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BACKGROUND: The benefit of fetal echocardiograms (FE) to detect severe congenital heart diseases (SCHD) in the setting of a
normal second-trimester ultrasound is unclear. We aimed to assess whether the increase in SCHD detection rates when FE
are performed for risk factors in the setting of a normal ultrasound was clinically significant to justify the resources needed.

METHODS: This is a multicenter, population-based, retrospective cohort study, including all singleton pregnancies and offspring
in Quebec (Canada) between 2007 and 2015. Administrative health care data were linked with FE clinical data to gather
information on prenatal diagnosis of CHD, indications for FE, outcomes of pregnancy and offspring, postnatal diagnosis of
CHD, cardiac interventions, and causes of death. The difference between the sensitivity to detect SCHD with and without
FE for risk factors was calculated using generalized estimating equations with a noninferiority margin of & percentage points.

RESULTS: A total of 688247 singleton pregnancies were included, of which 30263 had at least one FE. There were 1564
SCHD, including 1071 that were detected prenatally (68.5%). There were 12210 FE performed for risk factors in the
setting of a normal second-trimester ultrasound, which led to the detection of 49 additional cases of SCHD over 8 years.
FE referrals for risk factors increased sensitivity by 3.1 percentage points (95% Cl, 2.3-4.0; ”<0.0001 for noninferiority).

CONCLUSIONS: In the setting of a normal second-trimester ultrasound, adding a FE for risk factors offered low incremental
value to the detection rate of SCHD in singleton pregnancies. The current ratio of clinical gains versus the FE resources
needed to screen for SCHD in singleton pregnancies with isolated risk factors does not seem favorable. Further studies
should evaluate whether these resources could be better allocated to increase SCHD sensitivity at the ultrasound level, and
to help decrease heterogeneity between regions, institutions and operators.
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for the prenatal diagnosis of congenital heart dis-  consideration. It has been advocated that pregnancies
ease (CHD). It is, however, resource intensive and at higher risk of CHD should be referred for a detailed
generally only available in specialized centers. Selecting  fetal echocardiogram (FE), including in the setting of

Fetal echocardiography is an important diagnostic tool pregnancies that require this evaluation warrants careful
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CLINICAL PERSPECTIVE

It has been advocated that pregnancies at higher risk
of congenital heart disease (CHD) should be referred
for a detailed fetal echocardiogram (FE), including
in the setting of a completely normal second-trimes-
ter ultrasound. The benefit of FE to detect severe
CHD (SCHD) in this setting is unclear. The authors
assessed whether the increase in SCHD detection
rates when FE are performed for risk factors in the
setting of a normal ultrasound was clinically sig-
nificant to justify the resources needed. This was a
multicenter, population-based, retrospective cohort
study, including all singleton pregnancies between
2007 and 2015 in Quebec (Canada). The differ-
ence between the sensitivity to detect SCHD with
and without FE for risk factors was calculated. A total
of 688247 singleton pregnancies were included, of
which 30263 had at least one FE. There were 1564
SCHD, including 1071 that were detected prenatally
(68.5%). There were 12210 FE performed for risk
factors in the setting of a normal second-trimester
ultrasound, which corresponded to >4 out of 10 preg-
nancies receiving a FE. FE referrals for risk factors
increased sensitivity by 3.1 percentage points (95%
Cl, 2.3-4.0, /<0.0001 for noninferiority). The authors
concluded that in the setting of a normal second-tri-
mester ultrasound, adding a FE for risk factors offered
low incremental value to the detection rate of SCHD
in singleton pregnancies.

Nonstandard Abbreviations and Acronyms

CHD congenital heart disease
FE fetal echocardiogram
NNT number needed to test
SCHD severe CHD

a completely normal second-trimester ultrasound,? a
recommendation that was endorsed in the 2014 fetal
cardiology guidelines developed by the American Heart
Association® These FE indications include high-risk
maternal and fetal factors, such as aneuploidy, but also
frequent situations with a moderately increased risk of
CHD, such as pregestational diabetes, maternal medica-
tion, and family history of CHD.

The added value of FE as a screening tool has been
questioned and previous studies have cast doubt on the
usefulness of FE to significantly increase detection rate
of severe CHD (SCHD).*” However, these were small
studies with a limited number of cases which were inad-
equately powered to examine the impact of FE screening
of increased risk pregnancies in overall prenatal detec-
tion of SCHD. We have recently shown in a simulation
study that the increase in detection rate incurred by FE
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could be limited by the low prevalence of SCHD and the
high absolute number of SCHD cases in low-risk preg-
nancies® Clinical experience also suggests there may
be marginal benefit of performing FE when a second-
trimester ultrasound performed by those sufficiently
trained reports no CHD, at the cost of high resource uti-
lization. However, this has not been substantiated.

Our main objective was to assess whether FE
increases prenatal detection of SCHD when used as a
screening tool for at risk singleton pregnancies follow-
ing a normal second-trimester ultrasound. Our hypoth-
esis was that the increase in sensitivity would be low,
and we used a noninferiority design to test whether the
increases in the overall detection rate of SCHD was <5
percentage points. To assess this, we determined the
sensitivity and negative predictive value of the prenatal
detection of SCHD, we calculated the number needed
to test (NNT) to detect a SCHD according to FE indica-
tions, and we measured the increase in overall sensitivity
incurred by FE performed for risk factors after a normal
second-trimester ultrasound in singleton pregnancies.

METHODS

Design and Population

This is a multicenter, population-based, retrospective cohort
study, including all singleton pregnancies in Quebec (Canada)
encountered from 2007 to 2015, with follow-up of the off-
spring for 2 years. Administrative health care data were used
to identify eligible pregnancies and derive offspring outcomes,
while all 4 tertiary pediatric cardiology health care centers
contributed detailed FE data. We previously published details
on the study protocol® In Quebec, there is universal health
care insurance that covers all pregnancy care and follow-ups,
including second-trimester ultrasound, fetal cardiology refer-
rals, FE, health care costs for delivery and all health care costs
relating to the offspring.

This study was approved by the institutional review board
of each participating center and by the Commission d'accés
a linformation du Québec. The need for individual informed
consent was waived. The data that support the findings of this
study are available from the corresponding author upon rea-
sonable request.

Selection Criteria

We included all singleton pregnancies in Quebec for which
a billing code for a second-trimester ultrasound was retriev-
able between 2007 and 2015, as well as their offspring. We
excluded multiple pregnancies because it was difficult to
clearly link each fetus’s data with the corresponding offspring.
We also excluded offspring who could not be linked to a spe-
cific pregnancy.

Administrative Health Care Data Collection

Administrative healthcare data were obtained from govern-
ment databanks housed at the Ministry of Health and Social
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Services, the Régie de l'assurance maladie du Québec and
the Institut de la statistique du Québec. Prenatal data included
billing, interventions, deliveries, information on termination of
pregnancy and intrauterine death, and all relevant International
Classification of Disease, Tenth edition diagnostic codes.
Maternal data were collected from the first second-trimester
ultrasound to delivery. Postnatal data for the offspring included
information on livebirth or stillbirth, all billing codes (inpatient,
outpatients, diagnostic services, interventions and imaging), all
discharge summary International Classification of Disease, Tenth
edition diagnostic codes, types and timing of percutaneous or
surgical interventions, and information on pediatric cardiology
follow-ups.

Death and stillbirth certificates were retrieved for all eli-
gible pregnancies and offspring. The primary and second-
ary causes of death were recorded, which included autopsy
reports (when performed).

Clinical Data Collection

Clinical data on all FE performed in Quebec during the study
period was obtained from FE databanks housed in each par-
ticipating center. We collected data on the date, indications,
results, and CHD descriptions. We completed data with man-
ual chart review when the banked data were incomplete or
ambiguous. Only the first FE done for a specific pregnancy
was included in the analysis.

Data Linkage

Clinical data on FE and prenatal administrative health care data
were linked using the unique identifier number of the health
care system in Quebec. Linkage was validated and completed
using the name and date of birth. The Ministry of Health holds
a mother and child link that was used to identify and link each
offspring with their mother. The date of birth was used to assign
each offspring to their respective pregnancy.

Death and stillbirth certificates were linked using proba-
bilistic matching based on the name and date of birth of the
offspring, and the name and date of birth of the mother that
were available on the certificates. Because of the complexity of
this linkage, death and stillbirth certificates were first screened
for cardiovascular causes (see Figure 1 and Table S1). Death
and stillbirth certificates with a primary or secondary diagno-
sis related to a cardiovascular cause were then linked to the
appropriate pregnancy and offspring for further analysis.

Of note, in Quebec, infants delivered <20 weeks of ges-
tation and weighing <600 grams will not appear on a birth,
stillbirth of death certificate. Hence, we considered that preg-
nancies with no mother-child link and no other indication of a
specific pregnancy outcome were the results of a miscarriage,
intrauterine death, or termination of pregnancy.

Linkages based on personal identifiers were performed by
a dedicated team at the Institut de la statistique du Québec and
the research dataset used for analysis was deidentified.

Primary Outcome

The primary outcome was the presence of SCHD. It was
defined as either of the following: a CHD that led to termina-
tion of pregnancy or intrauterine death, a CHD that required
percutaneous or surgical intervention within the first month of
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life, a CHD that led to cardiovascular mortality within the first 6
months of life, or a complex CHD that was included in one of
the following categories: functionally univentricular heart, trans-
position of the great arteries, common arterial trunk, double
outlet right ventricle, anomaly of atrioventricular or ventriculo-
arterial connection, congenital aortic valvar atresia, congenital
pulmonary atresia, or tetralogy of Fallot. Diagnostic CHD data
sources were cross-matched and each CHD was attributed the
most precise diagnostic code possible based on the upcom-
ing 11th version of the classification of diseases.'® They were
then categorized based on their severity® The detailed algo-
rithm used to determine the primary outcome is presented in
the Supplemental Methods and Table S2.

Fetal Echocardiography Indication and
Inference on Prenatal Detection

The indications for performing FE were retrieved from FE clini-
cal databanks as described above. When multiple indications
were noted, we used a hierarchical list to attribute the main
indication. This list of indications was based on the likelihood
of a suspicion of CHD at the second-trimester ultrasound. For
example, for a FE with multiple indications such as suspicion
of cardiac anomaly and pregestational diabetes, we attributed
the indication suspicion of cardiac anomaly to that specific FE.
The hierarchical list of indications is presented in the Table S3.

Our objective was to determine the incremental value of FE
for risk factor in the setting of a normal second-trimester ultra-
sound. We specifically analyzed data for the following indica-
tions: isolated increased nuchal translucency, family history of
CHD, maternal diabetes, and maternal medication.

During the study period, the usual trajectory of care in
Quebec is to obtain 4-chamber, outflow tract and sagittal car-
diac views at the second-trimester ultrasound,'” and to refer
to fetal cardiology when an abnormal cardiac anatomy is sus-
pected. Most centers following pregnancies in our population
were adhering to the 2014 American Heart Association guide-
lines® and were thus also referring pregnant women for a FE
when maternal and fetal risk factors were present. Complicated
and higher risk pregnancies were often also referred for a level
2 obstetric ultrasound to maternal and fetal medicine special-
ists. Because all centers performing FE were included in the
study and contributed all their data for the study period, we
inferred that any pregnancy not referred for a FE had a tra-
jectory of care such that no suspicion of cardiac anomaly was
present at any point.

When calculating the incremental value of FE for risk fac-
tors, we excluded from our analysis any FE performed before
the second-trimester ultrasound or on the same day, as it was
not possible to ascertain whether any anomaly detected on the
FE would have been suspected during the ultrasound, had the
ultrasound been performed before the FE. We also excluded
pregnancies with first-trimester and early second-trimester
FE when performed before the second trimester ultrasound,
although this practice was exceptional during the study period
in our population.

Statistical Analysis

The unit of analysis was a pregnancy. If a woman had more
than one pregnancy during the study period, each pregnancy
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FE Data
n=34,029

EXCLUDED

 Duplicates: 480
* Follow-up FE: 311
e Other: 4

* Multiple pregnancies: 1,514
¢ Qutside study dates: 862

Pregnancies

n=693,598

30,555 FE linked
Linkage success: 99,

N

Offspring
n=690,320

689,693 offspring linked

Linkage success: 99.9%

Deaths and Stillbirths
n=7773

EXCLUDED
* Non-cardiovascular
causes: 6,734
* Uneligible pregnancies: 221
* Duplicates: 1

808 deaths and
stillbirths linked

Figure 1. Study flowchart.
FE indicates fetal echocardiograms.

Linkage success: 98.9%

——@ EXCLUDED

Included

n=688,247

* Multiple pregnancies: 1,446

was included. We present descriptive analyses as numbers and
percentages. We calculated sensitivity (ratio of participants
with a suspicion of SCHD among participants with SCHD) and
negative predictive values (ratio of participants without SCHD
among participants without a suspicion of SCHD) using 2x2
contingency tables. We used generalized estimating equations
to calculate 95% CI. We calculated the NNT as the number of
FE divided by the number of SCHD detected prenatally, strati-
fied by FE indications. The incremental value of performing FE
was calculated using 2x2 contingency tables, comparing the
results with and without FE for risk factors. The increment in
sensitivity and its 95% Cl were calculated using generalized
estimating equations. Our hypothesis was that the detection
rate without FE for risk factors was not inferior to the detec-
tion rate with FE for risk factors. This was tested by assess-
ing whether the upper limit of the 95% ClI of the increment in
sensitivity excluded the predefined boundary of b percentage
point. We also tested a mixed effect logistic regression that
considered the potential effect of including pregnant women
more than once when they had >1 pregnancy during the
study period. This approach yielded virtually identical results
compared with generalized estimating equations and was not
pursued further (data not shown). The threshold of statistical
significance was set at A<0.05. All analyses were performed on
SAS for Windows version 9.4 (SAS Institute, Cary, NC).

RESULTS

Figure 1 presents the flow chart for this study. We
identified 693598 potentially eligible pregnancies and
690320 potentially eligible offspring during the study
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period. Of the offspring, 689693 (99.9%) could be suc-
cessfully linked to a specific pregnancy. We extracted
clinical data on 34029 potentially eligible FE. Of these,
we excluded 1514 multiple pregnancies, 862 FE done
outside the study period, 480 duplicate records, 311
follow-up FE, and 4 FE for other reasons. Of the 30858
eligible FE, we were able to link 30555 of them (99.0%)
with eligible pregnancies. We further excluded 1446
multiple pregnancies following the linkage of clinical and
administrative data. We, therefore, included in our analy-
sis the remaining 688 247 pregnancies, 30 263 of which
had at least one FE.

Rates of Severe CHD

We identified 1564 SCHD (2.3 cases per 1000 pregnan-
cies), 1071 of which were detected before birth (68.5%).
Table 1 presents the type of SCHD and the prenatal
detection rate by SCHD types. The most common types
of SCHD were functionally univentricular hearts (421
cases, 26.9%), tetralogy of Fallot and double outlet right
ventricles (397 cases, 25.4%), and transposition of the
great arteries (244 cases, 15.6%). The sensitivity of FE
was 97.7% (95% Cl, 96.8%—-98.6%).

NNT by Fetal Echocardiography Indications

We identified 12210 pregnancies with FE performed
for common isolated risk factors in the setting of a
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Table 1. Prenatal Detection Rates of Severe Congenital Heart Diseases
Detected prenatally Detected by FE with risk

Category Total (% detected) factors (% detected)
All severe congenital heart diseases 1564 1071 (68.5%) 49 (3.1%)

Functionally univentricular heart 421 358 (85.0%) 12 (2.9%)

Tetralogy of Fallot and double outlet right ventricle 397 269 (67.8%) 15 (3.8%)

Transposition of the great arteries (discordant ventriculo-arterial connections) 244 150 (61.5%) 4 (1.6%)

Congenital anomaly of aortic arch 110 47 (42.7%) 5 (4.5%)

Common atrioventricular junction (common atrioventricular canal) 90 81 (90.0%) 4 (4.4%)

Congenital pulmonary or aortic atresia 75 63 (84.0%) 3 (4.0%)

Congenital anomaly of aortic or pulmonary valve 68 14 (20.6%) 2 (2.9%)

Common arterial trunk (Truncus arteriosus) 41 33 (80.5%) 0 (0.0%)

Congenital anomaly of pulmonary veins 25 12 (48.0%) 3 (12.0%)

Congenital anomaly of mitral or tricuspid valve 19 13 (68.4%) 0 (0.0%)

Congenital anomaly of position and spatial relationships and other anomaly of atrioven- | 18 17 (94.4%) 1 (5.6%)

tricular and-or ventriculo-arterial connection(s)

Congenital anomaly of atrial or ventricular septum 10 2 (20.0%) 0 (0.0%)

Other congenital anomaly of heart and great vessels and related acquired abnormalities | 46 12 (26.1%) 0 (0.0%)

FE indicates fetal echocardiogram.

normal second-trimester ultrasound (40.3% of preg-
nancies with at least one FE). These were family history
of CHD (56392, or 44.0% of all pregnancies referred
for risk factors), maternal diabetes (3933, 32.1%), iso-
lated increased nuchal translucency (2029, 16.6%), and
maternal medication (856, 7.0%).

Table 2 presents the NNT to diagnose one case of
SCHD, stratified by indications of FE. There were 1071
SCHD identified prenatally, for an overall NNT of 28. FE
performed for risk factors in the setting of a normal sec-
ond-trimester ultrasound detected 49 SCHD that were
not detected at the second-trimester ultrasound (4.6%
of SCHD detected prenatally, 3.1% of all SCHD). The
NNT for all FE for risk factors was 249. Family history of
CHD and maternal diabetes had NNT of 234 and 246,
respectively.

Increase in Sensitivity Incurred by Fetal
Echocardiography for Risk Factors

Figure 2 displays a summary of the results. Table 3 details
the sensitivity to detect SCHD with and without FE refer-
rals for risk factors. The sensitivity without FE for risk
factor was 65.3% (95% Cl, 63.0%—67.7%). FE referrals
for risk factors increased the sensitivity for detecting
SCHD by 3.1 percentage points (95% Cl, 2.3-4.0) to
68.5% (95% Cl, 66.2-70.). The P value for noninferior-
ity was <0.0001, considering our predefined thresh-
old of b percentage point difference. Figure 3 shows
that the increase in sensitivity incurred by performing
FE for risk factors declined over time from 4.1 percent-
age points (95% Cl, 2.3-5.8) in 2007 to 2009 to 2.8
percentage points (95% Cl, 1.4-4.2) in 2013 to 2015.
The negative predictive value was very high (>99.9 %),
both with and without FE for risk factors. The addition
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of FE for risk factors enabled detection of 7.1 additional
cases per 100000 pregnancies, a number that slightly
declined from 8.2 to 6.5 per 100000 pregnancies dur-
ing the study period.

DISCUSSION

We conducted a multicenter, population-based, retro-
spective cohort study that included all singleton preg-
nancies in Quebec between 2007 and 2015. We found
that systematic referral for FE for an isolated risk factor
in the absence of an anomaly in the second-trimester
ultrasound increased overall detection rates of SCHD
by 3.1 percentage points and led to the detection of
7.1 additional SCHD cases per 100000 pregnancies.
Over 8 years, only 49 additional cases of SCHD were
detected among >12 000 FE performed. Considering our
study covers the 2007 to 2015 period, it is possible that
a continued rise in second-trimester ultrasound sensitiv-
ity after 2015 would decrease the number of detected
SCHD even further.

This is the largest population-based study assessing
the yield of FE to increase sensitivity of prenatal detection
of SCHD following a reportedly normal second-trimester
ultrasound. We previously reported a similar increase in
sensitivity in a simulation study. We showed that for an
ultrasound sensitivity of 65%, the expected increase in
sensitivity by adding FE was 2.1 percentage points, with
~4 additional SCHD cases found per 100000 preg-
nancies. This small increase could be attributed to the
low prevalence of SCHD in the population and the high
absolute number of SCHD in low-risk pregnancies.®

We acknowledge that the roles of FE and fetal car-
diology consultations are much broader than simply
screening for CHD, and we stress that FE and prenatal
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Table 2. Number Needed to Test to Identify One Case of Severe Congenital Heart Disease by Fetal

Echocardiography Indications

Number of severe CHD
Number of pregnancies identified prenatally (% of
with a FE (% of all preg- | all severe CHD identified | Number needed
Indication nancies with a FE) prenatally) to test
All FE indications 30263 (100%) 1071 (100%) 28
All FE for risk factors with normal US 12210 (40.3%) 49 (4.6%) 249
Isolated family history of CHD 5392 (17.8%) 23 (2.1%) 234
Isolated maternal diabetes 3933 (13.0%) 16 (1.5%) 246
Isolated increased nuchal translucency 2029 (6.7%) 8 (0.7%) 254
Isolated maternal medication 856 (2.8%) 2 (0.2%) 428
All other FE indications 18064 (59.7%) 1022 (95.4%) 18
Suspicion of CHD 3398 (11.2%) 716 (66.9%) 5
FE done before US 5330 (17.6%) 129 (12.0%) 41
Suboptimal cardiac image 795 (2.6%) 40 (8.7%) 20
Extracardiac malformation 2249 (7.4%) 34 (3.2%) 66
Hydrops fetalis 602 (2.0%) 16 (1.5%) 38
Genetic anomaly 153 (0.5%) 8 (0.7%) 19
Increased risk of aneuploidy 971 (3.2%) 5 (0.5%) 194
Intrauterine growth restriction 277 (0.9%) 4 (0.4%) 69
Arrythmia 1175 (3.9%) 2 (0.2%) 588
Hyperechogenicity 557 (1.8%) 2 (0.2%) 279
Maternal antibodies 138 (0.5%) 1 (0.1%) 138
Single umbilical artery 1090 (3.6%) 11 (1.0%) 99
Other maternal disease 136 (0.4%) 0 (0.0%) ®
Others 621 (2.1%) 3 (0.3%) 194
Unknown/unclear 562 (1.9%) 51 (4.8%) 11

CHD indicates congenital heart disease; FE, fetal echocardiogram; and US, second-trimester ultrasound.

cardiology consultations play an important role in the tra-
jectory of care of pregnant women. With that in mind,
our results should be interpreted strictly for what they
are: the expected increase in sensitivity to detect SCHD
by referring high-risk singleton pregnancy with normal
second-trimester ultrasound will be limited to a few per-
centage points. In other words, when FE is viewed as a
screening tool for increasing detection rates of SCHD, its
impact on detection rate will be marginal, despite impor-
tant resource utilization. Hence, it may represent only a
small part of the solution to tackle low detection rates.
We want to emphasis that, in our population, the over-
all detection rate of these potentially fragile and unsta-
ble infants remained below 70%. Furthermore, despite
the small increase in percentage points incurred by FE,
it still led to the detection of 49 SCHD that would not
have been detected otherwise. Our current results and
previous mathematical modeling inform us that we still
have an imperfect prenatal CHD detection model. Nev-
ertheless, using FE to screen pregnancies at moderately
increased risk was resource intensive, yet offered lim-
ited gains. We have previously shown that to obtain NNT
that are in a reasonable range, we should target preg-
nancies that have risk ratio of CHD above 10—probably
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above 20—compared with low-risk pregnancies. These
risk ratios are far higher than those observed in the most
frequent FE indications when no cardiac anomaly was
detected at the second-trimester ultrasound.

Our results confirm previous findings of smaller stud-
ies. Starikov et al” evaluated the benefit of performing
FE after a normal second-trimester ultrasound. They
found that only 1 case of CHD could be identified out
of 481 normal ultrasound.” Garg et al® performed FE in
302 consecutive pregnant women with gestational dia-
betes and found no pre- or postnatal evidence of CHD in
any offspring. Bernard et al'? reviewed 114 pregnancies
complicated by diabetes and found that all 6 SCHD were
identified at the second-trimester ultrasound. Additional
FE led to the detection of 3 CHD that were deemed not
clinically significant in the postnatal period.” Wright et
al™® found that 25% of 2389 FE in their center were
done for diabetes or a family history of CHD. They found
that 4.6% of CHD were detected because of these risk
factors.” This is slightly higher than the 3.2% reported in
our study, but the authors included all CHD.

Given that the majority of SCHD occur in pregnancies
without risk factors, data suggests that the first steps to
increase detection rates are improving the sensitivity of
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Included in
analysis

688,247 Pregnancies
1,564 confirmed severe CHD

1,564 confirmed severe CHD

65.4% severe CHD detected
hefore FE for risk factors

Before FE

12,250 FE for risk factors performed
4 of out 10 FE were performed for
a risk factor

FE for risk
factors

65.4%
detected before FE

3.1 percentage point increase

68.5% detected after FE for risk factors

249 FE needed to detect one additional case

3.1%
detected after FE

Figure 2. Graphical summary of the main study results.

CHD indicates congenital heart disease; and FE, fetal echocardiogram.

the second-trimester ultrasound and reducing regional
variability."* We believe that the ideal prenatal CHD
model is one where ultrasound and FE form a pair in
which the firstis a screening tool with high sensitivity, and
the second is a diagnostic tool with high sensitivity and
high specificity. This model in which FE is reserved for
fetuses with suspected cardiac anomaly or for instances
where all normal cardiac views have not been well seen
has been shown to be effective previously in some Cana-
dian regions.'”® The very high negative predictive value
(>99.9%) informs us that the absence of a suspicion of
a cardiac anomaly on the second-trimester ultrasound
is correct >99.9% of the time. Nevertheless, sensitivity
remains suboptimal, and our efforts should concentrate
on the factors at play when SCHD are missed.

We found a SCHD prevalence of 2.3 cases per 1000
pregnancies. Previous studies have found similar inci-
dence rates of SCHD, ranging from 1.7 to 2.3 cases
per 1000.'%7"° The SCHD most observed was the broad
category of functionally univentricular heart, with an inci-
dence of 0.55 cases per 1000. This is higher than previ-
ously reported birth prevalence in children,” but similar
to that observed when terminations of pregnancies are

considered,'® or in older cohorts of patients with low
rates of termination of pregnancy.!” We found an over-
all prenatal detection rate of 685%, and a steady
increase in detection rate from 2007 to 2015, which
is comparable to previous observations in Canada and
elsewhere."*'61921 The current analysis did not aim to
specifically assess factors that influenced SCHD detec-
tion rates. Other studies have shown that they vary
according to geographic region, volume of ultrasound per
medical center, type of cardiac view at the ultrasound,
type of CHD, and sonographer experience.'*'622 Contin-
ued efforts to level these differences, which has the ben-
efit of targeting all pregnancies and not only those with
a higher risk, is more likely to be effective in increasing
detection rates. An assessment of the variability in detec-
tion rates by region, type of institution, medical specialty
and type of CHD will be the subject of a subsequent
analysis of the FREQUENCY study data.

Strengths and Limitations

Given its populational nature, our study provides real-
world evidence of SCHD screening in Quebec. This

Table 3. Prenatal Screening Parameters of Severe Congenital Heart Diseases

Number of additional SCHD
Sensitivity without FE for Sensitivity with FE for risk Increase in sensitivity in detected by 100000
risk factors (95% CI) factors (95% CI) percentage points (95% CI) | pregnancies (95% CI)
Entire study period 65.4% (63.0-67.7) 68.5% (66.2-70.8) 3.1 (2.3-4.0) 712 (711-7.13)
2007-2009 60.1% (55.7-64.6) 64.2% (59.8-68.5) 4.1 (2.3-5.8) 8.22 (8.21-8.23)
2010-2012 67.0% (63.0-70.9) 69.7% (65.9-73.6) 2.8 (1.4-4.1) 6.62 (6.61-6.63)
2013-2015 70.2% (66.4-74.1) 73.0% (69.3-76.8) 2.8 (1.4-4.2) 6.50 (6.49-6.51)

FE indicates fetal echocardiogram; and SCHD, severe congenital heart disease.
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Figure 3. Increase in sensitivity incurred by fetal
echocardiograms for risk factors.
FE indicates fetal echocardiogram.

approach improves the external validity by including all
institutions involved in prenatal detection of CHD, but
it requires use of administrative health care databases,
which are more prone to misclassification. True SCHD
cases missed by our classification algorithm would arti-
ficially increase sensitivity, but this would likely not be
related to FE indications. Clinical data for 2 of our par-
ticipating centers were extracted from house registries
not originally intended for research with a potential bias
towards underrepresentation of mild CHD or normal
studies, which could have biased our results towards the
null hypothesis. This was mitigated by crosslinking clini-
cal databases with administrative healthcare databases.

We inferred whether there was a suspicion of CHD
at the second-trimester ultrasound from FE indications
in FE reports, which could have artificially decreased
sensitivity. Indications for FE were grouped in broad cat-
egories as detailed information on indication was often
difficult to retrieve. We recognize that risk of CHD may
vary within these categories (eg, family history of a single
septal defect versus multiple cases of left heart obstruc-
tion),'®1620 which could artificially increase the NNT for
these indications. Because we included all those referred,
and not only those who should have been referred, our
results reflect the real-world referral pattern that occurred
in the study period, during which clinicians adhered to
the latest American Heart Association guidelines. Mul-
tiple pregnancies were excluded from this study and our
results cannot be generalized to multiple pregnancies.
Finally, we acknowledge that the trajectory of care for
pregnant women is not static and the current situation
may be different from that of the study period. Specifically,

Circ Cardiovasc Imaging. 2022;15:¢013796. DOI: 10.1161/CIRCIMAGING.121.013796
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increasing use of level 2 morphology scans and FE in the
first-trimester and early second-trimester may increase
the overall detection rate, which would reduce the number
of missed SCHD cases that could potential be detected
by a screening second-trimester FE.

Conclusions

We showed that in the setting of a normal second-tri-
mester ultrasound, adding a FE for common fetal and
maternal risk factors offered low incremental value
to the detection rate of SCHD in singleton pregnan-
cies. Because performing these FE for risk factor was
resource intensive, the ratio of clinical gains versus the
FE resources needed to screen for SCHD in pregnan-
cies with isolated risk factors may not be favorable. Fur-
ther studies should evaluate whether these resources
could be better allocated to increase SCHD sensitivity at
the ultrasound level and to help decrease heterogeneity
between regions, institutions, and operators.
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