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INTRODUCTION

The population demographics of pregnant women have been 
changing in the past 20 years, bringing about an increase in 
the number of pregnant patients with cardiovascular diseases. 
Several factors are contributing to these changes. The most 
prevalent is the shift of childbearing years from a woman’s 
early 20s to her 30s and 40s, resulting in an increased number 
of pregnant patients with chronic hypertension and coronary 
artery disease.1,2 Perimenopausal woman undergoing in vitro 
fertilization represent a separate at-risk group for cardiovascular 
disease in pregnancy.2 There has also been an increase in 
the number of pregnancies in patients with congenital heart 
disease that was either repaired in childhood or is still being 
monitored.3 The pregnant patient with cardiovascular disease 
faces significant risks, both to her health and the health of 
the offspring, including an increased risk for exacerbation 
of primary disease, acute cardiovascular decompensation, 
premature delivery, and death.4-6 Certain conditions put patients 
at especially high risk for both maternal and fetal complications, 
including pulmonary vascular disease, maternal cyanosis, 
poor maternal functional class, arrhythmias, and the need for 
anticoagulants.7-11

Management of pregnant patients with cardiovascular 
disease requires a dedicated team of physicians, including a 
cardiologist, cardiovascular surgeon, maternal-fetal medicine 
specialist, and neonatologist who will strive to reach the optimal 
pregnancy outcome. For patients with severe cardiovascular 
risks, delivery in a tertiary care center capable of multispecialty 
coordinated obstetrical/cardiovascular care is advised.

In this review, we address the physiological changes of 
pregnancy and management of some of the more common 
cardiac diseases in a parturient, including hypertensive disease 

in pregnancy, congenital valvular diseases, cardiomyopathy, and 
diseases of the aorta.

PHYSIOLOGIC CHANGES IN PREGNANCY

Pregnancy is associated with major physiologic adaptions that 
are necessary to ensure adequate blood flow to the uterus to 
support the growth of the fetus.12,13 During the first trimester, 
there is an upregulation of the renin-angiotensin-aldosterone 
system that increases the retention of sodium and water.12,13 
Simultaneously, hormonally mediated stimulation of the liver 
and bone marrow leads to increases in protein synthesis and 
hematopoiesis, respectively. This results in a gradual increase in 
red cell mass of between 50% and 60% above pre-pregnancy 
values at the end of the second trimester12; furthermore, plasma 
volume increases by between 30% and 50% prior to 30-weeks’ 
gestation. Peripheral vascular resistance starts falling during 
the first trimester, due in part to uteroplacental shunting and 
to the decrease in vascular responsiveness to the pressor 
effect of angiotensin II14 and norepinephrine.8 Maternal heart 
rate increases by 10 to 15 beats per minute.15 The increase in 
preload, decrease in afterload, and increased heart rate lead to 
an increase in cardiac output (Table 1).16-19

PRENATAL CARE

A patient with congenital heart disease, valvular disease, 
arrhythmia, cardiomyopathy, or other types of cardiac disease 
is at risk for developing congestive heart failure, pulmonary 
edema, and uncontrolled arrhythmias. In addition, aortic disease 
increases the risk of aortic dissection or rupture of an aneurysm. 
There are several periods of pregnancy in which the patient 
is at increased vulnerability for complications: the end of the 
first trimester, the second trimester at approximately 20 weeks 
gestational age, and at 29 to 30 weeks gestational age, when 
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the blood volume increase is maximal.12,13 The most critical 
time for the parturient with cardiovascular disease, however, 
is peripartum. During labor, the increase in catecholamines 
leads to a marked increase in maternal heart rate and cardiac 
output. Each uterine contraction autotransfuses up to 500 mL 
of blood from the uterus into the maternal vascular system, 
significantly increasing the preload. This autotransfusion 
persists immediately after delivery. There are also major shifts 
of fluids from the extravascular to the intravascular maternal 
compartment during the immediate postpartum period. Thus, 
the patient with cardiac disease is at an increased risk for 
cardiac failure, especially in the peripartum period.

Managing the fetus in a gravida with heart disease can be more 
challenging given the increased risk of fetal complications. For 
example, the fetal risk of inheriting congenital heart disease is 
from 2% to 3% in simple valvular disease, from 3% to 6% in 
complex congenital heart disease, and up to 50% in autosomal 
dominant syndromes such as Noonan’s or Marfan’s.5,20,21 
The fetus is also affected by poor placentation that can stem 
from a decrease in uterine perfusion secondary to decreased 
cardiac output, which can lead to an increased risk for fetal 
growth restriction, oligohydramnios, and possibility intrauterine 
fetal demise. Finally, the fetus is at risk for complications of 
prematurity regardless of whether premature delivery was 
indicated for maternal or fetal complications. Antenatal fetal 
surveillance includes ultrasound evaluation of fetal anatomy and 
monitoring of fetal growth, amniotic fluid volume, and placental 
function.

Prenatal care of all patients should start before conception. This 
holds especially true for patients with cardiovascular disease.22 
In preparation for pregnancy, the cardiac patient needs 

comprehensive laboratory work and a detailed cardiovascular 
workup including an ECG, echocardiogram, basic metabolic 
profile, complete blood count, and further testing as needed 
(i.e., potential stress testing, cardiac MRI). However, close 
attention is essential as some testing modalities involve radiation 
and therefore are contraindicated during pregnancy. The goal 
is to optimize the patient’s cardiovascular status. In addition 
to a thorough cardiologic evaluation, the patient should have 
pre-conception maternal-fetal medicine and possibly genetics 
consultations. These consults provide the patient with realistic 
expectations of potential complications,22,23 the opportunity to 
reflect on her choice of becoming pregnant, and the option of 
exploring another mode of parenting or reproduction, such as 
adoption or surrogate pregnancy.

MANAGEMENT OF SPECIFIC CARDIOVASCULAR DISEASES IN 
PREGNANCY

Chronic Hypertension

Chronic hypertension is the most frequent cardiovascular 
disorder encountered in pregnancy. Patients are advised 
to consider pregnancy only if their blood pressure is in 
good control using antihypertensive agents that are not 
associated with embryopathy and that are safe to continue 
during pregnancy. The American College of Obstetricians 
and Gynecologists (ACOG) advises that mild hypertension 
may be untreated in pregnancy if blood pressure can remain 
de novo at 140/90 mm Hg. Most physicians will treat blood 
pressures above 150/100 mm Hg with antihypertensive agents. 
Severe hypertension is associated with lower birth weight, 
preeclampsia, and HELLP (hypertension, elevated liver function, 
low platelets) syndrome. Women with chronic hypertension who 
are not under tight control have a higher rate of severe maternal 
morbidity.

It is reasonable to initiate rest as an initial treatment modality. 
Methyldopa and hydralazine have the longest track record for 
managing hypertension in pregnancy but are often associated 
with side effects that lead to noncompliance.24-26 Beta blockers 
and calcium channel blocking agents are administered with 
relative safety and efficacy.27-30 Labetalol and nifedipine are 
most frequently used, although metoprolol is also an acceptable 
agent.31 Diuretic agents can contribute to a decrease in 
placental perfusion and are reserved for patients at risk for 
congestive heart failure.32 Patients whose chronic hypertension 
is well controlled with antihypertensive agents at the start of 
pregnancy will often experience lower blood pressure at 12 
to 14 weeks gestation, when peripheral vascular resistance 
drops; this is followed by a gradual rise in blood pressure, 
which necessitates an increased dosage of the antihypertensive 
agent.33 Patients with chronic hypertension have a significantly 

PHYSIOLOGIC PARAMETER CHANGE

Heart rate Increased 15-20 bpm

Cardiac output Increased 30-50%

Blood pressure Decreased by 10 mm Hg

Peripheral vascular resistance Decreased

Blood volume Increased 30-50%

Red cell mass Increased 20-30%

Table 1. 
Physiologic changes in pregnancy.
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increased risk for developing superimposed preeclampsia that 
is treated with rest if mild or requires delivery if severe. The 
recently published ASPRE study shows that low-dose aspirin 
may decrease the severity and delay the onset of preeclampsia 
in high-risk patients.34 Patients with hypertension and end-
organ disease such as hypertensive cardiac hypertrophy, 
cardiomyopathy, pulmonary hypertension, or renal disease are at 
a significant risk for severe morbidity and potentially death. Their 
fetuses are at risk for intrauterine growth restriction, premature 
delivery, and fetal demise.35

Cardiac Valvular Disease

Maternal cardiac valvular disease presents another subgroup 
of diseases that require close multidisciplinary care during 
pregnancy. The incidence of rheumatic heart disease has fallen 
drastically in the United States. The majority of cardiac valve 
disease in pregnancy is secondary to congenital valve disease, 
either monitored or repaired. Mitral and aortic valve stenosis 
in the mild form, classified as New York Heart Association 
Class 1 or 2, are well tolerated in pregnancy (Table 2).36,37 
Patients with mitral stenosis are at an increased risk for atrial 
fibrillation and pulmonary edema. Standard treatment includes 
administration of beta blockers to control maternal heart 
rate and increase diastolic filling time and anticoagulants to 
decrease the risk of atrial embolism. The most vulnerable 
period for patients with aortic stenosis is at the time of delivery, 
regardless of the gestational age at that time. It is important 
to keep the maternal heart rate at 90 beats per minute or less 
to allow for adequate filling time of the left ventricle. Maternal 
tachycardia can lead to a rapid decline in cardiac output. The 
preload must be maintained adequately, especially when placing 
regional anesthesia, since decline in preload can also cause a 
decrease in cardiac output. The balance of fluids peripartum is 
precarious; an increase in preload can lead to an increase in 
pulmonary edema.

As with mitral stenosis, aortic stenosis in the mild form is 
manageable with beta blockers and rest. The most dangerous 
time for patients with aortic stenosis is at the time of delivery, 
regardless of the gestational age at that time. Patients with 
aortic stenosis are dependent on high preload, and any factor 
that contributes to a decrease in venous return can lead to an 
acute decrease in cardiac output. Epidural analgesia must be 
carefully titrated after adequate prehydration, and aggressive 
management of postpartum bleeding must be instituted.

Patients with severe (< 1.5 cm² area) mitral stenosis or 
severe (< 1 cm² area) aortic stenosis are at a significant 
risk for cardiac decompensation in pregnancy and should 
consider termination.10,38 If a patient continues the pregnancy, 
her hemodynamic status should be monitored frequently 
in the hospital until reasonable viability is reached and 
preterm delivery is advised. For a patient who has cardiac 
decompensation prior to viability, percutaneous valvuloplasty or 
valvular repair is indicated.

Mitral insufficiency is usually well tolerated in pregnancy, 
although patients are at an increased risk for arrhythmia. Aortic 
insufficiency is also well tolerated in the milder forms with NYHA 
Class 1 and 2 patients. Even severe aortic insufficiency is well 
tolerated if left ventricular function is normal.9,38 In a patient 
with severe aortic regurgitation and left ventricular systolic 
dysfunction, left ventricular dilation, or pulmonary hypertension, 
the risk of congestive heart failure is very high.39 Pharmacological 
treatment consists of beta blockers, vasodilators (nifedipine), 
diuretics, and rest, whereas angiotensin-converting enzyme 
inhibitors are contraindicated in pregnancy.

Pulmonary stenosis is well tolerated if normal right ventricular 
function is present.40 In the presence of right heart failure, a 
complex pharmacologic regime together with maternal rest is 
indicated. Similarly, pulmonary regurgitation is well tolerated in 

Class I Patients with cardiac disease but without resulting limitations of physical activity. Ordinary physical activity does not cause undue fatigue, 
palpitation, dyspnea, or anginal pain.

Class II Patients with cardiac disease resulting in slight limitation of physical activity. They are comfortable at rest. Ordinary physical activity 
results in fatigue, palpitation, dyspnea, or anginal pain.

Class III Patients with cardiac disease resulting in marked limitation of physical activity. They are comfortable at rest. Less than ordinary physical 
activity causes fatigue, palpitation, dyspnea, or anginal pain.

Class IV Patients with cardiac disease resulting in inability to carry on any physical activity without discomfort. Symptoms of cardiac insufficiency 
or of anginal syndrome may be present even at rest. If any physical activity is undertaken, discomfort is increased. 

Table 2. 
New York Heart Association (NYHA) Functional Classifications.37
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pregnancy unless right-sided heart failure 
is present.41 Pulmonary valve disease 
is generally seen most often in patients 
with repaired tetralogy of Fallot (Table 3). 
Tricuspid valve disease is uncommon but 
usually well tolerated in pregnancy.

Patients who have a valvular prosthesis 
require very intense antepartum and 
intrapartum management. Antibiotic 
prophylaxis in labor is recommended to 
prevent subacute bacterial endocarditis. 
Anticoagulation is not required in 
hemodynamically stable patients with 
bioprosthetic valves, but patients with 
mechanical valves are at an increased 
risk for thromboembolism and therefore 
require anticoagulation. Coumadin 
(warfarin) is the anticoagulant of choice; 
unfortunately, it can be associated with 
embryopathy in the first trimester and 
should not be used peripartum due to the 
risk of bleeding. The risk of embryopathy 
is dose dependent, however, and may 
be negligible if a 5-mg dose of warfarin 
daily achieves an adequate level of 
anticoagulation in the patient. Thus, a 
patient who takes a maximum 5-mg dose 
of Coumadin daily may consider taking it 
in the first trimester after discussing the 
benefits and risks with her physician.42-44

Unfractionated and low-molecular-
weight (LMW) heparin are reported to 
be associated with an increased risk 
for thrombosis compared to warfarin.45 
Literature suggests, however, that this 
increased rate of thrombosis may be due 
to subtherapeutic dosing or patients’ 
lack of compliance.45-47 A therapeutic 
dose of LMW heparin achieving a target 
anti-Xa range of 0.8 to 1.2 U/mL at 4 
to 6 hours after administration—given in 
two divided doses 12 hours apart—can 
achieve acceptable anticoagulation.47,48 It 
is difficult to achieve a therapeutic dose 
of unfractionated heparin administered 
subcutaneously and technically difficult 
to have continuous intravenous heparin 
during pregnancy. Unfractionated heparin 
also can interfere with calcium deposit in 
bones, leading to osteoporosis with long-

term use; therefore, use of LMW heparin 
is preferable to unfractionated heparin for 
the duration of the pregnancy.

Although Coumadin can be taken 
safely at a maximal dose of 5 mg/
day throughout pregnancy (adjusting 
the dose to achieve a therapeutic 
international normalized ratio), there 
are other anticoagulation options for 
pregnant women with a mechanical valve. 

A conservative approach would be to 
use LMW heparin in the first trimester, 
then change to warfarin through the 
second and third trimesters followed 
by peripartum bridge therapy with 
LMW intravenous heparin. Patients 
who prefer no fetal warfarin exposure 
can use LMW heparin from conception 
until the peripartum period. Low-dose 
aspirin administration in conjunction 
with warfarin or LMW heparin is also 

CARDIOVASCULAR CONDITION POTENTIAL COMPLICATIONS

Chronic hypertension Preeclampsia

HELLP syndrome

Mitral stenosis Tachycardia-associated decrease in cardiac output

Pulmonary edema

Mitral regurgitation Increased risk of arrhythmia

Increased risk of pulmonary edema

Aortic stenosis Decreased cardiac output with decreased preload

Aortic regurgitation Generally well tolerated

Congestive heart failure

Pulmonary stenosis Generally well tolerated

Pulmonary edema if right-sided heart failure present

Pulmonary regurgitation Generally well tolerated

Pulmonary edema if right-sided heart failure

Tricuspid stenosis Well tolerated

Tricuspid regurgitation Well tolerated

Cardiomyopathy Arrhythmia

Congestive heart failure

Pulmonary edema

Aortic aneurism Dissection of aorta, rupture

Table 3. 
Major potential complications in pregnancy by cardiovascular diagnosis. HELLP: hemolysis, elevated 
liver enzymes, low platelet count.
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recommended from the second trimester 
until 10 days prior to planned delivery.23 
The 2014 American Heart Association/
American College of Cardiology 
guidelines support this approach.23

Cardiomyopathy

Cardiomyopathy in a pregnant patient is 
most frequently acquired from a previous 
viral infection or exposure to cardiotoxic 
drugs (cocaine, Adriamycin), or it may 
be secondary to previous myocardial 
infarction or previous peripartum 
cardiomyopathy. The stress of physiologic 
changes that lead to increased cardiac 
output during pregnancy can also lead 
to decompensation of cardiac function. 
There is, however, insufficient data 
to provide patients with their risk of 
decompensation during pregnancy. 
The general consensus is that patients 
with a left ventricular ejection fraction 
less than 45% or NYHA Class 3 or 
4 are at increased risk for worsening 
of the disease and should be advised 
to avoid pregnancy. Management 
of these patients during pregnancy 
requires a complex regime that includes 
restricting activity, diuretics, digoxin, 
vasodilators, and early controlled 
delivery. Anticoagulation in pregnancy 
is recommended with either a LMW 
heparin or warfarin, following the 
2014 American Heart Association 
guidelines.23 Peripartum patients on 
full anticoagulation are managed with 
bridge heparin therapy. Hypertrophic 
cardiomyopathy is usually well tolerated 
in pregnancy,49-51 but monitoring for 
arrhythmias and early signs of congestive 
heart failure is essential in achieving 
an optimal outcome. In these cases, a 
decrease in physical activity becomes an 
essential part of the treatment regime.

Aortic Aneurysm

Patients with aortic disease represent a 
particularly at-risk group for sudden death 
due to pregnancy. The most frequent 
etiology of aortic aneurysm in a pregnant 

patient is Marfan syndrome, although 
other diseases involving the collagen 
matrix may also predispose a patient to 
developing an aortic aneurysm.

A patient with aortic dilation of less 
than 4 cm has a relatively low risk of 
aortic aneurysm dissection or rupture. 
There is a consensus of the American 
College of Cardiologists that dilation of 
greater than 4.5 cm should be repaired 
prior to pregnancy or in the immediate 
postpartum period.52 A patient with 
aortic dilatation of 4.5 cm or greater 
has a significantly increased risk of 
aortic dissection or rupture during 
her puerperium,53 and she should be 
monitored postpartum in a setting 
capable of immediate aortic root surgery. 
The pregnancy should be monitored 
closely for signs of cardiac dysfunction, 
as this frequently requires a decrease in 
maternal activity and close monitoring 
in a hospital setting if she becomes 
symptomatic prior to term. Controlling 
maternal heart rate with beta blockers 
is the mainstay of therapy. Delivery 
is orchestrated under controlled 
circumstances with the assistance 
of obstetric, cardiac, cardiovascular, 
anesthesia, and neonatal specialists.54 
Although vaginal delivery is possible 
under controlled circumstances, most 
patients will deliver by controlled 
cesarean section.

CONCLUSION

By understanding the physiologic 
cardiovascular changes in pregnancy 
and the specific challenges of different 
cardiac disease processes, physicians 
can tailor the patient’s care to optimize 
monitoring of her pregnancy and prepare 
for the anticipated time and mode of 
delivery. This understanding also gives us 
the opportunity to transfer care of those 
who are at significant risk for cardiac 
compromise to a center that has the 
resources to provide critical cardiac care, 
cardiovascular surgery, and neonatal 
care.

KEY POINTS:

•	 During pregnancy, there is a 
physiological increase in blood 
volume, heart rate, and cardiac 
output.

•	 Patients with an underlying cardiac 
disorder do not tolerate these 
changes well and are at risk for 
developing arrhythmias, pulmonary 
edema, and congestive heart failure.

•	 Patients with hypertensive 
disorders are also at risk for 
developing preeclampsia and 
HELLP (hypertension, elevated 
liver function test, and low platelet 
count) syndrome.

•	 Maternal cardiac dysfunction 
can lead to altered uterine 
perfusion, resulting in fetal growth 
abnormalities and necessitating 
premature delivery.

•	 Managing a pregnant patient with 
cardiovascular disease requires 
a multidisciplinary team approach 
involving maternal-fetal medicine, 
cardiology, cardiovascular surgery, 
anesthesiology, and neonatology 
specialists, preferably at a tertiary 
care center.

Conflict of Interest Disclosure: 
The author has completed and submitted the 
Methodist DeBakey Cardiovascular Journal Conflict 
of Interest Statement and none were reported.

Keywords: 
cardiovascular disease in pregnancy, prenatal 
care, maternal-fetal medicine, maternal cardiac 
dysfunction

REFERENCES

1.	 Fretts RC, Schmittdiel J, McLean FH, Usher 
RH, Goldman MB. Increased maternal age and 
the risk of fetal death. N Engl J Med. 1995 Oct 
12;333(15):953-7.

2.	 Cunningham FG, Leveno KJ. Childbearing 
among older women--the message is 



REVIEW METHODIST DEBAKEY CARDIOVASC J | 13 (4) 2017

JOURNAL.HOUSTONMETHODIST.ORG

214

cautiously optimistic. N Engl J Med. 1995 Oct 
12;333(15):1002-4.

3.	 Child JS, Perloff JK, Koos B. Management of 
pregnancy and contraception in congenital 
heart disease (Chapter 9). In: Perloff JK, Child J, 
Aboulhosn J, editors. Congenital heart disease 
in adults. 3rd ed. Philadelphia, PA: Saunders 
Elsevier; 2008 Aug 28. p. 504.

4.	 Kuklina E, Callaghan W. Chronic heart disease 
and severe obstetric morbidity among 
hospitalisations for pregnancy in the USA: 
1995-2006. BJOG. 2011 Feb;118(3):345-52.

5.	 Drenthen W1, Pieper PG, Roos-Hesselink JW, 
et al.; ZAHARA Investigators. Outcome of 
pregnancy in women with congenital heart 
disease: a literature review. J Am Coll Cardiol. 
2007 Jun 19;49(24):2303-11.

6.	 Drife JO, Lewis G, Clutton-Brock T, editors. Why 
mothers die 2000-2002; the sixth report of 
confidential enquiries into maternal deaths 
in the United Kingdom. London: RCOG Press 
at the Royal College of Obstetricians and 
Gynaecologists; 2004 Nov.

7.	 Whittemore R, Hobbins JC, Engle MA. 
Pregnancy and its outcome in women with and 
without surgical treatment of congenital heart 
disease. Am J Cardiol. 1982 Sep;50(3):641-51.

8.	 Shime J, Mocarski EJ, Hastings D, Webb GD, 
McLaughlin PR. Congenital heart disease in 
pregnancy: short- and long-term implications. 
Am J Obstet Gynecol. 1987 Feb;156(2):313-
22.

9.	 Drenthen W, Boersma E, Balci A, et al. 
Predictors of pregnancy complications in 
women with congenital heart disease. Eur 
Heart J. 2010 Sep;31(17):2124-32.

10.	 Siu SC, Sermer M, Harrison DA, et al. Risk 
and predictors for pregnancy-related 
complications in women with heart disease. 
Circulation. 1997 Nov 4;96(9):2789-94.

11.	 Siu S, Chitayat D, Webb G. Pregnancy in women 
with congenital heart defects: what are the 
risks? Heart. 1999 Mar;81(3):225-6.

12.	 Pritchard JA. Changes in the blood volume 
during pregnancy and delivery. Anesthesiology. 
1965 Jul-Aug;26:393-9.

13.	 Metcalfe J, Ueland K. Maternal cardiovascular 
adjustments to pregnancy. Prog Cardiovasc Dis. 
1974 Jan-Feb;16(4):363-74.

14.	 McFaul PB, Dornan JC, Lamki H, Boyle D. 
Pregnancy complicated by maternal heart 
disease. A review of 519 women. Br J Obstet 
Gynaecol. 1988 Sep;95(9):861-7.

15.	 Robson SC, Hunter S, Boys RJ, Dunlop W. Serial 
study of factors influencing changes in cardiac 
output during human pregnancy. Am J Physiol. 
1989 Apr;256(4 Pt 2):H1060-5.

16.	 Katz R, Karliner JS, Resnik R. Effects of a 
natural volume overload state (pregnancy) 
on left ventricular performance in normal 
human subjects. Circulation. 1978 Sep;58(3 Pt 
1):434-41.

17.	 Robson SC, Hunter S, Moore M, Dunlop 
W. Haemodynamic changes during the 
puerperium: a Doppler and M-mode 
echocardiographic study. Br J Obstet Gynaecol. 
1987 Nov;94(11):1028-39.

18.	 Capeless EL, Clapp JF. Cardiovascular changes 
in early phase of pregnancy. Am J Obstet 
Gynecol. 1989 Dec;161(6 Pt 1):1449-53.

19.	 van Oppen AC, Stigter RH, Bruinse HW. Cardiac 
output in normal pregnancy: a critical review. 
Obstet Gynecol. 1996 Feb;87(2):310-8.

20.	 Burn J, Brennan P, Little J, et al. Recurrence 
risks in offspring of adults with major heart 
defects: results from first cohort of British 
collaborative study. Lancet. 1998 Jan 
31;351(9099):311-6.

21.	 Whittemore R, Wells JA, Castellsague X. A 
second-generation study of 427 probands 
with congenital heart defects and their 
837 children. J Am Coll Cardiol. 1994 
May;23(6):1459-67.

22.	 Kovacs AH, Harrison JL, Colman JM, et al. 
Pregnancy and contraception in congenital 

heart disease: what women are not told. J Am 
Coll Cardiol. 2008 Aug 12;52(7):577-8.

23.	 Nishimura RA, Otto CM, Bonow RO, et al.; 
American College of Cardiology/American 
Heart Association Task Force on Practice 
Guidelines. 2014 AHA/ACC guideline for the 
management of patients with valvular heart 
disease: a report of the American College of 
Cardiology/American Heart Association Task 
Force on Practice Guidelines. J Am Coll Cardiol. 
2014 Jun 10;63(22):e57-185.

24.	 Abalos E, Duley L, Steyn DW. Antihyper
tensive drug therapy for mild to 
moderate hypertension during pregnancy. 
Cochrane Database Syst Rev. 2014 Feb 
6;(2):CD002252.

25.	 Committee on Obstetric Practice. Committee 
Opinion No. 692: Emergent Therapy for Acute-
Onset, Severe Hypertension During Pregnancy 
and the Postpartum Period. Obstet Gynecol. 
2017 Apr;129(4):e90-e95.

26.	 ACOG Committee on Obstetric Practice. 
Diagnosis and management of preeclampsia 
and eclampsia. Number 33, January 2002. 
American College of Obstetricians and 
Gynecologists. Int J Gynaecol Obstet. 2002 
Apr;77(1):67-75.

27.	 Peacock WF 4th, Hilleman DE, Levy PD, 
Rhoney DH, Varon J. A systematic review of 
nicardipine vs labetalol for the management 
of hypertensive crises. Am J Emerg Med. 2012 
Jul;30(6):981-93.

28.	 Molvi SN, Mir S, Rana VS, Jabeen F, Malik AR. 
Role of antihypertensive therapy in mild to 
moderate pregnancy-induced hypertension: 
a prospective randomized study comparing 
labetalol with alpha methyldopa. Arch Gynecol 
Obstet. 2012 Jun;285(6):1553-62.

29.	 Magee LA, Duley L. Oral beta-blockers 
for mild to moderate hypertension during 
pregnancy. Cochrane Database Syst Rev. 
2003;(3):CD002863.

30.	 Bateman BT, Huybrechts KF, Maeda A, et al. 
Calcium Channel Blocker Exposure in Late 



REVIEWMETHODIST DEBAKEY CARDIOVASC J | 13 (4) 2017

JOURNAL.HOUSTONMETHODIST.ORG

215

Pregnancy and the Risk of Neonatal Seizures. 
Obstet Gynecol. 2015 Aug;126(2):271-8.

31.	 Sibai BM. Chronic hypertension in pregnancy. 
Obstet Gynecol. 2002 Aug;100(2):369-77.

32.	 Collins R, Yusuf S, Peto R. Overview of randomised 
trials of diuretics in pregnancy. Br Med J (Clin Res 
Ed). 1985 Jan 5;290(6461):17-23.

33.	 Magee LA, von Dadelszen P, Singer J, et al. The 
CHIPS Randomized Controlled Trial (Control of 
Hypertension in Pregnancy Study): Is Severe 
Hypertension Just an Elevated Blood Pressure? 
Hypertension. 2016 Nov;68(5):1153-9.

34.	 Rolnik DL, Wright D, Poon LC, et al. Aspirin 
versus Placebo in Pregnancies at High Risk for 
Preterm Preeclampsia. N Engl J Med. 2017 
Jun 28.

35.	 Bramham K, Parnell B, Nelson-Piercy C, Seed 
PT, Poston L, Chappell LC. Chronic hypertension 
and pregnancy outcomes: systematic 
review and meta-analysis. BMJ. 2014 Apr 
15;348:g2301.

36.	 Thorne S, MacGregor A, Nelson-Piercy C. 
Risks of contraception and pregnancy in heart 
disease. Heart. 2006 Oct;92(10):1520-5.

37.	 Dolgin M. Nomenclature and criteria for 
diagnosis of diseases of the heart and great 
vessels; The Criteria Committee of the New 
York Heart Association. 9th ed. Boston: Little, 
Brown & Co.: 1994. 352 p.

38.	 Siu SC, Sermer M, Colman JM, et al. Prospective 
multicenter study of pregnancy outcomes in 
women with heart disease. Circulation. 2001 
Jul 31;104(5):515-21.

39.	 European Society of Gynecology (ESG), 
Association for European Paediatric Cardiology 
(AEPC), German Society for Gender Medicine 
(DGesGM), et al. ESC Guidelines on the 
management of cardiovascular diseases during 
pregnancy: the Task Force on the Management 
of Cardiovascular Diseases during Pregnancy 

of the European Society of Cardiology (ESC). 
Eur Heart J. 2011 Dec;32(24):3147-97.

40.	 Drenthen W, Pieper PG, Roos-Hesselink JW, et 
al. Non-cardiac complications during pregnancy 
in women with isolated congenital pulmonary 
valvar stenosis. Heart. 2006 Dec;92(12):1838-
43.

41.	 Greutmann M, Von Klemperer K, Brooks R, 
Peebles D, O’Brien P, Walker F. Pregnancy 
outcome in women with congenital heart 
disease and residual haemodynamic lesions of 
the right ventricular outflow tract. Eur Heart J. 
2010 Jul;31(14):1764-70.

42.	 Cotrufo M, De Feo M, De Santo LS, et al. Risk 
of warfarin during pregnancy with mechanical 
valve prostheses. Obstet Gynecol. 2002 
Jan;99(1):35-40.

43.	 Vitale N, De Feo M, De Santo LS, Pollice A, 
Tedesco N, Cotrufo M. Dose-dependent fetal 
complications of warfarin in pregnant women 
with mechanical heart valves. J Am Coll Cardiol. 
1999 May;33(6):1637-41.

44.	 De Santo LS, Romano G, Della Corte A, et al. 
Mechanical aortic valve replacement in young 
women planning on pregnancy: maternal and 
fetal outcomes under low oral anticoagulation, 
a pilot observational study on a comprehensive 
pre-operative counseling protocol. J Am Coll 
Cardiol. 2012 Mar 20;59(12):1110-5.

45.	 Oran B, Lee-Parritz A, Ansell J. Low molecular 
weight heparin for the prophylaxis of 
thromboembolism in women with prosthetic 
mechanical heart valves during pregnancy. 
Thromb Haemost. 2004 Oct;92(4):747-51.

46.	 McLintock C, McCowan LM, North RA. Maternal 
complications and pregnancy outcome in 
women with mechanical prosthetic heart 
valves treated with enoxaparin. BJOG. 2009 
Nov;116(12):1585-92.

47.	 Abildgaard U, Sandset PM, Hammerstrøm J, 
Gjestvang FT, Tveit A. Management of pregnant 
women with mechanical heart valve prosthesis: 

thromboprophylaxis with low molecular weight 
heparin. Thromb Res. 2009 Jul;124(3):262-7.

48.	 Quinn J, Von Klemperer K, Brooks R, Peebles 
D, Walker F, Cohen H. Use of high intensity 
adjusted dose low molecular weight heparin 
in women with mechanical heart valves 
during pregnancy: a single-center experience. 
Haematologica. 2009 Nov;94(11):1608-12.

49.	 Oakley GD, McGarry K, Limb DG, Oakley CM. 
Management of pregnancy in patients with 
hypertrophic cardiomyopathy. Br Med J. 1979 
Jun 30;1(6180):1749-50.

50.	 Thaman R, Varnava A, Hamid MS, et al. 
Pregnancy related complications in women 
with hypertrophic cardiomyopathy. Heart. 
2003 Jul;89(7):752-6.

51.	 Autore C, Conte MR, Piccininno M, et al. Risk 
associated with pregnancy in hypertrophic 
cardiomyopathy. J Am Coll Cardiol. 2002 Nov 
20;40(10):1864-9.

52.	 Hiratzka LF, Bakris GL, Beckman JA, et al. 2010 
ACCF/AHA/AATS/ACR/ASA/SCA/ SCAI/SIR/
STS/SVM guidelines for the diagnosis and 
management of patients with Thoracic Aortic 
Disease: a report of the American College 
of Cardiology Foundation/American Heart 
Association Task Force on Practice Guidelines, 
American Association for Thoracic Surgery, 
American College of Radiology, American 
Stroke Association, Society of Cardiovascular 
Anesthesiologists, Society for Cardiovascular 
Angiography and Interventions, Society of 
Interventional Radiology, Society of Thoracic 
Surgeons, and Society for Vascular Medicine. 
Circulation. 2010 Apr 6;121(13):e266-369.

53.	 Donnelly RT, Pinto NM, Kocolas I, Yetman 
AT. The immediate and long-term impact of 
pregnancy on aortic growth rate and mortality 
in women with Marfan syndrome. J Am Coll 
Cardiol. 2012 Jul 17;60(3):224-9.

54.	 Lupton M, Oteng-Ntim E, Ayida G, Steer PJ. 
Cardiac disease in pregnancy. Curr Opin Obstet 
Gynecol. 2002 Apr;14(2):137-43.


