Houston, TX (S.A.M.); Division of 
Cardiology, Department of Pediatrics, Children’s Hospital of Los Angeles, 
Keck School of Medicine of USC, Los Angeles, CA (J.D.P.); Division of 
Cardiology, Department of Pediatrics, Johns Hopkins All Children’s 
Hospital, St. Petersburg, FL (M.D.P.); Division of Cardiology, Department 
of Pediatrics, Children’s Hospital of Philadelphia, Perelman School of 
Medicine at the University of Pennsylvania, Philadelphia, PA (J.R.); Division 
of Cardiology, Department of Pediatrics, Children’s Healthcare of Atlanta, 
Emory University School of Medicine, Atlanta, GA (C.S.); Division of 
Cardiology, Department of Pediatrics, Lucile Packard Children’s Hospital, 
Stanford School of Medicine, Palo Alto, CA (T.A.T.); Division of Cardiology, 
Department of Pediatrics, Seattle Children’s Hospital, University of 
Washington, Seattle, WA (M.M.V.); Division of Cardiology, Department of 
Pediatrics, University of California Davis Medical Center, Sacramento, CA 
(J.Y.); and Division of Cardiology, Children’s National Hospital, Department 
of Pediatrics, George Washington University School of Medicine and 
Health Sciences, Washington, DC (M.T.D.).

Sources of Funding
None.

Disclosures
None.

Supplementary Material
Tables S1– S2

REFERENCES
 1. Galindo A, Gutiérrez- Larraya F, Martínez JM, Del Rio M, Grañeras A, 

Velasco JM, Puerto B, Gratacos E. Prenatal diagnosis and outcome 
for fetuses with congenital absence of the pulmonary valve. Ultrasound 
Obstet Gynecol. 2006;28:32– 39. DOI: 10.1002/uog.2807.

 2. Wertaschnigg D, Jaeggi M, Chitayat D, Shannon P, Ryan G, Thompson 
M, Yoo SJ, Jaeggi E. Prenatal diagnosis and outcome of absent pul-
monary valve syndrome: contemporary single- center experience and 
review of the literature. Ultrasound Obstet Gynecol. 2013;41:162– 167. 
DOI: 10.1002/uog.11193.

 3. Gottschalk I, Jehle C, Herberg U, Breuer J, Brockmeier K, Bennink G, 
Hellmund A, Strizek B, Gembruch U, Geipel A, et al. Prenatal diagnosis 
of absent pulmonary valve syndrome from first trimester onwards: novel 
insights into pathophysiology, associated conditions and outcome. 
Ultrasound Obstet Gynecol. 2017;49:637– 642. DOI: 10.1002/uog.15977.

 4. Donofrio MT, Jacobs ML, Rychik J. Tetralogy of Fallot with absent 
pulmonary valve: echocardiographic morphometric features of the 
right- sided structures and their relationship to presentation and out-
come. J Am Soc Echocardiogr. 1997;10:556– 561. DOI: 10.1016/S0894 
- 7317(97)70010 - 5.

 5. Moon- Grady AJ, Tacy TA, Brook MM, Hanley FL, Silverman NH. Value 
of clinical and echocardiographic features in predicting outcome in the 
fetus, infant, and child with tetralogy of Fallot with absent pulmonary 
valve complex. Am J Cardiol. 2002;1:1280– 1285. DOI: 10.1016/S0002 
- 9149(02)02326 - 3.

 6. Chelliah A, Berger JT, Blask A, Donofrio MT. Clinical utility of fetal 
magnetic resonance imaging in tetralogy of Fallot with absent pulmo-
nary valve. Circulation. 2013;12:757– 759. DOI: 10.1161/CIRCU LATIO 
NAHA.112.139758.

 7. Sun HY, Boe J, Rubesova E, Barth RA, Tacy TA. Fetal MRI correlates 
with postnatal CT angiogram assessment of pulmonary anatomy in 
tetralogy of Fallot with absent pulmonary valve. Congenit Heart Dis. 
2014;9:E105– E109. DOI: 10.1111/chd.12091.

 8. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. 
Research Electronic Data Capture (REDCap) -  a metadata- driven meth-
odology and workflow process for providing translational research in-
formatics support. J Biomed Inform. 2009;42:377– 381. DOI: 10.1016/j.
jbi.2008.08.010.

https://doi.org/10.1002/uog.2807
https://doi.org/10.1002/uog.11193
https://doi.org/10.1002/uog.15977
https://doi.org/10.1016/S0894-7317(97)70010-5
https://doi.org/10.1016/S0894-7317(97)70010-5
https://doi.org/10.1016/S0002-9149(02)02326-3
https://doi.org/10.1016/S0002-9149(02)02326-3
https://doi.org/10.1161/CIRCULATIONAHA.112.139758
https://doi.org/10.1161/CIRCULATIONAHA.112.139758
https://doi.org/10.1111/chd.12091
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2008.08.010


J Am Heart Assoc. 2021;10:e019713. DOI: 10.1161/JAHA.120.019713 13

Chelliah et al Fetal TOF/APV Outcomes

 9. Krishnan A, Pike JI, McCarter R, Fulgium AL, Wilson E, Donofrio 
MT, Sable CA. Predictive models for normal fetal cardiac struc-
tures. J Am Soc Echocardiogr. 2016;29:1197– 1206. DOI: 10.1016/j.
echo.2016.08.019.

 10. Paladini D, Chita SK, Allan LD. Prenatal measurement of cardiothoracic 
ratio in evaluation of heart disease. Arch Dis Child. 1990;65:20– 23. DOI: 
10.1136/adc.65.1_Spec_No.20.

 11. Comstock CH. Normal fetal heart axis and position. Obstet Gynecol. 
1987;70:255– 259.

 12. Colombani M, Rubesova E, Potier A, Quarello E, Barth RA, Devred P, 
Petit P, Gorincour G. Management of fetal mediastinal shift: a practical 
approach. J Radiol. 2011;92:118– 124. DOI: 10.1016/j.jradio.2010.12.002.

 13. Lakier JB, Stanger P, Heyman MA, Hoffman JIE, Rudolph AM. Tetralogy 
of Fallot with absent pulmonary valve: natural history and hemody-
namic considerations. Circulation. 1974;50:167– 175. DOI: 10.1161/01.
CIR.50.1.167.

 14. Szwast A, Tian Z, McCann M, Soffer D, Combs J, Donaghue D, Rychik 
J. Anatomic variability and outcome in prenatally diagnosed absent 
pulmonary valve syndrome. Ann Thorac Surg. 2014;1:152– 158. DOI: 
10.1016/j.athor acsur.2014.03.002.

 15. Axt- Fliedner R, Kurkevych A, Slodki M, Respondek- Liberska M, Zych- 
Krekora K, Stressig R, Ritgen J, Rizzo G, Krapp M, de Catte L, et al. 
Absent pulmonary valve syndrome –  diagnosis, associations, and out-
come in 71 prenatally diagnosed cases. Prenat Diagn. 2017;37:812– 
819. DOI: 10.1002/pd.5094.

 16. Inamura N, Kado Y, Nakajima T, Kayatani F. Left and right ventricular 
function in fetal tetralogy of Fallot with absent pulmonary valve. Am J 
Perinatol. 2005;22:199– 204. DOI: 10.1055/s- 2005- 866603.

 17. Madan A, Parisi M, Wood BP. Radiological case of the month: absent 
pulmonic valve presenting with congenital lobar emphysema. Am J Dis 
Child. 1992;146:113– 114.

 18. Fink AM, Edis B, Massie J. The CT appearances of delayed amniotic 
fluid clearance from the lungs in an infant with absent pulmonary valve 
and congenital lobar emphysema. Pediatr Radiol. 2005;35:891– 894. 
DOI: 10.1007/s0024 7- 005- 1469- 8.

 19. Tenisch E, Raboisson M- J, Rypens F, Déry J, Grignon A, Lapierre C. 
Significance of lung anomalies in fetuses affected by tetralogy of Fallot 
with absent pulmonary valve syndrome. Cardiol Young. 2017;27:1740– 
1747. DOI: 10.1017/S1047 95111 7001147.

 20. Volpe P, Paladini D, Marasini M, Buonadonna AL, Russo MG, Caruso G, 
Marzullo A, Arciprete P, Martinelli P, Gentile M. Characteristics, associ-
ations and outcome of absent pulmonary valve syndrome in the fetus. 
Ultrasound Obstet Gynecol. 2004;24:623– 628. DOI: 10.1002/uog.1729.

 21. Hiraishi SMD, Bargeron LMMD, Isabel- Jones JB, Emmanouilides 
GCMD, Friedman WFMD, Jarmakani JMMD. Ventricular and pulmonary 
artery volumes in patients with absent pulmonary valve: factors affect-
ing the natural course. Circulation. 1983;67:183– 190. DOI: 10.1161/01.
CIR.67.1.183.

 22. Rubesova E, Barth RA. Advances in fetal imaging. Am J Perinatol. 
2014;31:567– 576. DOI: 10.1055/s- 0034- 1371712.

https://doi.org/10.1016/j.echo.2016.08.019
https://doi.org/10.1016/j.echo.2016.08.019
https://doi.org/10.1136/adc.65.1_Spec_No.20
https://doi.org/10.1016/j.jradio.2010.12.002
https://doi.org/10.1161/01.CIR.50.1.167
https://doi.org/10.1161/01.CIR.50.1.167
https://doi.org/10.1016/j.athoracsur.2014.03.002
https://doi.org/10.1002/pd.5094
https://doi.org/10.1055/s-2005-866603
https://doi.org/10.1007/s00247-005-1469-8
https://doi.org/10.1017/S1047951117001147
https://doi.org/10.1002/uog.1729
https://doi.org/10.1161/01.CIR.67.1.183
https://doi.org/10.1161/01.CIR.67.1.183
https://doi.org/10.1055/s-0034-1371712


 

 

 

 

SUPPLEMENTAL MATERIAL 

 



Table S1. Interrater Agreement Analysis. 

Fetal Echocardiogram Parameter Cohen’s kappa or ICC (95% confidence interval)* 

RV dilation, greater than mild 1.00 (1.00-1.00) 

RV dysfunction 0.90 (0.71-1.00) 

LV dilation 0.80 (0.54-1.00) 

LV dysfunction 0.80 (0.54-1.00) 

Mediastinal shift 0.79 (0.58-1.01) 

CTA ratio 0.91 (0.77-0.96) 

PV diameter 0.83 (0.63-0.93) 

MPA diameter 0.77 (0.1-0.92) 

RPA diameter 0.87 (0.70-0.95)  

LPA diameter 0.74 (0.44-0.89) 

 

*Cohen’s kappa used for categorical variables and ICC for continuous.  Cohen's kappa interpretation: 

almost perfect agreement (0.81-1.0), substantial agreement (0.61-0.80), moderate agreement (0.41-0.60). 

RV=right ventricle; OR = odds ratio; LV= left ventricle; CTA = cardiothoracic area; MPA = main 

pulmonary artery; PV = pulmonary valve; RPA = right pulmonary artery; LPA = left pulmonary artery 

  



Table S2. Differences in fetal echocardiogram findings between initial and last fetal 

echocardiograms prior to fetal death, pregnancy termination or birth (n=54). 

 Initial 

Echocardiogram 

Final 

Echocardiogram 

Change from 

Initial to Final*  

P-value† 

Median GA, weeks (range) ‡ 25 (18-33) 35 (22-39) 9 (2-20) - 

Mediastinal shift‡ 23 (47%) 31 (58%) + n=13 

- n=4 

0.05 

Pericardial effusion‡ 8 (15%) 8(15%) + n=4 

- n=4 

NS 

Abnormal cardiac axis (n=52) 

‡ 

23 (44.2%) 28 (53.8%) + n=8 

-n=3 

0.23 

RV dilation, greater than mild 

(n=50) ‡ 

23 (46%) 20 (40%) + n=4 

- n=7 

0.54 

RV dysfunction (n=49) ‡ 14 (29%) 17 (35%) + n=3 

- n=0 

0.25 

LV dysfunction (n=48) ‡ 5 (10%) 9 (19%) + n=5 

- n=1 

0.22 

Tricuspid regurgitation 

(n=44) ‡ 

12 (27%) 12 (27%) + n=4 

- n=4 

NS 

CTA ratio (n=48) 0.35 (0.05) 0.36 (0.08) 0.01 (0.06) 0.15 

PV z-score (n=47) -0.95 (2.1) -0.87 (2.3) 0.08 (2.2) 0.81 

MPA z-score (n=43) 4.6 (1.8) 4.8 (2.0) 0.2 (1.8) 0.55 

RPA z-score (n=47) 8.8 (3.9) 10.6 (4.8) 1.8 (3.4) <0.001 

LPA z-score (n=47) 12.9 (7.7) 19.9 (11.0) 7.0 (9.0) <0.001 

 

*Change from initial to final, where + indicates new or worsening, and – indicates no longer present or 

improved 

† McNemar test for categorical, Wilcoxon signed rank for continuous variables 

‡ Initial fetal echocardiographic variables associated with poor prognosis in univariate analysis 

RV=right ventricle; LV= left ventricle; RPA = right pulmonary artery; LPA = left pulmonary artery 

 

 


