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KEY POINTS

e Cardiovascular disease is a leading cause of maternal mortality globally and in the United States.

e A cardio-obstetrics team is a multidisciplinary, collaborative team that cares for women from the
preconception through postpartum periods and is composed of cardiologists with training in
cardio-obstetrics and adult congenital heart disease, maternal and fetal medicine specialists, an-
esthesiologists, and allied health care professionals.

e There are limited guidelines to standardize how cardio-obstetrics care is provided, and more work

needs to be done.

e Cardio-obstetrics education needs to be better integrated in general cardiology training programs.

INTRODUCTION

Cardiovascular disease (CV) is a leading cause of
maternal mortality globally."™ It affects 1% to
4% of pregnancies in the United States'™ and is
the most common cause of pregnancy-related
mortality.’~® Although complications from congen-
ital heart disease (CHD) account for some of this
morbidity and mortality, acquired cardiovascular
disease including cardiomyopathy and heart fail-
ure, ischemic heart disease, hypertensive disor-
ders of pregnancy, arrhythmia, and stroke
accounts for a much larger share.”** Cardiovas-
cular complications during pregnancy are associ-
ated with future CV disease.””'° Pregnancy is
thus considered a vascular and hemodynamic

“stress test” that allows for early identification of
women who may be at increased future CV risk.

CV disease during pregnancy is an increasing
cause of maternal mortality in the United States.'®
This growth is driven by many factors, including
advances in the treatment of CHD, increasing
comorbidities such as obesity and diabetes during
pregnancy, advanced maternal age, and impor-
tantly inadequate access to health care.'''4
The risk of CV complications during pregnancy
disproportionately affects racial minorities,>® and
pregnancy-related mortality is 3 to 4 times higher
in black than in white women.®

Developing a comprehensive cardio-obstetrics
team is critical to optimizing preconception
maternal health, manage CV complications as
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they arise during pregnancy, and ensure post-
partum CV risk factors are addressed. The
cardio-obstetrics team is a collaborative, multidis-
ciplinary team composed of obstetricians-
gynecologists and maternal and fetal medicine
(MFM) specialists, cardiologists with subspecialty
training and experience in cardio-obstetrics and
adult congenital heart disease, anesthesiologists,
primary care physicians, midlevel and allied health
professionals, and may also include neonatolo-
gists and geneticists and is increasingly important
in providing wraparound care for women at risk of
CV complications peripartum.’'" This collabora-
tive approach to maternal health is supported by
both the American Heart Association and the
American College of Obstetricians and Gynecolo-
gists (ACOG)."®

This paper outlines the importance of coordi-
nated preconception through postpartum care. It
highlights the potential role of such care in miti-
gating CV risk factors and addressing disparities
in CV disease distribution. It also addresses the
role of cardiology fellowship programs in
educating trainees about the field of cardio-
obstetrics and how coordinated efforts between
obstetrics and cardiology departments can create
collaborative and multifaceted cardio-obstetrics
programs.

PRECONCEPTION

The preconception period is an important window
to optimize maternal health before preg-
nancy."'®~"® For women who plan their pregnancy
and seek preconception care, preconception
counseling can occur during an appointment with
a primary care provider or obstetrician. For women
with known congenital or acquired CV disease or
who are at significant risk of CV complications dur-
ing pregnancy, preconception counseling should
be performed by the cardio-obstetrics team, espe-
cially a cardiologist with subspecialty expertise in
CHD or cardio-obstetrics for careful evaluation
and risk stratification.'®2° Because almost half of
pregnancies may be unplanned and unintended,
preconception counseling should take place as
part of routine evaluation of women of childbearing
age in the primary care setting or cardiology of-
fice.'®1® Unfortunately only half of reproductive
age women receive counseling to address risks
of future pregnancies and birth outcomes. The
One Key Question initiative recommends pro-
viders caring for women of childbearing age ask
“Would you like to become pregnant in the next
year?” with the intention to identify women who
may become pregnant and begin a conversation
about their health and pregnancy risks.?! For

many women, their initial pregnancy visit—either
preconception or shortly after conception—may
be the first time they have recently engaged with
the health care system, and it can be a vital oppor-
tunity for welcoming them in a nonjudgmental and
supportive way so as to encourage ongoing care.
Regardless of whether pregnancies are planned
or not, preconception care is a vital opportunity
to discuss modifiable maternal risk factors
including weight loss, blood pressure and dia-
betes management, screening for and treatment
of any chronic conditions, and assessment of
vaccination status.®16:18:20.22

The preconception period is also an important
opportunity to identify women who may be at
higher risk of CV complications and refer them to
appropriate  subspecialty providers. Careful
history-taking, specifically regarding any prior car-
diac conditions or procedures and symptoms of
exercise intolerance, is essential. A thorough
physical examination should focus on assessing
for cardiac abnormalities. Although soft systolic
ejection murmurs are seen in greater than 90%
of preghant women,?® any diastolic or loud mur-
murs (grade 3 or greater) are abnormal and should
be further evaluated with echocardiography.2%-2
When in doubt, referral to a cardiologist with
expertise in cardio-obstetrics is prudent.

For women at elevated CV risk, collaborative
care between the members of the cardio-
obstetrics team is essential. Cardiologists with
training and expertise in cardio-obstetrics should
play a primary role in risk stratification.19-20:25.26
Numerous risk-stratification models exist and
incorporate multiple factors including prior cardiac
history and interventions, lesion-type if relevant,
baseline functional status, and medication
use.?02728 Of these, the modified World Health
Organization (WHO) model is endorsed by expert
consensus.?%2%30 Women with known cardiac le-
sions may require a baseline echocardiogram,
electrocardiogram, and exercise stress test to
assess functional status and appropriately risk
stratify.’-18.20.31

In addition to these factors, there are certain
maternal congenital and cardiac diseases in which
pregnancy is contraindicated due to prohibitive
risk. These include pulmonary artery hypertension,
severe systemic ventricular dysfunction including
from prior peripartum cardiomyopathy, severe
left-sided obstructive disease, Eisenmenger syn-
drome, severe aortic dilatation particularly with
Marfan syndrome, and poorly tolerated complex
CHD.9-20:32 For these especially high-risk lesions,
early pregnancy termination is advised.®:20-%"

Preconception counseling should also include
discussion about medication safety both in
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pregnancy and post partum.’'’920:31 This in-
cludes the cessation of known teratogenic medi-
cations and transition to safer alternatives, as
well as the initiation of beneficial medication such
as prenatal vitamins and daily aspirin for women
at risk of preeclampsia.’?%-33

For women with CHD, genetic testing and fetal
risk of transmission should also be dis-
cussed.'®'931 The risk of transmission varies
widely and by lesion-type, from 3% to 50%,":3*
although it is considerably higher than the 0.3%
to 1.2% risk of CHD in the general population.®*

In emphasizing the importance of wraparound
care, preconception counseling should also
include anticipatory guidance about ongoing care
throughout pregnancy and some of the post-
partum changes women may experience.®® This
can include counseling on adjustments to early
motherhood and challenges with self-care, as
well as the importance of medication compliance
and ongoing follow-up to mitigate CV risk. In
particular, counseling on the importance of exer-
cise and the prevention of excessive weight gain
during and following pregnancy should begin in
the prenatal period. Despite the known associa-
tions of excessive weight gain with both preg-
nancy complications and future CV disease,¢~°
only approximately 30% to 40% of women in the
prenatal period receive counseling about weight
management.*'=*® Furthermore, moderate phys-
ical activity during pregnancy reduces the risk of
hypertensive disorders including preeclamp-
sia**~46 and gestational diabetes.*"~°°

PREGNANCY AND PERIPARTUM

Just as coordinated care is important in risk-
stratifying and optimizing health before preg-
nancy, so too is coordinated care throughout
pregnancy. Coordinated visits with cardiologists,
MFM specialists, and allied health professionals
allows for close monitoring and treatment of any
CV complications that occur. Although there are
no clear guidelines for follow-up frequency during
pregnancy,’ expert opinion is that women should
meet at least once per trimester with their cardiol-
ogist and MFM.?"®*1 A formalized delivery plan
should be developed by the end of the second
trimester or beginning of the third. Some models
of cardio-obstetrics care include joint visits with
both cardiologist and MFM specialist,®> whereas
others include monthly integrated meetings be-
tween MFM specialists and cardiologists to ensure
ongoing communication and updated care.> At
the authors’ institution they hold monthly multidis-
ciplinary cardio-obstetric meetings between MFM
specialists, cardiologists with expertise in cardio-

obstetrics and CHD, anesthesiologists, and nurses
to discuss all shared patients, detail plans for their
upcoming deliveries, and provide documentation
in the medical record for all providers to review
when a women presents in labor (Fig. 1).

There are no guidelines for the frequency of im-
aging monitoring throughout pregnancy either,
and often it is lesion and patient specific. Expert
consensus recommends serial echocardiography
be performed approximately every trimester for
women with valvular disease and cardiomyopathy
and more frequently in severe disease or if symp-
toms develop.?2%°3°¢  ACOG recommends
ongoing surveillance every 4 to 6 weeks
throughout pregnancy for women with congenital
aortopathy including Marfan syndrome and
bicuspid aortic valve.’

Delivery Planning

For women at high risk of CV events during deliv-
ery, decisions regarding timing, location, and
mode of delivery should be reached early in preg-
nancy and with input from the patient’s multidisci-
plinary cardio-obstetrics team. This should ideally
occur no later than the end of the second or early
in the third trimester of pregnancy.®’5° Contin-
gencies for possible obstetric and cardiac emer-
gencies should be part of the preparation for
labor and delivery.>®

The patient’s specific CV disease, whether
congenital or acquired, her functional status, and
risk of cardiac event should be primary factors in
guiding discussions about delivery.>'83! High-
risk patients should be delivered at a tertiary care
center.'%203" Women who are especially high
risk, such as those with pulmonary hypertension,
may need to be hospitalized late in their second
or early in their third trimester and closely moni-
tored until delivery.®® In general, planned vaginal
delivery is preferred over cesarean deliv-
ery,2057:61.62 and cesarean delivery is generally
only indicated by obstetric need.?%°"%% In the
absence of contraindications or spontaneous
onset of labor, women with CV disease may be
induced between 39 and 40 weeks gestation,
although specific guidance should be directed by
the cardio-obstetrics team." Any medication
changes indicated before delivery, including
changes in anticoagulation, should also be dis-
cussed early in the pregnancy course.” Contin-
uous pulse oximetry throughout delivery is
generally advised, and invasive hemodynamic
monitoring is very rarely indicated.?%:°° Continuous
telemetry during delivery is generally not war-
ranted given that most arrhythmias peripartum
are both benign and rare,%*%* though are more
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Fig. 1. Improving cardio-obstetrics care and training.

common in women with known arrhythmia before
pregnancy.®®° In women with known arrhythmia
or at risk of malignant arrhythmia including ventric-
ular tachycardia, continuous telemetry during de-
livery may be considered and may require
modifications to nursing staffing.6”-%°

With appropriate planning and specialist input,
most women with CV disease have uncomplicated
deliveries. It is estimated that only 1% to 3% of
pregnancies in the United States require critical
care management at the time of delivery.>® Hem-
orrhage and hypertension are the most common
reasons for intensive care unit admission peripar-
tum, and 20% to 30% of patients have a non-
obstetrical indication for admission.’® When
possible, it is best to decide on the need for inten-
sive care before delivery.®®

If pregnant women present hemodynamically
unstable or in cardiogenic shock, urgent
decision-making regarding management and de-
livery are essential.?®"%"2 This should be driven
by the cardio-obstetrics team, with additional
input from an advanced heart failure team,

Social Work

interventional cardiology or cardiac surgery, inten-
sivists, and neonatologists when needed.?%:7%:72
Women may require urgent vasopressor support
and rapid evaluation for advanced mechanical cir-
culatory support,®®’%"" and emergent delivery
may be required regardless of gestational
age.?0:69-71.73 |f hospitals do not have on-call
advanced heart failure or cardiac interventional/
surgical resources, collaboration with tertiary cen-
ters is critical to ensure rapid transfer of care is
facilitated in these time-sensitive situations.

POSTPARTUM

The postpartum period, which is generally consid-
ered to extend up to 1 year after delivery, allows
not only for monitoring of postpartum complica-
tions but also for interventions to reduce future ob-
stetric and CV risk.”* For this reason, the
postpartum period is often considered the “fourth
trimester.”®® Importantly, women with known car-
diac disease and CV complications of pregnancy
require lifelong cardiac care.
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The immediate postpartum period should be
focused on ensuring hemodynamic safety before
discharge from the hospital. With the significant
hemodynamic shifts of delivery, women are at
risk of heart failure and pulmonary edema,
arrhythmia, stroke, acute coronary syndrome,
aortic dissection, and death.’-1827:60.75-78 Thjs ig
especially true for women with congenital or ac-
quired CV disease.”'" Contraception for those
desiring it should be discussed before discharge
from the hospital.™-1:3579

Although close postpartum monitoring after
discharge is important, there are no guidelines to
standardize the follow-up schedule. ACOG gener-
ally recommends initial follow-up with their obste-
trician within approximately 3 weeks after delivery
and a comprehensive postpartum visit within the
first 12 weeks.®® The WHO recommends follow-
up at 3 days, 1 to 2 weeks, and 6 weeks post
partum. =589

Women with congenital or acquired CV disease
should be followed more closely. ACOG recom-
mends follow-up with a cardiologist or primary
care provider within 7 to 14 days of delivery." For
women with hypertensive disorders of pregnancy,
ACOG recommends a blood pressure check
within 7 to 10 days after delivery and within
72 hours after delivery if severe hypertension.*%:%"
Although in-person visits are ideal, new mothers
may face challenges in coordinating numerous ap-
pointments both for themselves and their infants.
At the authors’ institution, they coordinate post-
partum visits with pediatric visits when able. To
reduce visit burden, these initial visits may be per-
formed virtually in some circumstances or with
visiting nurses. Follow-up visits are tracked and
promptly rescheduled if missed or canceled, to
support continued cardiac care. A subsequent 3-
month follow-up visit to assess CV risk modifica-
tion is advised.’

Cardiovascular risk factor modification in the
postpartum period is especially important given
the increase risk for future CV disease,!®82:8%
and any modifiable CV risk factors should be
aggressively managed.'-3>82:83 Both chronic hyper-
tension and excessive weight gain during and
following pregnancy mediate future CV dis-
ease.>**% Furthermore, women should be coun-
seled that obstetric history is increasingly
recognized as an integral part of their CV his-
tory'9:1920.84 gnd that expert guidelines now include
CV complications during pregnancy as disease-
modifying factors that influence CV disease preven-
tion strategies.?2* Collaboration between cardiolo-
gists and primary care physicians is essential.

Despite these recommendations, the post-
partum period remains a high-risk period for

women, and more than half of pregnancy-related
deaths occur during this period.32%85 Although
the event rate of CV complications is fairly low
(6%-12%),%%87 their potential repercussions are
devastating. 827697577 This is also a high-risk
period for women to fall through the cracks of a
fragmented health care system.”® During the post-
partum period, women are often transitioning from
inpatient to outpatient care and out of the obstet-
rics space and into the primary care setting.°-%8
Furthermore, for numerous personal, logistical
and systems-level reasons, women are frequently
unable to seek care as recommended. Despite
advised follow-up within the first 3 weeks, many
women do not have first contact with their provider
until 4 to 6 weeks post partum and are frequently
without accessible guidance or support in the
intervening weeks.>® In addition, 40% of US
women do not attend any postpartum follow-up
appointments.®® This is especially true of minority
and socioeconomically disadvantaged women,
which may contribute to disparities in CV risk fac-
tor management and disease burden.*® Inconsis-
tent health care insurance is one of the primary
barriers to adequate continuity of care,®®°° and
many women in the United States lose their insur-
ance after 42 days following delivery.! This is
especially problematic for the disproportionate
number of racial minorities who have CV compli-
cations during pregnancy and insecure health in-
surance.>>91:92 |ncreasingly, virtual visits prove
to be a helpful means of addressing challenges
with facilitating both prenatal and postpartum
care.”®> |t is critical that women with known CV
disease and CV complications of pregnancy are
counseled early and often regarding the impor-
tance of lifelong cardiac care.

It is unclear how to best overcome these obsta-
cles and provide appropriately focused, contin-
uous postpartum care for women with CV
disease.?®°® Although specialty clinics can play
an important role in the postpartum period,®-°”
relying on such clinics may be unrealistic for all
women.® The postpartum period thus presents
an especially important time for coordinated care
between primary care physicians, cardiologists,
and allied health professionals in ensuring that
women’s CV risk factors are appropriately
addressed.

CARDIO-OBSTETRICS TEAM: WHAT HAS BEEN
ACHIEVED AND WHAT REMAINS TO BE
ACHIEVED

Delivering coordinated comprehensive multidisci-
plinary cardio-obstetric care from preconception
through postpartum is critical in optimizing
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immediate and long-term maternal health. Despite
the growing recognition of the relationship be-
tween peripartum CV complications and future
CV risk, many physicians—including cardiolo-
gists—are insufficiently aware of this relationship
and fail to include obstetric history in their assess-
ment of CV risk or screen for future preg-
nancy. %9190 Dedicated cardio-obstetrics teams
can help to raise awareness about these issues
and guide care in the dynamic period following
pregnancy.

Creating a dedicated cardio-obstetrics team
has many challenges. It requires longitudinal
commitment from multiple specialists, and allied
health care professionals, as well as commitment
from institutional leadership. Often these teams
develop organically, and there is no standard of
care to guide how these teams should form, who
should be included, when they should meet, and
how they should best complement each other’s
roles. Many academic cardiology divisions,

however, now have focused heart centers for
women (HCW) and/or adult CHD programs and
these potentially offer a physical home for
collaboration. 2

As the cardio-obstetrics team plays an increas-
ingly central role in caring for women with CV dis-
ease from preconception to postpartum and
beyond, cardiologists need to be better trained in
cardio-obstetrics. Most HCW have faculty who
can support research in women’s CV disease
and cardio-obstetrics, but formal training and
educational guidelines for CV trainees do not yet
exist,%9:191:102 At the Massachusetts General Hos-
pital a multipart didactic series has been imple-
mented for general cardiology fellows that is
offered throughout the academic year, in addition
to required Women’s Heart Health and adult
CHD clinical rotations including peripartum man-
agement. In 2013 the authors’ cardio-obstetrics
program began a full-day Cardiovascular Disease
and Pregnancy educational course for a

Box 1
Key questions that remain

Preconception

cardiologists?

Pregnancy and peripartum

Postpartum

partum follow-up?

pregnancy?

comes?

How early should preconception counseling begin?

How should those without health insurance best receive preconception counseling?

What is the best preconception risk stratification test?

How do we improve rates of preconception counseling and risk stratification, particularly among

How often should a cardio-obstetrics team meet as a group, with patients? How can “visit burnout”
best be prevented? When are virtual visits safe and appropriate?

How frequently should echocardiography be performed throughout pregnancy?

How to best predict who will require postpartum monitoring in the intensive care unit (ICU)?
How can we facilitate keeping women in CV care long term?
How should postpartum CV care best be provided for women with limited or no health insurance?

What is the relative role of primary care physicians versus subspecialists in providing ongoing post-

Cardio-Obstetrics teams: what we have achieved and what remains to be achieved

How should cardio-obstetrics teams best collaborate? Is shared physical space important?

How can we expand education content for trainees? How should exposure to and focused clinical
training in cardio-obstetrics best be integrated in general cardiology fellowship programs?

What role can cardiologists play in advocating for health policies to promote CV follow-up after

How can cardiology and obstetrics professional societies best create joint cardio-obstetrics guidelines?
How do cardiologists and obstetricians address the marked disparities that exist in maternal out-
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multidisciplinary audience including cardiology,
obstetrics, and anesthesiology and included both
trainees and practicing physicians and allied
health providers. The University of Pennsylvania
CV disease fellowship program has developed a
focused woMen’s CardiovAsCular HeAlth curricu-
lum to facilitate formal training in identifying sex
differences in the diagnosis and treatment of CV
disease.'®® Standard educational requirements
across all CV fellowship training programs is
needed. By integrating more cardio-obstetrics ex-
periences into general cardiology fellowship pro-
grams and offering dedicated subspecialty
programs and training in the field, the next gener-
ation of general cardiologists can be better equip-
ped with the knowledge to improve maternal
mortality and address disparities in maternal and
CV health.

There are additional systems-level changes that
would further bolster these efforts. Government
policies to support paid parental leave would
potentially help women attend their postpartum
medical appointments, and extending prenatal
and postpartum health insurance would lessen
the financial cost to do so.%° Furthermore, addi-
tional data about CV disease during pregnancy
would help develop guidelines and standards of
care. One such solution is the Heart Outcomes in
Pregnancy: Expectations for Mom and Baby Reg-
istry, which is a multicenter, multidisciplinary
collaborative initiative to gather data about preg-
nant mothers with CV disease in the United
States.®' Such a coordinated initiative will catalyze
the development of best practices and guidelines.
Guidelines should be jointly developed and
endorsed by expert groups in both obstetrics
and cardiology.'®°® Current guidelines are devel-
oped by either obstetric' or CV societies.!®2031
Joint efforts would both strengthen recommenda-
tions for caring for women during this critical time
and further galvanize collaboration®® (Box 1).

SUMMARY

Coordinated preconception through postpartum
cardio-obstetrics care is necessary to optimize
both maternal and fetal health. Maternal mortality
in the United States is increasing, largely driven
by increasing CV disease burden during preg-
nancy, and needs to be addressed emergently.
Both for women with congenital and acquired
heart disease, CV complications during pregnancy
are associated with increased future risk of CV dis-
ease. Comprehensive cardio-obstetrics care is a
powerful way of ensuring that women’s CV risks
before and during pregnancy are appropriately
identified and treated and that they remain

engaged in CV care long term to prevent future
CV complications.

CLINICS CARE POINTS

e Preconception counseling is critical for all
women with pre-existing structural or congen-
ital heart disease, hypertension and ischemic
heart disease.

e Patients with known or previously repaired
congenital heart disease should be referred
to adult congenital heart disease specialists
for preconception and peripartum evaluation
and management.

e Case review and multidisciplinary discussion
of all pregnant women at high risk of cardio-
vascular complication should conducted
regularly.
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