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ORIGINAL RESEARCH

Multi-Institutional Practice-Patterns in
Fetal Congenital Heart Disease Following
Implementation of a Standardized Clinical
Assessment and Management Plan

Yalda Afshar “/, MD, PhD*; Whitnee J. Hogan, MD*; Charlotte Conturie, MD; Sherzana Sunderiji, MD;
Jennifer Y. Duffy, MD; Shabnam Peyvandi “, MD; Nina M. Boe “*/, MD; Dora Melber, MD; Viviana M. Fajardo "=, MD;
Megha D. Tandel, MPH; Kerry Holliman, MD; Lorna Kwan, MPH; Gary Satou, MD; Anita J. Moon-Grady “*, MD

BACKGROUND: Prenatal diagnosis of congenital heart disease has been associated with early-term delivery and cesarean deliv-
ery (CD). We implemented a multi-institutional standardized clinical assessment and management plan (SCAMP) through the
University of California Fetal-Maternal Consortium. Our objective was to decrease early-term (37-39 weeks) delivery and CD
in pregnancies complicated by fetal congenital heart disease using a SCAMP methodology to improve practice in a high-risk
and clinically complex setting.

METHODS AND RESULTS: University of California Fetal-Maternal Consortium site-specific management decisions were queried
following SCAMP implementation. This contemporary intervention group was compared with a University of California Fetal-
Maternal Consortium historical cohort. Primary outcomes were early-term delivery and CD. A total of 496 maternal—fetal dyads
with prenatally diagnosed congenital heart disease were identified, 185 and 311 in the historical and intervention cohorts,
respectively. Recommendation for later delivery resulted in a later gestational age at delivery (38.9 versus 38.1 weeks, P=0.01).
After adjusting for maternal age and site, historical controls were more likely to have a CD (odds ratio [OR],1.8; 95% ClI, 2.1-2.8;
P=0.004) and more likely (OR, 2.1; 95% ClI, 1.4-3.3) to have an early-term delivery than the intervention group. Vaginal delivery
was recommended in 77% of the cohort, resulting in 61% vaginal deliveries versus 50% in the control cohort (P=0.03). Among
pregnancies with major cardiac lesions (n=373), vaginal birth increased from 51% to 64% (P=0.008) and deliveries >39 weeks
increased from 33% to 48% (P=0.004).

CONCLUSIONS: Implementation of a SCAMP decreased the rate of early-term deliveries and CD for prenatal congenital heart
disease. Development of clinical pathways may help standardize care, decrease maternal risk secondary to CD, improve neo-
natal outcomes, and reduce healthcare costs.
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mon cause of congenital malformations occurring detection of prenatal CHD has remained low.* Today,
in ~1% of newborns and is a significant cause of prenatal detection of CHD occurs through clinical
infant morbidity and mortality."? The prenatal diagno- risk assessment and standard of care 2-dimensional
sis and the survival of neonates with CHD has greatly Doppler ultrasounds and echocardiography. Prenatal

COngenitaI heart disease (CHD) is the most com- improved over the past decades.® However, the rate of

Correspondence to: Yalda Afshar, MD, PhD, Division of Maternal Fetal Medicine, Department of Obstetrics and Gynecology, David Geffen School of
Medicine, UCLA, 200 Medical Plaza, Suite 430, Los Angeles, California 90095. E-mail: YAfshar@mednet.ucla.edu

*Y. Afshar and W. J. Hogan are co-first authors.
Supplementary Material for this article is available at https://www.ahajournals.org/doi/suppl/10.1161/JAHA.121.021598
For Sources of Funding and Disclosures, see page 9.

© 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

J Am Heart Assoc. 2021;10:e021598. DOI: 10.1161/JAHA.121.021598 1


https://orcid.org/0000-0003-3807-7022
mailto:﻿
https://orcid.org/0000-0003-1379-544X
https://orcid.org/0000-0003-4846-3808
https://orcid.org/0000-0002-9000-7032
https://orcid.org/0000-0003-3822-693X
mailto:YAfshar@mednet.ucla.edu
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.121.021598
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha

Afshar et al

CLINICAL PERSPECTIVE

What Is New?

¢ Implementing a standardized clinical assess-
ment and management plan for prenatal con-
genital heart disease focused on vaginal birth
and term delivery (>39 weeks’ gestation) low-
ered cesarean delivery and early-term (37
0/7-38 6/7 weeks’) delivery across diverse
multi-institutional referral hospitals.

e Both cesarean delivery and early-term delivery
are associated with adverse maternal and neo-
natal outcomes and increased hospital costs.

What Are the Clinical Implications?

e Standardized clinical assessment and manage-
ment plan methodology can improve clinical
practice in a high-risk and clinically complex
setting, including pregnancy complicated by
prenatally diagnosed congenital heart disease.

Nonstandard Abbreviations and Acronyms

ANT antenatal testing
CD cesarean delivery
IOL induction of labor

SCAMP standardized clinical assessment and
management plan

UCfC  University of California Fetal Consortium

detection of critical or complex CHD reduces morbid-
ity (Morris et al 2014, Tworetzky et al 2001) and facil-
itates delivery coordination and surgical planning.®
Unfortunately, a prenatal CHD diagnosis has also
been associated with lower birth weights and earlier
gestational age at birth,%” which have been linked to
decreased survival and reduced neurodevelopmental
outcomes in these neonates.®° Our initial work through
the University of California Fetal Consortium (UCfC)
found similar results with prenatally diagnosed infants
being born earlier. In addition, we identified a higher
rate of cesarean deliveries (CD) in women whose fetus
had a prenatal diagnosis of CHD'® without a clear clin-
ical indication. Thus, there is a need to provide quality
improvement interventions in routine clinical practice in
order to maximize maternal and neonatal outcomes in
this population.

To build upon our previous work, the UCfC sought
to identify the triggers that lead to increased early-
term delivery and CD across a large multicenter co-
hort using clinical registry data. standardized clinical
assessment and management plans (SCAMPs) are
a quality improvement initiative designed to eliminate
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unnecessary resource utilization, decrease practice
variation, and improve patient outcomes." SCAMPs
are assessment and management algorithms asso-
ciated with incremental improvements in healthcare
delivery that promote high-quality care in a heterog-
enous patient populations, as in our cohort.!""? Unlike
a clinical practice guideline, SCAMPs allow for itera-
tive improvements to the algorithms as they relate to
diversions and outcome data. We aimed to develop
and implement a multi-institutional fetal CHD SCAMP
across the UCfC to decrease the number of early-term
deliveries and the number of CDs in women with a pre-
natal diagnosis of fetal CHD.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request. The UCfC comprises the 5 University of
California campuses affiliated with university medical
centers that offer prenatal diagnosis and treatment
(UCTC: UC Davis, UC Irvine, UC Los Angeles, UC San
Diego, and UC San Francisco). The UCfC was es-
tablished to better study pregnancies affected with
maternal and fetal diseases, including CHD and to
define treatment practices within our health system.
This multi-institution consortium developed a SCAMP
for pregnant women with a prenatal diagnosis of fetal
CHD, based on current practices and best available
evidence. Suggested SCAMP guidelines for delivery
timing and mode were made and included (1) routine
delivery and/or induction at > 39 0/7 weeks (earlier if
required for any other medically indicated obstetrical
reason) and (2) planned vaginal delivery with CD only
for obstetrical indications (consider CD for a fetus
with complete heart block or if delivery coordination
is needed for CHD lesions with expected hemody-
namic instability at the time of placental separation
and requires immediate intervention). Women carry-
ing a singleton fetus with a diagnosis of CHD starting
at 32 weeks’ gestation with plans to deliver at 1 of
the 5 UCC sites during the study period of May 2018
to December 2019 were included as the intervention
cohort. A preimplementation cohort from a previ-
ous study of similar women served as the historical
control cohort with an enrollment period of 2011 to
2013.1°

A multi-institutional retrospective study review
board reliance registry provided approval for the
study (institutional review board #10-04093) and
informed consent was waived. Patients were iden-
tified and a delivery planning worksheet (Data S1)
that included the recommendations was reviewed
and completed at the time of the maternal fetal med-
icine visit in the third trimester. The delivery planning
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worksheet included estimated gestational age, CHD
diagnosis, CHD diagnostic category, the presence
of a known genetic abnormality or extracardiac
anomaly, genetic counseling, and whether antena-
tal testing (ANT) was planned and if so, what testing
would be done, at what gestational age, and at what
frequency. The form included questions such as
whether or not delivery was planned for <39 weeks
and if so, the reason, as well as the planned mode of
delivery and the reason for CD. The worksheet was
primarily completed by the maternal fetal medicine
physician seeing the patient that day.

Before implementation (rollout) of the SCAMP, rep-
resentative maternal fetal medicine physicians and
pediatric cardiologists at each of the sites provided
feedback on the form to ensure relevance and feasi-
bility at their institution. When site champions from
both specialties at all intuitions agreed, the SCAMP
was rolled out and updates on progress were dis-
cussed quarterly with all site champions. How each
site collected and ensured that the SCAMP was fol-
lowed was left to the discretion of the site champions
(maternal fetal medicine and pediatric cardiology).
The project champions (Y. A. and W. H.) sent regu-
lar updates and reminders to all team members. The
SCAMP was modified to include elements of ANT
and genetic counseling after the data were reviewed
inyear 1.

All fetal CHD lesions were included to encompass
minor and major fetal CHD. The CHD lesions were
categorized based on predicted risk of hemody-
namic instability in the delivery room or first days of
life, based on the American Heart Association guide-
lines'® and included type (1) CHD without predicted
risk of hemodynamic instability in the delivery room
or first days of life (ventricular septal defects, com-
plete atrioventricular canal), (2) CHD with minimal risk
of hemodynamic instability in the delivery room but
requires postnatal catheterization/surgery (ductal-
dependent lesions), (3) CHD with likely hemodynamic
instability in the delivery room requiring immediate
specialty care for stabilization (d-transposition of the
great arteries), and (4) CHD with expected hemody-
namic instability with placental separation requiring
immediate catheterization/surgery to improve sur-
vival (hypoplastic left heart syndrome with restrictive
atrial septum, obstructed total anomalous pulmonary
venous return).

Maternal and neonatal data were gathered by chart
review after delivery at each site directly. All data were
collected and stored in a Health Insurance Portability
and Accountability Act-compliant database through
Research Electronic Data Capture.* Maternal fetal
medicine physicians and pediatric cardiologists at
each site were asked to provide information regard-
ing site-specific standard management practices at
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their site. In order to preserve site confidentiality, sites
were de-identified in the results. Data were chart ab-
stracted for review. The primary outcomes were deliv-
ery <39 weeks and CD.

Statistical Analysis

Outcomes were compared between the contem-
porary intervention cohort (2018-2019) and the
historical control cohort (2011-2013). Because the
historical control cohort included only cases of CHD
that required surgical intervention within 30 days of
delivery, a subanalysis of outcomes was performed
that included only the cases of major CHD (type 2—4)
from both cohorts. Associations between categori-
cal variables were assessed with chi-square tests
(or Fisher’s exact) and t tests (or Wilcoxon rank-sum)
for continuous variables. Multivariable analyses were
conducted with logistic regressions on the 2 primary
outcomes, controlling for variables significant differ-
ent between the intervention and control cohorts.
Outcomes were also compared within each of the 5
sites. All tests were 2 sided with an alpha of 0.05 for
statistical significance. All analyses were conducted
in SAS 9.4 (SAS Institute, Cary, NC).

RESULTS

We identified 496 maternal-fetal dyads with prenatally
diagnosed fetal CHD identified, 185 in the historical
control cohort and 311 in the contemporary interven-
tion cohort. The control group was younger (>35: 32%
versus 42%, P=0.0001) and more likely to come from
sites 4 and 5 (82% versus 53%, P<0.0001) (Table 1).

Among the intervention cohort, 98% resulted in a
live birth. Of CHD types, 35% were low risk CHD (type
1) and 3% unknown (Table 2). The majority (62%) were
considered major CHD lesions—49% type 2, minimal
risk of hemodynamic instability: 8% type 3, likely risk of
hemodynamic instability, and 5% type 4, expected risk
of hemodynamic instability. An extracardiac anomaly
was present in 21% of the cases and known genetic
abnormality in 11% of the cases.

Adherence to the SCAMP in the intervention cohort
was good. Notably, genetic counseling was routinely
recommended in this population as wasANT (both
80%). Among those who underwent ANT, 68% started
at 32 weeks’ gestation or less and 12% after 34 weeks.
67% were recommended twice weekly ANT. Abnormal
ANT led to a modification in intended delivery plan in
11% (n=25) (Table 2).

Planned delivery at >39 weeks was 88% but ul-
timately only 48% of the cases delivered at a gesta-
tional age of >39 weeks (Figure 1). The remaining 158
(52%) of deliveries occurred at <39 weeks’ gestation
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Table 1. Characteristics by Cohort (N=496)
Total Historical Control Cohort Intervention Cohort
N=496 n=185 n=311
% (n) % (n) % (n) P Value
Maternal age, y, median (IQR) 32 (28-37) 32 (26-36) 33 (28-37) 0.004*
<20 4% (18) 8% (15) 1% (3) 0.0001*
21-34 58% (278) 60% (110) 57% (168)
>35 38% (181) 32% (59) 42% (122)
Gravidity, median (IQR) 2(1,3) 2(1,4) 211,93 0.604*
Parity, median (IQR) 10,2 1(0,2 10,2 0.201*
0 41% (193) 46% (84) 37% (109) 0.224
1 28% (133) 24% (43) 31% (90)
2 18% (88) 18% (32) 19% (56)
>3 13% (62) 12% (24) 13% (38)
Site/Campus
Site 1 13% (67) 9% (16) 16% (51) <0.0001
Site 2 12% (59) 4% (8) 16% (51)
Site 3 11% (53) 5% (9) 15% (44)
Site 4 37% (182) 41% (76) 34% (106)
Site 5 27% (135) 41% (76) 19% (59)

Abbreviation: IQR indicates interquartile range.
*Wilcoxon rank-sum or Fisher’s exact test.

for the following indications: 58 (37%) because of
spontaneous labor at the center, 49 (31%) maternal
indication, 39 (25%) noncardiac fetal indication, such
as nonreassuring fetal heart rate tracing and fetal
growth restriction, and 12 (7%) for other reasons. The
other indications for delivery before 39 weeks’ gesta-
tion included “lives too far away for to allow sponta-
neous labor” in 4 cases, maternal request because of
poor prognosis in 3 cases (including 2 with Trisomy
18), coordinated delivery required for CHD diagnosis
in 3 cases (including hypoplastic left heart syndrome
with a restrictive atrial septum), maternal chronic pain
syndrome in 1 case, and undocumented reason in
1 case. Notably, inductions occurring at <39 weeks
for obstetrical maternal indications included hyper-
tensive diseases of pregnancy (gestational hyper-
tension, preeclampsia, and hemolysis elevated liver
enzymes low platelets) and were not associated with
type of cardiac lesion (P=0.32, Table S1). Similarly,
fetal growth restriction inductions were not associ-
ated with CHD lesion (P=0.89, Table S2) and coor-
dinated to optimize medically indicated early-term
delivery.

Among the intervention cohort, vaginal delivery was
recommended in 234 (77%) of the cases and occurred
in 185 (61%) of cases. Of those that underwent vaginal
delivery, 72 (39%) awaited spontaneous labor and 112
(61%) underwent induction (Table 3). The remaining
23% of the cases were recommended to undergo a
planned CD.

J Am Heart Assoc. 2021;10:e021598. DOI: 10.1161/JAHA.121.021598

There was a total of 185 vaginal deliveries (61%)
and 120 CDs (89%). Reasons for planned CD included
repeat CD 27.5% (n=33), malpresentation 15% (n=18),
arrest of dilation 6.7% (n=8), arrest of descent 3.3%
(n=4), nonreassuring fetal heart tracing 30.8% (n=37),
fetus with complete heart block and inability to mon-
itor during labor in 5% (n=6), coordination of delivery
needed owing to CHD diagnosis in 3.3% (n=4), and
other in 5% (n=6). Induction of labor (IOL) occurred
in 58% of pregnancies and resulted in CD in 32% of
cases.

Of those who underwent vaginal delivery, 72 (39%)
had spontaneous labor and 112 (61%) underwent IOL.
Of those with planned IOL, 38 (32%) had a CD. The
reasons for this included 2 because of malpresenta-
tion, 10 arrest of dilation or descent, 24 r nonreassur-
ing fetal status, 1 living too far away from the delivery
center, and 1 complete heart block in the fetus. The
remaining 70 (23%) of the cases were recommended
to undergo a planned CD, nearly all of whom had a
prior CD delivery.

When comparing the cohorts, 88% in the interven-
tion cohort were recommended delivery >39 weeks
versus 63% in the control cohort (P<0.0001) (Table 3).
The recommendation for 39-week delivery resulted in
a higher median gestational age at delivery in the in-
tervention cohort (38.9 [interquartile range 37.1-39.1]
versus 38.1 [interquartile range 37.0-39.0] weeks,
P=0.01). More vaginal deliveries were also observed
in the intervention group than the historical cohort
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Table 2. SCAMP Implementation Characteristics (n=311)

Intervention Cohort n=311;
% (n)

CHD category

Low risk 35% (110)

High risk
Minimal risk of hemodynamic 49% (153)
instability
Likely hemodynamic instability 8% (26)
Expected hemodynamic 5% (14)
instability
Unknown 3% (8)

Genetic counseling recommended (n=293)

Yes 80% (234)

No 20% (59)
Known genetic abnormality (n=297)

Yes 1% (32)

No 89% (265)

Presence of extracardiac anomaly (n=297)

Yes

21% (62)

No

79% (235)

Genetic counseling recommended after CHD diagnosis (n=211)

Yes 87% (183)

No 13% (28)
Planned antenatal testing (n=293)

Yes 80% (234)

No 20% (59)

Timing of gestational age initiated antenatal testing (n=232)

indication

<82 wk 68% (157)

33-34 wk 20% (47)

>34 wk 12% (28)
Frequency of antenatal testing (n=234)

Twice weekly 67% (157)

Weekly 32% (75)

Other 1% (2)
Reason for antenatal testing (n=231)

Fetal cardiac disease only 55% (128)

Other indication only 14% (32)

Both cardiac disease and other 31% (71)

Mode or timing of delivery change based on antenatal testing (n=231)

Yes 11% (25)

No 89% (206)
Live birth (n=301)

Yes 98% (296)

No 2% (5)

CHD indicates congenital heart disease; and SCAMP, standardized

clinical assessment and management plan.

(61% versus 50%, P=0.03, Figure 1). After adjusting
for maternal age and site, historical controls were 1.8
times more likely to have a CD (odds ratio [OR], 1.8;
95% Cl, 2.1-2.8; P=0.004) than the intervention group
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and 2.1 times more likely (OR, 2.1; 95% ClI, 1.4-3.3) to
have an early-term delivery than the intervention group
(Table 4).

Among pregnancies with major cardiac lesions
(type 2, 3, 4) (n=374), vaginal birth increased from 51%
to 64% with SCAMP (P=0.008) and those delivering
>39 weeks increased from 33% to 48% (P=0.004)
(Table 5).

We also assessed site-specific adherence to the
SCAMP recommendations at each of the 5 sites in-
dividually by comparing gestational age and mode of
delivery with both historical and intervention groups.
At the 2 highest volume sites there was a significant
increase in delivery >39 weeks, but the significance of
CD was seen only in the aggregate data not at each
site when we compared mode of delivery and gesta-
tional age of delivery with both historical and the inter-
vention group (Figure 2).

DISCUSSION

We demonstrate that the implementation of a fetal CHD
SCAMP in a multi-institutional cohort was associated
with a significant decrease in the rate of early-term
(<39 weeks) deliveries and CD for cases of prenatally
suspected major and minor fetal CHD. We report on
a group of patients with fetal CHD from throughout
the state of California across multiple University of
California academic medical centers who historically
delivered suspected fetal CHD cases earlier and via
CD more often and at a higher rate than would be ex-
pected for fetuses without CHD.

Development of clinical pathways incorporating
these practices may help standardize care, decrease
maternal risk secondary to CD, may improve neona-
tal outcomes, and reduce healthcare costs associ-
ated with delivery for both mother and newborn. Birth
weight and gestational age at delivery have been re-
ported to be inversely associated with hospital length
of stay and perioperative complications®; better neu-
rologic outcomes are seen in more mature infants as
well. In our contemporary cohort, only 12% of deliveries
were planned to deliver <39 weeks’ gestation and the
majority of those who delivered early were becaise pf
spontaneous labor or a maternal indication for earlier
delivery. The rate of CDs in our contemporary cohort
also decreased, with the majority undergoing CD owing
to obstetrical indications, such as repeat CD and mal-
presentation and unrelated to fetal CHD, with only 3.3%
because of the need for a coordinated delivery because
of CHD. Furthermore, the rate of CD was significantly
lower in the groups with major fetal CHD compared
with the historical cohort (36% versus 49%, P=0.008). It
has been well documented that mode of delivery itself
in fetal CHD does not improve neonatal outcome.'®'®
Both spontaneous labor and induction of labor for a trial
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&

Cesarean deliveries

Prenatal
Congenital Heart Disease ‘L SCAMP Recommendations
(CHD) ) 1. Term delivery (239 weeks)
7 ) 2. Vaginal delivery
od
Early-term (<39 weeks) Prenatal CHD 1 deliveri " % (o
deliveries Standardized Clinical L Tasnsintusston 54% 5 40N (pm0.001)
2. Vaginal deliveries 50%% 61% (p=0.026)
Assessment and
V4 Management Pathway

Figure 1. Standardized clinical assessment and management pathway (SCAMP) for fetal congenital heart disease (CHD)

decreased early-term delivery and cesarean delivery.

of labor are safe for fetal CHD."® Thus, normal sponta-
neous vaginal delivery or IOL is safe and the preferred
mode of delivery. CD is well known to be associated
with increased short- and long-term maternal morbid-
ities'” including adverse future reproductive outcomes
such as invasive placental disease and uterine rupture.

Delivery planning for this complex group of patients
is likely influenced by the goal of ensuring that the ne-
onate is located at, or in close proximity to, a center
that can perform specific neonatal cardiac interven-
tions. In the state of California, many patients travel
long distances to obtain care in tertiary level medical
centers such as our UC medical centers and affiliated

hospitals. Thus, planning IOL at 39 weeks’ gestation
allows for controlled-term delivery near a tertiary cen-
ter. In our cohort, IOL was planned in 58% of prena-
tally diagnosed mothers and carried out in 35% of the
SCAMP cohort; delivery was still at the tertiary center
in nearly all. Our data demonstrate that 38 (32%) of the
planned for IOLs had a CD, with the majority (63%) of
those owing to nonreassuring fetal status.

Cesarean birth is associated with a longer length
of stay and higher hospital costs."” Delivery mode may
affect total length of hospital stay for the neonate re-
quiring cardiac surgery as well. This was demonstrated
in the previous paper from the consortium'® that found

Table 3. Planned and Actual Delivery Characteristics by Cohort (N=496)

Total Historical control cohort Intervention cohortt
N=496 n=185 n=311
% (n) % (n) % (n) P value
Planned mode of delivery*
Vaginal delivery 75% (363) 71% (129) 77% (234) 0.162
Spontaneous labor 21% (101) 24% (44) 19% (57)
Induction of labor 54% (262) 47% (85) 58% (177)
Cesarean delivery 25% (122) 29% (52) 23% (70)
Actual mode of delivery
Vaginal delivery 57% (276) 50% (91) 61% (185) 0.026
Cesarean delivery 43% (210) 50% (90) 39% (120)
Planned gestational age at delivery
<39 wk 21% (101) 37% (66) 12% (35) <0.0001
>39 wk 79% (373) 63% (114) 88% (259)
Actual gestational age at 38.4 (37.0, 39.1) 38.1 (37.0, 39.0) 38.9 (37.1, 39.1) 0.011%
delivery, median (IQR)
<39 wk 57% (280) 67% (122) 52% (158) 0.001
>39 wk 43% (207) 34% (60) 48% (147)

*Vaginal delivery includes spontaneous labor and induction of labor. No difference between spontaneous labor and induction of labor (P=0.055).

fWhen sum is <311, clinical observation missing.
*Wilcoxon rank-sum or Fisher’s exact test.

J Am Heart Assoc. 2021;10:e021598. DOI: 10.1161/JAHA.121.021598
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Table 4. Logistic Regressions for Mode of Delivery and Gestational Age at Delivery

Cesarean delivery

Historical control 1.5(1.0-2.2) 0.0259 1.8(1.2-2.8) 0.004

Maternal age, y
21-34 1.2(0.4-3.2) 0.6583
>35 1.4 (0.5-3.8)

Site
Site 1 1.6 (0.9-3.0) 0.007
Site 2 3.4 (1.7-6.8)
Site 3 21 (1.1-8.9)
Site 5 1.7 (1.0-2.7)

Gestational age, <39 wk

Historical control 1.9 (1.3-2.9) 0.0011 2.1 (1.4-3.3) 0.0003

Maternal age, y
21-34 1.8 (0.7-4.8) 0172
>35 2.3(0.8-6.4)

Site
Site 1 11 (0.6-2.0) 0.239
Site 2 1.7 (0.8-3.9)
Site 3 0.6 (0.3-1.2)
Site 5 0.9 (0.6-1.4)

OR indicates odds ratio.

Full model: adjusting for maternal age (referent: <20 years), and site (referent: Site 4).

there was a trend toward shorter length of stay in ne-
onates born by vaginal delivery compared with those
born by CD. We therefore speculate that investing in
temporary relocation of some mothers to within close
proximity of tertiary centers at least 1 week before the
estimated date of delivery and allowing for sponta-
neous onset of labor rather than IOL or planned CD
may be more cost effective and beneficial to both the
mother and fetus.

Because this was a large multicenter quality im-
provement effort, there are some limitations that result
from multicenter efforts including variability in practice
patterns that may not be accounted for. Additionally,
the delivery care recommendations were suggested
but with no obligation for adherence. At these large
centers, there are multiple teams of providers and
those making the recommendations may not always
be those managing the patient at delivery. Although

Table 5. Mode of Delivery and Gestational Age at Delivery Among High-Risk CHD* (N=374)

Actual delivery mode

Vaginal birth 58% (215) 51% (91) 64% (124) 0.008
Cesarean delivery 42% (158) 49% (89) 36% (69)

Gestational age at delivery
<39 wk 59% (222) 67% (121) 52% (101) 0.004
>39 wk 41% (152) 33% (60) 48% (92)

CHD indicates congenital heart disease.

*High risk defined as ductal-dependent fetal heart disease and fetal heart disease potentially needing or expected to need invasive cardiac intervention in

the immediate neonatal period.

J Am Heart Assoc. 2021;10:e021598. DOI: 10.1161/JAHA.121.021598
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Figure 2. Cesarean delivery changes by site between historical and intervention cohorts (A) and term delivery by site

between historical and interventional cohorts (B).

we adjusted for fetal CHD category, there may have
been differences in CHD diagnosis severity or illness
severity would not be accounted for using this meth-
odology. In addition, it is plausible that the increased
prevalence of extracardiac anomalies, which could
imply syndromic etiology to fetal CHD, could influence
delivery outcomes and the slightly higher prevalence
of genetic anomalies influence our outcomes. Another
limitation in our study was the gap between the histor-
ical cohort and the onset of the SCAMP. Though the
SCAMP was incorporated in 2018, it is highly probable
that we started changing practice in a nonuniform way
between the publication of the historical cohort and
the introduction of the SCAMP.

A larger sample size is needed to assess whether
these factors play a significant role in maternal—
neonatal outcomes in the context of fetal CHD. Our
data reflect perinatal outcomes among patients diag-
nosed and treated at tertiary medical centers and thus
may not be applicable to practices in a community-
based model. The current analysis focuses on live born
infants with CHD and did not include an analysis of
planned or actual delivery patterns among those with a
fetal or perinatal demise. We also did not include a con-
temporary cohort of postnatally diagnosed neonates
with CHD and therefore cannot speak to whether our
observed rates of CD and delivery <39 weeks, which
are still higher than what would be expected for the
general population, might be further modifiable using a
more rigorous and proscriptive SCAMP methodology.
Interestingly, in over 10% of cases, delivery timing or
mode were modified as a result of ANT. We find this

intriguing and suspect it may be a factor leading to a
portion of the identified early-term delivery or CD, but
this would need to be studied on a larger scale and is
the basis for SCAMP modification and future focus, as
SCAMPs allow for iterative improvements to the algo-
rithms as they relate to diversions and outcome data.
What remains uncertain is the exact utility of ANT in
the setting of fetal CHD. We noted significant variability
in the gestational age in which ANT is performed, as
well as the frequency of surveillance. Future efforts of
the working group hope to standardize ANT across the
sites and incorporate that into the delivery care path-
way in an effort to achieve improved data-driven care.

There is ample evidence in the literature to conclude
that by decreasing early-term delivery and CD, both
maternal and neonatal outcomes will improve and hos-
pital costs and resource use will decrease. The UCC is
currently investigating these outcomes in the CHD co-
hort. Additionally, it is likely that socioeconomic status
plays a role in both pregnancy and neonatal outcomes
in this cohort, which was not collected for this analysis.
Future studies assessing the impact of socioeconomic
status on pregnancy and neonatal outcomes in the
context of CHD will be performed.

CONCLUSIONS

Implementation of a fetal CHD delivery planning
SCAMP in a multi-institutional cohort significantly de-
creased the rate of early-term deliveries and CD for
fetal CHD. Development of clinical pathways incor-
porating best practices may help standardize care,

J Am Heart Assoc. 2021;10:e021598. DOI: 10.1161/JAHA.121.021598 8
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decrease maternal risk secondary to CD, may improve
neonatal outcomes, and reduce healthcare costs as-
sociated with perinatal management of pregnancies
complicated by fetal CHD.
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UCfC Congenital Heart Disease Delivery Management SCAMP

Background

A prenatal diagnosis of congenital heart disease (CHD) has been associated with lower birth
weights and earlier gestational age at birth,*? which have both been linked to decreased
survival and neurodevelopmental outcomes in these neonates.®* The UCfC study also noted
these findings in addition to a higher rate of caesarean deliveries in mothers whose fetus had a
prenataldiagnosis of CHD.

Prenatally diagnosed infants were born earlier (38.1010.11 vs 39(10.14 weeks, p<0.001), had
lower birth weights (2852 (1 49 vs 3074 [J 589, p=0.005), and were more likely to be born ly
cesarean, both planned (37.2 vs 24.5%, p=0.004) and after a trial of labor (12.6 vs 7.6%,
p=0.017).°

Goals:

1. Identify triggers leading to “early-term” deliveries

2. ldentify triggers leading to cesarean deliveries

3. Decrease the rate of “early-term” deliveries in those with a prenatal diagnosis of CHD
without other indications for early-term delivery

4. Decrease the rate of caesarean delivery in those with a prenatal diagnosis of CHD

5. Decrease length of stay and hospital costs in mothers of infants and infants with
aprenatal diagnosis of CHD

Inclusion: Women carrying a singleton fetus with a diagnosis of CHD starting at 32 wks
gestation

CHD Diagnostic Categories:®

1. CHD w/o predicted risk of hemodynamic instability in the delivery room or first days of
life
a. VSD
b. AVSD

2. CHD with minimal risk of hemodynamic instability in the delivery room but requires
postnatal catheterization/surgery
a. Ductal-dependent lesions, including:
I. HLHS

ii. Critical coarctation
iii. Severe aortic stenosis
Iv. Interrupted aortic arch
V. Pulmonary atresia with intact ventricular septum
vi. Severe tetralogy of Fallot



b. Other lesions:
i. Truncus arteriosus

3. CHD with likely hemodynamic instability in the delivery room requiring immediate
specialty care for stabilization
a. D-TGA with concerning atrial septum (reasonable to consider all d-TGA w/o
ASD at risk)
b. Uncontrolled arrhythmias
Cc. Complete heart block with heart failure

4. CHD with expected hemodynamic instability with placental separation requiring
immediate catheterization/surgery to improve survival

HLHS w/ restricted or intact atrial septum

D-TGA with restricted or intact atrial septum

Obstructed TAPVR

Ebstein’s w/hydrops

TOF w/ absent pulmonary valve and severe airway obstruction

Uncontrolled arrhythmias with hydrops

g. Complete heart block with low ventricular rate, EFE, and/or hydrops

—~® o0 o

Guidelines and implementation of a pathway will result in the following when compared with
historical controls (2011-2013, n= 186 prenatally diagnosed, required intervention w/in 30 days)

- Reduction in % of infants with a prenatal diagnosis of CHD that are born < 39 0/7
wks from *** tg ***

- Reduction in % of infants with a prenatal diagnosis of CHD undergoing planned
cesarean delivery by 25% (from 37% to 28%).

Recommendations:

Do not recommend routine delivery or induction <39+0 weeks
- Unless required for any other medically-indicated obstetrical reason
Recommend vaginal delivery with cesarean delivery only for obstetrical indications
- Unless required for delivery planning for CHD category 4 lesions
- With the exception of a fetus with complete heart block
Recommend prenatal genetic counseling

Overall Summary of Prenatal Testing

Visit OB/MFM Testing’? Cardiology Testing

32, 34, 36 wks gestation ANT starting at 32 0/7, twice | Fetal Echo g 4 wks
weekly until delivery with Q4
week growth scan*

* Unless growth restricted and/or any other medical co-morbities that require more
frequentmonitoring, i.e. weekly UA Dopplers with fetal growth restriction.




OBSTETRICIAN (VISIT AT 32, 34, 36 wks)

Recommendations

Do not recommend routine delivery or induction <39 0/7 weeks

- Unless required for any other medically-indicated obstetrical reason

Recommend vaginal delivery with Cesarean section only for obstetrical indications

- Unless required for delivery planning for CHD category 4 lesions
- With the exception of a fetus with complete heart

blockRecommend prenatal genetic counseling

CHD Diagnostic Category:

__Category 1: CHD w/o predicted risk of hemodynamic instability in the delivery room
orfirst days of life.
(Examples: VSD, AVSD)

__Category 2: CHD with minimal risk of hemodynamic instability in the delivery room
but requires postnatal catheterization/surgery
(Examples: Ductal-dependent lesions such as HLHS, severe AS, coarctation,
interrupted aortic arch, PA/IVS, severe pulmonary stenosis, tetralogy of Fallot,
others such as truncus arteriosus)

___Category 3: CHD with likely hemodynamic instability in the delivery room requiring
immediate specialty care for stabilization
(Examples: D-TGA, uncontrolled arrhythmias, complete heart block with heart
failure)

__Category 4: CHD with expected hemodynamic instability with placental
separationrequiring immediate catheterization/surgery to improve survival
(Examples: HLHS or D-TGA w/ restrictive of intact atrial septum, obstructed
TAPVR, Ebstein’s w/ hydrops, TOF w/ absent pulmonary valve and severe
airway obstruction, uncontrolled arrhythmias with hydrops, complete heart block
with low ventricular rate, EFE, or hydrops)

CHD diagnosis:

Estimated Gestational Age (EGA) at visit:_weeks days

Planning antenatal testing twice weekly?Yes___No

If no, specify why

Type of antenatal testing?

Planning growth scan every 4 weeks? Yes No



If no, specify why

Planning to deliver < 39 0/7 wks?_Yes __No

If yes, specify why

Planned Mode of Delivery: __Vaginal __Cesarean

If cesarean delivery, indication (check all that apply):
___Elective repeat cesarean delivery
___Malpresentation
___Caesarean delivery on maternal request
__Necessary for care team coordination at delivery (CHD category 3 or 4)
__Lives too far away from delivery center to allow natural onset of labor
___Fetus with complete heart block

__Other, please specify?

Did the patient receive prenatal genetic counseling? Yes No



OBSTETRICIAN (AT DELIVERY)

Recommendations

Do not recommend routine delivery or induction <39 0/7 weeks

- Unless required for any other medically-indicated obstetrical reason

Recommend vaginal delivery with cesarean delivery only for obstetrical indications

- Unless required for delivery planning for CHD category 4 lesions
- With the exception of a fetus with complete heart block

CHD Diagnostic Category:

___Category 1: CHD w/o predicted risk of hemodynamic instability in the delivery room
orfirst days of life.
(Examples: VSD, AVSD)

__Category 2: CHD with minimal risk of hemodynamic instability in the delivery room
but requires postnatal catheterization/surgery
(Examples: Ductal-dependent lesions such as HLHS, severe AS, coarctation,
interrupted aortic arch, PA/IVS, severe pulmonary stenosis, tetralogy of Fallot,
others such as truncus arteriosus)

__Category 3: CHD with likely hemodynamic instability in the delivery room requiring
immediate specialty care for stabilization
(Examples: D-TGA, uncontrolled arrhythmias, complete heart block with heart
failure)

__Category 4: CHD with expected hemodynamic instability with placental
separationrequiring immediate catheterization/surgery to improve survival
(Examples: HLHS or D-TGA w/ restrictive of intact atrial septum, obstructed
TAPVR, Ebstein’s w/ hydrops, TOF w/ absent pulmonary valve and severe
airway obstruction, uncontrolled arrhythmias with hydrops, complete heart block
with low ventricular rate, EFE, or hydrops)

CHD diagnosis:

Estimated Gestational Age (EGA) at Delivery:_weeks days

If EGA <39 weeks, why (check all that apply)?
___Spontaneous labor
__Growth Restriction (EFW: < 10%ile or AC <5 %ile) Yes__No___Unknown
__Non-Reassuring Fetal Status (Based on Non-Stress Test or Biophysical Profile)

__Other, specify?

Elective Induction:__Yes __No



If induction, indication (check all that apply):



___Maternal
___Preeclampsia with or without severe features
___Gestational Hypertension with or without severe features
__Chronic Hypertension with or without severe features
__Diabetes (Type 1 or Type 2)

__Diabetes (Gestational, Al or A2)
__Other, specify:

Feta . . . .
T __Intrauterine growth restriction (EFW: < 10%ile or AC <5" %ile)

___Abnormal interval growth
___Abnormal umbilical artery Doppler assessment

__Non-Reassuring Fetal Status (e.g. Based on Non-Stress Test or Biophysical
Profile)

__Necessary for care team coordination at delivery
__Lives too far away from delivery center to allow natural onset of labor

__Other, specify?




Mode of Delivery: __Vaginal __Cesareanlf
Cesarean section, indication (check all that apply):

__Repeat cesarean delivery

___Malpresentation

__Arrest of Dilation

___Arrest of Descent

__Non-Reassuring Fetal Status

__Caesarean delivery on Maternal Request

__Necessary for care team coordination at delivery

__Lives too far away from delivery center to allow natural onset of labor

___Fetus with complete heart block



Table S1. Hypertensive (HTN) disease of pregnancy* by CHD category.

No HTN disease | HTN disease of p-value®
of pregnancy pregnancy*
n=270 n=34
% (n) % (n)
Low-risk 36% (96) 41% (14) 0.32
High-risk
Minimal risk of 50% (134) 56% (19)
hemodynamic
instability
Likely hemodynamic 9% (26) 0% (0)
instability
Expected hemodynamic 4% (13) 3% (1)
instability
Unknown 1% (1) 0% (0)

*HTN disease of pregnancy = gestational hypertension (HTN), preeclampsia, and HELLP

#Fisher’'s exact




Table S2. Fetal growth restriction (FGR) by CHD category.

No FGR FGR p-value®
n=290 n=14
% (n) % (n)
Low-risk 37% (106) 29% (4) 0.89
High-risk
Minimal risk of 50% (144) 64% (9)
hemodynamic
instability
Likely hemodynamic 8% (25) 7% (1)
instability
Expected hemodynamic 4% (14) 0% (0)
instability
Unknown 1% (1) 0% (0)

#Fisher’'s exact






