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Physiology of haemodynamic
changes and changes in
electrocardiogram and
echocardiography during and
post pregnancy
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Role of Pregnancy
Heart Team in
pregnancy pathway

Figure 1
ESC Guidelines CVD
Pregnancy 2025
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« Lifestyle counselling

« Reproductive technology

« Drug review

« Clinical optimization
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Disease-specific
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» Documented delivery plan

Delivery (plan)
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« Contraception
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Long term

« Identify adverse pregnancy outcome
» Women's Heart Clinic
« Cardiovascular risk factor screening
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Composition of the core
and expanded case-
based Preghancy Heart
Team

Figure 3
ESC Guidelines CVD

Pregnancy 2025
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Pre-conception
counselling and genetic
aspects

Figure 4
ESC Guidelines CVD
Pregnancy 2025
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Definition Wording to use

Class | Evidence and/or general agreement
that a given treatment or procedure is
beneficial, useful, effective.

Class I Conflicting evidence and/or a divergence of opinion about the usefulness/
efficacy of the given treatment or procedure.

Classes of recommendations

Classlla Weight of evidence/opinion isin Should be considered
favour of usefulness/efficacy.

Classes of recommendations

Classllb Usefulness/efficacy is less well
established by evidence/opinion.

Class Il Evidence or general agreement that the
given treatment or procedure is not
useful/effective, and in some cases
may be harmful.

©ESC 2025

Levels of evidence

Level of Consensus of opinion of the experts and/or small studies,
evidence C retrospective studies, registries.

©ESC 2025




Hypertensive Disorders of Pregnancy ( HDP)

Leading cause of maternal mortality
and morbidity

Affecting 5-10% of pregnancies
worldwide

Preconception or <20 weeks
gestation

220 weeks gestation

Chronic hypertension

Hypertension diagnosed
before conception or before
20 weeks of gestation.

White coat hypertension

Office or clinic BP >140/90
mmHg, but home/ambulatory
BP <135/85 mmHg.

Masked hypertension

Office or clinic BP <140/90
mmHg, but home/ambulatory
BP >135/85 mmHg.

Gestational hypertension

New-onset hypertension (2140/90 mmHg)
without proteinuria or organ/placental
dysfunction.

Preeclampsia (de novo):

Gestational hypertension plus 21 of the
following signs of organ or uteroplacental

dysfunction at 220 weeks’ gestation:
1. Proteinuria (230 mg/mmol; 300 mg/d)

2. Other maternal signs of organ

dysfunction:

. neurological  complications  (e.g.,
eclampsia, altered mental status,
blindness, stroke, clonus, severe
headaches, or persistent visual
scotomata)

. Pulmonary oedema

. Haematological complications (e.g.
platelet count <150,000/uL, DIC,
haemolysis

. Acute kidney injury (creatinine 290

umol/L or 1 mg/dL)

. Liver elevated

transaminases: ALT or AST >40 IU/L,

Involvement  (e.g.

with or without right upper quadrant

or epigastric pain)

3. Uteroplacental dysfunction (e.g. placental
abruption, angiogenic imbalance, foetal
growth restriction, abnormal umbilical
artery Doppler waveform analysis, or

intrauterine foetal death).

Preeclampsia superimposed on

chronic hypertension

Chronic hypertension with new-onset

proteinuria and/or organ or

uteroplacental dysfunction as

described on the left column.




Multidisciplinary
approach of adverse
pregnancy outcomes

Figure 23
ESC Guidelines CVD Pregnancy
2025
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Algorithm for the
management of new-
onset post-partum
hypertension

Figure 24
ESC Guidelines CVD Pregnancy
2025
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New recommendations: Long-term effects

Recommendations Class Level

Section 13. Long-term effects of Adverse Pregnancy Outcomes (APO)

This is a completely new section in the guidelines, reflecting the growing recognition of the
importance of APOs.

It is recommended to undertake a cardiovascular risk assessment in women with APOs, to
recognize and document APOs when CVD risk is evaluated in women, and to provide
counselling on the importance of healthy lifestyle choices that optimize cardiovascular
health.




Recommendations:
Long-term effects of adverse pregnancy outcomes

Recommendations Class Level

It is recommended to undertake a cardiovascular risk assessment in women with APOs, to
recognize and document APOs when CVD risk is evaluated in women, and to provide I B
counselling on the importance of healthy lifestyle choices that optimize cardiovascular health.

In women with persistent post-partum hypertension beyond 6 weeks to 3 months post-
partum, initiation of antihypertensive therapy with reference to lactating status is I B
recommended following current guidelines.

In cases where adoption of healthy lifestyle choices alone is inadequate to control post-
partum glucose levels, initiation of pharmacotherapy following current guidelines is I C
recommended.

It is recommended that women with a history of GDM undergo a formal oGTT 6-12 weeks
post-partum with a repeat assessment at 6—12 months and regular annual follow-up visits to I C
screen for diabetes.

APO: Adverse Pregnancy Outcome; GDM: Gestational Diabetes




Algorithm for the
management of
adverse pregnancy
outcomes

Figure 25
ESC Guidelines CVD Pregnancy
2025
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Summary of new recommendations: Peripartum cardiomyopathy

Recommendations Class Level

Section 7. Peripartum cardiomyopathy

We have provided a separate section on PPCM in these guidelines.
Genetic counselling and testing should be considered in women with PPCM. lla C
When a reversible course of HF is assumed, treatment in accordance with HF

guidelines should be considered for at least 12 months after complete LV recovery lla C
(normalization of LV volumes and EF).




New Evidence 2025 leading to adaptations of
guidelines Peripartum cardiomyopathy

Key Question
Is bromocriptine treatment associated with improved maternal outcomes in patients with peripartum cardiomyopathy (PPCM)2

Key Finding

In women with PPCM, bromocriptine treatment was associated with better maternal outcomes, as compared to standard-of-care group.
This benefit was primarily driven by fewer patients with severe LV dysfunction after 6 months. Furthermore, no differences in
thromboembolic events were observed between the two groups.

Take Home Message
In women with PPCM, bromocriptine treatment in addition to standard-of-care is associated with better maternal outcomes.

Is bromocriptine effective in patients with peripartum cardiomyopathy?

Adverse maternal outome

Peripartum cardiomyopathy EORP PPCM registry

Bromocriptine
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The association between bromocriptine treatment and maternal outcome in patients with peripartum cardiomyopathy. Cl, confidence interval; LV,
left ventricular.
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New Evidence 2025 leading to adaptations of
guidelines: PPCM and subsequent preghancy
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Summary of new recommendations: Peripartum cardiomyopathy
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+ Family history
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Demographics
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Seminar '

Peripartum cardiomyopathy
Karen Sliwa, Denise Hilfiker-Kleiner, Albertino Damasceno, Hassan Al Farhan, Sorel Goland, Mark R Johnson, Johann Bauversachs

Peripartum cardiomyopathy is increasingly recognised and diagnosed in clinical practice. Over the past two decades,
a substantial amount of new knowledge on this condition has been accrued, including a better understanding of the
pathophysiology, genetic predisposition for a proportion of patients, diagnostic tools, management with a disease-
specific therapy, and predictors of outcome. Peripartum cardiomyopathy occurs globally in all ethnic groups and
should be suspected in any women who are peripartum presenting with symptoms and signs indicative of heart
failure towards the end of pregnancy or in the months following delivery. Verification of left ventricular systolic
dysfunction (ejection fraction <45%) is crucial for the diagnosis of peripartum cardiomyopathy and the exclusion of
other causes of heart failure, such as pre-existing cardiomyopathy, valvular heart disease, or congenital heart disease.
Peripartum cardiomyopathy is a disease with considerable maternal and neonatal morbidity and mortality, with only
half of women experiencing complete myocardial recovery within 6 months of the onset of symptoms. This Seminar
summarises current knowledge of peripartum cardiomyopathy genetics, pathophysiology, diagnostic approaches,
medical management, and outcome. Furthermore, we provide guidance on both risk stratification by use of a novel
score to predict recovery and on the outcomes of a subsequent pregnancy.
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Figure 2: Multiple hit model

AMA=advanced maternal age.

sFLT1=soluble fms-like tyrosine kinase-1. VEGF=vascular endothelial growth factor.
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Risk factors and
management of
peripartum

cardiomyopathy

Figure 7
ESC Guidelines CVD
Pregnancy 2025

Peripartum cardiomyopathy (PPCM)

Definition

Symptoms and signs of heart failure with reduced LVEF <45% without any other explainable cause that
occur during the peripartum period or in the months following delivery, termination or miscarriage

Risk factors

e Malnutrition e Geographical region

e Family history o Multiparity, multiple pregnancies

e Genetic P/LP variants in DCM genes e Fertility-assisted treatments

e Previous PPCM e Smoking

e Age <20 or >40 years e Diabetes, hypertension, pre-eclampsia

e Ethnicity e Prolonged use of tocolytic beta-agonists

Investigations

Physical Electrocardiogram Natriuretic X-ray Echocardiography
exam peptide

Management by Pregnancy Heart Team

Pregnancy Post-partum
o Adjusted acute HF o If no reversible cause is found, continue HF treatment
treatment ST - .
e Bromocriptine in addition to optimal HF treatment
(Class llb)
Ny ® Prophylactic anticoagulation if bromocriptine given
(Class lla)
Outcomes

e 25-60% of women show LVEF recovery by 6 months

o Substantial variation according to ethnic background and geographical region with
worse outcome in Black women in the United States and among women in less
developed countries worldwide

CMR?
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Modified WHO 2.0 classification of maternal CV risk:
PPCM & PPCM subsequent pregnancy

mWHO 2.0 | mWHO 2.0 1l mWHO 2.0 1l mWHO 2.0 1l mWHO 2.0 IV
Ventricular (dys)function + pulmonary hypertension
PPCM: PPCM: Moderate left PPCM: Severe left
Mild left ventricular  ventricular ventricular
impairment: impairment: impairment:
EF >45% EF 30%—45% EF <30%

or NYHA class HII/IV

Previous PPCM with Previous PPCM with
not more than mild more than mild left

residual left ventricular
ventricular impairment
impairment

PPCM: Peripartum Cardiomyopathy



Recommendations: Peripartum Cardiomyopathy

Recommendations Class Level

Counselling for women with PPCM about the risk of recurrence during a subsequent
pregnancy and about contraception is recommended in all cases, even after recovery of | C
LV function (LVEF >50%).

Adding at least prophylactic LMWH treatment to bromocriptine treatment in women with

PPCM should be considered. lla C
Genetic counselling and testing should be considered in women with PPCM. lla C
When a reversible course of HF is assumed, treatment in accordance with HF
guidelines should be considered for at least 12 months after complete LV recovery

o .. lla C
(normalization of LV volumes and EF).
Bromocriptine treatment may be considered in addition to optimal HF treatment to b B

enhance recovery of LV function in women with PPCM.

The use of a WCD may be considered in women with PPCM and LVEF <35%. b C




« Clinical manifestation at a younger age

+ More severe heart failure

« Greater propensity for progression towards advanced heart failure
« Frequent conduction abnormalities, cardiac arrhythmias and SCD

Phenotype:

» May be found in:

- Apparently healthy person

- Patients with subtle
cardiac abnormalities

- Patients with late onset,
milder DCM

- Higher pathogenicity if
associated with acquired
causes
(alcohol abuse, pregnancy,
cancer therapy).

Cardiomyopathy & Pregnancy: Individualized risk-stratification and management

Genotype — phenotype associations of genetic

variants in cardiomyopathies:

LMNA (Lamin A/C mutations): abnormalities within different
cellular signalling pathways; frequency: 5%; association with
skeletal muscle dystrophy, atrial fibrillation, conduction
abnormalities and ventricular arrhythmias.

RBM20 (Ribonucleic acid Binding Motif 20) mutations:
perturbation in post-transcriptional pre-mRNA processing;
frequency: 2%; association with conduction
abnormalities, ventricular arrhythmias, and early
progressive cardiomyopathy.

PLN (phospholamban mutations): cellular Ca%*
dysregulation, contractile & metabolic dysfunction;
frequency: 2%; association with low voltage
electrocardiogram and ventricular arrhythmias.

TTN (titin truncating mutations): increased non-sense
MRNA decay, activation of rapamycin (MmTOR) complex
signalling pathway, mitochondrial dysfunction, increased
interstitial fibrosis; frequency: 25%; variable genotype —
phenotype associations.



Modified WHO 2.0 classification of maternal CV risk:

Cardiomyopathies

mWHO 2.0 |
Cardiomyopathy
HCM: genotype-
positive +
phenotype-negative

mWHO 2.01I

mWHO 2.0 li-Ill

Low-risk ARVC:

genotype-positive +

no or mild
phenotype
HCM without
complications

DCM/NDLVC with
normal or mild left
ventricular

impairment: EF
>45%

mWHO 2.0 1l

ARVC with
moderate/severe
disease

HCM with
arrhythmic and/or
moderate
haemodynamic
complications
DCM/NDLVC with
moderate left
ventricular
impairment: EF
30%—45%

mWHO 2.0 IV

DCM/NDLVC with
severe left
ventricular
impairment: EF
<30% or NYHA class
1H1/1V

HCM with
symptomatic severe
outflow tract
obstruction:

250 mmHg

HCM with severely
symptomatic LV
dysfunction (EF
<50%)

ARVC: Arrhythmogenic Right Ventricular Cardiomyopathy; DCM: Dilated Cardiomyopathy; NDLVC: Non-Dilated Cardiomyopathy ; HCM: Hypertrophic

Cardiomyopathy



Recommendations: Cardiomyopathies

Recommendations Class Level
Clinical cardiological surveillance (ECG, echocardiogram, and Holter ECG monitoring) is
recommended during pregnancy in women with CMPs, depending on individual risk. | C

Vaginal delivery is recommended in most women with CMPs, unless there are obstetric indications for
caesarean section, severe HF (EF <30% and/or NYHA class llI/IV), uncontrolled arrhythmias, or severe
outflow obstruction (=50 mmHg) in women with HCM, or in women presenting in labour on VKAs. | C

Continuation of beta-blockers should be considered during pregnancy in women with CMPs, with
close follow-up of foetal growth. lla C
Dilated cardiomyopathy

In women with DCM and worsening of EF during pregnancy, counselling on the risk of recurrence
during a subsequent pregnancy is recommended in all cases, even after recovery of LV function. I c



Recommendations: Cardiomyopathies

Recommendations Class Level
Arrhythmogenic right ventricular cardiomyopathy

Flecainide, in addition to beta-blockers, should be considered as the antiarrhythmic drug
of choice in pregnant women with ARVC. lla C

Sotalol may be considered as an antiarrhythmic drug in pregnant women with ARVC, with

careful evaluation of QTc and while monitoring for foetal bradycardia and foetal growth and ' |1p C
neonate hypoglycaemia.

Hypertrophic cardiomyopathy
Itis recommended to use the same risk stratification protocol for ventricular arrhythmias
in pregnant women with HCM as for non-pregnant women with HCM.

It is recommended to start beta-blockers in women with HCM who develop symptoms due
to outflow tract obstruction or arrhythmia during pregnancy. I ¢

It is recommended that women with HCM with symptomatic LV dysfunction (EF <50%) and
or severe LVOTO (=50 mmHg) wishing to become pregnant are counselled by the Pregnancy
Heart Team regarding the high risk of pregnancy-related adverse events. | C
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Valvular heart disease

and pregnancy

Figure 20
ESC Guidelines CVD
Pregnancy 2025

Aortic valve

Stenosis
Increased risk if >mild stenosis

™ Moderate to severe stenosis
P> Symptomatic

P> Severe LVH

P> Abnormal ECG

> Dilated aorta

Regurgitation
Usually well tolerated
> Symptomatic
P> Dilated LV with impaired
systolic function
> Dilated aorta

Tricuspid valve

Stenosis
Rare as native lesion
P> Symptomatic
™ Fluid retention
P> Liver disease

Regurgitation
Usually well tolerated
> Poor RV function
P Ebstein anomaly

Valve disease in pregnancy

Pulmonary valve

Stenosis
Usually well tolerated
/ > Symptomatic
P Severe RVH
™ Dilated right atrium
P Prior arrhythmia

Regurgitation
Usually well tolerated
™ Poor RV function

Mitral valve

Stenosis
High suspicion if risk of
rheumatic disease
Symptomatic

Severe stenosis

Dilated left atrium

P High PASP

> Complex subvalvular disease
P Arrhythmia

>
>
>

Regurgitation
Usually well tolerated
P Exclude Marfan syndrome/
connective tissue disease
P Dilated LV with dysfunction
> Mitral valve prolapse with
ventricular arrhythmia
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Modified WHO 2.0 classification of maternal CV risk:
Valvular disease

mWHO 2.0 | mWHO 2.0l mWHO 2.0 li-llI mWHO 2.0 1l mWHO 2.0 IV
Valvular heart disease
mild pulmonary mild mitral stenosis, Uncomplicated severe mitral
stenosis mechanical valve with  stenosis
moderate aortic stable well controlled

. . INRs. .
mitral valve prolapse stenosis severe symptomatic
W|thou.t 5|gn|f|cant moderate mitral aortic stenosis
regurgitation moderate valvular  on0sis

regurgitation
severe asymptomatic
aortic stenosis

severe left-sided
valvular regurgitation
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Outcomes of 613 pregnancies in women with a prosthetic valve
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New Evidence 2025 leading to adaptations of
guidelines: Prosthetic valves Il

Table & Baseline characteristics and outcomes of pregnancies in women with a prosthetic valve from low- or middle -income countries and high-income
countries

Mechanical valve Biological valve
Total jn=411)* LMIC {n=3311) HIC (n=T79) P-valie®  Total (n=202) LMIC (n=T7) HIC (n =115) P-value®

Pre-pregnancy basdine characteristics

Age, years mean +50 89 +59 B3 +£59 NB+58 <001 20 +56 312 +63 326 +50 (81
Muliparity 141 (34.3) 103 (31.0) 38 (48.1) 005 70 (35.4) 28 (37.8) 42(319) 45
Chrenic hypentension 18 (4.4 927 9 (11.4) 003 & (3.0} 1(3.9) 324 &7T
SEF < 40 12(3.1) 10 (3.2) 2 (16) 11000 I(15) 00y I (14 287
NYHA class > 11 14 (3.6) 12 (3.8) 2(26) 1.000 2(1.0) 1(13) 1(8) 1.000
Presthetic valve details
Age at first valve replacement, years, mean + 50D 194 £78 01 £74 171 £95 0os W29 FARF ¥ 196 %5 189
Time first valve replacement to current 105 £69 91512 148 £95 <001 117 £88 SB+7E 119 +89 010

pragrancy, years, mean 50

Causea of underlying valvular disease

Congenita 105 (23.5) 65 (19.5) 40 (50.6) <001 13% (68.8) 36 (46.8) 103 (824) <00

Riveumatic T4 (59.4) 123 (67.2) 11 (26.6) <001 36 (17.8) 18 (356.4) B (54) <00

Other/unknown 62 (15.1) 44 (13.3) 18 (2118) 037 17 (13.4) 13 (169) 14 (11.2) 189
Anticozgulation regmen” <001

Regimen 1 120 (29.4) 109 (319) 11 (14.3) <001

Regimen 2 72(17.6) 47 (14.2) 25 (35 <001

Regmen 3 137 (338) 136 (41.1) 1{1.3) <001

Regmen 4 79(19.4) 39 (11.8) 40 (51.9) =001

Maternal outoomes

Adverse cardiac outcome 152 (5.9) 89 (23.1) 63 (11.5) 019 37 (19.00 16 (219) 117D 453
Maternal mortality 4 (10} 4{1.2) 0(0) 1.000 0 {0y
Heart fadure 23 (5.9) 15 (4.5) 8(115) 019 13(7.1) & (9.0) T (6.0) 552
Thromboembaoks event 34 (8.8) 21 (68) 13 (165) 011 3(15) 1(13) 2 (1.8) 1.000
Haemarmage avent o4 (161) 47 (122) 47 (235) =001 18 (9.2 7 (9.8) 11 (9.0} 1.000

Continued




New Evidence 2025 leading to adaptations of
guidelines: Prosthetic valves Il

Table 4 Predictors of valve thrombosis during pregnancy in women with a mechanical valve
Univariate model Multivariate
Odds 95% CIl lower-upper P-value Odds 95% Cl lower-upper P-value
ratio limit ratio limit
- Agc ..................................................... 1 03 .................. 10 1 - 1 1 ? ................ _ 037 .......... 105 ................... _ 9?_11 3 ................. _ 235 e
BMI 1.05 99-112 13
Mulliparity 1.40 B60-323 436
LMIC 21 09-49 <.001 .28 12-68 005
Current smoker 268 31-2320 372
Atrial fibrillation/flutter 3.81 1.01-14.37 .048 278 73-10.56 33
Signs of heart failure 1.68 47596 421
SEF < 40% 1.38 A7-11.14 760
MNon-cardiac disease 245 J9-765 23
Cardiac medication before pregnancy 40 05-3.04 375
Congenital heart disease 97 37-2.51 949
Rheumatic heart disease 56 24-1.28 169
Mitral position 1.70 71408 231 3.28 1.87-8.02 004
Aortic position 46 A5 160 1.34 51-3.48 .552
Malfunction of prosthetic valve before 1.44 A7 729
pregnancy
Plan for anticoagulation level monitoring a3 28 712
Bold values denote statistical significance at F < 105 level. Logistic regression not possible for chronic hypertension, diabetes mellitus, renal disease, and NYHA dass > Il due to quasi
separation.
BMI, body mass index; LMIC, low- or middle-income country; SEF, systemic ejection fraction.




Summary -revised recommendations: Valvular disease

2018 Guidelines

Class Level

2025 Guidelines

Section 12. Recommendations for acquired heart disease and pregnancy

Balloon aortic valvuloplasty should
be considered during pregnancy in
patients with severe aortic stenosis

lla
and severe symptoms.
A bioprosthesis should be
considered in young women
contemplating pregnancy. lla

During the second and third trimesters,

LMWH with anti-factor 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 very selected symptomatic
pregnant women with severe aortic
stenosis not responding to medical
therapy, non-surgical options such
as balloon valvuloplasty or TAVI may
be considered.

A bioprosthetic valve is
recommended (over a mechanical
valve) in young women |
contemplating pregnancy requiring

a valve prosthesis.

During the second and third trimesters

until the 36" week, continuing VKAs

should be considered in women with

prosthetic heart valves at higher risk of lla
thrombosis.

Ilb

Class Level
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Management of chest pain
during pregnancy and
within 6 months post-
partum

Figure 11
ESC Guidelines CVD Pregnancy
2025

SCAD: Spontaneous Coronary Artery
Dissection

MINOCA: Myocardial Infarction without
Obstructive CAD

ASCVD: Atherosclerotic Cardiovascular
Disease

« Myocarditis and pericarditis
« Gastroesophageal reflux

+ Amniotic fluid embolism

+ Musculoskeletal pain

Management of chest pain during pregnancy and up to 6 months post-partum

{

+ Check for vital signs
« Perform: ECG, hs-cTn, TTE
+ Assess: week of gestation, cardiovascular risk factors, previous CAD, DVT, family history of DVT/PE,

family history of aortic disease

!

f—a Suspicion of

Other cause of Acute coronary
chest pain syndrome

!

Check differential diagnoses e.g.:

] )

Pulmonary Acute aortic
embolism syndrome
(@)
Go.to Consult aortic
algorithm
team
onPE

[

!

Non-high risk High-risk Very high-risk
©
s |
v
Selective Inpatient Immediate
invasive strategy invasive strategy invasive strategy
Diagnosis of
( I T
ASCVD SCAD MINOCA Takotsubo

X
¢ 3

Haemodynamically
unstable or
ongoing ischaemia

! !

PCI® or CABG or
conservative
management

—

Haemodynamically Additional
stable examinations

PCI° or urgent Conservative
CABG management
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Recommendations for coronary artery disease and pregnancy

Recommendations

In pregnant women with chest pain, itis recommended to exclude life-
threatening cardiovascular conditions, including PE, ACS (including SCAD),
and acute aortic syndrome.

It is recommended to manage pregnant women with ACS in the same way as
non-pregnant women, including diagnostic investigations and interventions.

Low-dose ASA is recommended as the antiplatelet treatment of choice
during pregnancy and lactation when single antiplatelet treatment is indicated.

If DAPT is required, clopidogrel is recommended as the P2Y12 inhibitor of
choice during pregnancy.

The duration of DAPT (aspirin and clopidogrel) in pregnant women undergoing
coronary stent implantation is recommended to be the same as in non-
pregnant women, with an individual approach considering ischaemic risk and
delivery-related bleeding risks.
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