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DISCLOSURE



Demonstrate an understanding of pharmacokinetic changes in a 
pregnant individual

Assess pregnancy and lactation information on prescription drug 
labeling for safe prescribing of cardiovascular medications

Plan safe and effective medication regimen for peripartum 
individuals

OBJECTIVES



• Most common cause of indirect maternal mortality during 
pregnancy

• Incidence affected by individual age, CV risk factors, and history 
of congenital heart disease

• 64% US pregnant women receive prescription drug
• Up to 1/3 women with CVD use cardiac medications during 

pregnancy, increasing fetal risk
• 5% women receive “FDA Category X” drug
• General rule:

CARDIOVASCULAR (CV) DISEASE AND WOMEN

Use the least number of drugs and at the lowest dose 

Halpren DG, et al. J Am Coll Cardiol 2019;73:457–76.
Rakusen K. Exp Clin Cardiol 2010;15(4):e100-e103.



PHARMACOKINETIC AND HEMODYNAMIC  CHANGES 
IN PREGNANCY

Halpren DG, et al. J Am Coll Cardiol 2019;73:457–76)



POTENTIAL EFFECTS ON THE PREGNANT 
INDIVIDUAL

Reduced GI 
motility and 

change in pH

• Reduces 
absorption

• Reduces 
bioavailability of 
certain drugs

Increased volume 
of distribution

• Reduces serum 
drug 
concentration

• Changes half-
life
𝐻𝑎𝑙𝑓𝑙𝑖𝑓𝑒

0.693 𝑥 
𝑉𝑑
𝐶𝐿

• Reduces protein 
binding

Altered hepatic 
metabolism

• Increases 
metabolism of 
drugs with high 
hepatic extraction 
ratio

• Upregulates most 
CYP enzymes

Increased renal 
plasma flow

• Increases 
glomerular 
filtration 

• May increase 
tubular function

Forinash AB, Barnes K. Pregnancy and Lactation. DiPiro’s Pharmacotherapy: A Pathophysiologic Approach, 12th Edition. McGraw Hill; 2023.
Halpren DG, et al. J Am Coll Cardiol 2019;73:457–76)



Drug properties affect medication transfer

TRANSPLACENTAL MEDICATION TRANSFER

Increased 
molecular 

weight
Short half-life

High protein 
binding

Increased 
hydrophilicity 
and ionicity

Passive 
diffusion

Active transport

Facilitated 
diffusion

Mode of transfer 

Pinocytosis

Phagocytosis

Syme MR, et al. Clin Pharmacokinet 2004; 43 (8): 487-514



Background risk 3-5%
Medication 
exposure

0.50%

Unknown 
causes

80%

Chromosomal 
causes

15%

Genetic 
causes

4%

Other 
environmental 

exposure
0.50%

CONGENITAL MALFORMATION

Leading Categories of Birth Defects

Estimated PrevalenceBirth Defects
1 in 115 birthsHeart and circulation
1 in 130 birthsMuscles and skeleton
1 in 135 birthsGenital and urinary tract
1 in 235 birthsNervous system and eye
1 in 900 birthsRespiratory tract
1 in 3500 birthsMetabolic disorders

US Department of Health and Human Services. Food and Drug Administration. 
Center for Drug Evaluation and Research. Center for Biologics Evaluation and 
Research. Reviewer Guidance Evaluating the Risks of Drug Exposure in Human 
Pregnancies. April 2005.
Forinash AB, Barnes K. Pregnancy and Lactation. DiPiro’s Pharmacotherapy: A 
Pathophysiologic Approach, 12th Edition. McGraw Hill; 2023



1954
Thalidomide 
created by 

Chemie 
Grunenthal 
(German Rx 
company)

1956
First 

thalidomide-
affected 

baby born in 
Germany

1958
Drug licensed 

in the UK, 
marketed as a 
wonder drug 
(headache, 
insomnia, 
morning 

sickness)

1961
Letter by Dr. 

William 
McBride 

published in 
The Lancet 

linking 
thalidomide 

and 
phocomelia

1966
FDA laid 

foundation for 
development of 

toxicology 
testing in 
animals

A TERATOGENIC DRUG EXAMPLE

Kim JH, Scialli AR.Toxicol Sci. 2011;122(1):1-6.
Thalidomide Trust.. https://www.thalidomidetrust.org/



“What is there that is not poison? All things are poison and 
nothing is without poison. Solely the dose determines that a thing 
is not a poison” – Paracelsus (Father of Modern Toxicology)

TOXICOLOGY: DOSE AND TIMING

Grandjean P. Basic Clin Pharmacol Toxicol. 2016;119(2):126-132. 
Kim JH, Scialli AR.Toxicol Sci. 2011;122(1):1-6.

In reproductive toxicology, timing of 
exposure is critical to the development 
of teratogenicity.



• Early or pre-
implantation

• “All or nothing”

Weeks 1-2 
gestation

• Organogenesis
• Structural 

anomalies

1st trimester • Brain development
• Growth 

retardation, CNS 
abnormalities, 
behavioral or 
biochemical 
changes,  impaired 
organ function

2nd-3rd trimester/
delivery

FETAL DEVELOPMENT AND TERATOGENIC EFFECTS



From 1979-2015
Classification of drug 
teratogenicity

DefinitionCategory 
Adequate, well-controlled study data in pregnant women 
showed no increase risk to fetus in any trimester

A

Animal studies showed no evidence of harm to fetus, no 
adequate data in pregnant women. Animal studies showed 
adverse effect, but none in adequate and well-controlled studies 
in pregnant women. 

B

Animal studies have shown an adverse effect, however, no 
adequate and well-controlled studies in pregnant women; no 
animal studies conducted, no adequate studies in pregnant 
women.

C

Adequate, well-controlled or observational studies in pregnant 
women showed risk to fetus. Benefits of therapy may outweigh 
risk. 

D

Adequate, well-controlled or observation studies in animals or 
pregnant women showed fetal abnormalities or risk. 
Contraindication in pregnant women

X

PREVIOUS PREGNANCY LABELING

Rakusen K. Exp Clin Cardiol 2010;15(4):e100-e103



• Effective June 30, 2015
• Relevant information for decision-making
• Complete risk statement based on human and animal data
• Background risk in general vs. disease population
• Considerations of disease 
• Animal data in context of human exposure
• Human data when available
• Explicitly states when no data are available
• Also included new category on Females and Males of Reproductive 

Potential
• Drugs approved after June 30, 2001 updated additional content and 

formatting requirements

PREGNANCY AND LACTATION LABELING RULE 



EARLY INVOLVEMENT OF MULTI-DISCIPLINARY 
CARE

Mehta LS, et al. Circulation. 2020;141:e884–e903.



• 30-year-old female, G1P0, with history of pulmonary arterial 
hypertension and previous tobacco use

• Medications: 
• Ambrisentan 10 mg daily
• Tadalafil 40 mg daily
• Selexipag 1600 mcg twice daily
• Furosemide 20 mg daily
• Progesterone-only pill

PATIENT AB



CARDIOVASCULAR MEDICATIONS IN PREGNANCY

Halpern, D.G. et al. J Am Coll Cardiol. 2019;73(4):457–76.



Medications: 
• Ambrisentan 10 mg daily
• Sildenafil 20 mg three times a day
• Selexipag 1600 mcg twice daily
• Furosemide 20 mg daily

PATIENT AB

Halpern, D.G. et al. J Am Coll Cardiol. 2019;73(4):457–76.



AMBRISENTAN

Ambrisentan. Package insert. Actavis Pharma Inc; 2019.
DailyMed. https://dailymed.nlm.nih.gov/. Accessed Sept 1, 2023.



SILDENAFIL

Sildenafil. Package insert. Advagen Pharma Ltd; 2021.



SELEXIPAG FUROSEMIDE

Halpern, D.G. et al. J Am Coll Cardiol. 2019;73(4):457–76.Sildenafil. Package insert. Actelion Pharmaceuticals US, Inc; 2023.



• 30-year-old female, G1P0, with history of pulmonary arterial 
hypertension and previous tobacco use

• Medications: 
• Ambrisentan 10 mg daily
• Tadalafil 40 mg daily
• Selexipag 1600 mcg twice daily
• Furosemide 20 mg daily
• Progesterone-only pill

PATIENT AB

Patient independently stopped

1. Continue tadalafil, selexipag, and furosemide
2. Refer to high-risk obstetric team for multi-disciplinary care
3. Increase surveillance of cardiovascular symptoms with 

frequent appointment
4. Increase frequency of echocardiogram
5. Schedule delivery with both obstetric and cardiology team at a 

hospital with an experienced cardiovascular team
6. Post-partum: discuss resumption of medication and lactation
7. Post-partum: discuss pregnancy and contraception



HYPERTENSION

Halpern, D.G. et al. J Am Coll Cardiol. 2019;73(4):457–76.



HEART FAILURE

Halpern, D.G. et al. J Am Coll Cardiol. 2019;73(4):457–76.



ANTICOAGULANT/ ANTIPLATELET/ THROMBOLYTIC

Halpern, D.G. et al. J Am Coll Cardiol. 2019;73(4):457–76.



ANTIARRHYTHMICS

Halpern, D.G. et al. J Am Coll Cardiol. 2019;73(4):457–76.



1. Discuss maternal cardiovascular risk as part of routine disease management
2. Educate on medications with high risk for fetal harm
3. Discuss effective options for contraception
4. Encourage open communication regarding family planning
5. Evaluate medication use pre-conception
6. Eliminate nonessential medications and discourage self- medication
7. Minimize exposure to harmful medication
8. Adjust medication doses to optimize health and reduce risk
9. Involve multi-disciplinary team collaboration pre-conception and during 

pregnancy
10. Frequently monitor CVD patients during pregnancy
11. Coordinate team-based care: determine timing and mode of delivery at a tertiary 

care center

CHECKLIST



1. WHO Maternal Cardiovascular Risk Classifications
2. Tabular form of hemodynamic changes in pregnancy
3. Approach to Contraceptive Use in Women with cardiovascular 

disease 
4. Properties of Various Contraceptive Options 

APPENDIX



MATERNAL CARDIOVASCULAR RISK CLASSIFICATION

Supp. Table 2 from Mehta LS, et al. Circulation. 2020;141:e884–e903.



MATERNAL CARDIOVASCULAR RISK CLASSIFICATION 
(CONTINUED)

Supp. Table 2 from Mehta LS, et al. Circulation. 2020;141:e884–e903.



MATERNAL CARDIOVASCULAR RISK CLASSIFICATION 
(CONTINUED)

Supp. Table 2 from Mehta LS, et al. Circulation. 2020;141:e884–e903.



HEMODYNAMIC CHANGES IN PREGNANCY

Supp. Table 1 from Mehta LS, et al. Circulation. 2020;141:e884–e903.



APPROACH TO CONTRACEPTION USE IN WOMEN 
IN CARDIOVASCULAR DISEASE

Table 2 from Mehta LS, et al. Circulation. 2020;141:e884–e903.



PROPERTIES OF VARIOUS CONTRACEPTIVE 
OPTIONS

Table 2 from Roos-Hesselink JW, et al. European Heart Journal (2015) 36, 1728–1734
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