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Objectives

• The scope of the problem
• Where are we now

• Solutions
• What are we doing at Allina Health?
• Future of CVOB
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The Scope of the Problem In 2018, preventing maternal deaths act  passed
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Maternal Mortality – Cardiovascular Deaths

 the most common causes of 
pregnancy‐related deaths 
were cardiovascular 
conditions:
 congenital heart disease, 
 ischemic heart disease
 cardiac valvular disease
 hypertensive heart 
disease,

 congestive heart failure
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• Temporal trends of incidence of mortality and cardiovascular 
events in pregnant and post-partum women by race/ethnicity.

• A. In-hospital mortality

• B. acute myocardial infarction 

• C. stroke

• D. pulmonary embolism

• E. peripartum cardiomyopathy

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

First pregnancies should be utilized as an early life 
stress test to identify women who may have CVD 
risk
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Pregnancy – A Stress Test

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

Normal Hemodynamics
12
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Solutions

WOMEN’S: Penny Anderson Women’s Cardiovascular Center
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Main et. Al Obstet Gynecol 2015;125:938–47)

Preventable Deaths

WOMEN’S: Penny Anderson Women’s Cardiovascular Center
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88% of women who died 
would have been Identified 
as high risk requiring 
further evaluation and 
referral using this pathway

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

Cardio Obstetrics: it is the Village
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Multidisciplinary Approach to Peripartum Care

• Symptoms of pregnancy = cardiac symptoms
• Women with CV symptoms should be evaluated 
• PREGNANCY AS AN ETIOLOGY OF SYMPTOMS 

SHOULD BE A DIAGNOSIS OF EXCLUSION
• Women with apo/pregnancy induced complications need 

follow up and management of risk factors for cvd
(pregnancy is a stress test)

19

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

Cardio OB scoring
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Management

• Echocardiography is the modality of choice recommended for all valvular 
management, evaluation at baseline, evaluation for aorta. 

• Any change in cv signs or symptoms should lead to echocardiogram as first line 
management

• Adding BNP (usually stable through the duration of pregnancy)
• Based on WHO class echoes are often every trimester to every month

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

Abbott Cardio-Obstetrics Program

• Cardiologists and Maternal Fetal Medicine (MFM) specialists work together to 
provide evidence‐based care to pregnant women with new or pre‐existing CVD 
or CVD symptoms. 

• All patients have an RN Care Coordinator; most visits are conducted with 
multi‐disciplinary providers (e.g., cardiology, perinatology, pharmacy). 

• Program components: Preconception counseling, risk stratification, prenatal 
care, development of a collaborative individualized pregnancy and birth plan, 
and coordinated postpartum care.

• All cases are presented at conference prior to delivery and postpartum 
planning. 
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Demographics and Clinical Characteristics of women 
enrolled in the CVOB program and historical comparisons

CVOB 
2018-2019

(n=113)

Comparison 
2016-2017 

(n=338)

mWHO, n (%)*

none 10 (9) 156 (46)
I 15 (13) 67 (20)
II 24 (21) 59 (17)

II‐III 37 (33) 29 (9)
III 22 (19) 19 (6)
IV 5 (5) 8 (2)

Carpreg2, n (%)*

0 56 (49) 218 (65)

1 0 22 (7)
2 12 (11) 11 (3)
3 38 (34) 69 (21)

4+ 7 (6) 16 (4)
Missing 0 2

* p < 0.01, ** p <0.05

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

Demographics and Clinical Characteristics of women enrolled 
in the CVOB program and historical comparisons

CVOB 
2018-2019

(n=113)

Comparison 
2016-2017 

(n=338)
Comorbidities, n (%)
CAD 2 (2) 5 (2)

HTN 21 (19) 40 (12)
Hyperlipidemia 4 (4) 6 (2)
Cerebrovascular disease 3 (3) 5 (2)

Renal Disease** 4 (4) 1 (0.3)
Pulmonary HTN 0 0
Heart Failure 3 (3) 3 (1)
Cardiac Arrest 1 (1) 4 (1)

Aortic Dissection  1 (1) 0

Cardiac Valve Insufficiency* 17 (15) 13 (4)
Cardiac Valve Stenosis* 14 (12) 13 (4)

* p < 0.01, ** p <0.05
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Demographics and Clinical Characteristics of women 
enrolled in the CVOB program and historical comparisons

CVOB 
2018-2019

(n=113)

Comparison 
2016-2017 

(n=338)

Parity, n (%)

0 41 (36) 126 (38)
1 41 (36) 98 (29)
2+ 31 (28) 114 (33)

Age, mean(SD) 30.0 (5.5) 30.6 (5.3)
Race, n (%)**
American Indian 2 (2) 2 (1)
Asian 5 (5) 14 (4)

Black or African American 21 (19) 57 (17)

Multiracial 9 (8) 7 (2)
White 73 (66) 254 (76)
Missing 3 4

Ethnicity, % Hispanic 6 (5) 15 (4)

* p < 0.01, ** p <0.05

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

Demographics and Clinical Characteristics of women 
enrolled in the CVOB program and historical comparisons

CVOB 
2018-2019

(n=113)

Comparison 
2016-2017 

(n=338)

Medications prior to pregnancy, n (%)
Anticoagulation 8 (7) 10 (3)
Anti‐cholesterol 1 (0.9) 7 (2.1)
Anti‐platelet 8 (7) 21 (6)

Anti‐hypertensive 24 (21) 72 (21)
Antiarrhythmic 4 (3.5) 5 (1.5)
Antidepressant 22 (19) 57 (17)

Medications during pregnancy, n (%)
Anticoagulation   6 (5) 9 (3)
Anti‐cholesterol 0 3 (0.9)
Anti‐platelet* 30 (27) 29 (9)

Anti‐hypertensive* 40 (35) 61 (18)

Antiarrhythmic 5 (4.4) 6 (1.8)
Antidepressant 19 (17) 43 (13)

* p < 0.01, ** p <0.05
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Results (Demographics)

• CVOB patients were more racially diverse (34% nonwhite vs 24% in 
the comparison group)

• There was no difference with regard to parity, age, or Hispanic
ethnicity. 

• CVOB group had higher rates of valvular heart disease (27% vs 8%) 
• CVOB patients were had higher CVD risk scores based on mWHO and 
CARPREG2

• Antiplatelet and Anti‐hypertensive use was higher during pregnancy 
among CVOB patients. 

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

Cardiology care and outcomes during pregnancy 

Patients experiencing specific tests, and events during 
pregnancy

CVOB 
2018-2019

(n=102)

Comparison 
2016-2017 

(n=102)

Number of cardiology tests, median (IQR) 8 (5, 12.8) 5 (3, 7)*
Cardiology tests during pregnancy, n (%)

EKG 71 (70) 62 (61)
Echocardiogram 93 (91) 78 (76)*

Cardiac CT Scan 6 (6) 3 (3)
Cardiac MRI 11 (11) 3 (3)**
Holter/ Zio patch monitoring 38 (37) 9 (9)*

ED visits during pregnancy, n (%) 22 (22) 34 (33)

Inpatient admissions during pregnancy, n (%) 17 (17) 14 (14)

Cardiology complications during pregnancy, n(%) 41 (40) 31 (30)

* p < 0.01, ** p <0.05
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Delivery and postpartum outcomes 

CVOB 
2018‐2019
(n=102)

Comparison 
2016‐2017 
(n=102)

Gestational age at delivery, median (IQR)
39.00 (37.46, 

39.29)
39.14 (37.71, 

39.68)

Preterm (< 37 weeks gestation), n (%) 14 (14) 13 (13)
Length of Stay at Delivery, median (IQR)
Vaginal 2.66 (2.13, 3.20) 2.13 (1.84, 2.52)*
Cesarean 3.35 (3.15, 5.85) 3.68 (3.17, 4.29)

ICU admission during delivery, n (%) 10 (10) 4 (4)
ICU LOS, median (IQR) 2.60 (1.91, 4.21) 2.16 (1.28, 3.13)

Telemetry during hospital stay, n(%) 33 (32) 19 (19)**
Inpatient or ED visits in 6 months 
postpartum, n (%) 35 (34) 72 (71)*
Any perinatal provider visit postpartum, n 
(%) 46 (45) 23 (23)*
Cardiology complications postpartum, 
n(%) 63 (62) 60 (59)

* p < 0.01, ** p <0.05

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

Results
Women who received care in the CVOB program: 
• had more cardiology tests during pregnancy relative to pre‐program 
controls (median of 8 tests vs 5; p <0.001). 

• experienced a ½ day longer LOS (median of 2.66 vs 2.13 days; p=0.006) for 
vaginal deliveries.

• had more telemetry during pregnancy and were more likely to see a 
perinatologist postpartum. 

• were less likely to have inpatient or ED visits in the 6 months postpartum 
(34% vs 71%; p <0.001). 

There was no significant difference in cardiology complications 
during pregnancy or postpartum.
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Conclusions

• CVOB patients were more closely monitored by cardiology 
and MFM during pregnancy as well as postpartum (i.e. more 
tests, telemetry, longer LOS). 

• In a multidisciplinary, non university CVOB program, 
coordination of care and monitoring during pregnancy may 
have contributed to fewer postpartum emergency visits and 
readmissions. 

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

Hypertensive Disorders of Pregnancy 
at Allina Health
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Pregnancy and Hypertension

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

Acute CV Changes in Preeclampsia Chronic CV changes with HDP
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Hypertensive disorders of pregnancy and longterm CV risk

Chronic hypertension accounts for one‐half to 
two‐thirds of the excess cardiovascular disease 
risk in women with prior HDP
Only about 33% of women with prior HDP are 
on antihypertensives

UK BioBank Data

WOMEN’S: Penny Anderson Women’s Cardiovascular Center
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Preeclampsia and Heart 
Failure

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

• Preeclampsia/hypertension  are often associated with 
readmission
• Readmission associated with SBP ≥140/90 mm Hg within 24 hours 

before discharge increased the odds of readmission (adjusted odds 
ratio, 1.98; 95% confidence interval, 1.37–2.87). 

• 2 or more elevated blood pressure values further increased the odds 
(adjusted odds ratio, 3.14; 95% confidence interval, 2.33–4.24

• Majority of women are admitted 5-7 days postpartum

38

Post partum Hypertension and Readmission

Bruce et. Al Am J Obstet Gynecol MFM. 2021 May 12;3(5):100397.
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• Updated Guideline for Care

• Care of Patients with Hypertensive Disorders in Pregnancy and Postpartum

• Medication management of HTN may be more aggressive in the postpartum period and 
the interval between pregnancies as placental perfusion is no longer a consideration

• PP goal to maintain BP < 130/80 mmHg before discharge

• Based on AHA and NICE recommendations

• Use oral (longer‐acting) antihypertensive agents to treat HTN

• Recommend initiating an oral antihypertensive medication for persistent BP > 140/90

• Lifestyle modification, education, appropriate follow‐up care

New Post Partum HTN orders at Allina (went live February 22)

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

New Post Partum HTN Order Set
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New Post partum HTN Order Set

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

• Diuretics to reduce the risk of cardiac dysfunction
• BNP> 100 pq/Ml – consider lasix

• Standard education
• Early warning signs
• When to seek emergency care
• Risk for cardiovascular disease

• BP monitoring and f/u visits after discharge

• Recommendations for consultation and further 
care and follow‐up

• MFM, Cardiology and APRN PP HTN Clinic after 12 
weeks postpartum

Other Recommendations

Joana Lopes Perdigao. Hypertension. Volume: 
77, Issue: 5, Pages: 1517-1524, 
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Cardiac Markers and Pregnancy: BNP 
• BNP ≤100 pg/ml had a 
negative predictive 
value of 100% for 
identifying events 
during pregnancy. 

• Pregnant BNP levels 
were approximately 
twice as high as the 
nonpregnant BNP 
levels. 

• BNP can be used 
longitudinally to follow 
a woman through 
pregnancy

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

A Call to Action
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A Call to Action
• In 2016, 313 530 hospital discharges for HDP, 128 240 for preexisting 

diabetes and gestational diabetes, 362 955 for PTB, and 78 820 for SGA/low 
birth weight.

• In 2016,  73 485 visits to the ED for HDP, 19 903 for preexisting diabetes 
and gestational diabetes, 101 047 for PTB, and 5985 for SGA/low birth 
weight 

• Pregnancy and postpartum care accounted for $71.3 billion ($64.9–$77.7 
billion) in total health care spending in 2016. 

• Complications related to HDP and PTB were estimated to account for $5.5 
billion ($4.8–$6.3 billion) and $28.2 billion (21.8–37.6 billion), respectively

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

CVOB PROGRAMS, 
Training Changes
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Research

WOMEN’S: Penny Anderson Women’s Cardiovascular Center

Policy
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Conclusions

• Maternal Mortality in the US continues to Rise
• CVD is now the number one cause of maternal  M and M
• Cardio Obstetrics teams, with risk assessment, delivery planning 

decrease maternal M and M
• Pregnancy and post partum symptoms = CV symptoms and 

should be assessed
• Policy, Research and Education changes are needed to impact our 

woeful mortality rates
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