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Population of Europe of Childbearing Age

EU population 2008
499 million total*

e 105 million women in childbearing age
(15-45 years).

e 5 million live births.

e 1% of pregnancies are complicated by
heart disease. ™"

*http //epp .eurostat _ec europa.eu/portal/page/portal/population/data
**Report on Maternal Deaths in UK RCOG
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Haemodynamic Changes During Pregnancy

e T blood volume ~ 50%.

e T cardiac output 30-50%
maximum between,
5th and 8t months.

Heart rate (bmp)
Stroke volume fl)
Cardiac output {imin)

e | systolic and diastolic
blood pressure.
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e I systemic arterial
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Haemodynamic Changes During Delivery

e |Labour:

Cardiac output (I/min)

— 1T O, consumption, il =
— I~ baseline cardiac output, 10 —
— I cardiac output and blood 9 —
pressure during uterine
contractions, depending on 8
modalities of delivery - il
(epidural analgesia,
Cesarean section) =
e Post-partum: ° 5 :
p z Before : =3cm 4-7cm =8cm : 1h 24 h
) Labour : Labour : After Delivery
—<I-blood shilt Iromiplacenta, I Basal Il During contractions

— I preload and cardiac

output_ Hunter et al. Br Med J 1 992;68:540—3
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Changes to Cardiac Structure and Function in Pregnancy

Aortic Root/Ascending Aorta
Heart Rate T Limited data suggests these parameters

Cardiac Output should not normally increase in pregnancy

Stroke Volume T
Peripheral Vascular Resistance {

Rapid T (>5 mm) should prompt discussion
of therapeutic options

LA Diameter
T04cm(95%Cl: 0.4t00.5¢cm)

13.6% (95% Cl: 12.1% t0 15.1%)
relative increase vs. baseline

LVEDD
T0.3cm(95% Cl: 0.2t0 0.4 cm)

4.6% (95% Cl: 2.8% to 6.1%)
relative increase vs. baseline

Trace to small

pericardial effusions
can develop

LV Mass

Normotensive Pregnancy
RV Basal and Mid Diameters T 125 g (95% Cl: 17 to 34 g)

Hypertensive Pregnancy
192g(95%Cl: 75t0 109 g)

Expected alterations in commonly measured cardiac dimensions and hemodynamic parameters during pregnancy. Cl — confidence interval; LA — left atrium; LV — left
ventricle; LYEDD — left ventricular end-diastoUc diameter; LVEF — left ventricutar ejection fraction; PASP — pulmonary arterial systolic pressure; RY — right ventricle;
RVEF  right ventricular ejection fraction; 1  increase; |  decrease.

Nataly Bello et al. J Am Coll Cardiol 2021; 77:1813-1822




Other Changes during Pregnancy

e Haemostasis:
— increased platelet adhesiveness,

— Increased concentration of coagulation factors, fibrinogen,
— impaired fibrinolysis.

- Hypercoagulability

e Maternal glucose metabolism.

e Drug metabolism:

— absorption, excretion, and bioavailability.

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy EUR;FEM
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Pre-pregnancy @ ESC

European Society
. - - : o . F of Cardiology
Indications for intervention (surgical or catheter) do not differ in women who

consider pregnancy compared with other patients. There are a few exceptions, such
as severe aortic dilatation and severe asymptomatic mitral stenosis.

Pre-pregnancy risk assessment and counselling is indicated in all women
with known or suspected congenital or acquired cardiovascular and aortic
disease.

It is recommended to perform risk assessment in all women with cardiac
diseases of childbearing age and after conception, using the mWHO
classification of maternal risk.

It is recommended that high-risk patients are treated in specialized centres
by a multidisciplinary pregnancy heart team.

It is recommended that the valve prosthesis for a woman contemplating
pregnancy is chosen in consultation with a pregnancy heart team. =

www.escardio.org/guidelines 2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- do0i:10.1093/eurheartj/ehy 340
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Pre-pregnancy counseling @ESC

European Society
of Cardiology

s> Maternal risk of complications during pregnancy

s> Possible irreversible effects of pregnancy on the maternal cardiac condition
s> Fetal risk (miscarriage, birth weight, small for gestational age)

s> Medication use

7> Genetic aspects

s> Longterm prognosis of the mother

www.escardio.org/guidelines 2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- do0i:10.1093/eurheartj/ehy 340



The Cardio-Obstetrics Model of Care

. Cardio-obstetrics involves clinicians from multiple specialties focused on
pregnant patients from preconception through the postpartum period.

. Risk assessment tools can guide conversations about maternal and fetal
risks in women with cardiovascular disease who are pregnant or considering
pregnancy.

. The cardio-obstetrics team should anticipate potential cardiovascular
complications of pregnancy, labor and delivery, and the postpartum period.

. Postpartum care is an ongoing, integral component of cardio-obstetrical

patient managemen
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The Cardio-Obstetrics Model of Care

Cardio-
Obstetrics
Other Expert
Specialists

€

CENTRAL ILLUSTRATION: The Cardio-Obstetrics Model of Care

Cardiovascular
Medicine

Cardio-Obstetrics
Team and Patient

Preconception Pregnancy Labor/Delivery

« Optiméze medical status w usually preferred

* Risk assessment: - -m:m - 'WM
mWHO maternal/ oxmetry,
CARPREG N fotal risks tetemetry If indicated
ZAMARA
Postpartum Fourth Trimester

. «3.7 follow- with APO

wm mgg up Mfym-n

* Assess and treat wd - Comprehensive - =

-hﬂmtoo-“ulhgm -mw«

symptoens of complications .Mmm .mﬂm

Davis, M.B. et al. J Am Coll Cardiol. 2021;77(14):1763-77

JACC

JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY

Melinda B. Davis et al. J Am Coll Cardiol 2021; 77:1763-1777



Factors Influencing Delivery Hemodynamies

Disease Pregnancy

Several factors related to the patient, cardiovascular disease, and pregnancy status will influence the hemodynamic changes dunng delivery.

Melinda B. Davis et al. J Am Coll Cardiol 2021; 77:1763-1777




Cardiovascular Diagnosis

In most pregnant patients, the heart rotates to the left with a
o I 15-20° leftward axis deviation on the ECG. Common additional
e Clinical assessment: diagno findings include transient ST/T wave changes, a Q wave and
— case history, inverted T waves in lead Ill, an attenuated Q wave in lead aVF,
- g - and inverted T waves in V1, V2, and occasionally V3.
— examination: auscultation Changes may mimic LV hypertrophy and other structural heart

diseases.
e ECG.
e Echocardiography. Physiological congenital heart disease and valve disease, and |

sexercise testing is an integral part of follow-up in adult hould be

® Mag netic resonance imagi| performed in patients with known heart disease who plan
pregnancy. This Task Force recommends submaximal exercise ]
testing (80% of predicted maximal heart rate) in asymptomatic
patients with suspected heart disease if already pregnant. There
is no evidence that it increases the risk of spontaneous
— before pregnancy, miscarriage.30 Stress echocardiography using bicycle ergometry
— during pregnancy (80% may improve diagnostic specificity.Dobutamine stress is rarely

indicated during pregnancy and, because pregnancy in itself is a
stress test, its use should be avoided when other options are

2018 ESC Guideline available.
Europ

— without gadolinium.

e EXxercise testing:
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Cardiovascular Diagnosis

e Clinical ass

— case hit
— examin;

e ECG.
e Echocardio

e Magnetic re
— without

e EXxercise te:

— before
— during ¢

www.escardio.org/guide

EEZTouom

Ixoho

Hhzxtporapfuoypadnue

IUCTIWETOL OF OAEC TLE TIEQUTTLAIELE.

Yrepnyoypadnue kapSuig

Tuotnverol o kafs Eykuo ou SxsnavelynTe
npwrosud o lsy oL KoL CULTTTW LOT
Kap SOy yELRENG VOToU.

IE OOpTOMOEELES MpOTEWVETOL TUYVOTEDOS Ay 00
OVEAOYE LE TV opyLEr SLOLETD TS Ao pThs.

MNatpuowprmed menmibus

ZE TIEpLTTOATT VEWY CULTITWMETWY ] SrLELWTY mou
oyetilovron pue kapdlokn avendpraa, Is ywwoto
LOTOPLED KOp LIy WELOKIE WOSOoU EIVOL KOG Wi
UTIGDER AL Qo] T avadropas

Halter puBpol

It oLoSnuo Moy F avESYNTO SmELTosLn
TUYKOTIN S,

AOELU0CLD KOTIWOTS

IE YUVIKED LE YWOOTT] KapSLaKn vooo mou
smBupolv kinon.

Komd T sykupocivn uttopsywotn dorpacia (0%
TN REoBASTOUEVN S KEpSLOKNE OURVOTITRS) O
QOURTTWUOTIKES yuvaikes mow umolnalopoores
kapSonadsio.

Moy TLer] Topoy padin kapsLte Croow Sev slvol SskaSopn n SUEyWLeOT] TPOTLLATEL ard
OTEWOVLOTLEES pEBoSous mow yproLomoLoly
rovilouca akTivoPoiia
B mpemey va amodelyETa N Syyuon yasolwiou.

Afowisn Topoypodio AvTevBElkyUTOL O KON SKTAC S aES

SuyvwonkEg pEBoSoL Sev Sival ETMApKELS, OfWe Y
OTn SLEYVLROT] 1 OTOKASLTHD TIVELUOWVLETS SRBORAS 1)
OZE0C GopTIKOD TUWSpOpoU.

ZTIG TIEQUTTWATEL, DIUTES ¥prOLUCTIOLEITOL T0
Tpwrdxoddo ps yopnin ameoBolia.

Kapfuaxog kaBstnpuoopds

IMavia vio SLy v oTLROUG ASyouG OTnv KNS,

art rate).

es during pregnancy
3feurheartj/ehy 340

EUROPEAN
SOCIETY OF

CARDIOLOGY ™



e Clinical
— gcas
— eXE

e ECG.

e Echoca

e Magnet
—  witl

e EXxercis

— bef
— dur

www.escardio.org/guidelines

$

Cardiovascular Diagnosis
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Algorithm for Pre-Conception Stress Testing for Women With CHD

Pre-Conception
Exercise Testing

Treadmill Stress Cardiopulmonary

Test Exercise Test Exercise Stress Echo

T— :

Indications: Functional Clas
Exercise-Induced Chronotropic Competence
Hypertension Exercise-Induced
Amrhythmias

Myocardial Reserve
Inducible Ischemia
Valvular Heart Disease

Reference Range for Safe

Pregnancy Outcomes:
Peak Heart Rate 2150

beats/min
VO, 225 ml/kg/min

Pre-conception exercise testing may be considered for risk stratification, in particular for women with congenital or valvular conditions. VO, — maximum
oxygen consumption.

Kathryn J. Lindley et al. J Am Coll Cardiol 2021; 77:1778-1798




Radiation Exposure

e No evidence of increased fetal risk for doses < 50 mGy.

e Avoild radiation ex posure, Procedure Fetal exposure Maternal exposure
Iin particular before “Ragt
12 weeks. radiograph <0.01mGy|<001mSv| 0.1mGy |0.1mSv
(PA and lateral)
e Main exceptions: CT chest 03mGy | 0.3mSv 7mGy | 7mSv

— CT scan for pulmonary Coronorary 1.5 mGy 1.5 mSv 7 mGy 7 mSv

embolism, angiography
— percutaneous cardiac PCI or
interventions. radiofrequency 3 mGy 3 mSv 15 mGy 15 mSv

catheter ablation

iy EAAHNIKH AHMOKPATILA
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CENTRAL ILLUSTRATIOMN Shared Decision-Making Is the Cornerstone of Providing Optimal Care to
Pregnant Women

Shared Decision-Making

Maternal Benefits < = Fetal Benefits
* Prompt diagnosis « Improved placental perfusion
« Appropriate treatment « Optimized outcome
» Optimized outcome
Maternal Risks

« Morbidity related to < « Radiation exposure
undiagnosed, untreated, . -
or undertreated disease > Teratogenicity

* Death * Death

Bello, N.A. et al. J Am Coll Cardiol. 2021;77(14):1813-22.

When choosing diagnostic tests and medications for pregnant and lactating women, the interplay betwesn maternal and fetalfinfant risks and benefits must be
carefully considered. Shared decision-making in consultation with the patient and cardio-obstetrics team is essential for optimal outcomes.

Nataly Bello et al. J Am Coll Cardiol 2021; 77:1813-1822




Summary of Possible In Utero Induced Deterministic Radiation Effects by
Gestational Age and Radiation Dosage

Gestational
Age (Weeks) - 50 mGy 50-100 mGy =100 mGy

0o 2 Home  Hone Mone

ERG R Mome  Probably none Possible spontaneous abortion

5 to 10 Mome Scientifically uncertain and Possible malformation sk
probably too subtle to be increases with increasing
clinkcally detectable dose

M bo 17 Mome  Scientifically uncertain and Risk of diminished 10 increases
probably too subile to be with increasing dose
clinically detectable

18 to 27 None  MNone i} deficits not detectable at

diagnostic doses
=27 Mome  None Mone applicable to diagnostic

medicing

Average Radiation Exposure From Commaon Cardiac
imaging Procedures

Imaging Maodality Fetal Dase (miby)

Ultrasound 0
MRI 0
CXR 0.002-0.1
CT chest or CT pulmonary angiography 0.03-0.66
W] scam 0.32-0.74
Low-dose perfusion scintigraphy 0.1-0.5%
Fluoroscopy (diagnostic/therapeutic angeography, balloon 320

valvuloplasty)
FET CT 10-510

IQ — intelligence quatient.

CT - computed tomograpiy; CXE — chest x-ray; MRl — magnetic resonance ImMaging
PET = positron emission tomography; V10 — ventilation!perfusion,

Nataly Bello et al. J Am Coll Cardiol 2021; 77:1813-1822




Timing and Mode of Delivery

e Favour spontaneous onset of labour and vaginal delivery in
most cases of stable heart disease.

e \Wide use of lumbar epidural analgesia.

e |ndications for Caesarean section:
— pre-term labour in patients on oral anticoagulants,

— Marfan and other ascending aortic aneurysms
(lNaC if > 45 mm, |IbC if 40-45 mm),

— aortic dissection (l1aC),
— severe aortic stenosis (l11aC),
— Eisenmenger syndrome (l1aC).

e Multidisciplinary care for high-risk patients.

@
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FIGURE 3 S5Signs and S5ymptoms Concerning for
Cardiovascular Complications During or After Pregnancy

Peripartum Red Flag Signs and Symptoms

Chest Pain Tachycardia
Dyspnea Non-Vagal Syncope
Orthopnea Headache

Cough Visual Changes
Edema Hypotension/Hypertension

Fatients and clinicians need to be aware of signs and symptoms

that may cignal cardiovaccular complications during and after
pregnancy.

Melinda B. Davis et al. J Am Coll Cardiol 2021; 77:1763-1777



Postpartum Complications in Women With Cardiovascular Disease

Cardiomyopathy Pulmonary Hypertension

Left-Sided Valve Stenosis Hypertensive Disorders
Obesity

. Heart Failure Hypertension
P?tE""d Stroke Arrhythmia
Cardiovascular Thromboembolism Coronary Dissection
Complications Aortic Dissection

= Inpatient Monitoring of Highest Risk Patients =72 h

= Assessment of Volume Status, Symptoms of Heart Failure, and Consideration of BNP/NT-proBNP if at
Suggested Risk for Heart Failure
Monitoring Telemetry Monitoring if at Risk for Arrhythmias

= Postpartum Follow-up 3 to 6 Days after Discharge for High-Risk Patients

 Low Threshold for Echocardiogram. EKG. and/or Biomarkers

Postpartum complications are more likely with certain cardiovascular conditions and additional postpartum monitonng may be needed.
BNP — B-type natriuretic peptide; EKG — electrocardiogram; NT-proBNP — N-terminal pro-B-type natriuretic peptide.

Melinda B. Davis et al. J Am Coll Cardiol 2021; 77:1763-1777




The Fourth Trimester: From Delivery to 12 Weeks Postpartum

Counsel 'rg

Treat fh=

Physical Exam
Blood Pressure
Cardiovascular Symptoms

Hypertension
Gestational Diabetes
Chronic CVD Management
Mental Health Disorders
Referral to Sodal Services

Referral to Primary Care or

Mental Health
Medication Adherence
Lactation Support
Family Planning
Barriers to Care
Social Support
Establish Primary Care
Longitudinal Assessment of CVD
Risk Factors

Subspedialty Care
Screening for Diabetes,
Hyperlipidemia, and CVD Risk
Factors
Contraception
Referral to Nutritionist

Clinicians should ACT during each postpartum visit: Assess, Counsel, and Treat. The fourth timester includes the first 12 weeks after delivery
and serves as an important time period for assessment, counseling, and treatment to reduce the long-term risk of cardiovascular disease.
APD — adverse pregnancy outcome: CVD — cardiovascular disease: DM — diabetes mellitus: HF — heart failure; IHD — ischamic heart disease:
OR — odds ratio.

Melinda B. Davis et al. J Am Coll Cardiol 2021; 77:1763-1777




Diagnosis
(if otherwise well

and

uncomplicated)

Risk assessment by mWHO classification

Small or mild
- pulmonary stenosis
- patent ductus arteriosus

- mitral valve prolapse

Unoperated atrial or
ventrioular septal

defect

Repaired tetralogy of

Successfully repaired simple Fallot

lesions (atrial or ventricular

septal defect, patent ductus Most arrhythmias

arteriosus, anomalous
pulmonary venous

drainage)

Atrial or ventricular ectopic

beats, isolated

(suprawventricular

arrhythmias)

Turner syndrome
without aortic

dilatation

Mild left ventricular
impairment (EF > 45%5)
HCM

Native or tissue valwve
disease not considered
WHO | or IV (mild MS,
moderate A5)

Marfan on other HTAD
syndrome without aortic
dilatation

Aorta < 45 mm in bicuspid
aortic valve pathology
Repaired coarctation
Atrioventricular septal

defect

Moderate LV impairment
Previous PPCM without
residual left ventricular
impairment

Mechanical valve

Systemic RV with good or
mildly decreased ventricular
function

Foantan circulation, if
otherwise the patient is well
and the cardiac condition
uncomplicated

Unrepaired cyanotic heart
disease

Other complex heart disease
Moderate MS

Severe asymptomatic AS
Moderate aortic dilatation

VT

Pulmonary arterial
hypertension

Severe systemic ventricular
dysfunction (EF = 30% or
MNYHA class 1lI—IW)

Previous peripartum
cardiomyopathy with any
residual left ventricular
impairment

Severe MS

Severe symptomatic AS
Systemic right ventricle with
moderate or severely
decreased ventricular
function

Severe aortic dilatation
Vascular Ehlers—Danlos
Severe coarctation

Fontan with complic.

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



Maternal cardiac event

Counselling

Care during pregnancy

Risk assessment by mWHO classification

Mo detectable increased
risk of maternal
mortality and no/mild
increased risk inm
morbidity

2.5-5%%

Yes

Local hospital

Minimal Ffollow-up visits [ell=—Na18 4" l=]
during pregnancy

Location of delivery

Local hospital

Small increased risk
of maternal
moartality or
moderate increase
in moarbidity
5.7—10.5%

Yes

Local hospital

Once per trimester

Local hospital

Intermediate increased
risk of maternal
mortality or moderate
to severe increase in
morbidity

10—19%

Yes

Referral hospital

Birmonthly

Referral hospital

Significantly increased risk

of maternal mortality or

sewvere morbidity

19—-27%

Yes: expert counselling

reguired

Expert centre for
pregnancy and cardiac
diseass

Moanthly ar bimonthly

Expert centre for

pregnancy and cardiac

disease

mWHO IV

Extremely high risk of
maternal mortality or

severs morbidity

A40—-100%

Yes: pregnancy contra-
indicated.

If pregnancy ocours
discuss termination
Expert centre for
pregnancy and cardiac
disease

MMaomthly

Expert centre for
pregnancy and cardiac
disegse

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



Risk assessment by mWHO classification
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Advise
becon
pregni

Contraindication for pregnancy (mWHO 4)

Marfan'*""® Bi ic se L Dietz"2 1% | T, 178,173 V. L
valve'™® Ehlers—Danlos™*
Locaticn of Bverywherea (sinus of Ascending aorta Bverywhera Ascending aorta, Bverywhere
aneurysmidissection | Valsalva) arch and descending
a0orta
Risk of dissection High: 1-10% Low: =1% High:1-10% High: 1-10% High: 1-10%
Comorbidity Drural abnormalities Aortic sbenosis o Crural abnormalities | Low height Crural abnormalities
Mitral regurgitation regurgitation Mitral regurgitation | Infertilicy Llterine rupture
Heart failure Hypertension
Arrhythrmias Dizbetes
Bicuspid aortic valwe
Coarctation
Advise not to Ascending aorta =45 mm Ascending acrta Ascending aorta ASI >25 mm/m? All patients
become pregnant (or =40 mm in family his- =30 mm >45 mim (or >4(0

tory of dissection or sud-
den death)

mnirn in farnily history
of dissection or sud-
den death)

anlos
1ts

IESC 2014

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340




Most common cardiac disease
groups during pregnancy

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy  suwscrean
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340 casosnas-
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Heart Diseases during Pregnancy (l)

e Congenital heart disease:

— most frequent cause of cardiac complications in industrialised
countries (70-80%), rare in developing countries (10-20%).

e Valvular disease:

— most frequent cause of cardiac complications in developing
countries (50-90%), 15% in industrialised countries.

e Cardiomyopathies:
— rare but severe.

e Coronary heart disease:

— rare but increasing frequency.

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy EUR;FEM
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Heart Diseases during Pregnancy (ll)

e Hypertension:

— frequent (6-8% of pregnancies) but severe complications
are rare.

e Arrhythmias:

— frequently combined with stuctural heart disease.

e \VVenous thromboembolism:

— deep vein thrombosis,
— pulmonary embolism.

: rom—— 2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy E
www.escardio.org/guidelines

EUROPEAN

European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340 cArmoioGy=



Mivoaxoc 5: Kapbuoyyelwaxes emmAoKeEe Kata n udpkela tne konong/Aoxelog mouv analrtolv voonAeia

Adm SRy (T [ ETS
Enflagm] uatpoam]- FEnon] s, (ZATpos (el ee T wXEL SRy Ervboaiifin dopoarin pe aflyras), vipadalin. CA TR TGS TRETOS K sl Top|
Moo TR PR et F e e S L R IO T v (e T

Agi oo et Bopaaie pe viaciabag, Aajlnmelddn, wpatalivn, ofheseian.
Erfonaiafibos Hriad uere|me (o o) 10 mohinegies

Ev o [ aplosffiotipd yufleson) (reenpnvnr gufioi

d-dimers (v apeanriky] popvoss T ali)

AscTran g Brogwong
Iriples wiefian kimm dagpao
B3e TLE BN AT RS o [

ALowkn] oy Earyrepin AVE IR NI ie Spodrolin grenies

s rvidhiddac

.".l.'|:|.:r|h|:|h'r| Hgpuarin Pg rpoepd] Jrearplod popmnt Rywog o Sopeamuni]

l:-'|11-uu|h|.-'|.-rr|-:| Hyen pa[lekcro i baE g e aaidione

PRt TORETOS K el o]

AT T B Th e (e e

Heswomp ko e pdipis
" O A ke
TR TR T T Vi o T

Ny T TkETS ooyt BT |s aveadpeasis | [f-mwestnisls, oo,
o LA () i il DEPOTOoe i (IS TAsls PETempaTIkm
v, maeTTnA sl uandogloy apmoroesivng 1L evrpanaTis T
DR T Ty TER TR |

Merd Tov ToREDS AP ) AR T SOpERDnTG Qe i,

o] depearin dare svicloeme

Ep ropcebinasanic] aamifoe, 1wimpcon, meindsgn ey arvTAln, prragdages)
S (1

I R oy

Lp AT nasals arneepe e aurilowin el
SENETOS TR LTS TORETS

[ EEATITIE T B e e GRS s T HPzwom ko e pdipis AP R DIEATIRTE TV VRTINS Welaipoyies, [oweaTarsis mps K Rl o]
¥ ARy P . e (TSI MRS 3, Epocravcedl]. (n evrrrpmastis uandogiay
T Ml AEHdin muihinhives ovrrvdeici e
Agppusiaics HE ko ko e pdipagjuc Yazmoodsma Topeeapsiie: Aslanln] uc pryna e 1 abcvosh). Blecgpea | Koo o)
Koteppogs Hoher pidlach CEVRLTICT] AT fl e sy amidlone Ml TokTTAG
e ;  [-rrvmarToRs g PO SRR e
(R UG TaS.
Hizwapu] madranlyy Fen Gy o o o e ik o
A puroborpdi srEhUBTER Wi ORpEipCIn.
AVTIEITTIET] . ) ) o
M o] el 1] fegpmnnirn awdraly e f-
A AELSTT, TR DAL FRTg Gond THS MpETaRTRS prepods LY T, apa v
Hizkapika] madoaly @ o’ oendio.
Smopoggdeni flosmerod e
Moyl vo ey el oo )y cyaseoieT wendiooT) st oy pin
ST AR Rk MM AR, e 1o
Bposoeapata: adnie areicyson moaedimcn: [finsazndio
Wt rFroym i S i o e e Faraiposan aryprosiaamen] o Cupyep i ie rerogpee s [ludfios o K. (b Rogny] Do SE RTINS
Aeirrg peosmpinma wWigpoeeng; ¥ anpagoyplypsn. wapiis CTO RIS O S eE s STy ey Tl Suerdc
e ST 1Y) LAY i ADEE TR BT (I OV TMILDAETEAAE, VIE i) oo [f-msammailris. PLHTIO AR TOKDTG S ] eT T
g [T e R aRpirnod) abvvnping Seapymiog opnoaloaniig EREITHTE
W recpmd niafyoqiis Wl ona| Do Aasrmgps EArpyeG THS mpTrgloeai Tinns pe by owsogducfiles:, K. s mow|

Alown] mnpoygegpin

Eg dangoogas il Tiace A et Standived prpoepysa’ Bopoasie
Ep diyoopasil oo T B wend Stesdordonmd salin Adpn muin T
Brprearia.

Aoy e oy Caoeing

Ser O T IS EY KR

oy anvidarae e oo o {osogyepin, BedafosT, cufbodd )

www.escardio.org/guidelines

APy E TokET O s o

" 4

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy euvrorean

SOCIETY OF

European Heart Journal (2018) 00, 1—33 doi:10.1093/eurheartj/ehy 340 carooLoGY=




Hypertension

e Most common medical problem 1n pregnancy

o Complicates about 5-10%0 of pregnancies:
1-5%6 of pre-existing hypertension
5-6%0 of gestational hypertension
1-4%%6 of pre-eclampsia

@

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy curorean
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Classification of hypertension in pregnancy

Caregory Swysrolic Diastolic
mmHg mmiHg
Normal/ = 140 and = 90
acceptable
in pregnancy
Hvpertension
Mild 140 - 150 Oor 90 - 109
Severe = 160 o1 =110

www.escardio.org/guidelines

2018 ESC Guidelines for the management of cardiova 5cu|ar diseases during preg nancy EUR!,,.EM



Classification of hypertension in pregnancy

@ Pre-existing hypertension: either preceding pregnancy or developing before 20 weeks’ gestation; usually persisting
for longer than 42 days postpartum; it may be associated with proteinuria.

@ Gestational hypertension: developing after 20 weeks’ gestation and resolving, in most cases,

within 42 days postpartum.

@ Preeclampsia—gestational hypertension with significant proteinuria (20.3 g/24 h or 230 mg/mmol urinary
creatinine in a spot random urine sample); occurring more frequently during the first pregnancy, in multiple fetuses,
hydatidiform mole, antiphospholipid syndrome, pre-existing hypertension, renal disease, or in diabetes; is associated
with placental insufficiency, often resulting in fetal growth restriction; the only solution is delivery.

@ Pre-existing hypertension plus superimposed gestational hypertension with proteinuria.

€ Antenatally unclassifiable hypertension: term used when BP is first recorded after 20 weeks’ gestation and

hypertension is diagnosed; re-assessment is hecessary at or after 42 days postpartum.

@

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy curorean
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APOs and Future Cardiovascular Risk

HTN cvD IHD Stroke HF DM

Pre-eclampsia ———r
’ Jaaze TN BT,
RR1.83 RR177  RR2.06

Gestational HTN 08-42% 0521 627"

Gestational DM

. RR 2.01 RR138
Preterm Birth 152905 (1216

Small for Gestational Age

Displayed are the pooled risks of future CVD and CVD risk factor development from systematic reviews of APOs including hypertensive
disorders of pregnancy (pre-eclampsia and gestational hypertension), gestational DM, preterm birth, and small for gestational age. Blank
spaces indicate the data have not been synthesized in a published systematic review. Values in parentheses are 95% confidence intervals.
Superscript numbers indicate corresponding reference. APO — adverse pregnancy outcome; CVD — cardiovascular disease compaosite;

DM — diabetes mellitus; HF — heart failure; HTN — hypertension; IHD — ischemic heart disease; OR — odds ratio; RR — relative risk.

Melinda B. Davis et al. J Am Coll Cardiol 2021; 77:1763-1777




Pre- excisting Hypertension

® 1-5% of pregnancies

® BP == 140/00 mmHg predares pregnancy
or develops before 20 weeks of gesfalfion

® In most cases, hypertension parsisrs more than 42 days
post parfum, 1t may be associated with proteinuria

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



Gestational Hypertension

Pregnancy-induced hypertension with or without protemnuria

Hypertension develops affer 20 weeks ™ gestation,
in most cases, it resolves within 4.2 days post partum

Poor organ perfusion

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



Pre-eclampsia

Gestatnonal hypertension associated
with siormificant profeirtirio

e =03 /24 h or
* ACE =30 mg/mmol

Poor orcarn perfiasion

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



Management of Severe Hypertension/Pre-Eclampsia During Pregnancy and in the Early Postpartum Period

LDH =600 IU/l
Labs (CEC, LFTs, Cr)
Blood Pressure AST and ALT =2x ULN
Severe Features of Pre-eclampsia
« BP 2160 and/or 110 mm Hg Platelets <100 x 10°/1
« Thrombocytopenia (<100 x 10%/L)

* LFTs =2x ULN or Persistent

Magnesium: 4 to 6 g IV
load ower 20 to 30 mins,
maintenance dose

1to2g/h

mg Concentration - -

=9 Loss of reflexes

Savere hypertension/pre-eclampsia is a madical emergency and reguires prompt recognition and treatment. If this occurs during pregnancy, early delivery may be
indicated. ALT — alanine aminotransferase; AST — aspartate aminotransferase; BP — blood pressure; CBC — complete blood count; Cr — creatinine; HELLP — hemolysis,
elevated liver enzymes, low platelet count; IV — intravenous; LDH — lactate dehydrogenase; LFT — liver function test; RUQ — right upper guadrant; ULN — upper limits
of normal.

Melinda B. Davis et al. J Am Coll Cardiol 2021; 77:1763-1777




Management of Hypertension in Pregnancy

depends on

« BP levels
« gestational age
« associated maternal and fetal risk factors

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



Management of Hypertension in
Pregnancy

Dietary and lifestyie interventions
* minimal effect on pregnancy outcome

Regular exercise
* might be continued with caution

Obese women
* are advised to avoid a weight gain of more than 6.8 kg

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



Management of Hypertension in Pregnancy

¢ There 15 genersl consensus severe hypertension in pregnage
(= 160/110 mmHgINQould be treated by antihypertepefve dmugs

¢ However. there 15 no evidence WNye treatpgenit of mild-to-moderate
hypertension in pregnancy is benefiL®@q(no difference in outcome of
preeclampsia, neonatal death pe€-term birfingmall-for-gestational-age babies)

¢ [imitations in study gefign (small number of participsgs. no longitudinal
outcome)

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



Management of Hypertension in Pregnancy

TN ciples for treatment of mild-to-moderate
ypertension in pregnangs

The benefits of antihypertensiveWgrapiAor mild-to-moderately elevated
BP in pregnancy (< 160/110 mmBPeT, #her chronic or pregnancy-induced,
have not been demonstrated s clinical trials’

* [esseftk of developing severe hypertension
e Mo difference in outcome of preeclampsia, neonat™hdeath.
pre-term birth

¢ No difference in small-for-gestational-age babies

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



Management of Hypertension in Pregnancy

ClinicalTrials.gov

Home > Search Results >  Study Record Detail

Chronic Hypertension and Pregnancy (CHAP) Project (CHAF)

Arms and Interventions Goto | + |

Intervention/treatment @

Drug: Anti-hypertensive therapy

Experimental: Anti-hypertensive therapy to goal <140/90 mmHg
1st line anti-hypertensive (Labetalol or Nifedipine ER) started; escalate to maximum dose and a preferred 2nd line medication if

Labetalol or Nifedipine ER will be used as first-line to achieve goal; if necessary Nifedipine ER or Labetalol will be second-line

antihypertensive. Rarely, other antihypertensive medications may also be used needed (nifedipine ER or Labetalol)

Other Names:

+ Normodyne
* Trandate

* Procardia XL
» Adalat

Other: No anti-hypertensive therapy (unless BP is severe)
Treatment will not be started if blood pressure remains <160/105; for blood pressure z160/105, treatment with labetalol or Nifedipine

ER will be initiated and maintained at lowest dose needed to keep blood pressure under 160/105.

Active Comparator: No anti-hypertensive unless BP is severe (=160/105 mmHg
Antihypertensive therapy given only if BP becomes severe (defined as BP 2160/105). The lowest dose of anti-hypertensive needed to
keep blood pressure below this threshold will be given (1st-line - Labetalol or Nifedipine ER and 2nd-line - Labetalol or Nifedipine ER}.

Rarely other medications may be used



Management of Hypertension in Pregnancy

ClinicalTrials.gov

Home > Search Results >  Study Record Detail

Chronic Hypertension and Pregnancy (CHAP) Project (CHAF)

Principal Findings:
The primary outcome, composite of pre-eclampsia with severe features, medically indicated preterm birth at <35 weeks’

gestation, placental abruption, or fetal/neonatal death, occurred in 30.2% of the active treatment group vs. 37.0% of the control
group (p < 0.001).

Secondary outcomes:

* The safety outcome, small-for-gestational-age birth weight below the 10th percentile for gestational age: 11.2% in the

active treatment group vs. 10.4% in the control group (p = 0.56)
* Pre-eclampsia with severe features: 23.3% in the active treatment group vs. 29.1% in the control group

» Fatal/neonatal death: 3.5% in the active treatment group vs. 4.3% in the control group

Interpretation:

Among pregnant women with mild chronic hypertension, antihypertensive therapy targeted to a blood pressure <140/90 mm Hg
[ reduced the incidence of adverse pregnancy outcomes compared with usual care.]&\ctive treatment improved outcomes without
increasing the risk for low birth weight. A large proportion of non-Hispanic blacks were enrolled in this trial.




Vianagement of Hypertension in Preghanc

T hresholds for ! Fatment initiation

BFP = 140/90 mmHg in wgaaetl with

® gestational hypegeion (with or without proteinmna’) or

* pre-exisier® hyvpertension and supernmposed gestational hypertension or

& _erPertension with subclinical organ damage or symptioms at any time
durnng pregnancy

BP = 1504

methyvldopa, labetalel, calciim antagonists, and beta-blockers

ANDOID: ACE inhibitors, Allds, direct renin inmhibifors., dimretics

magnesinm sulfate: eclampsia, treatment and prevention of seizures

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



Management of Hypertension in Pregnancy

T hresholds for drug treatment initiation

EF = 140/90 mmHz in women with

® 1 all other circumstances
methyvldopa, labetalel, calciim antagonists, and beta-blockers

ANDOID: ACE inhibitors, Allds, direct renin inmhibifors., dimretics

magnesinm sulfate: eclampsia, treatment and prevention of seizures

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



Management of Hypertension in Pregnancy

Preconception counselling

¢ Beta-blockers mav induce fetal bradvcardia. growth
retardation and hypoglyvcenua; less effective than calcium

antagonists

¢ Type and dose of beta-blockers should be carefully selected

 most favorable data available for labetalol
« atenolol best avowded

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



Management of Hypertension in Pregnancy

Emergency management of hvpertension
in pregnancy

® SEBEP>=170o0or DEP =110 mmHg
h}Mﬁ, labetalol, methyldopa or nifedipine,
nicardipine, sodium nitroprusside (risk of fatal
cyvanide poisoning with prolonged freatment),
nitroglyvcerin

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



Management of Hypertension in Pregnancy

Conclusions

® In non-severe hypertension, oral methyldopa, labetalol, calcium
antagomists are diugs of choice

® In pre-eclampsia with pulmonary edema, mitroglycenn 1s the dmg
of choice, dinretic therapy 15 mappropnate because plasma volume
15 redoced

® As emergency, mtravenous labetalel, oral methyldopa, and oral
nifedipine are indicated. Infravenous hydralazine is no longer the
drug of choice becanse of an excess of perinatal adverse effects

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



Definitions of Hypertensive Disorders of Pregnancy

Before 20 weeks gestation

Hypertension
BP =140 andfor 90 mm Hg
on at least 2 occasions

Severe Range Hypertension
BP =160 andfor 110 mm Hg

confirmed as persistent with a
2nd reading n 15 min

Chronic Hypertension with
Superimposed Pre-Eclampsia

Pre-Eclampsia/Edampsia

Diagnostic Criteria for Pre-Eclampsia
Blood pressure
* SBP *140 mm Hg andfor DBP =90 mm HY on two oCcasions
at least 4 h apart after 20 weeks of gestation in a
‘woman with a previously normal blood pressure

» SHP +160 mm Hy and/ar DEP =100 (confirmed over 15 min)

Protainuria Severe Features

= =300 mq per 24 h urine collection

= Proteinfcreatinine ratie =0.3 mg/dl

= Dipstick reading of 2+ [if quantitative
methods are not available)

or

* Thrombocytopenia (<100k)

] Ih':ll'l'm.lﬂ'.:'.:rq’ {Cr =11 mgfll oF 7% Cr i the absencs
of ather renal disease)

» impaired liver function (transamineses >7x ULN)

» Pulmanary edema
* New-onset headache or visual symptoms

ALOG Practica Bulletin Mo, P02, lan 2019

Ki Park et al. J Am Coll Cardiol 2021; 77:1799-1812




Preferred Agents for Antihypertensive Treatment in Pregnancy

Starting Dose

Titration Maximum Dosage

First Line

Labetalol 100-200 mg by mouth twice daily Every 2-3 days 2,400 mg/24 h

HNifedipine ER 30-60 mg by mouth every day Every 7-14 days 120 mg/f24 h

Alpha-metiwldopa 250 mg by mouth 2 to 3 times daily Every 2 days 3,000 mg/24 h
Secondfthird line

Hydralazine* 10 myg by mouth 4 times daily Every 2-5 days 300 mgi24 h

Thiazide diuretics 12.5 mg by mouth once a day Every 7-14 days 50 mg/ 24 h

Clomdine 0.1-0.3 mg by mouth twice a day Every 7 days 0.6 mg/24 h

0.1 mg transdermal every day Every 7-14 days 0.3 mafi4 h

Contraindicated: ACE inhibitor/ ARE, remin inhibrors, MRAS

Intravenous therapies for the urgent treatment of severe hypertension in pregnancy

Labetalol 10-20 mq intravenously

20-80 mg intravenously every 20-30 min to
max 300 mg or 1-2 mg/mm intravenous, gtt

Repsat = 1in 20 mim, then 10-20 mg every 2-& h
5-10 mq intravenously every 20-40 min or 0.5-10 mg/h intravenous, git

Nifedipine IR
Hydralazine®

10-20 mg by mouth
5 mg intravenously or intramuscularty

*Dio not wse in isplation due to potendial for reflex tachycandia,
ACE — angiotensin-civering enzyme; ARB — angiotensin receptor blocker, ER — extended release; IR — immediate releass; MRS — mineralocortonsd recepbor antagonist

Ki Park et al. J Am Coll Cardiol 2021; 77:1799-1812




Antihypertensives and Breast Feeding

Medication Class Preferred Agents
Calocium-channel blockers Mifedipine, verapamul, dilbazem
Beta-blockers Labetalol, metoprolol, and propranolol are preferred
ACE mhibritor Captopnl, enalapnl, benazeprl, quenapnl
Deuratics Hydrochlorothiazide, spironolactone
Safe, can decrease milk production
Exception: chlorthalidone due to risk of fetal jaundice,
thrombocytopenia, hypoglycemia, and electrolyte
abnormalitkes
Methyldopa Caution! May exacerbate postpartum depression

AR Bs
Clonidine transdermal patch

Insufficient data to recommend their use durning breast feeding
Caution! Possible infant/lactation effects

Ki Park et al. J Am Coll Cardiol 2021; 77:1799-1812




Anticoagulants for Use in Pregnancy and Lactation

Advantages

Lactation

Enoxaparin
(LMWH)

Fondaparinus

UFH does mot cross the placenta, has
an acute reversal agent
[protamine), and is favored for
patients with renal failure.

LFH is also favored for patients with
pulmonary embolism and
hemodynamic compromise.

Does not oross the placenta, and s
convenient for outpatient use.

Lower risk of heparin-induced
thrombocytopenia, major bleeding,
and osteoporosis compared to
LI

Fondaparinuy s assodated with
minimzl transplacental passage.
Recommended by ACOG in the
setting of heparin-induced
thrombocytopenia or heparin
allergy.

Pregnant women can be switched back
to warfann in the second and third
trimesters until delivery.

in any significant amaount.

Disadvantages Spedal Consideration
Requires frequent monitoring of PTT UFH should be used 36 h before induction  UFH is ot found in breast milk
to determing therapautic OF Cesarean section because it has a
window. shorter half-life than LMWH.

There is no contraindication

Requires twice daily injections,
Higher cost.

Few data on its use in pregnancy are
availahle.

LFH drip should be stopped 4 to 6 h before 10 IS use in lactation.
amtiopated delivery and restarted & h
after delivery if no bleeding

Metabalism is primarily by renal excretion,  Enoxaparin is not fownd in
and caution should be used in patients breast milk in any significant

with impaired renal function, amount; therefore, there is
As pregnancy progresses there s altered nio comtraindication to its use
mietabolism, and freguent dose in lactabion.

adjustments may be required. Follow
peak and trough anti-Ka levels
meticulously during pregnancy.

Crosses the placenta and is 2 known  Women who are taking VEAs before Warfarin is not fownd in breast
teratogen. Administration pregnancy genefally meed to be milk in any significant
=5 mg/day assocated with switched to LMWH as soon as amount and can be resumed

neursdevelopmental deficits,
fetal bleeding, and miscarriage.

pregnancy is confirmed, with very faw postpartum.
exceptions. An alternative approach is
switching to LMWH before conception,

Direct oral anticosgulants (DOWCS) are contraindicared. Rivaroxaban crosses the placental barrier and therefore i contraindicated in pregnancy. Other DODACS have not been evaluated. Pregnant women wernz
eacluded froam DOWC trials. If 2 patient has an appropriate indicaton for antiosagulation, she should be switched 1o heparin products of warfarin during pregrancy and during lactation.

ACDG — American College of Obstetricians and Gynecologists; LMWH — low-molecular-weight heparing PTT — partial thromboplastin tme: UFH — unfractionated heparing VKA — witamin K an@gonist.

Nataly Bello et al. J Am Coll Cardiol 2021; 77:1813-1822




Table 16 Management of hypertension (1) @ ESC

European Society
of Cardiology
'Recommendations (Class | Level
Low-dose aspirin (100-150 mg daily) is recommended in women at high or
moderate risk of pre-eclampsia from week 12 to weeks 36-37.

L)

In women with gestational hypertension or pre-existing hypertension
superimposed by gestational hypertension, or with hypertension and sub-
clinical organ damage or symptoms, initiation of drug treatment is
recommended at SBP >140 mmHg or DBP >90 mmHg. In all other cases,
initiation of drug treatment is recommended if SBP 2150 mmHg or DBP
295 mmHg.

SBP 2170 mmHg or DBP 2110 mmHg in a pregnant woman is an emergency,
and hospitalization is recommended.

Methyldopa, labetalol, and calcium antagonists are recommended for the
treatment of hypertension in pregnancy.
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Table 16 Management of hypertension (2) @ESC

European Society

of Cardiology
Recommendations Class | Level
In women with gestational hypertension or mild pre-eclampsia, delivery is .
recommended at 37 weeks. )
It is recommended to expedite delivery in pre-eclampsia and with adverse
conditions such as visual disturbances or haemostatic disorders.
In pre-eclampsia associated with pulmonary oedema, nitroglycerin given as
an intravenous infusion is recommended.
In severe hypertension, drug treatment with intravenous labetalol, or oral
methyldopa or nifedipine, is recommended.
Weight gain, limited to <6.8 kg for obese pregnant women, should be lla
considered.
ACE inhibitors, ARBs, or direct renin inhibitors are not recommended.

L]

49
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Hypertension

e Heterogeneous entity: pre-existing hypertension, gestational
hypertension and pre-eclampsia.

e No benefit of treating mild-to-moderate hypertension
(<=170/11 160/110 19).

e Severe hypertension (= 1 160/110 mmHg) is an emergency and
hospitalisation is recommended (IC).

e Alpha-methyl-dopa is the drug of choice, followed by labetalol.
Calcium-channels blockers are drugs of second choice.

e ACE inhibitors, angiotensin Il antagonists and direct renin
inhibitors are strictly contraindicated in pregnancy.

@

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy curorean

SOCIETY OF

wwwescandio.ong/guidelines European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340 cArowoiocy-



Antihypertensive medication and pregnancy

Centrally-acting agents
Preferred Methyldopa Proven safety and efficacy Depression, Bver problem, limited
efficacy in BF control
Alternative Clonidine As methyldopa Limited data on fetal safety
Beta-blockers
Preferred Labetalol similar but more effective than | Meonatal hypoglycemia with high
methyldopa doses
Contraindicated Atenolol A IVCR
CCB's
Frefermed Mifedipine similar but more effective than | Interaction with magnesium
methyldopa
Altemative Verapamil similar efficacy as other agents | Ax nifedipine + bradycardia
Direct vasodilators Hydralazine Efficacious i.v. (7} FPoor safety profile
MNitroprussid only for life-threatning severe | Poor safety profile
a HBF
Diuretics Thiazidsa Useful in chronic HEP Volume contraction, electrolyte

disturbances {FE?)

Moser M et al J Hypertension 2012
Fodymov T et al, Hypertension 2008




Intravencus drugs for the treatment of by pertensive emergencies

Drug Onset of Duration of Dos Contrain dications Adverse effects
acton action
Emotal 1-2 rmin 10—30rmin 151 rrgilg v bobes: 50300 pakgmin History of Ind or 3rd degree  Bradycaandia
2% continuous Ly, infusion AV blodk (and in the ab.-
sence of rithm support),
systvdie heart bbure,
=thma and bradyanda
Meteprdal 1-2 rmin Edh 255 g v bobe over 2 minutes: ey History of Ind or 3rd degree Bradyeandia
mepeat every § minotes to a rmaodrmum AN blodk, systolic heart
divse o 15 mg biure. asthrro and
bradyearda
Labetalod §10min  3&h 2505 rrgileg v, bobus: 24 rogfenin Histery of Ind or 3rd degree  Bronchocorstriction and
conthuss fsionunt] geal BP = AV blod, systolic heart foetal bradycrdia
reached therefter S-20mgh Bilure, asthrma, and
Sr—.
Fencldogan 5-15min 30-80min 01 ppfkghnin L. nfmion, incmase ey
15 minuntl goal BP i rexched with
@3S te 01 pgkpimin hoements
Cevidipine 2-3 min E15min 2mgh Lv.infmion, increase every 1 min Hemdvche md reflew
with 2 rgfh until pecad BP tachyeardia
Ficardigine §18min 30—40min 515 mgh a5 continuous iv. infusion, Liwer faiure Hemebuche md reflex
starting diose 5 mglh, incmase ey tackycarda
15—30rmin with 2.5 rrg urtil poal BF
thermafter decmacs to 3mgh
Mitreglycerdne  1-5 min 35 emin 5200 paferin, 5 pgferin increnss ey Hemeduche md reflax
& rmin tackycarda
Mitopreside  mmedate  1-2min 310 ppkephmin, increse by 05 ppikgd  Liverdddney Gillume (mebtive)  Cyanide intoxication
rrin every 5 min until goal BP
Enakaprilat 5-18min 44k L6251 25 mg v Histery of angicederma
Uragidil 3-5 min ik 12525 g iv. bolus, 5—30mgh =
conthuos infuion
Clonidine 30 ¢rin A&k 150300 ug Ly bobus in 51 0min Sadition and rebound
hypertension
Plertolurine 1-2min  10-min 051 gl iv. boke OR S0-300 jghgf

min as Continuous Ly, infusion

Tachyarhythrmias and dhest
pain




Hypertension in the Post Partum Period

. continuation of hypertensive disorders in pregnancy
® pre-existing hypertension (usually persists = 6 weeks postpartum)

e gestational hypertension including pre-eclampsia (should resolve within 6 to 12

weeks postpartum)

2. de novo pre-eclampsia (headaches. epigastric pain. visual changes. seizures)

-
2

4

_1atrogenic causes

e drugs: NSAIDs for analgesia. ergot derivatives for postpartum hemorrhage.

or ephedrine

e hypervolemia (e.g.. after regional anesthesia)

. pain (inadequate analgesia)

- anxiety

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



Hypertension in the Post Partum Period

Advise women with hypertension who wish to breastfeed that their treatment can be adapted to accommodate

breastfeeding, and that the need to take antihypertensive medication does not prevent them from breastfeeding. [2019]
Explain to women with hypertension who wish to breastfeed that:

e antihypertensive medicines can pass into breast milk

e most antihypertensive medicines taken while breastfeeding only lead to very low levels in breast milk, so the amounts
taken in by babies are very small and would be unlikely to have any clinical effect

e most medicines are not tested in pregnant or breastfeeding women, so disclaimers in the manufacturer's information are

not because of any specific safety concerns or evidence of harm.

Make decisions on treatment together with the woman, based on her preferences. [2019]



Hypertension in the Post Partum Period

As antihypertensive agents have the potential to transfer into breast milk:
e consider monitoring the blood pressure of babies, especially those born
preterm, who have symptoms of low blood pressure for the first few
weeks

e when discharged home, advise women to monitor their babies for

drowsiness, lethargy, pallor, cold peripheries or poor feeding. [2019]

» Offer enalapril to treat hypertension in women during the postnatal
period, with appropriate monitoring of maternal renal function and

maternal serum potassium. [2019]



Hypertension in the Post Partum Period

For women of black African or Caribbean family origin with hypertension
during the postnatal period, consider antihypertensive treatment with:

e nifedipine

e amlodipine if the woman has previously used this to successfully

control her blood pressure. [2019]



Hypertension in the Post Partum Period

For women with hypertension in the postnatal period, if blood pressure is
not controlled with a single medicine, consider a combination of
nifedipine (or amlodipine) and enalapril. If this combination is not
tolerated or is ineffective, consider either:

e adding atenolol or labetalol to the combination treatment or

e swapping 1 of the medicines already being used for atenolol or

labetalol. [2019]



Hypertension in the Post Partum Period

When treating women with antihypertensive medication during the

postnatal period, use medicines that are taken once daily when possible.

[2019]

Where possible, avoid using diuretics or angiotensin receptor blockers to
treat hypertension in women in the postnatal period who are
breastfeeding or expressing milk. [2010, amended 2019]

Treat women with hypertension in the postnatal period who are not
breastfeeding and who are not planning to breastfeed in line with the

NICE guideline on hypertension in adults. [2019]



Congenital Heart Disease

e Risk for fetus depends on the underlying maternal heart disease as well as
maternal ventricular and valvular function, functional class, cyanosis, use of
anticoagulants.

e Overall fetal mortality 4%.
100% ——

90% —| !.ﬁ
80% — .
70% — . . . )
. . . = Abortions

60% — . :
50% — . . . m Miscarriages
e 1B ] m Completed
30% —] = = = pregnancies
20% —
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Congenital Heart Disease

e |Left to right shunts:
— low to moderate risk.

e Right to left shunts (cyanotic heart disease):
— moderate risk if previously repaired,
— high fetal risk if not repaired and O, saturation < 85%,

— major maternal risk (30-50% mortality) if Eisenmenger syndrome
contraindication for pregnancy or early termination.

e Obstructions without shunts:

— high risk if severe left ventricular outflow tract obstruction.

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy E.,R!,,,EM
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Low risk patients

e Patients who have undergone previous successful surgical

repair for congenital heart disease tolerate pregnancy often
well if:

— no mechanical valve is implanted,

— the exercise tolerance is good,

— the ventricular function is normal.

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy EUR!,,.EM
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Pregnancy contraindications in cong. HD

e \NVomen with pulmonary hypertension.
e \Vomen with an oxygen saturation below 85% at rest.

e Patients with transposition of the great arteries and a systemic

right ventricle with > moderate impairment of RV function and/or
severe TR.

e Fontan patients with depressed ventricular function and/or
moderate to severe atrioventricular valvular regurgitation or
with cyanosis or with protein losing enteropathy.

@
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Congenital Heart Diseases (CHD):
Essential messages

e \VWomen with CHD may tolerate pregnancy well.
The risk depends on the underlying specific constellation.

e All patients with CHD should be seen by the end of the first
trimester and an individualized follow up plan should be
established.

e Vaginal delivery can be planned in most patients.

e Discuss high risk conditions, contraindications and indications
for Caesarean delivery on an individual basis.

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy E.,Riope,\,\
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CENTRAL ILLUSTRATION Multidisciplinary Cardio-Obstetrics Team Management for Women with
Congenital Heart Disease

WHO /AP IA WHO II-lil/AP 1B-C, i1l A-C WHO IV/AP IFII D

Contraception Counseling

Baseline Maternal Cardiovascular Assessment, Imaging, +/- Exercise Testing

Pregnancy Risk Assessment for both Mother and Fetus by ACHD Specialist

Pregnancy Team Members Referral to Tertiary / Quaternary Care Center
0B / GYN, Cardiology,

Primary Care, Nursing OB / GYN, MFM, CHD Specialist, OB Anesthesiologist,
Primary Care, Nursing

As Needed: Pediatric cardiclogist, cardiac anesthesiologist, cardiac surgeon, cardiac subspecialists (EP, IC),
dortopathy specialist, geneticist, pharmacist, social worker, case coordinator, advanced practice providers

Fetal Echocardiogram
Maternal Echo Maternal Echo Maternal Echo
Easaline If none within 2 years, repeat If Baseling If none within 1 year, repeat at 28-32 Baseline If none within 1 year, repeat
baseline ks abnormal weeks [f valvular / myocardial dysfunction every 4-2 weaks

Symptom-Driven Testing

Consider Serial BMP [ NT-proBNP Monitoring

Lindley, K.J. et al. J Am Coll Cardiol. 2021;77(14):1775-98.

The ACHD Anatomy + Physiological Stage Classfication scheme is based on simple, moderate, or great anatomical complexity (I, 1| or Il respectively) and increasingly
severe stages of abnormal physiology (A to D). The AP 5tage Classification is outlined in detail in the 2018 AHA/ACC Guideline for the Management of Adults With
Congenital Heart Disease (3). ACC — American College of Cardiology; AHA — American Heart Association; AP — ACHD Anatomy + Physiological Stage Classification;
BENP — brain natriuretic peptide; CHD — adult congenital heart disease; EP — electrophysiology; IC — interventional cardiclogy; MFM — maternal-fetal medicine; NT
proBNP — N-terminal-pro hormone brain natrivretic peptide; OB/GYN — obstetrics and gynecology; WHO — World Health Organization.




Predictors of maternal and neonatal
events

Predictors of maternal cardiovascular
events

Predictors of neonatal events

Prior cardiac event (heart failure, transient
ischaemic attack, stroke, arrhythmia)

NYHA class lII/IV or cyanosis during baseline
pre-natal visit

NYHA class LI /IV

Maternal left heart obstruction

Left heart obstruction (moderate to severe)

Smoking during pregnancy

Reduced systemic ventricular systolic
function (ejection fraction <40%)

Low maternal oxygen saturation (<90%)

Reduced subpulmonary ventricular function

Multiple gestations
Use of anticoagulants throughout pregnancy

Systemic atrioventricular valve regurgitation
(moderate to severe)

Cardiac medication before pregnancy
‘At birth’ cyanotic heart disease

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340




Predictors of maternal and neonatal
events

Predictors of maternal cardiovascular
events

Predictors of neonatal events

Pulmonary atrioventricular valve
regurgitation (moderate to severe)

Pulmonary arterial hypertension
Cardiac medication before pregnancy
Cyanosis (02 <90%) 2949

Natriuretic peptide levels (NT-proBNP
>128 pg/mL at 20 weeks predictive of event
later in pregnancy)

Smoking history
Mechanical valve prosthesis

Repaired or unrepaired cyanotic heart
disease

Mechanical valve prosthesis

Maternal cardiac event during pregnancy

Maternal decline in cardiac output during
pregnancy

Abnormal uteroplacental Doppler flow

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340




Care during pregnancy

#> All women with congenital or other possibly genetic heart disease should be
offered foetal echocardiography in weeks 19-22 of pregnancy.

s> Echocardiography is recommended in any pregnant patient with known cardiac
disease (20 weeks) or with unexplained or new cardiovascular signs or
symptoms. CMR when echo does not provides good images.

s> A delivery plan should be made between 20-30 weeks of pregnancy detailing
induction, management of labour, delivery, and post-partum surveillance.

s> When anticoagulation is indicated: Low molecular weight heparin should only
be used when weekly monitoring of anti-Xa levels is available.

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340
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Diseases of the Aorta

Marfan'®""5 Bi i sie L Dietz"# ™ | T, ATH, 175 Vv, L

valve'™® Ehlers—Danlos™
Location of Bwerywhere (zinus of Ascending aocrta Bverywhera Ascending aoria, Bverywhere
aneurysmi/dissection | Valsalva) arch and descending

aorta
Risk of dissection High: 1-10% Lowe =1% Highc1-10% High: 1-10% Highe 1-10%
Comorbidity Drural abnormalities Aprtic stenosis or Dwral abnormalities | Low height DCrural abnormalities
Mitral regurgitation regurgitation Mitral regurgitation | Infertilicy Literine rupture

Heart failure

Hypertension

Arrhethmias Diabetes
Bicuspid aortic valve
Coarctation
Advise not to Ascending aorta =45 mm Ascending aorta Ascending aorta A5l =25 mmim® All patients

become pregnant

[(or =40 i in family his-
tory of dissection or sud-
den death)

=50 mm

=45 o (or >4(
mirn in family history
of dissection or sud-
den death)

ncy

Y

"le ESC 2014
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Aortic diseases - Delivery

Ascending aorta diameter

e <40 mm Vaginal delivery is favoured.
® 40-45 mm Decision on individual basis.
e > 45 mm Caesarean delivery should be considered.

@

Si PP 2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy eurorean
WIWW:SSEAMD-NG GRS INES European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340 caroworiooy=



Valvular Heart Disease (l)

e Stenotic valve disease:

— high risk of haemodynamic decompensation if:

e mMmoderate and severe mitral stenosis consider percutaneous
iIntervention during pregnancy if symptoms persist (11aC),
e symptomatic aortic stenosis.

— Intervention is indicated before pregnancy (1C).

e Regurgitant valve disease:

— good prognosis if preserved left ventricular function,

— medical therapy is recommended (1C),

— avoid surgery during pregnancy.

Si PP 2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy E.,R!,,,EM
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Kathryn J. Lindley et al. J Am Coll Cardiol 2021,
77:1778-1798

Delivery Planning in Women With Valvular Heart Disease

= Full term, spontaneous labor for most
= Consider planned delivery for mWHO 1lI-1V patients
* mWHO 111-1V should delivery at a specialized center with multidisciplinary team
Timing of
Delivery

= Early, slowly titrated epidural for women with stenotic lesions, to avoid hypotension
= Cardiac anesthesia consultation for mMWHO IV patients (consider for mWHO 1Il)

Anesthesia

= Vaginal appropriate for most, unless obstetric indication for Cesarean delivery

= Consider assisted second stage to decrease duration of valsalva for moderate-severe
stenotic lesions

= Potential Cesarean indications: severe symptomatic AS or M5, acute decompensated
heart failure, recent oral anticoagulant ingestion

= Anticipate volume overload in moderate-severe valve lesions
= Consider monitoring for =72 h after delivery for mWHO -1V
= Consider ICU monitoring for mWHO IV

The multidisciplinary cardio-chstetrics tearmn should collaborate to dewelop a delivery plan for women with mWHO class 1l to IV conditions. The delivery
plan should incude recommendarions for anesthesia, monitoring, and tmingfmode of delivery. Extended postpartum monitoring showld be considered for
women with = moderate valve lesions due to the increased risk of postpartum heart failure. AS — aortic stenosis; ICU — intensive care unit; M5 — mitral
stemosis; mMWHO — modified World Health Ovganization.
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Valvular Heart Disease (ll)
Prosthetic valves
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Recommendations for the management of
valvular heart disease

Mitral stenosis

Recommendations

In patients with symptoms or pulmonary hypertension, restricted
activities and RRl-selective blockers are recommended.

Diuretics are recommended when congestive symptoms persist
despite R-blockers.

Patients with severe MS should undergo intervention before
pregnancy.

Therapeutic anticoagulation is recommended in the case of atrial
fibrillation, left atrial thrombosis, or prior embolism.

Percutaneous mitral commissurotomy should be considered in
pregnant patients with severe symptoms or systolic pulmonary artery
pressure > 50 mmHg despite medical therapy.

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy E.,,;.,EM
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Hemodynamic Changes and Proposed Management Algorithm for Pregnant Women With Mitral Stenosis

Symptomatic Heart Failurg
Increased Valve Arrhythmias Syncope
Gradients Thromboembolism
Pulmonary Hypertension

Mitral Stenosis

(348 Wosks for >Mild M5 or
Symptomatic Patents)

Mitral valve gradients are expected to increase in the setting of pregnancy, and may lead to adverse matemal outcomes. Serial imaging, heart rate control, volume
management, and anticoagulation are useful in caring for pregnant women with MS. Although most women may undergo vaginal delivery, some may nesd consid-
eration of assisted second stage or Cesarean delivery depending on disease severity and clincal status. *Anticoagulation is indicated for atrial fibrillation, left atrial
thrombosis, prior embaolism, severe MS, spontansous echo contrast in the LA, LA volume index =60 ml/m®, or heart failure. HR — heart rate; LA — left atrium/atrial;
M5 — mitral stenosis; MYA — mitral valve area.

Kathryn J. Lindley et al. J Am Coll Cardiol 2021; 77:1778-1798




Recommendations for the management of
valvular heart disease

Aortic stenosis

Recommendations Class Level
Patients with severe AS should undergo intervention pre-pregnancy if:

- the are symptomatic, 1 =

- or LV dysfunction (LVEF < 50%) is present.
Asymptomatic patients with severe AS should undergo intervention l
pre-pregnancy when they develop symptoms during exercice testing.
Asymptomatic patients with severe AS should be considered for
intervention pre-pregnancy when a fall in blood pressure below IHa
baseline during exercice testing occurs.

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy EURiopEM
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Hemodynamic Changes and Proposed Management Algorithm for Pregnant Women With Aortic Stenosis

TCardiac LV Symptomatic
Output Increased Valve Pressure Heart Failure

Aortic Stenosi . i
Qe STenass Gradients Arrhythmias

Aortic valve gradients are expected to increase in the satting of pregnancy, and may lead to adwerse matemal owtcomes. Serial imaging, heart rate control, and volume
management are useful incaring for pregnant women with MS. Although most women may undergo vaginal delivery, some may need consideration of ascisted second
stage or Cesarean delivery dependmg on disease severity and clinical status. LY — left ventricular; M5 — mitral stenosis.

Kathryn J. Lindley et al. J Am Coll Cardiol 2021; 77:1778-1798




Recommendations for the management of
valvular heart disease

Regurgitant lesions

Recommendations Class Level

Patients with severe aortic or mitral regurgitation and symptoms or
impaired ventricular function or ventricular dilatation should be
treated surgically pre-pregnancy.

Medical therapy is recommended in pregnant women with regurgitant
lesions when symptoms occur.

@
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Recommendations for the management of
valvular heart disease

Woman with mechanical valve and HIGH dose VKA
(warfarin >5 mg/day or phenprocoumon >3 mg/day or acenocoumarol >2 mg/day)
who contemplates pregnancy: Pre-pregnancy counselling - Continue VKA antagonist until pregnant

v

PREGNANT
. ) ) In-hospital change In-hospital change to
! Continue VKA, monitor INR | 55 |5 iv. UFH aPTT =2x control)| OR LMWH 2-daily, close
trim. at least 2-weekly (l1b) a . = a,b
(lla) monitoring (lla)®

v v v

In-hospital change from
2nd/3rd Continue VKA, monitor INR LMWH/UFH to VKA (l1a). Continue LMWH 2-daily
trim. at least 2-weekly (l1a) When on target INR, monitor close monitoring (llb)®
INR at least 2-weekly

36
weeks

36 hrs before
planned
delivery

v I !
—

Delivery

OFSC 2018



Recommendations for the management of

valvular heart disease

[who contemplates pregnancy: Pre-pregnancy counselling - Continue VKA antagonist until pregnant

Woman with mechanical valve and LOW dose VKA
(warfarin <5 mg/day or phenprocoumon <3 mg/day or acenocoumarol <2 mg/day)

|

1st
trim.

2nd/3rd
trim.

36
weeks

36 hrs before
planned
delivery

Delivery

v

PREGNANT

R R

v

Continue VKA, monitor INR OR
at least 2-weekly (lla)

v
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e )

0
(=
Lt
[
w)
Lol
[




Maternal and Fetal Factors to Consider in the Management of Prosthetic Valves in Pregnant Waomen

VKA cross the
placenta: dose
dependent risk
zfmad'-rers-: Unplanned
>5 mg { day prﬂ?:‘ndh?mr
complicated by
circulating VKA
or heparins
Increased
metabolism and
Maternal renal clearance
Factors of drugs
) Increased
4 7% Risk of Pregnancy volume of
mechanical Factors distribution
valve
thrombosis
Prothrombotic
state

Maternzal physiological changes must be considered in addition to fetal ricks of warfarn exposune when considering optimal medication choice and dosing
for women reguiring anticoagulation duning pregnancy. VEA — vitamin K antagonists.

Kathryn J. Lindley et al. J Am Coll Cardiol 2021; 77:1778-1798




Management Algorithm for Pregnant Women With Mechanical Heart Valves

Women With Mechanical Heart Valve

Reproduced from the 2020 American College of Cardiology/American Heart Association Valvular Heart Disease Guidelines, Shared decision making should be employed
to determine the optimal anticoaguiant dosing regimen for each individuz| patient during pregnancy. Weekly INR or ¥z levels should be monitored to ensure adequate
anticoaguiation. Warfarin and LMWH need to be discontinued in advance of delivery, with an intravenous UFH bridge to permit for regional anesthesia, *Dose-adjusted
LMWH should be given at least 2 times per day, with close manraning of anti-Xa Levels. Targat to Xa level of 0.8 to 1.2 U/ml, 4 to & h after dase. Trough levels may aid
in maintaining the patient in therapeutic range, Continuos UPH should be adjusted to aPTT 2 times control. Green - Class 1 recommendation; yellow - Class 2a
recommendation; orange — Class 2b recommendation. aPTT — activated partial thromboplastin time; INR - intemational normalized ratio; LMWH — low molecular
welght heparin; UFH — unfractionated heparin,

Patient counseled that there i no anticoagulation strategy that is
safie fior mother and fetus shared decision-making (1)

T<t, 2nd, 2rd

trimesters

At least 1 week i i warfarin, s il

5 I labor begi urgent delivery is required
etmere ey, inam'::mhlynh:glatd
with a VKA, cesarean section should be

At least 36 h pufmmdfm-mm(;aldmglmun
before delivery

4 to & h before
planned delivery

Kathryn J. Lindley et al. J Am Coll Cardiol 2021; 77:1778-1798



Complications of Pregnancy:
Infective endocarditis

e [he same measures as in non-pregnant patients apply
according to recent modifications of guidelines.

e Endocarditis prophylaxis is now only recommended for
patients at highest risk to aquire endocarditis and with
highest risk procedures.

e Antibiotic prophylaxis is not recommended during
vaginal or caesarean delivery (I1IC).
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CENTRAL ILLUSTRATION Management of Complex Acquired and Heritable Cardiovascular Disease in Pregnancy

and Considerations for Subspecialty Cardiovascular Care

« History of PCI/MI
« Evaluate CAD medications

+ Symptom assessment

Cardiomyopathy

« Functional class and myocardial
reserve

« History of implantable device

« History of arrhythmia

+ Assessment of antiarrhythmics,
anticoagulation

+ History of chronic hypertension
+ Antihypertensive medication
adjustment

Preconception Assessment

Peripartum Management

Postpartum/Long
Term Management

+ Assessment for possible ACS = Contraception
« Consideration for coronary
angiography . mull:g ford
. on
Management of antiplatelet therapy »conddu i
+ Acute HF management *Long term CVD
» Medication adjustment postpartum risk modification
+ Anticoagulation in women with
PPCM
+ Acute management of arrhythmias
» Consideration of ablation for acute
refractory arrhythmias
+ Management of acute and severe
hypertension
+ Medication adjustment postpartum

. ntion with .
:l:“ﬂm of preeclampsia low muoodmm

Park, K. et al. J Am Coll Cardiol. 2021;77(14):1799-812.

Multidisciplinary Expertise: Hypertension, Interventional, Electrophysiology, and Heart Failure

Cardwvascular subspecialties should be included in the assessment and management of vanous cardwovascular conditions dunng pregnancy shown. ACS — acute
coronary syndrome; ASA - acetylsalicylic acid or aspirin; CAD — coronary artery disease; CVD - cardiovascular disease; HF — heart failure; Ml - myocardial infarction;

PCl — percutaneous coronary intervention; PPCM — penipartum cardiomyopathy.
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Why are these guidelines important? @

Pregnancy is complicated by maternal disease in 1—4% of cases. CVD are the

most common causes of maternal death in Europe. Hypertension affects 5 - 10
% of all pregnant women.

Knowledge of the risks associated with CVDs during pregnancy and their
management is of pivotal importance for advising patients before and during
pregnancy.

However:

 the number of cases is too small to allow the single physician to rely on
her/his own experiences.

'om

1s),

* the number of prospective studies is very limited. Most recommendations are
class C — expert discussion is needed.
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European Society
of Cardiology

Table 1 Classes of recommendations

Classes of oy Suggested wordin
: Definition 88 g
recommendations to use

Class 1l Conflicting evidence and/or a divergence of
Class lla Weight of evidence/opinion is in favour of Should be
usefulness/efficacy. considered.
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Table 2 Levels of evidence @ ESC

European Society

of Cardiology
. Data derived from multiple randomized clinical
Level of evidence A )
trials or meta-analyses.
: Data derived from a single randomized clinical trial
Level of evidence B ] .
or large non-randomized studies.
v Consensus afiopinion of the experts and/or small
Level of evidence € Ny . S O
studies, retrospective studies, registries.
&

20118 ESC Guidelines for the management of cardiovascular diseases during pregnancy
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What is new? @ ESC

European Society
of Cardiology

Comment/comparison with 2011
version

Strengthening mWHO classification of
maternal risk.

Upgrade in class of recommendation;
patients with severe MS should undergo
intervention before pregnancy.

In 2011, OACs were recommended
during the second and third trimesters
until the 36'™ week. Now, separate
recommendations for women with low
and high dose are given for VKA use
during the second and third trimesters.

www.escardio.org/guidelines 20118 ESC Guidelines for the management of cardiovascular diseases during pregnancy
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What is new? @ ESC

European Society
of Cardiology

Comment/comparison with 2011
version

Sotalol deleted.

Changed in high-risk patients from UFH
to LMWH. Dosing based on body weight
introduced.

Changes: dose adjustment within 36 h
now recommended; added that weekly
monitoring is also recommended for
UFH.
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What is new? @ESC

European Society
of Cardiology

Comment/comparison with 2011
version

2018

Upgrade of recommendation: llb to lla. Catheter ablation with electroanatomical
systems should be considered in experienced
centres in case of drug-refractory and poorly
tolerated SVT (llaC).

Change from D-dimers to imaging as the | If compression ultrasound is negative,
first line of investigation, as D-dimers are | magnetic resonance venography should be
unreliable in pregnancy. considered to diagnose VTE (ll1aC).

FDA categories A—X were used for all
drugs in 2011.
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What is new?

version

Comment/comparison with 2011

@ESC

European Society
of Cardiology

for BSA.

‘Pre-pregnancy surgery’ is now deleted.
Now also information on Turner
syndrome with aortic diameter corrected

www.escardio.orgfguidelines
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What is new?

@ESC

European Society
of Cardiology
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What is new? @ESC

European Society

In patients with (history of) aortic dissection, caesarean delivery should be considered
(llaC).

Beta-blocker therapy throughout pregnancy should be considered in women with Marfan
syndrome and other heritable thoracic aortic diseases (llaC).

Induction of labour should be considered at 40 weeks gestation in all women with cardiac |
disease (llaC).

~ e L I
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What is new? @ ESC

European Society
of Cardiology

New concepts

Enforcing mWHO classification of maternal risk.

Introduction of the pregnancy heart team.

More attention for assisted reproductive therapy.

Discussion of the use of bromocriptine in PPCM.

Introduction of specific levels of surveillance based on low/medium/high risk for
arrhythmia with haemodynamic compromise at delivery.

New information on pharmacokinetics in pregnancy, more detailed information on
pharmacodynamics in animal experiments on all drugs (Supplementary data).

Perimortem caesarean section is discussed.

Advice on contraception and the termination of pregnancy in women with cardiac disease
is now provided.
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Table 4 Predictors of maternal and neonatal events @ESC

European Society
of Cardiology

Predictors of maternal cardiovascular | Predictors of neonatal events
events

Prior cardiac event (heart failure, transient NYHA class lll/IV or cyanosis during baseline
ischaemic attack, stroke, arrhythmia) pre-natal visit

NYHA class llI/IV Maternal left heart obstruction

Left heart obstruction (moderate to severe) | Smoking during pregnancy

Reduced systemic ventricular systolic Low maternal oxygen saturation (<90%)
function (ejection fraction <40%)

Reduced subpulmonary ventricular function | Multiple gestations

(TAPSE <16 mm) Use of anticoagulants throughout pregnancy
Systemic atrioventricular valve regurgitation | Cardiac medication before pregnancy
(moderate to severe) ‘At birth’ cyanotic heart disease
. 2
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Table 4 Predictors of maternal and neonatal events

Predictors of maternal cardiovascular
events

Predictors of neonatal events

Pulmonary atrioventricular valve
regurgitation (moderate to severe)

Pulmonary arterial hypertension
Cardiac medication before pregnancy
Cyanosis (02 <90%) 2949

Natriuretic peptide levels (NT-proBNP
>128 pg/mL at 20 weeks predictive of event

later in pregnancy)
Smoking history
Mechanical valve prosthesis

Repaired or unrepaired cyanotic heart
disease

Mechanical valve prosthesis

Maternal cardiac event during pregnancy

Maternal decline in cardiac output during
pregnancy

Abnormal uteroplacental Doppler flow

@ESC

European Society
of Cardiology
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Table 5 General recommendations (1) @ESC

European Society
of Cardiology

Pre-pregnancy risk assessment and counselling is indicated in all women
with known or suspected congenital or acquired cardiovascular and aortic
disease.

It is recommended to perform risk assessment in all women with cardiac
diseases of childbearing age and after conception, using the mWHO
classification of maternal risk.

It is recommended that high-risk patients are treated in specialized centres
by a multidisciplinary pregnancy heart team.

Foetal echocardiography by experienced specialists is recommended when
there is an elevated risk of foetal abnormalities.

14
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Table 5 General recommendations (2) @ESC

European Society

of Cardiology
"Recommendations Class | Level |
Echocardiography is recommended in any pregnant patient with
unexplained or new cardiovascular signs or symptoms.
If cardiac surgery is to be performed after 24 weeks and before 37 weeks of
gestation, then corticosteroids are recommended for the mother.
Vaginal delivery is recommended as the first choice in most patients; for
most important exceptions see below.
Induction of labour should be considered at 40 weeks of gestation in all la
women with cardiac disease.
Genetic counselling should be considered in women with congenital heart
disease or congenital arrhythmia, cardiomyopathies, aortic disease, or lla
genetic malformations associated with CVD.
&
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Table 5 General recommendations (3)

@ESC

European Society

of Cardiology

Recommendations

Class

Level

MRI (without gadolinium) should be considered if echocardiography is
insufficient for a definite diagnosis.

In patients with severe hypertension, vaginal delivery with epidural
analgesia and elective instrumental delivery should be considered.

Delivery before necessary surgery should be considered when gestational
age is 226 weeks.

Caesarean delivery should be considered for obstetrical indications or for
patients with dilatation of the ascending aorta >45 mm, severe aortic
stenosis, pre-term labour while on oral anticoagulants, Eisenmenger’s
syndrome, or severe heart failure.
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Table 5 General recommendations (4) @ESC

European Society

of Cardiology
Recommendations Class | Level
A chest radiograph, with shielding of the foetus, may be considered if other ib
methods are not successful in clarifying the cause of dyspnoea.
Cardiac catheterization may be considered with very strict indications and ib
shielding of the foetus.
CT and electrophysiological studies may be considered in selected patients b
for vital indications.
Coronary bypass surgery or valvular surgery may be considered during
pregnancy when conservative and medical therapy has failed, and in ilb
situations that threaten the mother’s life or that are not amenable to
percutaneous treatment. , '
Prophylactic antibiotic therapy to prevent endocarditis during delivery is not
recommended. '
&
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Table 6 Pregnancy and pulmonary arterial hypertension @ ESC

European Society
of Cardiology

Recommendations | Clﬂ Level _ |

Right heart catheterization is recommended to confirm the diagnosis of PAH
(group 1). This can be performed during pregnancy but with very strict
indications.

Treatment dose LMWH is recommended in pregnant patients with chronic
thromboembolic pulmonary hypertension.

If a PAH patient conceives on targeted PH therapies, consideration should
be given to withdrawing embryotoxic drugs, taking into account the risks of
withdrawal.

In treatment-naive pregnant PAH patients, initiating treatment should be
considered.

Pregnancy is not recommended in patients with PAH.
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Table 7 Congenital heart disease @ESC

European Society

of Cardiology

Recommendations “Class | Level |
Patients with a Fontan circulation and saturations <85%, depressed ventricular
function, moderate—severe AV regurgitation, refractory arrhythmia, or protein- lla
losing enteropathy should be advised against pregnancy.
Patients with a systemic right ventricle (Mustard/Senning or congenitally
corrected TGA), in NYHA class I11/1V, systemic ventricular dysfunction (EF <40%), lla
or severe TR should be advised against pregnancy.
Anticoagulation treatment should be considered during pregnancy in Fontan lla
patients.
Symptomatic patients with Ebstein’s anomaly with saturations <85% and/or

: : : lla
heart failure should be advised against pregnancy.
In patients with a Fontan circulation and saturations <85%, depressed ventricular
function, moderate—severe AV regurgitation, refractory arrhythmia, or protein-
losing enteropathy, pregnancy is not recommended.

&
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Table 8 Aortic diseases (1) @ESC

European Society

of Cardiology
Marfan Bicuspid LoeysDietz Turner Vascular
aortic valve Ehlers-Danlos
Location of |Everywhere Ascending Everywhere Ascending aorta, |Everywhere
aneurysm/ (sinus of aorta arch and
dissection Valsalva) descending aorta
Risk of High: 1-10% |Low: <1% High:1-10% High: 1-10% High: 1-10%
dissection
Comorbidity |Dural Aortic Dural Low height, Dural
abnormalities, |stenosis or |abnormalities, Infertility, abnormalities,
Mitral regurgitation |Mitral Hypertension, Uterine rupture
regurgitation, regurgitation Diabetes,
Heart failure, Bicuspid aortic
Arrhythmias valve,
Coarctation
. 20
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Table 8 Aortic diseases (2) @ESC

European Society

of Cardiology
Marfan Bicuspid LoeysDietz Turner Vascular
aortic valve Ehlers-Danlos
Advise not Ascending Ascending |Ascending aorta [ASI>25 mm/m? |All patients
to become aorta >45 mm |aorta >45 mm (or
pregnant (or >40 mm in [>50 mm >40mm in family
family history history of
of dissection dissection or
or sudden sudden death)
death)
. 21
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Table 9 Management of aortic disease (1) @ESC

European Society
of Cardiology

'Recommendations

(Class | Level

All aortic diseases

It is recommended that women with aortic disease have counselling about
the risk of aortic dissection.

Imaging of the entire aorta (CT/MRI) is recommended before pregnancy in
patients with a genetically proven aortic syndrome or known aortic disease.

In bicuspid aortic valve patients, imaging of the ascending aorta is
recommended before pregnancy.

When a woman with known aortic dilatation (history of) dissection or
genetic predisposition for dissection becomes pregnant, strict blood
pressure control is recommended.
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Table 9 Management of aortic disease (2) @ESC

European Society
of Cardiology

S Pl NN TH TN

Repeated echocardiographic imaging every 4-12 weeks (depending on
diagnosis and severity of dilatation) is recommended during pregnancy and
6 months post-partum in patients with ascending aorta dilatation.

For imaging of pregnant women with dilatation of the distal ascending
aorta, aortic arch, or descending aorta, MRI (without gadolinium) is
recommended.

It is recommended to deliver all women with aortic dilatation or (history of)
aortic dissection in an experienced centre with a pregnancy heart team,
where cardiothoracic surgery is available.

In patients with an ascending aorta <40 mm, vaginal delivery is
recommended.
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Table 9 Management of aortic disease (3)

@ESC

European Society

of Cardiology

Recommendations

Class

Level

In patients with an ascending aorta >45 mm, caesarean delivery should be
considered.

In patients with (history of) aortic dissection, caesarean delivery should be
considered.

Prophylactic surgery should be considered during pregnancy if the aorta
diameter is >45 mm and increasing rapidly.

When the foetus is viable, delivery before necessary surgery should be
considered.

lla

In patients with an aorta 40—45 mm, vaginal delivery with epidural
anaesthesia and an expedited second stage should be considered.
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Table 9 Management of aortic disease (4) @ESC

European Society
of Cardiology

'Recommendations Class | Level

Specific syndromes

In patients with vascular Ehlers—Danlos syndrome, celiprolol is
recommended.

Beta-blocker therapy throughout pregnancy should be considered in
women with Marfan syndrome and other heritable thoracic aortic diseases.

Pregnancy is not recommended in patients with severe dilatation of the
aorta (heritable thoracic aortic disease such as Marfan syndrome >45 mm,

bicuspid aortic valve >50 mm or >27 mm/m?2 BSA, or Turner syndrome ASI
>25 mm/m?2 BSA).

Pregnancy is not recommended in patients with vascular Ehlers—Danlos
syndrome.
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Figure 2 Flowchart on anticoagulation in mechanical @ESC

Valves and hlgh"dose VKA European Society
of Cardiology
Woman with mechanical valve and HIGH dose VKA
(wafarin >5 mg/day or phenprocoumon >3 mg/day or acenocoumarol >2 m g/day)
w ho contemplates pregnancy: Pre-pregnancy counselling — Continue VKA antagonist until pregnant
-~
PREGNANT
> >
¢ In-hospital change 2 In-hospital change to
1% trim. to i.v. UFH aPTT 22x control | OR LMWH 2-daily, close
@ (la)? v monitoring (lla)*®
-
& In-hospital change from
2n4/3m™ Continue VKA, monitor INR LMWH/UFH to VKA (lia).
trim. at least 2-weekly (lla) When on target INR monitor
INR at least 2-weekly
e -
36
we eks
36 hrs before
planned delivery (i R T S eomeral) ()
-
&
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Figure 3 Flowchart on anticoagulation in mechanical @ ESC
Val\les al‘ld |OW-dOSG VKA Ethg)pZ.al}Society
of Cardiology

[ Woman with mechanical valve and LOW dose VKA ]
w

(wafarin <5 mg/day or phenprocoumon <3 mg/day or acenocoumarol <2 m g/day)
ho contemplates pregnancy: Pre-pregnancy counselling — Continue VKA antagonist until pregnant

-

PREGNANT

<

Continue VKA, monitor INR
Stopei 7
L5 ol at least 2-weekly (lla) j OR
-
2nd/3n'.|
trim.

36
weeks

36 hrs before

=
planned defivery (v U e 2 cemtral) ()
([ stop UFH 4.6 hours before delivery and restart 4-6 hours after delivery if no bleeding ]

Delivery
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Figure 4 Flowchart on anticoagulation in mechanical @ ESC

European Society

valves and target international normalized ratio for of Cardiology
mechanical prostheses

Prosthesis Risk factors ®

Thrombogenicity None >1
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Table 10 Management of native valvular heart @ESC

di Sease (1) European Society
of Cardiology
'Recommendations “Class | Level |

Pre-pregnancy evaluation, including echocardiography, and counselling is
recommended for any woman with known or suspected valvular disease.

Mitral stenosis

In patients with symptoms or pulmonary hypertension, restricted activities
and beta-1-selective blockers are recommended.

Diuretics are recommended when congestive symptoms persist despite
beta-blockers.

Intervention is recommended before pregnancy in patients with MS and
valve area <1.0 cm=2

Therapeutic anticoagulation using heparins or VKA is recommended in case
of atrial fibrillation, left atrial thrombosis, or prior embolism.

29
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Table 10 Management of native valvular heart @ESC

diSease (2) European Society
of Cardiology
Recommendations Class | Level

Intervention should be considered before pregnancy in patients with MS

lla
and valve area<1.5 cm?2

Percutaneous mitral commissurotomy should be considered in pregnant
patients with severe symptoms or systolic pulmonaryartery pressure lla
>50 mmHg despite medical therapy.

Aortic stenosis

Intervention is recommended before pregnancy in patients with severe aortic stenosis if:

+ they are symptomatic il “

« OR LV dysfunction (LVEF <50%) is present A

» OR when they develop symptoms during exercise testing il
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Table 10 Management of native valvular heart @ ESC

di Se aS e (3 ) European Society
of Cardiology
Recommendations Class | Level

Intervention should be considered before pregnancy in asymptomatic
patients with severe AS when a fall in blood pressure below baseline during lla
exercise testing occurs.

Balloon aortic valvuloplasty should be considered during pregnancy in

. . . . lla
patients with severe aortic stenosis and severe symptoms.

Chronic regurgitant lesions

Surgical treatment is recommended before pregnancy in patients with

severe aortic or mitral regurgitation with symptoms of impaired ventricular
function or ventricular dilatation.

Medical therapy is recommended in pregnant women with regurgitant
lesions when symptoms occur.
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Table 11 Management of prosthetic heart valves (1) @ ESC

European Society
of Cardiology

\ BAC AT
R T e TN
I =73

It is recommended that the valve prosthesis for a woman contemplating
pregnancy is chosen in consultation with a pregnancy heart team.

It is recommended to manage pregnancy in women with mechanical valves
in a centre with a pregnancy heart team.

If delivery starts while on a VKA or in less than 2 weeks after discontinuation
of a VKA, caesarean section is recommended.

It is recommended to discontinue VKAs and start adjusted-dose intravenous
UFH (aPTT 22x control) or adjusted-dose LMWHE at the 36th week of
gestation.

In pregnant women on LMWH or UFH, it is recommended to perform
weekly anti-Xa level monitoring or aPTT monitoring with dose adjustment
(within 36 h).

32
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Table 11 Management of prosthetic heart valves (2) @ ESC

European Society
of Cardiology

(Reconmrendations Class | Level

In pregnant women on a VKA, it is recommended to perform INR
monitoring weekly or every 2 weeks.

In pregnant women with LMWH, it is recommended to target anti-Xa levels
4—6 h post-dose at 0.8-1.2 U/l (aortic valve prosthesis) or 1.0-1.2 IU/mL
(mitral and right-sided valve prostheses).

It is recommended to replace LMWH with intravenous UFH (aPTT

>2x control) at least 36 h before planned delivery. UFH should be continued
until 4—-6 h before planned delivery and restarted 4-6 h after delivery if
there are no bleeding complications.

It is recommended to anticipate the timing of delivery to ensure safe and
effective peripartum anticoagulation.

Immediate echocardiography is recommended in women with mechanical
valves presenting with dyspnoea and/or an embolic event.
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Table 11 Management of prosthetic heart valves (3) @ESC

European Society
of Cardiology

Recommendations

Class | Level

It is recommended to implement changes in the anticoagulation regimen
during pregnancy in hospital.

During the second and third trimesters until the 36th week, VKAs are
recommended in women needing a low dose.4

A bioprosthesis should be considered in young women contemplating
pregnancy.

During the second and third trimesters until the 36th week, VKAs should be
considered in women needing a high dose.®

Continuation of VKAs should be considered during the first trimester if the
warfarin dose required for therapeutic anticoagulation is <5 mg/day (or
phenprocoumon <3 mg/day or acenocoumarol <2 mg/day) after patient
information and consent.

www.escardio.orgfguidelines 20118 ESC Guidelines for the management of cardiovascular diseases during pregnancy
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Table 11 Management of prosthetic heart valves (4) @ESC

European Society

of Cardiology
Recommendations Class | Level
Discontinuation of VKAs between weeks 6 and 12, and replacement with
adjusted-dose intravenous UFH (aPTT 22x control) or adjusted-dose LMWH¢
twice daily (see separate recommendations), should be considered in lla
patients with a warfarin dose >5 mg/day (or phenprocoumon >3 mg/day or
acenocoumarol >2 mg/day).
During the second and third trimesters, LMWH® with anti-Xa level
monitoring and dose adjustment (see separate recommendations) may be b
considered in women who need a high dose of VKA® after patient
information and consent.
In pregnant women with LMWH, in addition to monitoring peak anti-Xa
levels, monitoring pre-dose levels targeted at 20.6 IlU/mL may be b
considered.
LMWH is not recommended when weekly anti-Xa level monitoring and
dose-adjustment is not available.
. 35
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Coronary Artery Disease

e Acute coronary syndromes:
— complicate 3-6/100,000 pregnancies,

— may be due to atherosclerosis but also thrombosis on normal
arteries or coronary dissection,

— should be managed invasively with angiography and
percutaneous coronary intervention if indicated, except if
non-ST elevation ECG and no risk factors.

e Stable coronary artery disease:

— pregnancy may be considered in women with known CAD,
If there is no residual ischaemia and EF > 40%.

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy E.,R!,,,EM
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Coronary Artery Disease

e ACS In pregnancy is rare, complicates 3-6 of 100,000 deliveries.

e ECG and Troponin T levels should be obtained in all women
with chest pai ().

e Spontaneous dissection of coronary arteries is more frequent
iIn pregnant than in non pregnant women.

e Coronary angioplasty is the preferred reperfusion strategy
for STEMI (I).

e Pregnancy may be considered in women with known CAD,
If there is no residual ischemia and EF > 40%.

@
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Coronary Artery Disease

Although MI/ACS in pregnancy is
relatively uncommon (~ 5 /100 000),
CAD accounts for > 20% of all
maternal cardiac deaths.

The majority of CAD in pregnancy
has non-atherosclerotic
mechanisms, i.e. pregnancy-related
spontaneous coronary artery
dissection (43%), angiographically
normal coronary arteries (18%) and
coronary thrombosis (17%).

www.escardio.org/guidelines

Recommendations

ECG and measurement of troponin levels are recom-
mended when a pregnant woman has chest pain.

Primary PCl is recommended as the preferred
reperfusion therapy for STEMI during pregnancy.

An invasive management strategy should be
considered for NSTE-ACS with risk criteria.

Conservative management should be considered for
stable NSTEMI/NSTE-ACS with low risk criteria.

Follow-up should be considered over at least the
next 3 months.

Breastfeeding is not recommended in mothers who
take anti-platelet agents other than low-dose aspirin
due to a lack of data.

@
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Considerations for Evaluation and Management of Ml During Pregnancy

Evaluation Management Coronary Angiography

Antiplatelet therapy - aspirin
Anticoagulation (IV heparin)
Beta-blockers and nitrates - avoid
hypotension
Interdisciplinary discussion
between cardiclogy.
interventional
cardiology & MFM

Symptom assessment
ECG
Echocardiography

Careful injection during

coronary angiography due
to concern for SCAD

Low risk with non-ST

segment MI -

Consideration of coronary Radiation management:

Pregnancy-associated Ml most
commonly occurs postpartum angiography, but medical Radial access, ALARA principle,
Two-thirds of pregnancy-related management may be considered collimation, reduced fluoroscopy
M| events are anterior High risk - (hemodynamic frame rate, avoid cineangiography

in location, and instabilityfarrhythmiafactive in favor of "fluoro-save” feature
4 2% are STEMI symptoms) - proceed with
coronary angiography

Management of myocardial infarction (M1} during pregnancy requires interdisciplinary care with considerations for optimizing outcomes while also considering maternal
and fetal risk as llustrated here. ALARA — as low as reasonably achiewable; ECG — electrocardiogram; MFM — maternal-fetal medicine; SCAD — spontaneous coronary
artery dissection; STEMI — ST-segment elevation myocardial infarction.

Ki Park et al. J Am Coll Cardiol 2021; 77:1799-1812




Ischemic Heart Disease Medications During Pregnancy and Lactation

Drug

Use iin Pregrancy

Lactation

Adverse Effects

Aspirin

Clopidogrel

Prasugrel, ticagredor/
cangrelor

Ranolazine

Tirofiban/eptifibatide

Beta-blockers
Labetalol

Atenolol
Matoprolal
Carvedilol
Calcium-channel
Blockers
Nifedipine
Verapamil
Diltiazem
Amlodipine

Nitrates
Statins

Bile arid sequestrants
{cholestyramine
and colestipol)

ACE inhibitors and
ARBs

First choice antiplatelet agent; also indicated
for prevention of premature birth and
pre-eclampsia.

May be umed for shortest duration necessary.
Animal studies do not note adverse
effects; limited human data. Must be
stopped 7 days before regional
anesthesia.

Minimal data; ticagrelor does cross placenta.
Assess riskfbenefit. Must be stopped 5-
7 days before regional anesthesia.

Unknown,

Unknown.

Metoprolol succinate preferred (avolds
interfering with B2- mediated uterine
relaxation and peripheral vasodilation).

Atenolol contraindicated.

Nifedipine is first-line therapy for
hypertension and tocolysis (when used
with magnesium).

Verapamil considered fairly safe (second-ling
therapy after beta blockers for rate
control and treatment of diopathic
sustained wentricular tachycardia),
Amlodipine is probably safe for
hypertension.

safe in pregnancy.

Contraindicated.

Corsidered safer than other lipid-lowering
agents; treatment of cheice for
hyperlipidemia.

Contraindicated.

Low-dose aspirin may be wsed for
cardiovascular indications. Appears in
subclinical amounts in buman milk.

HAssess nsk/benefit. Low nisk of infant harm
based on limited human data and drug
properties.

Assess riskfbenafit. Mo human data
available, although drug excretion into
milk possible based on drug properties.

Unknowr.

Unknown.

Assess risk/benefit,

Labetalol and metoprolol are safe;
carvedilol is unknown risk.

Avoid atenolol if possible.

Transfer to breast milk in low levels.

Nifedipine is safe.

Assess riskfbenefit of verapamil and
diltiazem. Excreted in milk in low levels,
not expected to cause infant harm
based on drug properties.

Weigh risks/benefits. Limited data.
Contraindicated.

Considered safe. Limited data.

Captopril, benazepril, enalapril, and
quanapril are considered safe. Becawse
of low levels excreted into breastmilk,
infant harm is not expected.

Conflicting data for ARBS; currently
contraindicated.

Safe when dose is below 100 ma. Full-dose
aspirin: in first rimester may cause 2-
3-fold increase risk of gastroschisis; with
high dose also risk for premature closure
of ductus arterinsus, and fetal bleeding
sk,

Mot expected to cause congenital anomalies
based on animal studies.

Mo reported complications with prasugrel.

Maternal toxicity and misshapen sternebrae
and reduced ossification in animal studies;
ne adeguate well-controlled studies in
pregnant women, current
recommendation s use during pregnancy
only when potential benefit to patient
justify potential rsk to fetus.

No current guidelines; not well studied; there
is a case report stating that it could be
safe but not many studies. Eptifibatide’'s
short half-life may allow safe use
proximal to delivery.

Atenolol has been associated with birth
defects/IUGR.

Possible prematurity, IUGR, fetal bradycardia
in some CCB.

Risk of teratogenicity not expected based on
limited human data,

Has tocolytic effect (delay comtraction and
suppress labor); can cause maternal
hypatension and placental
hypaperfusion.

Crosses placenta; potential hypotension.
Potential teratogenicity; bmited human data.
Usex in first trimester correlated with

premature birth.
May lower fat-soluble vitamins.

Fetal renal and cardiac abnormalities.

Ki Park et al. J Am Coll Cardiol 2021; 77:1799-1812




Presentation and Management of SCAD in Pregnancy

+ P-SCAD presents most often postpartum

. » The left anterior descending coronary artery is the most frequently involved vessel
Presentation + P-3CAD presents more often with multivessel dissection and hemodynamic compromise
compared to nonpregnant SCAD

= Careful anghography to avoid dissection propagation

« Intravascular imaging can confirm diagnasis although the risk of dissection propagation,
particularly in small, tortuous vessels, should be considered

» Conservative therapy Is preferred in most stable SCAD patients as PC| has often been
associated with propagation of the dissection

+ Lang-term therapy includes aspirin and beta-blockers with unclear role for dual
antiplatelet therapy

» Intravenaus heparin should be diseontinued ance SCAD is identified

» Glyeopratein lib/llla inhibitors and thrombolytics are contraindieated due to potential
extension of intramural hematoma

» Indieations for PCl or CABG include angoing ischemia and infaretion, hemedynamie

InVﬂEi\fE instability, and left main coronary dissection
» CABG is typically indicated for left main dissection or unsuccessful PClin unstable patients
Ma nagem ent = Mechanical support with intra-acrtic balloon pump can be considered in
hemadynamically unstable patients

Recognition and management of suspected SCAD in pregnancy requires dinical suspicion and careful assessment during coronary angiography. Considerations for
treatment and invasive management are summarized here. CABG — coronary artery bypass grafbing; PCl — percutanecus coronary imberventson; P-5CAD — pregnancy
associated spontaneous coronary artery dissection;

Ki Park et al. J Am Coll Cardiol 2021; 77:1799-1812
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Table 12 Management of coronary artery disease @ ESC

European Society
of Cardiology

Recommendations Class | Level

ECG and measurement of troponin levels are recommended when a
pregnant woman has chest pain.

Primary coronary angioplasty is recommended as the preferred reperfusion
therapy for STEMI during pregnancy.

An invasive management strategy should be considered for NSTE-ACS with a

risk criteria.

Conservative management should be considered for stable NSTEMI/NSTE- la

ACS with low risk criteria.

Follow-up should be considered over at least the next 3 months. la

Breastfeeding is not recommended in mothers who take antiplatelet agents

other than low-dose aspirin due to a lack of data.

. 36

www.escardio.orgfguidelines 2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy

European Heart Journal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



AHF during pregnancy

v

Induction of lung maturation (>23 weeks + 5 days)
initiated without delaying patient transfer to tertiary center

N

TN )
N

\

Meeting of the Task force for AHF in pregnancy
goal: <15 minutes —Members: cardioloqgist, obstetrician, neonatologist,
anesthesiologist, cardiac surgeon, operating room coordinator

"SR

Y
C Status and prognosis of the foetus

)
v v

=

Foetus non-viable ) ( Foetus

Y ¢

foetal status

Delivery ) [

Parents' wish; maternal and j

l ¢

v

:

) ( Pregnancy continued )

Maximal advanced AHF therapy j ( Delivery

Supportive psychotherapy i

i

Maximal advanced
AHF therapy

Monitoring mother/
foetus
Tailored HF therapy
Consider advanced
AHF therapy
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Management of acute heart failure

@ESC

European Society
of Cardiology
i )
Assess heart failure severity Confirm diagnosis
SBP <90 mmHg; HR >130/min or <45/min Initial ECG
RR <25/min; Sp0, <90% ; Blood tests incl. natriuretic peptides
Lactate >20 mmol/L; ScvO, <60% evaluation Echocardiography, consider lung ultrasound,
Consider additional tests to exclude differential diagnosis 7

Altered mental state; cold skin; oliguria
4

(&

Stabilized AHF

Severe AHF/Cardiogenic Shock

~ Optimize preload
Volume vs diuretics; vasodilators if SBP >110 mmHg

Optimize oxygenation HF therapy

Consider NIV %vasive ventilation if Sp0, <95%

~ Add inotropes and/or vasopressors
Consider levosimendan 0.1 mcg/kg/min during 24 h

Urgent delivery (caesarean section
Consider bromocriptine in patients with PPCM

b

Hydralazine
Nitrates
Beta-blocker
Consider diuretics

Consider delivery

(vaginal delivery
with PDA)
v

mgf, poist
4 Cnlvnslder ~
bromocriptine

h

( Consider mechanical circulatory support (MCS) ]

plan delivery strategy to have access to
MCS if necessary

Consider WCD therapy )

<7
if LVEF €35%
(T Recovery? v_) -
( Transplantation ) (__Weaning )= ( Continue HF therapy ) ®

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
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Management of cardiomyopathies and heart failure ®
Selected recommendations

Recommendations Class | Level

Anticoagulation is recommended in patients with intracardiac thrombus |
detected by imaging or with evidence of systemic embolism.

It is recommended to treat women with HF during pregnancy according to
current guidelines for non-pregnant patients, respecting contraindications |
for some drugs in pregnancy (see Table 19).

Bromocriptine treatment should be accompanied by prophylactic ™
(or therapeutic) anticoagulation.

Due to the high metabolic demands of lactation and breastfeeding, b
preventing lactation may be considered in patients with severe HF.

In patients with PPCM, bromocriptine treatment may be considered to b
stop lactation and enhance recovery (LV fuction).

In women with PPCM and DCM, subsequent pregnancy is not
recommended if LVEF does not normalize.




Initial evaluation

Assess heart failure severity
SBP <90 mmHg; HR >130/min or <45/min
RR >25/min; SpC2 <90%

Lactate >2.0 mmol/L; Scv02 <60%
Altered mental state; cold skin; oliguria

Confirm diagnosis
ECG
Blood tests incl. natriuretic peptides
Echocardiography, consider lung ultrasound
Consider additional tests to exclude differential diagnosis

.

v

Severe AHF/Cardiogenic Shock

Stabilized AHF

Yy

Optimize preload
Volume vs. diuretics; vasodilators if SBP >110 mmHg

Optimize oxygenation
Consider NIV, invasive ventilation if SpO; <95%

Add inotropes and/or vasopressors
Consider levosimendan 0.1 mcg/kg/min during 24 h

Urgent delivery (caesarean section)

Consider bromocriptine in patients with PPCM

Consider mechanical circulatory support (MCS)
Plan delivery strategy to have access to
MCS if necessary

( Recovery? )

Y Y

C Transplantation ) C Weaning )7

Postpartum )

y

HF therapy
ACE-l (or ARB)
Beta-blocker
MR antagonist
Diuretics
Consider ivabradine

v

Consider bromocriptine
in patients
with PPCM

Antepartum C

HF therapy
Hydralazine
Nitrates
Beta-blocker
Consider diuretics®

Consider delivery
(vaginal delivery
with PDA)

Consider WCD therapy
if LVEF =35%

C Continue HF therapy )

©ESC 2018



Figure 5 Management of acute heart failure during pregnancy: @ ESC

rapid interdisciplinary workup and treatment of mother and
foetus (

European Society
j of Cardiology

AHF during pregnancy

Induction of lung maturation >23 + 5 weeks initiated without
delaying patient transfer to tertiary center

members: cardiologist, obstetrician, neonatologist,

eeting of the task force for AHF in pregnancy (goal: 155 minutes)
anesthesiologist, cardic surgeon, operating room coordinator

( Status and prognosis of the foetus ]
( Foetus non viable ) ( Foetus viable )
¥ ¥
( Delivery ) Parents’ wish
Maternal and fetal status
Maximal advanced AHF therapy ( Delivery J [ Pregnancy continued j
Supportive psychotherapy
Monitoring mother/foetus
Maxim al advanced tailored HF Therapy
AHF therapy Consider advanced
AHF therapy
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Figure 6 Management of acute heart failure during/after
pregnancy @ ESC

European Society

of Cardiology
Assess heart failure severity Confirm diagnosis
SBP <90 mmHg; HR >130/min or <45/min Initial ECG
RR <25/min; Sp0O, <90% N Blood tests incl. natriuretic peptides
Lactate >2.0 mmol/L; ScvO, <60% evaluation Echocardiography, consider lung ultrasound,
Altered mental state; cold skin; oliguria Consider additional tests to exclude differential diagnosis
Severe AHF/Cafdiogenic Shock Stabilized AHF
= 7R et A: = -
. Optimize preload Antepartum [ Postpartum J
Volume vs diuretics; vasodilators ifSBP >110 mmHg . ~— -
Optimize oxygenation HF thera _ HF therapy
Consider NIV, invasive ventilation ifSpO, <95% Hydralazi':\z; ACE-I (or ARB)
- : Beta-blocker
__ Add inotropes and/or vasopressors. Nitrates M antaronist
Consider levosimendan 0.1 mcg/kg/min during 24 h Beta-blocker ' Diuretics
Urgent delivery [caesarean section) Consider diuretics . Consider Ivabradine
Consider bromocriptine in patients with PPCM Consider delivery : Co;;s?;ler
O ; {vaginal delivery bromocriptine
Consider mechanical circulatory support (MCS) with PDA) in patients with PPCM
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Cardiomyopathies

s Peripartum cardiomyopathy (PPCM), toxic, hypertrophic (HCM), dilated (DCM), Tako-
tsubo cardiomyopathy (TTC), and storage diseases are rare, but may cause severe
complications in pregnancy.

s> PPCM presents with HF secondary to LV systolic dysfunction towards the end of

pregnancy and in the months following delivery. The EF is usually < 45 %, mortality ranges
from 2.0% in Germany to 24 % in Turkey.

s> Management goals are similar to non-pregnant acute HF, while avoiding fetotoxic agents
(ACE inhibitors, ARB, ARNI, MRA).

s> Bromocriptine is emerging as a new concept, always with anticoagulation

s> In women with PPCM and DCM, there is a major risk for deterioration in a subsequent
pregnancy, if LVEF does not normalize.

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy
European Heart lournal (2018) 00, 1-83- doi:10.1093/eurheartj/ehy 340



Cardiomyopathies
Peripartum Cardiomyopathy

Multiple
Pregnancy

Afro-Caribbean Pregnancy
complicated by
Race

Hypertension

Advanced
maternal age
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Cardiomyopathies
Peripartum Cardiomyopathy

e New-onset left ventricular dysfunction without other cause,
occurring at the end of pregnancy or following delivery.

e Non-specific presentation and medical therapy (excluding
ACE-inhibitors) (IB).

e Spontaneous recovery in half of cases.

e Risk of recurrence during subsequent pregnancies, even after
recovery of left ventricular function.

@
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Cardiomyopathies
Peripartum Cardiomyopathy

e New-onset left ventricular dysfunction without other cause,
occurring at the end of pregnancy or following delivery.

e Non-specific presentation and medical therapy (excluding
ACE-inhibitors) (IB).

e Spontaneous recovery in half of cases.

e Risk of recurrence during subsequent pregnancies, even after
recovery of left ventricular function.
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Peripartum cardiomyopathy
(PPCIM)

e HF can develop rapidly, use guidelines for acute and chronic HF,
consider contraindications for some drugs (I).

e Spontaneous recovery can occur (up to 50%).

e Avoid ACEI, ARB and renin inhibitors, if possible.
Prefer hydralazine and nitrates, dopamine, levosimenden,
digitalis; 31 selective blockers; use diuretics with caution.

e Use anticoagulation with LMWH or OAC according to pregnancy
state in pts with intracardiac thrombi, embolisms, atrial
fibrillation (1).

e Deterioration in LV function occurs in up to 50% and carries
a poor proghosis.

- @
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Hemodynamic assessmant

SBP «50 mmHg: HA >130 bpmn or <45 bpm

R >25/mirc SpO2 <907

Biood lactate >2.0 mmolt; ScvO2 <60%
Allered mental state: cold son; alguna (0.5 milkg/min)

Diagnosis

12-eac ECG
Bilood tests including naanuratic poptides
Echoccardiography, ung uitrasound
Addacnal tess 10 axclude dfferersal dagnoses

Opamize preficadc
Volome vs. diuretics; vasodiators # S2F > 110 mmiHg

Optimaa axygenation
Consider non-invasve vs. nvashe ventilason (f change n
CONSCIOUSNESS OF persistent hypoeomia)

Agd INOINoPes andior Vasoprassors
Consider evosimendan 0.1 pig'min for 24 howrs

Urgent delivery (cosaroan soction)

Consider beomoorpane (2.5 mg twico dally)

L]

Cornsidar mechanical circulatocy support
it refractory cardopulmonary distross

L

Reocovery?
== =

No Yos
Heaart yanspiantation Wieanng

Antepartum Pospartum
HF therapy HF thaeapy
Hydralarine ACEls (or AREs)

Nerates BBs
BB {matoproiol) Spironciactone
Diuretics (8 volume Duretics
ovearioad) habradne

I |

Consider bromocripane
Consider dobvery (2.5 mg twice daly)

\ /

Corsider wearatic cardioverier-defbrilasor
It LVEF =35%

4

Conanue HF
(lor =12 months afler recovery of LY function)

Figure 1 Algorithm for management of patients with peripartum cardiomyopathy (adapted from Bauersachs et al.'?). ACEls:
angiotensin-converting enzyme inhibitors; ARBs: angiotensin receptor blockers; BBs: beta-blockers; ECG: electrocardiogram; HF:
heart failure; HR: heart rate; 1V: invasive ventilation; LV: left ventricular; LVEF: left ventricular ejection fraction; PPCM: peripartum
cardiomyopathy; RR: respiratory rate; SBP: systolic blood pressure; SpO;z: peripheral oxygen saturation; SvcO;: central venous

oxygen saturation.

Rev Port Cardiol. 2019;38(5):373-383



Other Cardiomyopathies

e Dilated cardiomyopathy:

left ventricular dysfunction pre-exists or is reyealed fat
the beginning of pregnancy, w‘sf_;'

high risk if left ventricular ejection fraction <
treatment as in PPCM,

women with DCM should be informed about the risk of
deterioration during gestation and peripartum,

LVEF < 40% is a predictor of high risk. If LVEF is < 20%,
maternal mortality is very high and termination of the pregnancy
should be considered.

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy @
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Other Cardiomyopathies

e Hypertrophic cardiomyopathy:
— low risk if previously well tolerated,

— severity of LVOTO determines risk during pregnancy and
delivery,

— beta-blockers indicated according to hypertrophy and
gradient (I1aC),

— treat AF, use LMWH or OAC if AF occurs.
v "

@
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Other Cardiomyopathies

- Medical Treatment of Heart Failure in peripartum women

MNon Pregnamnt
Icardiomyonatin) J ‘ Early Pregnancy ] ‘ Late Pregnancy ] [ Postpartum ]
Accordimg to Diuretics Diuretics Diuretics
standard heart Hydralazine Hydralazine Ace-inhibitor
failure guidelines Beta Blocker Beta Blocker Beta blocker

: rom—— 2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy E
www.escardio.org/guidelines

EUROPEAN
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Table 13 Management of cardiomyopathies and @ ESC

hea rt fail ure ( 1) European Society
of Cardiology
Recommendations Class | Level |

Anticoagulation is recommended in patients with intracardiac thrombus
detected by imaging or with evidence of systemic embolism.

It is recommended to treat women with HF during pregnancy according to
current guidelines for non-pregnant patients, respecting contraindications
for some drugs in pregnancy (see Table 19).

It is recommended to inform women with HFrEF about the risk of
deterioration of the condition during gestation and peripartum.

Therapeutic anticoagulation with LMWH or vitamin K antagonists according
to the stage of pregnancy is recommended for patients with atrial
fibrillation.

In HFrEF, it is recommended that beta-blockers are continued in women

who used them before pregnancy or are installed with caution, if symptoms
persist.

In patients with PPCM and DCM, counselling for recurrence risk during
subsequent pregnancy is recommended in all cases, even after recovery of
LV function.

A
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Table 13 Management of cardiomyopathies and
heart failure (2)

@ESC

European Society
of Cardiology

Recommendations

Class

Level

As rapid diagnosis and decision-making is crucial for all pregnant women
with acute HF, a pre-specified management algorithm and an
interdisciplinary team should be established.

Patients in cardiogenic shock/dependent on inotropes should be transferred
early to a facility where mechanical circulatory support is available.

Bromocriptine treatment should be accompanied by prophylactic
(or therapeutic) anticoagulation.

Due to the high metabolic demands of lactation and breastfeeding,
preventing lactation may be considered in patients with severe HF.

b

In patients with PPCM, bromocriptine treatment may be considered to stop
lactation and enhance recovery (LV fuction).

In women with PPCM and DCM, subsequent pregnancy is not
recommended if LVEF does not normalize.

www.escardio.orgfguidelines
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Table 13 Management of cardiomyopathies and @ ESC

hea rt fa i I u re (3) European Society
of Cardiology
Recommendations Class | Level
HCM

In patients with HCM, the same risk stratifications as for non-pregnant
women are recommended.

In patients with HCM, it is recommended that beta-blockers are continued
in women who used them before pregnancy.

In patients with HCM, beta-blockers should be started in women who
develop symptoms due to outflow tract obstruction or arrhythmia during

pregnancy.
In HCM, cardioversion should be considered for persistent atrial fibrillation.

www.escardio.orgfguidelines 20118 ESC Guidelines for the management of cardiovascular diseases during pregnancy A1
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Pre-Conception Evaluation, Counseling and Management of Cardiomyopathy/Heart Failure in Pregnancy

Pre-Conception Evaluation
» Bassline echocardiogram

= Consider stress echocardiogram to assess for myocardial reserve
= Assess LYEF after discontimeation of heart lallare medications contraindicated in pregnancy

Risk Assessment

= Mssessment by 3 cardiologist with expertise In pregnancy and a matemal fietzl medidne expert to assess Individual risk of
cardiovascular and fetal complications with pregnancy

« Women with LVEF <30%., NYHA class IV ar history of PRCAM with any residual left ventricular dystunction
{LVEF <50%) - WHO clags IV
+ Pregnancy Is contrmndicated and fermination should be offered If pregnancy occurs

= PPCM with recoversd LVEF - WHO class I - 20% risk of recurrence, shared dedslon making regarding pursulng
pregnancy advised

Pregnancy Management Prefiered heart Salure agents

- Close, clinical and echocardiographic follow Beta Diockers
:ml:rl up Is advised for all pregnant women with stgnificant cardicmryopatiy -

= Obitain baseliee ENPANT pro ENP and re-chick for companson pending cinical course m[

= Avoid brypotension fover-diurecs Isosorbide dinitrate

= Comtinue guideline directed medical therapy with ressonable safety profile (exoaption: ACE-l. ARBs and mineralcorticosd receptor Hydralazine
antagonists are ot ta he wsed)
= ordil Tpdralazine: may be used Tor aferoad reduction T meedecd

Delivery/Postpartum

« Mode of delivery hased on obstetric iImdications & hemodynamic status

+ Monilor ciosely fior volume overload in first 72 hours afler delivery

+ Comider postpartum BNPYNT-proENP asessment

= Early past-partum follow up within 7-10 days to assess for dinlcal dedine

« Increased risk of LY thrombus formation, due to hypercoagulable state of prograncy and Uhe postpartum perlod
» Comslder anticoegulation for the first 5-8 weeks post-partum, particularty If the LVEF <30-35% In women with PECM

« Given the potential for significant morbidity and mortality with sabsequent pregnandes among women with PPOM, highty effective contraception

should be 3 standand part of cardiac cane

Appropriate evaluztion and management of pregnant women with known cardiomyopathy is cutlined and is cruoial to ersure optimal maternal and fetal outcomes.
ACE-| — angiotensin-converting enzyme inhibicor; ARB — angiotensin receptor blocker; BNP — brain natriuretic peptide; LV — left ventricle; LVEF — left ventricular
ejection fraction; NT-proBNP — N-terminal-pro hermone brain natrivretic peptide; NYHA — Mew York Heart Assocdation functional class; PPCM — peripartum cardio-
myopathy; WHD — World Health Organization.

Ki Park et al. J Am Coll Cardiol 2021; 77:1799-1812




Management aof Hypertrophic Cardiomyopathy in Pregnancy

Medications

Beta-blockers should be continued during pregnancy or initiated if new symptoms develop.

Calcium-channel blockers including dilbazem and verapamil may be initiated if clnically
indicated.

Disopyramide should only be used if the benefits clearly outweigh risks, as it may contribute to
utenine contractions.

Evaluation and management

Multidisaplinary clinical and echocardiographic follow-up s recommended once per trimester,

Low blood pressure should be promptly evaluated wath echocardiography to assess for left
ventricular outflow tract obstruction.

Delivery and postpartum

Vaginal delivery with consideration of an assisted second stage is appropriate for most patients,
absent an obstetric indication for cesarean delivery.

Single-shot spinal anesthesia should be avoided due to the risk of systemic fypotension; slow-
dosed epidural or combined spmal-epidwral anesthesia is preferred.

Patients should be monitored closely postpartum for evidence of volume depletion (e.g., due to
blood loss), which can precipitate or worsen Lleft ventnicular outflow tract obstruction, and
for volume overload.

Continue beta-blockade or diltiazem/verapamil through delivery and postpartum.

Ki Park et al. J Am Coll Cardiol 2021; 77:1799-1812




Arrhythmia

e Arrhythmias requiring treatment develop in up to 15% of
the patients with structural and congenital heart disease.

e |In haemodynamically unstable patients with tachycardias
direct cardioversion should be considered.

e Atrial flutter and atrial fibrillation are rare, prefer cardioversion
after anticoagulation.

e Life-threatening ventricular arrhythmias during pregnancy
are rare.

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy curorean
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Acute Management of Tachyarrhythmias in Pregnancy

= if CPR i5 required and the uterus is palpable at or abowe the level of the umbilicus, continuous Laft uterine displacement should be
ACLS performed to relisve sortoczval comprassion.
= The same defibrillation protocol and patch placement should be used in the pregnant patient as in the non-pregnant patient.

» Synchronized candioversion ks safe during all stages of pregnancy. Energy dosing is the same as in non-pregrant patients.
+ Recommended for treatment of hemodynamically unstable SVT, AF or when pharmacological therapy is ineffective.
* Fetal monitoring may be performed during the procedure il time allows, or immediately post-candioversion.

= Amicdarone should be considered in the satting of life-threatening arrhythmias or when other therapies with better safety
profiles hawve failed.
* Cornsidered synchronized cardioversion il unstable.

= Vagal maneuvers may be safely performed in pregnant woemen with SUT.

SVT = Adenosine & recommended a5 a first-line drug when vagal maneuvers fail to terminate SVT in a pregnant patient.
Due o its short half-life of <10 seconds, there s minimal risk of drug exposore to the fetus.

= Synchronized cardicversion should be performed as indicated.

/

In general, acute management of tachyarrhythmias in pregnancy should be managed per standard protocols with partscular consideratsons during
pregnancy as discussed here. ACLS — adwanced cardiovascular life support; AF — atrial fibnllation; CV — cardioversion; SYT — supra-wentricular
tachycardia: VT — ventricular tachycardia,

Ki Park et al. J Am Coll Cardiol 2021; 77:1799-1812




Drugs Classification FDA Placenta Transfer | Adverse effects
(Vaughan category | permeable | to breast
Williams for milk
AA drugs) (fetal
dose)

Adenosine Antiarrhythmic | C Mo Mo No fetal adverse effects
reported [limited
human data)

Amiodarone | Class 1l D Yes Yes Thyroid insufficiency (9%),
hyperthyroidism,
goitre, bradycardia,
growth retardation,
premature birth

Atenolol Class II D Yes Yes Hypospadias (first
trimester); birth defects,
low birth weight,
bradycardia and
hypoglycemia in fetus

Digoxin Cardiac C Yes Yes Serum levels unreliable,

glycoside safe

Diltiazem Class IV C Mo Yes Possible teratogenic
effects.

Furopean Heart J 2001;32:3147-3197 Heart 200793 1630-36 Current Opinion in Cardief 2001 TH:40-




Drugs Classification | FDA Placenta Transfer | Adverse effects
(Vaughan category | permeable | to breast
Williams for milk
AA drugs) (fetal
dose)
Disopyramide | Class 1A s Yes Uterus contraction
Flecainide Class IC Yes Yes Unknown (limited
pxperience)
Lidocaine Class 1B B Yes Yes Fetal bradycardia,
acidosis, central nervous
system toxicity
Metoprolol Class Il C Yes Yes Bradycardia and
hypoglycemia in fetus
Mexiletine Class 1B C Yes Yes Fetal bradycardia
Procainamide | Class 1A C Yes Yes Unknown (limited
Experience)
Propafenone | Class IC C Yes Unknown | Unknown (limited
experience)
Propranolol Class Il C Yes Yes Bradycardia and

hypoglycemia in fetus

Enropean Heart J 2001:32: 314 7-3197 Heart 2007;93:: T630-36 Curvent Chpindon in Cardiod 2000 ; 16: 4045




Drugs Classification | FDA Placenta Transfer | Adverse effects
(Vaughan category | permeable | to breast

Williams for milk
AA drugs) (fetal
dose)
Quinidine Class IA C Yas Yes Thrombopenia,

premature birth, Wil
th nerve toxicity.

Sotalol Class Il B Yes Yes Bradycardia and

hypoglycemia in fetus
{limited experience)

Vierapamil Class IV C Yes Yes Well tolerated

oral {limited experience
during pregnancy)

Verapamil iv. | Class IV C Yes Yes Intravenously use is

may be associated
with a greater risk of

hypotension and
subsequent fetal

hypoperfusion

Viernakalant Class [l - Unknown | Unknown | Mo experience of use
in pregnancy.

Enropean Heart J 20013 2: 314 7-3197 Heart 2007;93::1630-36 Carrent Opinion in Cardiol 2001 16:40-43




Table 14 Surveillance levels at time of delivery in @ESC

European Society

women with arrhythmias (1) of Cardiology
Risk for arrhythmia with Levelof Sur-| Class® | Level® |
compromise at delivery !
Low risk PSVT, AF, idiopathic VT, low-risk LQTS, 1
WPW syndrome
Medium risk Unstable SVT, VT, ICD carriers, VT and 2

structural heart disease, Brugada
syndrome; moderate risk: LQTS,
catecholaminergic polymorphic VT

High risk for life Unstable VT in structural heart 3
threatening disease/congenital heart disease,
arrhythmia unstable VT/TdP in high-risk LQTS

patients, short QT syndrome, high-risk
catecholaminergic polymorphic VT

www.escardio.orgfguidelines 20118 ESC Guidelines for the management of cardiovascular diseases during pregnancy
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Table 14 Surveillance levels at time of delivery in @ESC

European Society

women with arrhythmias (2) of Cardiology
Surveillance level

Descriptions of actions to be planned Low |Medium| High

1 2 3
Consult cardiologist X
Consul'gatjon with multidisciplinary team including arrhythmologists < e
at specialized centre
Mode and location of delivery as advised by obstetricians X X
Caesarean delivery recommended X
Monitor cardiac rhythm (telemetry, external rhythm monitor) (%) X
Intravenous line X X
Arterial line X

. 43
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Table 14 Surveillance levels at time of delivery in @ ESC

European Society

women with arrhythmias (3) of Cardiology
Surveillance level

Descriptions of actions to be planned low |Medium| High

1 2 3
Prepare for intravenous administration of adenosine X
Prepare for intravenous administration of a beta-blocker X X
Prepare for intravenous administration of selected antiarrhythmic 5
drugs
External cardioverter defibrillator at site X X
Delivery at thoracic operating theatre X
Prepare for transfer to cardiac intensive care unit post-partum if 5
needed

&
www.escardio.orgfguidelines 2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy At
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Table 15 Management of arrhythmias (1) @ESC

European Society
of Cardiology

'Recommendations Class | Level
Acute management (intravenous administration of drugs) of SVT and AF

Vagal manoeuvres, followed by adenosine if these fail, are recommended
for acute conversion of PSVT.

Immediate electrical cardioversion is recommended for any tachycardia
with haemodynamic instability and for pre-excited AF.

Beta-1-selective blockers should be considered for acute conversion of PSVT. [

Ibutilide or flecainide may be considered for termination of atrial flutter and
AF in stable patients with structurally normal hearts.©

Long-term management (oral administration of drugs) of SVT and AF

Beta-1-selective blockers or verapamil is recommended for the prevention
of SVT in patients without pre-excitation on resting ECG.

Flecainide® or propafenone® are recommended for the prevention of SVT in
patients with WPW syndrome.

www.escardio.orgfguidelines 20118 ESC Guidelines for the management of cardiovascular diseases during pregnancy
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Table 15 Management of arrhythmias (2) @ESC

European Society
of Cardiology

Recommendations Class | Level
Long-term management (oral administration of drugs) of SVT and AF (cont’d)

Beta-selective blockers are recommended for rate control of AT or AF. | i
Flecainide®, propafenone,® or sotalolf should be considered to prevent SVT, lla
AT, and AF if AV nodal blocking agents fail.

Digoxin and verapamil should be considered for rate control of AT or AF if lla

beta-blockers fail.

Catheter ablation with electroanatomical systems should be considered in
experienced centres in cases of drug-refractory and poorly tolerated SVT.

Acute management (intravenous administration of drugs) of ventricular tachyarrhythmias

Immediate electrical cardioversion is recommended for sustained both 1
unstable and stable VT.

For acute conversion of sustained, haemodynamically stable, monomorphic

VT (e.g. idiopathic VT), a beta-blocker, sotalol,fflecainide,® procainamide, or lla
overdrive ventricular pacing should be considered.

www.escardio.org/guidelines 20118 ESC Guidelines for the management of cardiovascular diseases during pregnancy 8
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Table 15 Management of arrhythmias (3)

@ESC

European Society

of Cardiology

Recommendations

Level

ICD (preferably one chamber) is recommended prior to pregnancy if
clinically indicated but also during pregnancy, preferably using echocardio-
graphic guidance or mapping, especially if the foetus is beyond 8 weeks of
gestation, if indication emerges.

Beta-blocking agents are recommended during pregnancy and post-partum
in patients with long QT syndrome or catecholaminergic polymorphic VT.

Beta-blocking agents or verapamild,e are recommended for the prevention
of idiopathic sustained VT if associated with severe symptoms or haemo-
dynamic compromise.

In idiopathic sustained VT, sotalol’ or flecainide® should be
considered for prevention if other drugs fail.

Catheter ablation with electroanatomical mapping systems may be

considered in experienced centres in sustained drug-refractory and poorly
tolerated VT if there are no other alternatives.

www.escardio.org/guidelines 20118 ESC Guidelines for the management of cardiovascular diseases during pregnancy
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Venous Thromboembolism

e Assessment of risk factors for venous thromboembolism is
recommended in all pregnant women (IC).

e Antenatal and postpartum (6 weeks) prophylaxis with LMVWH:
— Is recommended in high-risk patients (IC),

— should be considered in intermediate-risk patients (l11aC).

e D-dimer measurement and compression ultrasonography
Is recommended in patients with suspected venous
thromboembolism (IC).

e CT pulmonary angiography is favoured for the diagnosis of
pulmonary embolism.

@
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Venous Thromboembolism

e Assessment of risk factors for venous thromboembolism is
recommended in all pregnant women (IC).

e Antenatal and postpartum (6 weeks) prophylaxis with LMVWH:

— Is recommended in high-risk patients (IC),

— should be considered in intermediate-risk patients (l11aC).

e D-dimer measurement and compression ultrasonography
Is recommended in patients with suspected venous
thromboembolism (IC).

e CT pulmonary angiography is favoured for the diagnosis of
pulmonary embolism.

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy eurorean
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Check list - risk factors for venous
thromboembolism

Pre-existing risk factors Obstetric risk factors

Previous recurrent VTE. Pre-eclampsia.

Previous VT E-unprovoked or oestrogen related. Dyhydration/hyperemesis/ovarian hyperstimulation syndrome.
Previous VT E-provoked. Multiple pregnancy or assisted reproductive therapy

Family history of VTE. Emergency caesarean section.

Known thrombophilia. Elective caesarean section.

Medical co-morbidities, e.g heart or lung diseases, SLE, Mid-cavity or rotational forceps.

cancer, inflammatory conditions, nephritic syndrome,

sickle cell disease, i.v. drug use. Prolonged labour (> 24 hours).

Age > 35 years. Peripartum haemorrhage (> 1 L or transfusion).

Obesity, BMI >30 kg/m?2. Transient risk factors

Parity = 3. Current systemic infection.

Smoker. Immability.

Gross varicous veins. Surgical procedure in pregnancy or <6 weeks post-partum.

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy EUREOPEM
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Recommendations for the management of
venous thromboembolism

Recommendations

In all women who are pregnant or consider pregnancy, assessment of risk
factors for VTE is recommended.

Mothers should be informed about the signs and symptoms of VTE in pregnancy |
and the necessity to contact the physicians if they occur.

High risk patients should receive antenatal prophylaxis with LMWH as well as
post-partum for the duration of 6 weeks.

In intermediate risk patients post-partum prophylaxis with LMWH should be
given for at least 7 days or longer, if = 3 risk factors persist.

In low risk patients early mobilization and avoidance of dehydration is
recommended.

Graduated compression stockings are recommended antepartum and post-
partum in all women at high risk.

D-Dimer measurement and compression ultrasonography is recommended in
patients with suspected VTE during pregnancy.

For treatment of acute VTE during pregnancy, UFH is recommended in high-risk
and LMWH in non-high risk patients.

2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy eurorean
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Recommendations for the management of
venous thromboembolism

Recommendations Class Level
Graduated compression stockings should be considered in women with I -~
intermediate risk during pregnancy and post-partum. L s
In intermediate risk patients, antenatal prophylaxis with LMWH should be lla —
considered. C

Routine screening for thrombophilia should not be performed.

@
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Table 17 Prevention and treatment of venous @ESC

thrombo-embolism (1) European Society
of Cardiology
Recommendations Class | Level

LMWH is recommended for the prevention and treatment of VTE in
pregnant patients.

For high-risk women, it is recommended to give a weight-related
prophylactic dose of LMWH (e.g. enoxaparin 0.5 mg/kg once daily)

A documented assessment of risk factors for VTE before pregnancy or in
early pregnancy is recommended in all women.

It is recommended that the therapeutic dose of LMWH is based on body
weight.

Thrombolytics to manage patients with pulmonary embolism is only
recommended in patients with severe hypotension or shock.

In high-risk women, it is recommended to convert LMWH to UFH at least
36 h prior to delivery and stop the UFH infusion 4—6 h prior to anticipated

delivery. aPTT should be normal before regional anaesthesia.
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Table 17 Prevention and treatment of venous @ESC

th rom bO'em bOI ism (Z) EthEonglwl Society
of Cardiology

Recommendations Class Level

In low-risk women on therapeutic LMWH, induction or caesarean section is
recommended to be performed 24 h after the last dose of LMWH.

For women after in vitro fertilization complicated by OHSS, thrombo- [ 1
prophylaxis with LMWH is recommended during the first trimester.

In women who are on antenatal anticoagulation, it should be considered to

actively manage the third stage of labour with Oxytocin. lia
If compression ultrasound is negative, using magnetic resonance
venography should be considered to diagnose pelvic thrombosis lla

before using computed tomography pulmonary angiography or ventilation
perfusion scanning.

In women on therapeutic LMWH, planned delivery should be considered at
around 39 weeks to avoid the risk of spontaneous labour while fully lla
anticoagulated (LMWH is only partially reversed with protamine).

Direct oral anticoagulants are not recommended in pregnancy.

www.escardio.orgfguidelines 20118 ESC Guidelines for the management of cardiovascular diseases during pregnancy 21

European Heart Journal (2018) 00, 1-83- d0i:10.1093/eurheartj/ehy 340



Drug therapy in pregnancy

e No uniform recommendations!

e |n case of emergency, drugs that are not recommended
during pregnancy and breast feeding should not be withheld
to the mother. The potential risk and benefit must be weighed

against each other.

e Different sources of evidence such as U.S. Food and Drug
Administration (FDA) classification, Internet databases,
Pharmaceutical industry recommendations have different
strength and weaknesses.

e Overview table with major CV drugs/families, FDA category,
placenta permeability, transfer to breast milk, adverse effects.

# @
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Drug therapy in pregnancy

Recommendations for drug use

Classification
(Vaughan Williams

FDA Placenta

category | permeable

Transfer to
breast milk

Adverse effects

for AA drugs)

(fetal dose)

Abciximab Monoclonal antibody C Unknown Unknown Inadequate human studies; should be given only
w ith antithromb otic if the potential benefit outweighs the potential risk
effects to the fetus.

Acenocoumarol Vitamin K antagonist D Yes Yes Embryopathy (mainly first trimester), bleeding

(no adverse (see further discussion in Section 5 for use during
effects reported) |pregnancy).

Acetylsalicylic acid Antiplatelet drug B Yes Well-tolerated No teratogenic effects known (large datasets).

(low dose)

Adenosine Antiarrhythmic Cc No No No fetal adverse effects reported (limited human

data).

Aliskiren Renin inhibitor D Unknown Unknown Unknown (limited experience).

Amiodarone Antiarrhythmic D Yes Yes Thyroid insufficiency (9%), hyperthyroidism,
(Class Il goitre, bradycardia, growth retardation,

premature birth.

Ampicillin, amoxicillin, |Antibiotics B Yes Yes No fetal adverse effects reported.

ce phalosporins,

erythromycin,

mezlocillin, penicillin

www.escardio.org/guidelines
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Drug therapy in pregnancy

FDA Placenta Tranfer to Adverse effects

category | permeable brea=st milk
Aspirin B Yes wWell tolerated E;r;ifztf[?;nhéﬁsgﬂﬂm
Abciximab c ? ? Iy
Clopidogrel C ? ? 7
Ticlopidine C ? ? ?
Prasugrel C ? ? ?
Ticagrelor C ? Yes 7
VWarfarin D Yeo Yes no adverse effect Teratogenic. Dose dependent
UFH B Mo Mo Osteoporosis, thrombocytopenia
LMWH B Mo MNo Well tolerated. Better than UFH
Fondaparinux C Yes Mo 7
Dabigatran C Yes Yes 7
Rivaroxaban c Yes ? 7 )
Apixaban C 7
Bivalirudin B ? o




Table 18 Drug use in pregnancy @ESC

European Society
of Cardiology

'Recommendations. Class | Level |

Before pharmacological treatment in pregnancy is started, it is
recommended to check Table 19 for clinical safety data.

In the absence of clinical safety data, it is recommended to check the
electronic drug table (www.safefetus.com) for pre-clinical safety data.

In the absence of adequate human safety data, decision-making should be
based on individual drug efficacy and safety profiles, and the available lla
animal data, and the decision must be made together with the patient.

Decision-making based on former FDA categories alone is no longer
recommended.
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Table 19 Drugs and

safety data

@ESC

European Society
of Cardiology

Drugs

Classification
(Vaughan Williams
for antiarrhythmic
drugs)

Former
FDA
category

Placenta
permeable

Transfer to
breast milk
(foetal dose)

Pre-clinical/
clinical safety
data

The table on drugs an safety data can be found in the Full text of the Guidelines and it is
available at: www.escardio.org/guidelines and on the European Heart Journal web site
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General recommendations

Pre-pregnancy risk assessment and counselling is indicated in all women
with known or suspected congenital or acquired cardiovascular and aortic
disease.

It is recommended to treat high risk patients in specialized centres by a
multidisciplinary team: the pregnancy heart team.

Echocardiography is recommended in any pregnant patient with
unexplained or new cardiovascular signs or symptoms.

Vaginal delivery is recommended as first choice in most patients; for most
important exceptions see below.

Prophylactic antibiotic therapy to prevent endocarditis during delivery is not
recommended.
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Pregnancy and pulmonary hypertension or congenital heart disease

Right heart catheterization is recommended to confirm the diagnosis of PAH
(group 1). This can be performed during pregnancy but with very strict
indications, optimal timing, and shielding of the foetus.

Treatment dose LMWH is recommended in pregnant patients with chronic
thrombo-embolic pulmonary hypertension.

Pregnancy is not recommended in patients with PAH.

Pregnancy is not recommended in patients with a systemic right ventricle
and moderate or severely decreased ventricular function.

Pregnancy is not recommended in patients after Fontan operation and any
associated complication.
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Management of aortic disease
All aortic diseases

Imaging of the entire aorta (CT/MRI) is recommended before pregnancy in
patients with a genetically proven aortic syndrome or known aortic disease.

When a woman with known aortic dilatation, (history of) dissection, or
genetic predisposition for dissection becomes pregnant, strict blood
pressure control is recommended.

Repeated echocardiographic imaging every 4-12 weeks (depending on the
diagnosis and severity of dilatation) is recommended during pregnancy and
6 months post-partum in patients with ascending aorta dilatation.

It is recommended to deliver all women with aortic dilatation or (history of)
aortic dissection in an experienced centre with a pregnancy heart team,
where cardiothoracic surgery is available.

In patients with an ascending aorta <40 mm, vaginal delivery is
recommended.
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In patients with an ascending aorta <40 mm, vaginal delivery is
recommended.

Specific syndromes

Pregnancy is not recommended in patients with vascular Ehlers—Danlos
syndrome.

Management of native valvular heart disease
Mitral stenosis

In patients with symptoms or pulmonary hypertension, restricted activities
and beta-1-selective blockers are recommended.

Diuretics are recommended when congestive symptoms persist despite
beta-blockers.

Intervention is recommended before pregnancy in patients with MS and
valve area <1.0 cm?2

Therapeutic anticoagulation using heparins or VKA is recommended in case
of AF, left atrial thrombosis, or prior embolism.
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Chronic regurgitant lesions

Surgical treatment is recommended before pregnancy in patients with
severe aortic or mitral regurgitation and symptoms, impaired ventricular
function, or ventricular dilatation.

Medical therapy is recommended in pregnant women with regurgitant
lesions when symptoms occur.

Management of prosthetic heart valves

It is recommended to choose the valve prosthesis in women contemplating
pregnancy in consultation with a pregnancy heart team.

It is recommended to manage pregnancy in women with mechanical valves
in a centre with a pregnancy heart team.
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If delivery starts while on VKA or in less than 2 weeks after discontinuation
of a VKA, caesarean section is indicated.

It is recommended to discontinue VKA and start adjusted-dose intravenous
UFH (aPTT 22 control) or adjusted-dose LMWH (see separate
recommendations) at the 36th week of gestation.

It is recommended to anticipate the timing of delivery to ensure safe and
effective peripartum anticoagulation.

Immediate echocardiography is indicated in women with mechanical valves
presenting with dyspnoea and/or an embolic event.

During the second and third trimesters until the 36th week, VKAs are
recommended in women needing a low dose.?
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Management of coronary artery disease

ECG and measurement of troponin levels is recommended when a pregnant
woman has chest pain.

Primary coronary angioplasty is recommended as the preferred reperfusion
therapy for STEMI during pregnancy.

Breastfeeding is not recommended in mothers who take antiplatelet agents
other than low-dose aspirin due to a lack of data.

Management of cardiomyopathies and heart failure

Anticoagulation is recommended in patients with intracardiac thrombus
detected by imaging or with evidence of systemic embolism.
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It is recommended to treat women with heart failure during pregnancy
according to current guidelines for non-pregnant patients, respecting
contraindications for some drugs in pregnancy.

It is recommended to inform women with HFrEF about the risk of
deterioration of the condition during gestation and peripartum.

Therapeutic anticoagulation with LMWH or VKAs according to stage of
pregnancy is recommended for patients with AF.

In HFrEF, it is recommended that beta-blockers are continued in women
who used them before pregnancy, or that they are installed with caution if
symptoms persist.

In patients with PPCM and DCM, counselling for recurrence risk during

subsequent pregnancy is recommended in all cases, even after recovery of
LV function.
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HCM

In patients with HCM, it is recommended that beta-blockers are continued
in women who used them before pregnancy.

Management of arrhythmias

Acute management (intravenous administration of drugs) of SVT and AF

Immediate electrical cardioversion is recommended for any tachycardia
with haemodynamic instability and for pre-excited AF.

Beta-1-selective blockers or verapamil® are recommended for the
prevention of SVT in patients without pre-excitation on resting ECG.
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Flecainide® or propafenone® are recommended for the prevention of SVT in
patients with WPW syndrome.

Beta-1-selective blockers are recommended for rate control of AT or AF.

Acute management (intravenous administration of drugs) of ventricular
tachyarrhythmias

Immediate electrical cardioversion is recommended for both sustained
unstable and stable VT.

Long-term management (oral administration of drugs) of ventricular tachyarrhythmias

Beta-blocking agents are recommended during pregnancy and post-partum

in patients with long QT syndrome or catecholaminergic polymorphic
ventricular tachycardia.
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Management of hypertension

Low-dose aspirin (100-150 mg daily) is recommended in women at high or
moderate risk of pre-eclampsia from week 12 to week 36 -37.

In women with gestational hypertension or pre-existing hypertension super-
imposed by gestational hypertension, or with hypertension and subclinical
organ damage or symptoms, initiation of drug treatment is recommended
at SBP >140 mmHg or DBP >90 mmHg. In all other cases, initiation of drug
treatment is recommended at SBP 2150 mmHg or DBP 295 mmHg.

SBP 2170 mmHg or DBP 2110 mmHg in a pregnant woman is an emergency,
and hospitalization is recommended.
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Methyldopa, labetalol, and calcium antagonists are the drugs of choice for
the treatment of hypertension in pregnancy.

It is recommended to expedite delivery in pre-eclampsia, and with adverse
conditions such as visual disturbances or haemostatic disorders.

In severe hypertension, drug treatment with intravenous labetalol, oral
methyldopa, or nifedipine is recommended.

Management of venous thrombo-embolism

LMWH is recommended for the prevention and treatment of VTE in
pregnant patients.

For high-risk women, it is recommended to give a weight-related
prophylactic dose of LMWH (e.g. enoxaparin 0.5 mg/kg once daily).

www.escardio.org/guidelines 20118 ESC Guidelines for the management of cardiovascular diseases during pregnancy 5

European Heart Journal (2018) 00, 1-83- d0i:10.1093/eurheartj/ehy 340



‘What to do’ and ‘what not to do’ messages @ ESC

frOm the GUidEIines (13) European Society
of Cardiology
Recommendations. Class | Level
It is recommended that the therapeutic dose of LMWH is based on body
weight.

Thrombolytics to manage patients with pulmonary embolism are only
recommended in patients with severe hypotension or shock.

In high-risk women, it is recommended to convert LMWH to UFH at least
36 h prior to delivery and to stop the UFH infusion 4-6 h prior to anticipated
delivery. aPTT should be normal before regional anaesthesia.

Drug use in pregnancy

Before pharmacological treatment in pregnancy is started, it is
recommended to check drugs and safety data.

In the absence of clinical safety data, it is recommended to check the
supplementary data and www.safefetus.com for pre-clinical safety data.

Decision making based on former FDA categories alone is no longer
recommended.
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Risk estimation should be individualized depending on the underlying cardiac
diagnosis, ventricular and valvular function, functional class, presence of cyanosis,
PAPs, and other factors.

Indications for intervention (surgical or catheter) in the majority of patients do not
differ in women who consider pregnancy compared with other patients. There are
a few exceptions, such as some degree of aortic dilatation and severe
asymptomatic MS.

In women with a moderate or high-risk of complications during pregnancy
(mWHO II-lIl, Ill, and V), pre-pregnancy counselling and management during
pregnancy and around delivery should be performed in an expert centre by a
multidisciplinary team: the pregnancy heart team.

All women with congenital or other possibly genetic heart disease should be
offered foetal echocardiography in weeks 19-22 of pregnancy.

A delivery plan should be made between 20-30 weeks of pregnancy detailing

induction, management of labour, delivery, and post-partum surveillance.
@
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Induction of labour should be considered at 40 weeks of gestation in all women
with cardiac disease.
Vaginal delivery is the first choice for the majority of patients.

Indications for caesarean section are:
— pre-term labour in patients on OACs,
— aggressive aortic pathology,

— acute intractable HF,

— severe forms of PH (including Eisenmenger’s syndrome).

Pregnancy termination should be discussed if there is a high-risk of maternal
morbidity or mortality, and/or of foetal abnormality.

Pregnancy, and consequently fertility treatment, is contraindicated in women with
mWHO class IV.
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All patients with known cardiac or aortic disease need investigations and
counselling about the risks of pregnancy pre-pregnancy or before assisted
reproductive therapy.

The following patients should be counselled against pregnancy:

— with a Fontan operation and additional comorbidities (ventricular dysfunction,
arrhythmias, or valve regurgitation),

— with PAH,

— severe systemic ventricular dysfunction (EF <30% or NYHA class I11-1V),

— severe (re-)coarctation,

— systemic right ventricle with moderate or severely decreased ventricular function,

— with vascular Ehlers-Danlos,

— with severe aortic dilatation or (history of) aortic dissection,
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— with severe MS (even when asymptomatic),

— patients with severe AS who are symptomatic, or asymptomatic patients with
impaired LV function or a pathological exercise test,

— if LVEF does not normalize in women with previous PPCM.

Women with a mechanical valve prosthesis are at high-risk of maternal morbidity
(especially valve thrombosis and bleeding) and even mortality, and should be
managed by a pregnancy heart team in expert centres.

LMWH should only be used when weekly monitoring of anti-Xa levels with dose
adjustment is available.

Women with HF during pregnancy should be treated according to current
guidelines for non-pregnant patients, respecting contraindications for some drugs
in pregnancy (see table ‘Recommendations for drug use in pregnancy’). When

inotropes or more advanced treatment is necessary, transport to an expert centre

is recommended. ®
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It is recommended to inform women with DCM and HFrEF about the risk of
deterioration of the condition during gestation and peripartum.

In women with PPCM and DCM, subsequent pregnancy is not recommended if
LVEF does not normalize.

Patients with congenital LQTS and catecholaminergic polymorphic VT are
recommended beta-blockers during pregnancy and post-partum.

Initiation of antihypertensive drug treatment is recommended in all women with
persistent elevation of BP 2150/95 mmHg and at values >140/90 mmHg in women
with:
— gestational hypertension (with or without proteinuria),
— pre-existing hypertension with the superimposition of gestational hypertension,
— hypertension with subclinical organ damage or symptoms at any time during

pregnancy.

@&
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Women at high or moderate risk of pre-eclampsia should be advised to take
100-150 mg of acetylsalicylic acid daily from week 12 to week 36-37 in addition to
their hypertension treatment.

Methyldopa, labetalol, and calcium antagonists are recommended for the
treatment of hypertension in pregnancy.

LMWH is the agent of choice for VTE prophylaxis and treatment.

Thrombolytics to treat thrombo-embolism should only be used in patients with
severe hypotension or shock.

In the case of an emergency, drugs that are not recommended by the
pharmaceutical industry during pregnancy and breastfeeding should not be
withheld from the mother. The potential risk of a drug and the possible benefit of
the therapy must be weighed against each other.

@&
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Conclusions

e Cardiovacsular diseases are the most frequent causes of
maternal death in industrialised countries.

e The heterogeneity of heart diseases and inherent risks
underline the need for an individual risk assessment and
management.

e Counselling should start before pregnancy and may lead to
prophylactic interventions.

e |nterdisciplinary care should involve a team of gynecologists,
cardiologists and others at each stage of pregnancy.

e High-risk women should be referred to specialised centres.
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