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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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Milestones in the Advancement of Maternal and Reproductive Health Equity

Title XiX of the
Social Security
Act, Medicaid
signed into law

Title Vil = Civil
Rights Act
passed

Title V signed
into law

Equal Pay Act
signed into law

PRAMS s

deveioped FMLUA is passed

Reproductive WHO
Health for cardiovascular CDC LOCATe
Refugees risk score developed
Initiative established

AMA releases
Maternal

Title IX signed NIH opens Office of

ANCON fomed into law Research on
Women's Health
Pregnancy
Discrimination Act
is passed
SMFM founded

Maternal and Child Health
Services Block Grant created

MCHEP program
developed by CDC

ZAHARA
cardiovascular risk
score is established

CARPREG risk score
is developedto
assess risk factors
associated with
cardiac
complications
among pregnancy

ACA is passed

MIECHV program
established

Services for Individuals
with Postpartum
Conditions and Their
Families authorized

ERASE MM established
Web-based data
collection system,
PIDS is established
CARPREG Il is released

Preventing Matemal Deaths
Act passed

First Step Act
signed into law

Emergency Preparedness
and Response Team
Capabilities updated

Health Policy
Statement

PRMR*

The Scope of the Problem

in the United
tates: 1987-2016

o &P &P il e 26
*Number of pregnancy-related deaths per 100,000 live births per year
B Pregnancy-related mortality ratio

WOMEN'S: Penny Anderson Womel

Foundation’

(7 ngﬁ?ll:gii:ute

In 2018, preventing maternal deaths act passed

Deaths per 100,000 live births

Total

Atcaly sgnficant ncrease n rate rom previous year (o < 0 05
Riace groups are single race.
RCE Natonal Center for Heath Statistcs. Natonal

Non-Hispanic White

N 2018 W 2019

Non-Hispanic Black

ital Statistics System. Mortaity

Hispanic

. 2020
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Exhibit 1
Maternal Mortality Ratios in Selected Countries, 2018 or Latest Year

Deaths per 100,000 live births

4.3
30 3.2
m B
Nz NOR GER SWE SWIzZ
[}) Download data
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Notes: The maternal mortality ratio is defined by the World Health Organization as the death of a woman while pregnant or within 42 days of termination of

pregnancy, irrespective of the duration and site of the pregnancy, from any cause related to or aggravated by the pregnancy or its management but not from accidental
or incidental causes.

Data: OECD Health Data 2020, showing data for 2018 except 2017 for Switzerland and the UK; 2016 for New Zealand; 2012 for France. aHealth

oTT
Source: Roosa Tikkanen et al., Maternal Mortality and Maternity Care in the United States Compared to 10 Other Developed Countries (Commonwealth Fund, Nov. .E#X"LESTERN
2020). https://doi.org/10.26099/411v-9255 k

Exhibit2

Timing of U.S. Maternal and Pregnancy-Related Deaths, 2011-2015

Delivery! After birth
I ancy Birth (postpartum)
Conception . .
18 Day of  Postpartum deaths “Late” maternal deaths
( ’ delivery (days 1-42) (days 43-365 postpartum)
Pregnancy timeline
21%
0,
17% %
12%
During Day of delivery Days 1-6 Days 7-42 Days 43-365

pregnancy postpartum postpartum postpartum

52% postpartum (after birth) deaths

Data: Centers for Disease Control and Prevention Pregnancy-Related Mortality Surveillance data from: Emily E. Petersen et al., “Vital Signs: Pregnancy-Related
Deaths, United States, 20112015, and Strategies for Prevention, 13 States, 2013-2017,” Morbidity and Mortality Weekly Report 68, no. 18 (May 10, 2019): 423-29.

Health

" . - . 1T
Source: Roosa Tikkanen et al., Maternal Mortality and Maternity Care in the United States Compared to 10 Other Developed Countries (Commonwealth Fund, Nov.  THWESTERN
3

2020). https://doi.org/10.26099/411v-9255

TAL
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Causes of Pregnancy-Related Death in the U.S.
1987-1990 and 2006—-2010

1987—-1990 2006-2010
- v _30%
25%
Hemorrhage 20%
Hypertensive disorder
- 15%
Thrombotic
I bol
pulmonary embolism -
There have been significant
reductions in pregnancy
Amniotic fluid embolism - 5% related deaths in
> disorders and
T MMR rates are
-0% dynamic and shift over time
Anesthesia
Distribution of P ility among Related Deaths

Per a 2

8 report including dz

a from nine states, spanning 2008-2017

Cardiovascular
and coronary
Overall conditions Hemorrhage
Unknown 3% Unknown 5% Unknown 5%

Nonpreventable Nonpreventable Nonpreventable

Preventable 63% Preventable 68% Preventable 70%

r" Minneapolis MinneapoLis  AllinaHealth
Heart I“_St't}" About a third of all maternal deaths are considered to be nonpreventable. But the most common Heart ABBOTT
Foundation cond ssociated with maternal mortality, such as heart dise: nd hemorrhage, can be better INsTITUTE H%?HESTERN

handled to avoid poor outcomes.

Maternal Mortality — Cardiovascular Deaths

Cause of Pregnancy-Related Deaths, 2007-2016

04% 58% = Cardiovascular conditions (cardiomyopathy. ¥ the most common causes of

7.8% \ cerebrovascular accidents, etc.) pregnancy-related deaths
= Noncardiovascular medical conditions .
\ were cardiovascular
33.6% Infection conditions:
¥ congenital heart disease,
QRIS v ischemic heart disease

« Arnniotic Fluid Embolism ¥ cardiac valvular disease
v hypertensive heart

= Thrombotic Pulmonary or Other Embolism disease,

« Hypertensive Disorders ¥ congestive heart failure

92%

54%

1% = Anesthesia Complications
13.3% = Unknown AMERICAN ACTION
13.3% FORUM

<9)Minneapolis . MinNEapoLls  AlinaHealths¥
C 7 Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center HEart ABBOTT
Foundation’ INSTITUTE NORTIHWESTERN

HOSPITAL
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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

. MINNEAPOLIS AllinaHealth ¥
omen’s Cardiovascular Center Heart ABBOTT
InsTITUTE NORTHWESTERN
HOSPITAL

Foundation’

(7 ng':??ll:gii:ute

should be utilized as an early life

who may have

MINNEAPOLIS AllinaHealth ¥
WOMEN'S: Penny Anderson Women’s Cardiovascular Center % HEart ABBOTT
INsTITUTE NORTIHWESTERN

HOSPITAL

10
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Pregnancy — A Stress Test
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Normal Hemodynamics
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"’A:iA|M

ALLIANCE FOR INNOVATION
ON MATERNAL HEALTH

Solutions

Key stakeholders | Implementation Scope

HRSA cooperative | Statewide through Data-driven maternal safety and quality improvement initiative based on interdisciplinary

agreement with PQCs working at consensus-based practices to improving maternal safety and outcomes. The Council on

ACOG the facility level Patient Safety in Women's Health Care and the AIM Program have developed 10 patient
safety bundles targeting matemal health since 2013,

ERASE MM CDC and states State jurisdictions Program developed from maternal mortality review commitiees using common data collec
tion and sharing of findings.

PQCs CDC and states States These are networks of clinical teams, public health professionals, and other stakeholders
that work together to improve pregnancy, newbom, and infant outcomes at the state level

Perinatal Care The Joint Commis: National at facilities | Facilities are expected to meet standards and follow clinical practice guidelines and are
Services Certification | sion evaluatod against 6 evidence-based core measures that have been endorsed by the Na
tional Quality Forum.

LOCATe coe National at facilities | The CDC developed CDC LOCATe on the basis of the recent guidelines and policy state
or Departments of | ments issued by the American Academy of Pediatrics, ACOG, and SMFM. The tool is
Health intended to provide a standardized facility assessment and to promote collaborative ap-
proaches 1o strengthen systems of risk-appropriate

Levels of Maternal ACOG/SMFM and | National at facilities | In 2015, the ACOG and SFMF released Lovels of Maternal Care. This introduced uniform
Care CcDC designations for levels of maternal care at birthing facilities that address maternal health
needs, with the goal of reducing maternal morbidity and mortality in the United States.

Maternal Health HRSA and states States Design, implement, and evaluate innovations in maternal service delivery in 9 states.
Innovation Programs

Women's Preventive | HHS, HRSA, and National ACOG launched the Women's Preventive Services Initiative, engaging a coalition of na

Services Initiative ACOG tional health professional organizations and consumer and patient advocates with expertise
in women's health across the life span to develop, review, and update recommendations
for women's pre

entive health care services, including HRSA-sponsored Women's Preven

| | | tive Services Guidelines | MINNEAPOLIS AllinaHealth %
Cardio-Obstetrics States, AHA, and | Facilities Prognancy heart teams provide a multidisciplinary team-based approach to the assess- HEeart ABBOTT
Programs ACOG ment and management of pregnant individuals who have underlying cardiovascular disoase INSTITUTE NORTHWESTERN

or develop it duing pregnancy. HOSPITAL

California vs. U.S. Maternal Mortality Rate
Maternal deaths per 100,000 live births (1999-2013)

1999 2013
L |

25 -

20

\( Credit: Valentina D'Efilippo; Source: California Pregnancy-Associated Mortality Review, California i
Maternal Quality Care Collaborative, based on data from California Birth and Death Statistical Master TERN
Files, 1999-2013, California Department of Public Health

14
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Preventable Deaths

= Delayed response to
clinical warning signs

= IneffectiveTare

= Misdiagnosis

= Lack of continuity
of care

= Failure to consult

Percent of cases

Cardiovascular Preeclampsia Obstetric Venous Amniotic fluid
” Minneapolis disease oreclampsia hemorrhage thromboembolism  embolism
( Heart Institute | WOMEN'S: Penny Anderso (n=49) (n=36) (n=20) (n=20) (n=18)
Foundation . Pregnancy-related deaths due to healthcare provider factors
Main et. Al Obstet Gynecol 2015;125:938—47)
15
CVD ASSESSMENT ALGORITHM FOR PREGNANT and POSTPARTUM WOMEN
Red Flags
e Shortness of breath at rest
* Severe orthopnea = 4 pillows Personal History of CVD
. Resting HR 2120 bpm Without Red Flags
. Resting systolic BP 2160 mm Hg
- Resting RR 230
&  Oxygen saturations <94% with or
without personal history of CVD
CONSULTATIONS with MFM and
Primary Care/Cardiology
PROMPT EVALUATION and/or
hospitalization for acute symptoms
plus
CONSULTATIONS with MFM and
Primary Care/Cardiology
@®Calfomia Department of Public Health, 2017, supported by Titke V funds. Developed in partnership with
Caifornia Maternal Quality Care Collaborative Cardiovascular Dsease in Pregnancy and Postpartum
Taskforce Visit www CMG rq for details
<9)Minneapolis . MinNEapoLls  AlinaHealths¥
C 7 Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center HEart ABBOTT
Foundation’ INSTITUTE NORTHWESTERN
HOSPITAL
16
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(No Red Flags and/or no personal history of CVD, and hemadynamically stable)

SYMPTOMS VITAL SIGNS RISK FACTORS **PHYSICAL EXAM
*NYHA class > I
. Resting HR 2110 bpm . Age 240 years ABNORMAL FINDINGS
‘Suggestive of Heart Failure; . Systolic BP 2140 mm Hg . African American Heart: Loud murmur or
. Dyspnea . RR 224 . Pre-pregnancy obesity Lung: Basilar crackles
: :'l::;‘:;pnga . Oxygen sat <96% (BMI 235)
. Asthma i . Pre-existing diabetes
to therapy . Hypertension
, : Substance use (icotine,
- Palpitati .
< Dlnesioncose ety NO
e e History of chemotherapy YES
e e 88% of women who died
I Dvserge would have been Identified
‘ as high risk requirin
v Consultation indicated: g q ) g
>1 Symptom + = 1 Vital Signs Abnormal + > 1 Risk Factor or further evaluation and
ANY COMBINATION ADDINGTO = 4 i . .
LAt e Pl referral using this pathway
Care/Cardiology
Obtain: EKG and BNP

. Echocardiogram +/- CXR if HF or valve disease is suspected, or if the BNP levels are elevated

. 24 hour Holter monitor, if arrhythmia suspected

. Referral to cardiologist for possible treadmill echo vs. CTA vs. alternative testing if postpartum
Consider: CXR, CBC, Comprehensive metabolic profile, Arterial blood gas, Drug screen, TSH, etc.
Follow-up within one week

t —

Results abnormal

CVD highly suspected
Results negative —>
Signs and symptoms resolved 5
Reassurance and routine follow-up aliornia Doparten of Public Hoalth, 2017, supporte by il V unds. Dovelopad n parnership with % MinngapoLls  AllinaHealth
California Maternal Quality Care C Disease in Pragnancy and Heart ABBOTT
Taskforce. Visit: www.CMQCC org for details INSTITUTE NORTHWESTERN
HOSPITAL

17

Cardio Obstetrics: it is the Village

Cardio-
Obstetrics
Other Expert
Specialists

Maternal

Cardio-Obstetrics Fetal
Team and Patient Mecichn

A Preconception Pregnancy Labor/Delivery
f/ + Contraception advice » Team-based care with » Mode: Vaginal delivery
+ Optimize medical status patient usually preferred
« Medication adjustment - Serial monitoring - Regional anesthesia -
+ Risk assessment: = Delivery planning = Monitoring: consider
mWHO balancing maternal/ pulse oximetry,
CARPREG Ii fetal risks telemetry if indicated
ZAHARA
Postpartum Fourth Trimester Long-Term
+ Monitoring: minimum « 3-7 days follow-uj « Identify women with APO
48 hours post-Jsisdwge 5 Lweecla ia and
. . ers,
Assessand treat mp - Comprehensive o weeks ™ gestational diabetes,

preterm delivery, small for

<9) Minneapolis + Patient counseling Consider addition of gestational age!
r Q. symptoms of cnmpllmtlons tehhealth visits
\/ P::'::' thils“,t'l‘tute WOMEN'S: Penny Anderso o tencmon « CVD risk screening

Davis, M.B. et al J Am Coll Cardiol. 2021.77(14):1763-77.

18
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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)

” Minneapolis i Minngapois  AllinaHealth
O/ Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center Heart ABBOTT
Foundation’ INSTITUTE NORTHWESTERN
HOSPITAL

19

TABLE 3 Modified WHO Risk Stratification Model

Modified WHO Claws Conditions Predicted Risk, %
=940 higher ik than Uncomplicated, small or mild esions nciuding 255
the general population pulmonary stenosis, VSD, PDA,

and matral valve prolapse with no more
than trivial mitral regurgitation

Cardio OB scoring

Successfully repaired simple lesions including
ostium secundum ASD, VSD, PDA,
and TAPVD
Isolated PVCs and PACS
Unoperated ASD 5.7-10.5
d tetralogy of Fallot

mos

mortality
TABLE 1 CARPREG Il Risk Prediction Model
CARPREG Il Predictors Points (repair epaired)
Long QT syndrome
TABLE 2 ZAHARA Risk Prediction Model Derived From Patients Prior candisc event or arhythesis 3 — M’\;’Ii m’;'":“ N
With Congenital Heart Disease Baseline NYHA functional class lll to IV or Cyanosis 3 Hypertrophic cardionyopathy
ZAHARA Predictors Mechanical valve 3 Marfan syndrome without aortic dilation
Ventricular dysfunction 2 Heart transplant
Prior arrhyrhmu Native or tissue valve disease not
Cardiac medications before pregnancy 15 High-risk left-sided valve disease/LVOT 2 considered WHO class IV
ruction wi ilata ti
NYHA functional class = obstructios alve without aortic dilatation -
1
Left heart obstruction et el g
Moderate or severe mitral regurgitation Coronary artery dissase 2
Moderate or severe tricuspid requrgitation 0.7 High-risk aortopathy 2
Mechanical valve 4.25 No prior cardiac intervention 1
Cyanotic heart disease (corrected or uncorrected) 1 Late pregnancy assessment 1
ZAHARA Score Predicted Risk, % CARPREG Il Score Predicted Risk, % srysm (repaired
0-05 29 Otol 5
root
0.51-1.50 75 2 10 pwing sorti
151-2.50 7.5 3 15 replaceme
Bicuspid aortic valve with aortic root dilation
251350 431 4 2 SO
-3.50 70.0 4 o V—Pragnancy Pulmonary arterial hypertension of any cause  40-100
contraindicated Severe left ventricular dysfunction (LVEF
30% or NYHA functional class Il to IV)
::;:M z.‘..,. w‘:\ ».:,x A\ﬁ:?w;u:: ‘;7‘;:??‘:“\ ‘l*‘:""-""‘ CARPREG = Cardiac Disease in Pregnancy Study; LVOT « left ventricular outflow Previous peripartum cardiomyopathy with
wijking (Pregnancy ith Congenital sease) study tract; NYHA = New York Heart Assodation any residual impairment of LV function
Severe left heart obstruction (AVA <1 cm” or
peak gradient 50 mm Hg: MVA <1.5 cm?)
Marfan syndrome with aortic dilation
(:7 Minneapolis , : X Bicuspid aortic vaive with aortic
\ I';Iear:| Ir:;tltute WOMEN'S: Penny Anderson Women's Cardiovascular Cent: Shation >50 mm
oundation’

atrial septal defect; AVA = ac

20
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mWHOI mWHO Il mWHO lI-1Il mWHO il mWHO IV
Care during Local hospital Local hospital Referral hospital Expert centre for pregnancy | Expert centre for preg M .t
pregnancy and cardiac disease nancy and cardiac a n a g e l I I e n
disexse
Minimal follow-up | Once or twice Once per trimester | Bimonthly Monthly or bimonthly Monthly
visits during
pregnancy
Location of delivery | Local hospial Local hospital Referral hospital Expert centre for pregnancy | Expert centre for preg
and cardiac disease nancy and cardiac
disease

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

” Minneapolis Minngapois  AllinaHealth
O/ Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center Heart ABBOTT
Foundation’ INSTITUTE H&R;I#XVLESTERN

21

* 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.

<9)Minneapolis . MinNEapoLls  AlinaHealths¥
C 7 Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center HEart ABBOTT
Foundation’ INSTITUTE HgsleﬂESTERN

22
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Demographics and Clinical Characteristics of women
enrolled in the CVOB program and historical comparisons

CvOoB Comparison
2018-2019 2016-2017
(n=113) (n=338)

mWHO, n (%)*

none 10 (9) 156 (46)
[ 15 (13) 67 (20)
I 24(21) 59 (17)
1I-111 37 (33) 29 (9)
Il 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) Akt
Founc Missing 0 2 NORTHWESTERN

*p<0.07.**p<0.05

23

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

CvOB Comparison
2018-2019 2016-2017
(n=113) (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)

) Mi,Carqua_c Valve Stenosis* . 14 (12) 13 (4) ) us  AlinaHeakhi
C 7 Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center “ Heart ABBOTT
Foundation’ INSTITUTE Hgls?TH "FHESTERN
*p<0.01,** p<0.05

24
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Demographics and Clinical Characteristics of women
enrolled in the CVOB program and historical comparisons

CvOB Comparison
2018-2019 2016-2017
(n=113) (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)
7! Missing 3 4 rpous  AllinaHealth ¥
|Ethnicity, % Hispanic 6 (5) 15 (4) ' e O ESTERN

HOSPITAL

*p < 0.01,* p<0.05

25

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

CVOB Comparison
2018-2019 2016-2017
(n=113) (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) AlinaHeakht
F Antidepressant 19 (17) 43 (13) NORTHWESTERN

HOSPITAL

*p<0.01,* p<0.05

26
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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.

” Minneapolis Minngapois  AllinaHealth
O/ Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center Heart ABBOTT
Foundation’ INSTITUTE H&R;I#XVLESTERN

27

Cardiology care and outcomes during pregnancy

Patients experiencing specific tests, and events during CvOB Comparison
pregnancy 2018-2019 | 2016-2017
(n=102) (n=102)

Number of cardiology tests, median (IQR)
Cardiology tests during pregnancy, n (%)

8(5128) 5(3,7)*

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)

<9)Minn. ____._ 1= N AllinaHealth
C 7 Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center " HEart ABBOTT
Foundation’ INSTITUTE HgsRmﬂESTERN
*p<0.01,** p<0.05

28
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Delivery and postpartum outcomes

CVOB Comparison
2018-2019 2016-2017
(n=102) (n=102)

39.00 (37.46, 39.14 (37.71,

Gestational age at delivery, median (IQR) 39.29) 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 ViSItT postpartam, n

(%) 46 (45) 23 (23)*

Cardiology complications postpartum,

(7?2%(%) e PO 63 (62) 60(59) " s
OUnuauun ~ | INSLILUCE NORTHWESTERN

*p< 0.(51, ** p <0.05 HOSPITAL

29

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 % 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.

<9)Minneapolis . MinNEapoLls  AlinaHealths¥
C 7 Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center HEart ABBOTT
Foundation’ INSTITUTE HgsleﬂESTERN

30
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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.

” Minneapolis Minngapois  AllinaHealth
O/ Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center Heart ABBOTT
Foundation’ INSTITUTE H&R;I#XVLESTERN
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Hypertensive Disorders of Pregnancy
at Allina Health

<9)Minneapolis . MinNEapoLls  AlinaHealths¥
C 7 Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center HEart ABBOTT
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Pregnancy and Hypertension

Hypertension
BP 2140 and/or 90 mm Hg
on at least 2 occasions

Severe Range Hypertension
BP 2160 and/or 110 mm Hg

Diagnostic Criteria for Pre-Eclampsia
Blood pressure
+SBP 2140 mm Hg and/or DBP 290 mm Hg on two occasions
at least 4 h apart after 20 weeks of gestation in a
‘woman with a previously normal blood pressure

Severe Hypertension Non-Severe Hypertension + SBP 2160 mm Hg and/or DBP 2100 (confirmed over 15 min)
« Admil patient to hospital for « Start single therapy with first line AND
maternal and fetal monitoring agent (labetalol, 5
+ Start first fine therapy (IV labetalol, methyldopa) to achieve BP in the Proteinuria Severe Features
‘ngn%mwm — range of 140-150/190-100 mmHg. + 2300 mg per 24 h urine collection
oral short acting nifedipine) YES Pregnant and + If BP not controlled with one or « Protein/creatinine ratio 20.3 mg/dl
immediately -— " 3 + Dipstick reading of 2+ (if quantitative

B L methods are not available)

* Intravenous magnesium

sulphate to prevent seizures in

* Intraenous nitroglycerin when + Thrombocytopenia (<100k)

pulmonary edema in setting of + Renal insufficiency (Cr >1.1 mg/dl or 2x Cr in the absence
e :

7

ACOG Practice Bulletin No. 202. Jan 2019

Acute CV Changes in Preeclampsia Chronic CV changes with HDP

SRR ISR VROR E0 SN S R N S W N CENTRAL ILLUSTRATION: Echocardiographic Differences Among Women

With Both Hypertensive Disorder of Pregnancy History and Current Hyper-
tension 8 to 10 Years After Delivery

Increased LV Wall
Thickness

Normotensive Currently
Pregnancy Normotensive

+

Interventricular Septal Wall Thickness (cm)

LV Wall Remodeling (RWT >0.42)

Mitral Inflow (E/A Ratio)

Countouris, M.E. et al. J Am Coll Cardiol. 2021;77(8):1057-68.

Heart ABBOTT
INsTITUTE

. MINNEAPOLIS AllinaHealth %
men'’s Cardiovascular Center

NORTHWI
HOSPITAL

Vaght, AL ot ol J Am Coll Cardhel. 2018 7X1H1-11.
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Hypertensive disorders of pregnancy and longterm CV risk

CENTRAL ILLUSTRATION Hypertensive Disorders of Pregnancy Are Associated With Long-Term Risk of
Diverse Cardiovascular Diseases

Prevalence of Hypertension at Study Enrollment (%)

Coronary Artery Mitral
Diiaaia Heart Failure Aortic Stenosis Regurgitation
A —
o~ 0
[ —= ==
40-44  45-49 50-54 55-59 60-64 65-69

Age at Study Enrollment

= No HOP m HDP

010

002

® 04 i 002

Chronic hypertension accounts for one-half to § [Bltea0n Jon|RHE0E § noms| RS2 ESAC) § s
. . . g
two-thirds of the excess cardiovascular disease 3005 ‘Eu.u) % oo i oot
risk in women with prior HDP i %ﬂm Euws -"Ewws
() P P S — 3 —— 3 o = -]

Only about 33% of women with prior HDP are e e —r —
on antihypertensives Age at Incident Disease Disgrosis Age at Incident Disease Disgnosis Age at Incident Disease Disgnosis

Honigberg, M.C. et al. J Am Coll Cardiol. 2019;74(22):2743-54.
UK BioBank Data

Mlnneapoll i Minneapors  AllinaHealth
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Foundation’ INSTITUTE NORTHWESTERN
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A Detveries witout Pregnancy-Induced Hypertension B Deiiveries with Gestationsl Hypertension

00 1400

1200 00
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A ———

C Deliveries with PreeclampsiaEclampsia

Adjusted Odds Ratios of
Preeclampsia

Number of Cardiovascular
Complications per 100,000 in
Women with Preeclampsia

*

a0

White (REF): 1.00
o @ 1
Black: 1.45 (1.42-1.49) 800
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8 ) ? 1 400
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\ / Heart Institute | WOMEN'S: Penny Anc P ———
Foundation’ Asian/Pacific Islander:
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CENTRAL ILLUSTRATION Heart Failure Hospitalizations Following Delivery Complicated by

Preeclampsia/Eclampsia

Preeclampsia and Heart

Failure

Proportion of Patients Without HFIEF

o

With Preserved Ejection Fraction Following Delivery

Hazard
Ratio

TABLE 2 Risk of Subsequent Hospitalization for Heart Failure

Confidence
Interval

209
1.78
159
2.89
5.35

Preeclampsia or eclampsia
Age 35-39 yvs <35y
Age =40y vs <35y
Black
Diabetes mellitus

2345678
Years Since Delivery

No Index Preeclampsia -~ Index Preeclampsia

Wikliams, D. ot 3l ) Am Coll Cardiol. 2021, 78(23)-2281-2290.

Gestational diabetes 1.67

Cesarean delivery 1.79
Chronic hypertension 4.36
Preterm delivery 1.51

141
1.22

Medicaid insurance

Income Q1 vs Q4 (highest)

1.80-2.44
1.55-2.06
1.51-1.67
2.51-3.32
5.08-5.64
1.61-1.74
1.69-1.89
3.18-5.98
1.48-1.53
1.31-1.51
1.07-1.38

Income Q2 vs Q4 (highest) 093 0.72-1.19
Income Q3 vs Q4 (highest) 0.97 0.90-1.05
Small metro vs large metro 1.30 1.07-1.58
Micropolitan vs large metro 142 1.27-1.59
Nonmetro or micropolitan vs large 1.59 1.38-1.84
. metro
1's Cardiovascular Cente
prubyer Model includes all variables listed in table
gy Q1 = lowest income quartile; Q4 -~ highest income quartile.

37

Post partum Hypertension and Readmission

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

<9)Minneapolis . MivneapoLs  AllinaHealthdf
C 7 Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center HEart ABBOTT
Foundation’ INSTITUTE NORTHWESTERN
38 HOSPITAI
Bruce et. Al Am J Obstet Gynecol MFM. 2021 May 12;3(5):100397.
38
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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

” Minneapolis Minngapois  AllinaHealth
O/ Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center Heart ABBOTT
Foundation’ INSTITUTE H&R;I#XVLESTERN
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New Post Partum HTN Order Set

Postpartum Antihypertensive Therapy for BP 140/90 - 159/109
Goal Systolic < 130 and Diastolic < 80 within 6-24 hours

8P 1

0-1

Antihypertensive Dosing Reference

[Drug " Usual dose Considera second | Maximum dose for HTN. | Onset of Action
agent

Nifedipine XL

Labetaiel (Trandate] §0, Oral, Dove J0Omg Nt Sioine ER (Procerdie TL) ONCE DAKY AL Ol Saslopet 8, Ocad 30 mg daily 60 mg daily Up to 120 mg/day
Do

1° o srg encest 1 abrcan »ormg Do Semg
Ak o dercent, s i patients man Preterred 1 o g i lrcan Amancan Pretered dng for oregestations Sabetes snd
< ey duesse

| Labetalol 200 mg BID 300 mg 81D TNot to exceed 2400

- = mg/day
i  Foimmdandnsaet e :x&;;y.:w
e e dae M vt e
e et el e o e e Enatapri 510 mg 61D =
ot el .
: [Hydralazine | 10mg q 6 hours 7300 mg/day
o
Yes Yes No | | )
I ) L L. I Prover may sty dosen Atenolal | | 60 minu
e Camgr 23 my imcremanes ng
NoChange Prowter i e B0 Pt s may adjuit 044 8 Weeded
| (===~ || S ‘ R
et | | a——
e
="y) Minheapols . MINNEAPOLIS AllinaHealth %
\{ / Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center HEart ABBOTT
Foundation’ INSTITUTE H&R;P:II_HESTERN
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New Post partum HTN Order Set

oY yper 8P2 160/110
Goal BP below 160/110 in 2-4 hours
Target BP Systolic 5130 and Diastolic 5 80 within 24 hours

v 0 dhadh B9 4.3 s 12 ftes 1" 00

e - Mo 8t o 010
e ot 9 e

. "o
ncreaied doses, than & 4 I3 por ordens

+ Rasashter dm e d BP trants

o B sio/se N
Moo Onange W00 mot § 16OV110m 34 e,
(abataie and incre s na 1t Sone ves | e

et g

LR by 61 N
Im‘ ey dose by Momg g Jpree | bt
Meeded || doue reference and o —
R i =

. o .
e | Ul yrUInEI S varalUYasuar Uet e ‘ | insrrr NORTHWESTERN
= [y

e InsTITUTE He
-

41

Other Recommendations

HYPERTENSIVE DISORDERS OF PREGNANCY
Initial postpartum BP

Diuretics to reduce the risk of cardiac dysfunction 05 READMISSION
for elevated

* BNP> 100 pg/MI — consider lasix ‘ Resskl postpartum BP.

. fu;;:;;r:? ° requiring
Standard education treatment

« Early warning signs
+ When to seek emergency care Clinical Implications
« Risk for cardiovascular disease Need to treat 13 women to + Improved resolution of

prevent 1 woman from having hype"e:‘Sion L
ersistent postpartum BP + 80% reduction in

BP monitoring and f/u visits after discharge persistently clovated

[ BPs at 7 days
o o) « Faster ti 1
Recommendations for consultation and further ﬁ e M
care and follow-up Bt
0 . . Both findings noted most
* MFM, Cardiology and APRN PP HTN Clinic after 12 prominently in women with
weeks postpartum

Joana Lopes Perdigao. Hypertension. Volume

<9)Minneapolis . MinNeapoLs  AllinaHealth#
(‘ Heart Institute | WOMEN'S: Penny Anderson Women'’s Cardiovascular Center % HearT ABBOTT
Foundation’ INSTITUTE NORTHWESTERN

HOSPITAL
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Cardiac Markers and Pregnancy: BNP

* BNP <100 pg/ml had a
negative predictive ‘
value of 100% for A B e e e B Heart Discase
identifying events B o St vnkir dytncien
during pregnancy.

300

250

Pregnant BNP levels

were approximately 200

twice as high as the
nonpregnant BNP
levels.

Subjects with BNP > 100 pg/mL (%)

B-Type Natriuretic Peptide (pg/mL)
B-Type Natriuretic Peptide (pg/mL)

BNP can be used 1st Trimester 3rd Trimester
longitudinally to follow

a woman through

pregnancy

” Minneapolis Minngapois  AllinaHealth
O/ Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center Heart ABBOTT
Foundation’ INSTITUTE H%#XVLESTERN
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A Call to Action

' T .
w\,_// Didactics

st inici QCIlnical
Multidisciplinary Cardiovascular Clinician X

Care Mortality Education ‘/\/, Maintenance

Sex-Specific
Scientific
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Heart Disease and Stroke Statistics—

° 2021 Update

11. ADVERSE PREGNANCY OUTCOMES

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 (564.9-577.7
billion) in total health care spending in 2016.

Complications related to HDP and PTB were estimated to account for
(54.8-56.3 billion) and (21.8-37.6 billion), respectively

” Minneapolis Minngapois  AllinaHealth
O/ Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center Heart ABBOTT
Foundation’ INSTITUTE H&R;I#XVLESTERN
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TABLE 1 A Stepwise Approach to Developing a Niche in Cardio-Obstetrics

Area of Intervention Focused Intervention for FITs/ECPs, ions and i Science izati and C G
Understanding the disease spectrum

« Understanding the social determinants of health and poor pregnancy outcomes
« Improving knowledge on APOs and long-term CV risks

« Incorporating detailed pregnancy history in routine encounters

« Understanding physiology of pregnancy and its effects on CV system

« Learning pharmacotherapeutics in pregnancy

Developing a pregnancy heart team « Need for short- and long-term follow-up of women with APOs

« Developing multidisciplinary team-based care for high-risk women

« Preconception CV risk assessment and pregnancy planning

« Implement quality improvement projects and hospital protocols

« Volunteering on hospital and state maternal mortality review committees
.

.

.

.

.

.

.

.

Improving research and registry data s Studying subclinical and overt CV dysfunction in APOs and acquired heart disease in pregnancy
Pregnancy outcomes in women with congenital heart disease and peripartum cardiomyopathy
Large, multicenter phenomic and proteomic investigations of APOs

Understanding the role of placental ischemia and antiangiogenic proteins in the etiology of APOs
Population data research associations of APOs and long-term CV risks

Outcomes research on healthy lifestyle interventions in women with CVD risk enhancers

Improving training and education

Designing and curricula in ™
Increasing collaborative sessions on CVD in pregnancy at national societal meetings
Developing multidisciplinary grand rounds

Revising COCATS to incorporate modules on CVD in pregnancy

APO - adverse pregnancy outcome; COCATS ~ Core Cardiovascular Training Statement; CV ~ cardiovascular; CVD ~ cardiovascul

TABLE 2 Key Team Members Focused on a Multidisciplinary Approach to the Care of the
Cardio-Obstetric Patient

CVO B P RO G RA M S Physicians and surgeons Allied health professionals and
] cardiovascular team members
Cardiologist (and cardiac subspecialists) Mental health specialist

T ra I n I n g C h a n g eS Obstetrician/maternal fetal medicine specialist Nurse specialist/physician assistant

Cardiac anesthesiologist Pharmacist

Cardiothoracic surgeon Geneticist
Pediatric cardiologist
Neonatologist

WOMEN'S: Penny Anderson Women| Pulmonary hypertension specialist
Family medicine/internist

Foundation’

(7 ng':??legii:ute
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Maternal Mortality
in the United States
Research and the HOPE Registry

Anna Grodzinsky, MD'2"
Karen Florio, D0™* .
John A. Spertus, MD MPH'"

Describe the presenting features of pregnant women with heart disease.
Therein, we plan to describe the health status (symptoms, function, and

quality of life) outcomes for pregnant women with structural heart disease,
heart failure, and coronary disease.

Describe the antenatal monitoring patterns, growth, and perinatal out-
comes of babies whose moms have heart disease.

Describe the management of pregnant women with heart disease and its
association with maternal and fetal outcomes.

Document contraception counseling, and patient perception thereof.

Describe anesthesia and mode and timing of delivery planning.

” Minneapolis Minngapois  AllinaHealth
€ 7 Heart Institute WOMEN'S: Penny Anderson Women's Cardiovascular Center Heart ABBOTT
InsTITUTE NORTHWESTERN

Foundation’
oundatio HOSPITAL
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[l Improve Awareness
L] . .
= Preconception Counseling

fn Remodel Health Care Delivery

Achieve Cultural Competency
and Care Coordination

and Bias Reduction

? Recognize Maternal Maternal {53: Promote Payment
Health Disparities Health Equity Model Innovation

o N 2
m Modernize Public o=~ ExpandPostpartum Care
Health Infrastructure

"gc, Improve Health IT and
Surveillance Systems

Figure. A multipronged approach to achieving sustainable maternal health equity.
IT indicates information technology.

<9)Minneapolis . MinNEapoLls  AlinaHealths¥
&/ Heart Institute | WOMEN'S: Penny Anderson Women'’s Cardiovascular Center HearT ABBOTT
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» 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

” Minneapolis Minngapois  AllinaHealth
O/ Heart Institute | WOMEN'S: Penny Anderson Women’s Cardiovascular Center Heart ABBOTT
Foundation’ INSTITUTE H&R;I#XVLESTERN
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