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nificant CHD. Barriers that limited the application of these metrics included a lack
of specific diagnosis codes for fetal CHD and deficiencies in the electronic linkage
between fetal records in the maternal chart and newborn records. In 2023, a new
family of diagnosis codes, 035.BXXn, was added to the International Classification
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1 | INTRODUCTION

Congenital heart defects (CHDs) are among the most com-
mon congenital anomalies [1-4], affecting 0.4%-0.8% of
newborns [5-8], and are the leading cause of death among
infants with birth defects [9]. Unfortunately, fewer than
half of CHD cases are detected prenatally [10-25], and
detection rates vary widely, depending on the type of defect
[20, 22, 26, 27], examiner skill [28], and specific population
[29, 30]. Prenatal diagnosis facilitates counseling, shared
decision-making, and, if appropriate, transfer for delivery
at facilities with resources to manage critically ill new-
borns [17, 31, 32]. Ultimately, prenatal detection of CHD
improves neonatal surgical outcomes and childhood devel-
opmental milestones and reduces neonatal mortality [30,
33-37].

Quality improvement (QI) initiatives improve the pre-
natal detection of CHD [32, 38-41]. The QI catchphrase, “If
you cannot measure it, you cannot improve it” [42], implies
that improvement in CHD detection depends on qual-
ity metrics reflecting rates of correct diagnoses. In 2020,
the Society for Maternal-Fetal Medicine (SMFM) proposed
two quality metrics to measure prenatal detection of criti-
cal CHD, which is defined as a neonatal condition that is
life-altering or requires surgical repair [43] (Table 1). Crit-
ical CHD diagnoses comprise 20%-30% of all CHDs [5, 7].
The first type of quality metric is retrospective, initially
identifying a cohort of newborns with critical CHD and
retrospectively determining whether CHD was diagnosed
prenatally. The second type of metric takes a prospective
approach, using a cohort of prenatal ultrasound examina-
tions, followed by measuring the sensitivity and specificity
of subsequent diagnoses of CHD.

The 2020 publication included detailed critiques of both
metrics. Two major barriers to computing the metrics were
identified: first, the lack of specific diagnosis codes for
fetal CHD in the International Classification of Diseases,
10th Revision, Clinical Modification (ICD-10-CM); and sec-
ond, the limited linkages between the fetal medical record
(recorded in the maternal record) and the newborn med-
ical record. In 2023, a new family of diagnosis codes was
introduced to ICD-10-CM to allow coding for fetal con-
genital anomalies, including a specific family of codes for
fetal CHD [44]. Also, since 2020, some health systems have
improved the linkage between fetal and newborn records,

potentially facilitating review of data needed to calculate
the quality metrics.

In this article, SMFM presents updated specifications for
the two quality metrics. Changes from the prior version
include the incorporation of the new ICD-10-CM codes for
fetal CHD and a discussion of a potential future role of
artificial intelligence (AI) in detecting CHD.

2 | METRIC 1. RETROSPECTIVE
COHORT METRIC: PERCENTAGE OF
NEWBORNS WITH CHD WHO HAD A
PRENATAL DIAGNOSIS OF CHD

This metric begins with a cohort of newborns with CHD
and retrospectively evaluates the proportion with a prena-
tal CHD diagnosis. The simplified measure specification is
as follows:

Denominator: Number of newborns with a diagnosis
of critical CHD (one or more of the ICD-10-CM
codes in Table 1).

Numerator: Number of newborns in the denomina-
tor who had CHD identified prenatally (i.e., one or
more of the ICD-10-CM codes 035.BXXn is used
in the maternal record for the relevant pregnancy).
The text for the family of ICD codes is: “Mater-
nal care for other (suspected) fetal abnormality and
damage, fetal cardiac anomalies.” The fourth digit
after the decimal in the code (which we designate as
n)identifies which fetus in a multifetal pregnancy is
affected. Digits 1 through 5 are valid. Digit 9 is used
to identify “other fetus” if the affected fetus is num-
ber six or higher in a pregnancy with more than five
fetuses. Digit 0 is used for a singleton pregnancy or
an unspecified fetus number.

Metric: Percentage (numerator divided by denomina-
tor). Theoretical ideal detection is 100%.

This metric would be best applied at the hospital, health
system, or payor level. Although it appears straightfor-
ward, the metric is complicated by several barriers and
limitations, as detailed in Table 2.

A primary limitation of this metric is that prenatal diag-
noses are documented in maternal records, but postnatal
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TABLE 1
for quality metrics.”

Critical postnatal congenital heart defects considered

Congenital heart defect ICD-10-CM code
Common truncus arteriosus Q20.0
Transposition of the great arteries Q20.3
Tetralogy of Fallot Q21.3
Common ventricle Q20.4
Endocardial cushion defect Q21.2

Pulmonary valve atresia,
stenosis, insufficiency

Q22.0, Q22.1,Q22.3

Tricuspid atresia or stenosis Q22.4, Q22.8, Q22.9, 136.0

Hypoplastic left heart syndrome Q23.4
Hypoplastic right heart Q22.6
syndrome

Aortic stenosis, valvular,
subaortic, or supravalvular

Q23.0, Q24.4,Q25.3

Ebstein anomaly Q225

Q25.1, Q25.2, Q25.21, Q25.29
Pulmonary artery atresia Q25.5

Q26.n°

Coarctation or atresia of the aorta

Anomalies of the great veins

Abbreviations: ICD-10-CM, International Classification of Diseases, 10th Revi-
sion, Clinical Modification.

2The codes shown are for recording postnatal diagnoses, not fetal findings.

by can be any digit from 0 to 9, depending on the specific anomaly.

Source: Adapted from Society for Maternal-Fetal Medicine Patient Safety and
Quality Committee [45].

diagnoses appear in neonatal records. Not all electronic
health record systems link the maternal and newborn
records to facilitate automated tracking of these diagnoses,
so manual linkage will likely be required, potentially
adding to the likelihood of documentation errors. Hospi-
tals may not have access to prenatal ultrasound reports and
thus may need to rely on admitting diagnoses, which may
be incomplete or inaccurate.

One value of this metric would be to encourage hospi-
tals, health systems, and payors to develop QI programs
to help improve the performance of local practices that
provide prenatal diagnostic services for patients, including
prenatal care clinics and maternal-fetal medicine, radiol-
ogy, and pediatric cardiology services. Initially, this effort
could involve a quality-assurance review of cases in which
CHD diagnoses were missed (see Figure 1). Additionally,
identification of the clinical severity of a missed CHD diag-
nosis would help. A focused review may reveal system
issues, such as a lack of access to prenatal ultrasonogra-
phy, lack of referral for fetal echocardiography in high-risk
patients, or lack of prenatal care. When prenatal ultra-
sound examinations misdiagnose CHD, the review process
could include feedback to relevant ultrasound providers
requesting that images be reviewed for technical quality
and accuracy. This feedback may improve care by commu-

nicating information about missed diagnoses to providers
who may not be aware of potential quality issues.

This metric assesses the CHD detection rate for an
entire hospital or health system and does not assess the
detection rate of specific providers, such as obstetrician-
gynecologists (ob-gyns), maternal-fetal medicine (MFM)
subspecialists, cardiologists, or radiologists. A pregnant
patient may receive several ultrasound examinations by
several of these provider types during the pregnancy. This
metric would consider CHD detection a “success” if, for
example, detection of CHD on a second-trimester screen-
ing examination was missed by an ob-gyn, but a family
history of CHD was recognized, prompting referral to an
MFM subspecialist who suspected CHD without making
a definitive diagnosis and referred the case to a cardiolo-
gist who diagnosed CHD. Therefore, the metric provides
a high-level assessment of the efficacy of the screening,
referral, and diagnosis systems within the entire commu-
nity, rather than the accuracy of individual providers or
provider types.

Although this metric is appropriate for hospital-level
measurement, it does not provide valid comparisons
between hospitals for several reasons. First, it does not
exclusively reflect prenatal diagnostic services rendered by
the maternity hospital, but likely includes services by vari-
ous community providers. Second, for hospitals with small
numbers of cases, the metric will have poor precision (wide
confidence intervals). Third, as noted in Table 2, the met-
ric can be biased by referral patterns: a community hospital
with a high detection rate that appropriately refers patients
to deliver at a tertiary center will have an artifactually low
rate on this metric, and the receiving hospital will have an
artifactually inflated rate. A similar bias would result from
abortions among patients diagnosed with fetal CHD, pro-
ducing apparent rates that are lower than actual detection
rates.

3 | METRICS 2 AND 3. PROSPECTIVE
COHORT METRICS: SENSITIVITY AND
SPECIFICITY OF PRENATAL
ULTRASOUND EXAMINATIONS

The prospective measure approach defines a cohort of
patients who had a prenatal ultrasound examination dur-
ing a specified time period and then determines the
rate of correct prenatal CHD diagnoses. The simplified
specification for the main proposed metric is as follows:

Cohort: All pregnant patients who had one or more
obstetrical ultrasound examinations during the
measurement period using one or more of the
following American Medical Association Current
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TABLE 2 Critique of the retrospective cohort metric: Percentage of newborns with a CHD detected prenatally.

Issue

Explanation Limitations, barriers, or disadvantages

Population studied

Likely time period of
analysis

Method of capturing
denominator

Method of capturing
numerator

Attribution

Referral bias

Abortion bias

False-positive
diagnosis

All newborns delivered during a .
specified time period within a defined
hospital, health system, payor cohort,

etc.

Calendar year .
ICD-10-CM code list from newborn .
record

ICD-10-CM code of 035.BXXn in the .

maternal record

Metric tracked at the hospital, health .
system, or payor level

Referral of correctly diagnosed cases .
will affect rates of both the sending
and receiving hospitals

Abortion in correctly diagnosed cases .
will result in an artifactually low rate

Not captured .

May not include some newborns with critical CHD that is not
detected until late neonatal period or infancy, after hospital
discharge.

A small number of cases will result in rates with wide confidence
intervals. (For example, a hospital with 1000 births per year may
have only 10 CHD cases per year. If five are detected, the rate is
50%, but the 95% confidence interval ranges from 20% to 80%).

Denominator does not include CHD cases that are not detected by
the time of newborn discharge. If eligibility time period is
extended to capture diagnoses after discharge, the hospital may
not have access to infant outpatient records.

Denominator does not include CHD cases that do not result in a
newborn diagnosis (e.g., miscarriage, abortion, transfer for
delivery elsewhere).

Numerator is obtained from the maternal record, but denominator
is defined by the newborn record. Health systems may not have
effective methods to link maternal and newborn records.

Metric is calculated at the hospital or system level, but the source
of prenatal detection may include a variety of community
ultrasound providers.

Hospitals may have limited ability to influence these community
sources and thereby improve quality.

As defined, the metric does not require assessing rates for
individual ultrasound facilities or providers. If individual rates are
assessed, a small number of cases for each facility or provider will
result in wide confidence intervals.

For example, if 50 CHD cases occur within a community hospital’s
catchment area and 40 are detected, the actual detection rate is
80%. If the 40 detected cases are referred for delivery at the
regional tertiary hospital, this leaves 10 undetected CHD cases
delivering at the local hospital. The metric would be zero cases
detected of 10 CHD births at the local hospital, or a rate of 0%,
despite an actual detection rate of 80% in the community.
Conversely, the delivery population at the regional tertiary hospital
will be enriched by cases sent from the surrounding community
hospitals after prenatal detection of CHD. This will inflate the
metric for the tertiary hospital.

For example, if 50 CHD cases occur within a hospital’s catchment
area and 40 cases are detected prenatally, the actual detection rate
is 80%. If 30 of the detected cases abort pregnancy and 10 continue
pregnancy, the apparent metric will be based on the 10 births in
continuing pregnancies plus the 10 births among the undetected
cases. The metric would be 10 of 20 total CHD births detected, or
50%, despite an actual detection rate of 80% in the community.

A false-positive prenatal diagnosis of CHD has no bearing on the
numerator or denominator of this metric.

The metric rate can be raised by increasing the number of
diagnoses of CHD, whether accurate or not.

* A balancing metric would help detect the extent of overdiagnosis.

Abbreviations: CHD, congenital heart defect; ICD-10-CM, International Classification of Diseases, 10th Revision, Clinical Modification.
Source: Adapted from Society for Maternal-Fetal Medicine Patient Safety and Quality Committee [45].
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Neonates with CHD
(Denominator)

I

Y \ 4
CHD detected CHD not detected

in prenatal period in prenatal period
(Numerator)

Critical CHD?
Required surgery or
higher level of care?

v

Review prenatal care:
Low-vs. high-risk?
Fetal anatomy scan?
Fetal echocardiogram?
Scanned by OB, MFM,
radiology, or cardiology?

v

Review quality of
ultrasound images

Compare prenatal
—> diagnosis vs.
postnatal diagnosis

Assess appropriate
L—»| level of care, referral,
counseling

FIGURE 1 Retrospective cohort approach to quality metric for
detection of CHD. The metric is defined as the percentage of
neonates with a CHD diagnosis in the prenatal period out of all
neonates with a CHD diagnosis (numerator divided by
denominator). The remainder of the diagram shows potential
quality assurance activities. CHD, congenital heart defect; MFM,
maternal-fetal medicine subspecialist; OB, obstetrician. Adapted
from Society for Maternal-Fetal Medicine Patient Safety and Quality
Committee [45].

Procedural Terminology (CPT) codes: 76805 (basic
second- or third-trimester ultrasound), 76810 (basic
second- or third-trimester ultrasound, additional
fetus), 76811 (detailed fetal anatomy examination),
76812 (detailed fetal anatomy examination, addi-
tional fetus), or 76825 (fetal echocardiogram).

Denominator: Number of patients in the cohort who
delivered a newborn with CHD (based on ICD-10-
CM codes in Table 1) or who had a fetal death
(ICD-10-CM code 036.4 or P95), spontaneous abor-
tion (ICD-10-CM code 002.1 or O03.xx where x
equals any digit), or induced abortion (ICD-10-CM
code Z33.2 or O04.xx) after prenatal diagnosis of
CHD.

Numerator: Number of patients in the denominator
with CHD diagnosed prenatally (using the ICD-10-
CM code family 035.BXXn in the maternal record
as described above).

Metric (sensitivity): Percentage (numerator divided by
denominator). Theoretical ideal detection is 100%.

This metric is readily recognizable as the sensitivity of
ultrasonography as a screening test for CHD. Other test

TABLE 3 Prospective cohort approach to a quality metric for
detection of CHD.*
Prenatal findings
No suspicion
Postnatal findings Suspected CHD of CHD
CHD True positive False negative
No CHD False positive True negative

Abbreviation: CHD, congenital heart defect.

Sensitivity metric is true positive/(true positive plus false negative). Speci-
ficity metric is true negative/(true negative plus false positive). Positive
predictive value is true positive/(true positive plus false positive). Negative
predictive value is true negative/(true negative plus false negative).

Source: Reprinted from Society for Maternal-Fetal Medicine Patient Safety and
Quality Committee [45].

characteristics, such as specificity and predictive values,
can be calculated from the approach shown in Table 3.

A second metric reflecting specificity can be defined as
follows:

Denominator: Number of patients in the cohort who
delivered a newborn without CHD.

Numerator: Number of patients in the denominator
without a prenatal diagnosis of CHD.

Metric (specificity): Percentage (numerator divided by
denominator). Theoretical ideal specificity is 100%.

Specificity is an important balancing metric to guard
against the overdiagnosis of fetal CHD. False-positive
diagnoses have major medical, emotional, and financial
implications, including recommendations for potentially
unnecessary tests and procedures, such as fetal echocar-
diography, genetic testing, consultation with pediatric car-
diologists and neonatologists, transfer to tertiary facilities,
or abortion.

Limitations to the collection and use of these met-
rics are outlined in Table 4. As with the retrospective
metric, a critical limitation is the frequent lack of a sys-
tematic linkage between fetal diagnoses (which appear in
maternal records) and newborn diagnoses (in newborn
records). Another limitation is the potential for bias due
to abortions.

These metrics could be useful for provider groups or
health systems in evaluating the diagnostic accuracy of
individual ultrasound providers (sonographers or physi-
cians). If significant between-provider variation is found,
education and remediation efforts can be focused on
providers with low values of either metric. Another poten-
tial use might be for a payor to evaluate the diagnos-
tic accuracy of individual providers or provider groups.
However, individual-level comparisons will likely be ham-
pered by a small number of CHD cases seen by indi-
vidual providers, so confidence intervals will be wide.
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TABLE 4 Critique of prospective metrics: Sensitivity and specificity of prenatal ultrasound to detect CHD.

Issue

Explanation

Limitations, barriers, and disadvantages

Population studied

Likely time period of
analysis

Method of defining
cohort

Method of capturing
denominator

Method of capturing
numerator

Attribution

Abortion bias

False positives

All pregnant patients with at least one
prenatal ultrasound examination that
includes evaluation of fetal cardiac
anatomy

Calendar year

Claims data showing relevant
prenatal ultrasound examination
performed, including CPT codes
76805, 76810, 76811, 76812, or 76825
ICD-10-CM code list from newborn
record, plus record review of cases of
spontaneous or induced abortion
after prenatal diagnosis of CHD

ICD-10 code of 0O35.BXXn in the
maternal record

Metric tracked at level of ultrasound
provider, provider group, or health
plan

Apparent sensitivity elevated by
abortion

Captured using specificity-balancing
metric

Metric will be biased if population includes patients with missing
neonatal diagnosis data, but excluding such patients may also bias
the metric.

Small number of cases will result in rates with wide confidence
intervals. (For example, a provider performing 1000 ultrasound
examinations per year may have only 10 CHD cases per year. If five
are detected, the rate is 50%, but the 95% confidence interval
ranges from 20% to 80%).

Cohort can be based on a single ultrasound provider, ultrasound
provider group, health system, or payor.

Denominator does not include CHD cases that are not detected by
the time of newborn hospital discharge. If the eligibility time
period is extended to capture diagnoses after discharge, infant
outpatient records may not be consistently available.

Ultrasound provider may not have access to hospital records to
obtain newborn diagnoses and may not have access to information
regarding abortions.

Denominator assumes that prenatal diagnosis of CHD was correct
in cases of induced abortion, which may not always be true.

Numerator obtained from maternal record, but denominator
defined by newborn record.

Health systems may not have effective methods to link maternal
and newborn records.

Maternal patient and newborn may be covered by a different
payor, so even payors may not have the ability to link maternal
diagnoses with newborn findings.

If individual rates are assessed, a small number of cases for each
provider or provider group will result in wide confidence intervals.

For example, suppose an ultrasound provider group sees 10,000
patients in 1 year, of whom 80 have a fetus with CHD. The group
misses the diagnosis in 20 cases and correctly makes the diagnosis
in 60 cases (actual detection rate is 60/80, or 75%), of whom 30
deliver a fetus with CHD and 30 abort the pregnancy. In addition,
the group has 50 false-positive diagnoses of CHD, of whom 25
continue the pregnancy and 25 abort. The denominator will
include the 30 liveborns with detected CHD, the 20 liveborns with
undetected CHD, the 30 abortions with correct detection of CHD,
and the 25 abortions with false-positive diagnoses (total 105). The
numerator will include the 60 correct diagnoses plus the 25
false-positive cases who aborted (total 85), for an apparent
sensitivity of 85/105, or 81%, although actual sensitivity was 75%.

Specificity metric suffers the same limitations as the sensitivity
metric, including lack of systems for follow-up of prenatal findings.

Abbreviations: CHD, congenital heart defects; CPT, American Medical Association Current Procedural Terminology; ICD-10-CM, International Classification of

Diseases, 10th Revision, Clinical Modification.
Source: Adapted from Society for Maternal-Fetal Medicine Patient Safety and Quality Committee [45].
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Comparisons by provider type (e.g., ob-gyns, MFM sub-
specialists, radiologists, and cardiologists) may reveal sig-
nificant differences, but it is not immediately obvious
whether these differences are clinically important, because
the different provider types occupy different niches in the
screening-referral-diagnosis ecosystem.

4 | CONSIDERATIONS FOR
IMPLEMENTATION AND FUTURE
DEVELOPMENT

Numerous steps can help optimize the implementation of
a prenatal CHD detection metric. Educating providers on
the importance of using appropriate ICD-10-CM codes in
maternal and neonatal charts can help optimize accurate
and complete data capture as an initial step. Implementa-
tion of the metric collection should include extensive data
validation and possibly phased rollout by site in multi-
hospital or multi-practice health systems. Additionally,
because rates and types of CHD vary between racial and
ethnic groups, detection rates should ideally be stratified
by race and ethnicity. Finally, implementation of prenatal
CHD detection quality metrics can be accompanied by a
facility-level dashboard for real-time monitoring of detec-
tion rates with planned manual reviews of false-positive or
false-negative cases.

To reduce the burden of data collection, quality met-
rics should be derived from data already available in the
electronic health record, administrative records, or claims
databases. In theory, automation of metric calculation is
possible using claims data based on CPT and ICD-10-CM
codes. Unfortunately, automation is challenging in prac-
tice because it can be difficult to link fetal records (in
the maternal chart) with newborn records. Despite these
limitations, QI initiatives to improve CHD detection can
be undertaken using manual record review and manual
linkage [32, 38-41], but this requires a significant invest-
ment of resources. Providers and hospitals are unlikely
to invest these resources without external motivation
to do so.

Ultimately, developing record systems that facilitate
linkage of fetal and newborn findings is the most sus-
tainable and systematic way for ultrasound providers
to know whether prenatal findings were confirmed or
refuted by newborn examination findings, for newborn
care providers to directly review prenatal findings, or for
payors to match maternal claims (which include fetal find-
ings) with newborn claims. Such a linkage will require
substantial development by vendors of electronic health
record systems. Even if the linkage problem is solved, there
may still be cases in which prenatal and postnatal find-

ings cannot be linked, such as when patients deliver in a
different geographic area.

5 | AIIN ULTRASOUND QI

It is important to recognize the evolving potential of Al
in prenatal ultrasonography in providing more consistent
detection of fetal cardiac anomalies, reducing interoper-
ator variability, and improving standardization of image
acquisition and interpretation. Emerging data suggest
that Al-enabled systems can achieve high sensitivity and
specificity in identifying abnormal fetal hearts and can
flag suboptimal fetal cardiac views, potentially prompting
repeat imaging or referral to fetal cardiology specialists
when indicated [46-51]. Al-assisted prenatal ultrasound
screening may also help reduce the total time required
for the screening, thus improving efficiency of the overall
procedure.

While this technology currently remains investigational,
users of quality metrics tied to prenatal CHD detection
may eventually consider monitoring not only raw detec-
tion rates but also Al-specific performance indicators, such
as the proportion of studies flagged for inadequate views,
rates of inconclusive AI outputs, and rates of referrals
for fetal echocardiography following Al-driven prompts.
Considering how to devise and incorporate metrics for
prenatal CHD detection that involve the current use of
Al is prudent, as AI may become increasingly integrated
into imaging workflows in the near future with signif-
icant implications for ultrasound quality and perinatal
outcomes.

6 | CONCLUSION

Many stakeholders have vested interests in the accuracy
of prenatal diagnosis of CHD. Patients seek assurance
that ultrasound findings are reliable and can be trusted
for informed decision-making. Ultrasound providers want
to provide high-quality care. Payers want assurance that
their payments for ultrasound services have value, which
depends on accuracy. The proposed metrics, in principle,
can assess the accuracy of CHD detection. However, they
have practical limitations that make them challenging for
hospitals, providers, or payers to implement.
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