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1  |   I N TRODUC TION: CA R DI AC 
DISE ASE I N PR EGNA NC Y

The improvement in maternal mortality rates seen in some 
developed countries in recent years may be attributable to 
the implementation of clinical guidance developed with 
feedback from outcomes observed from national obstetric 
surveillance systems.1–6 Although the proportions of women 
dying or seriously injured from obstetric conditions such as 
pre-eclampsia and postpartum haemorrhage has steadily 
fallen, the mortality and morbidity from non-obstetric 

pathologies, such as cardiac disease, has not seen the same 
pattern of decline.6

In the UK, cardiac disease is a leading cause of mater-
nal mortality, with 23% of all maternal deaths between 
2016 and 2018 caused by maternal cardiac conditions.7 In 
the past, this demographic was dominated by women with 
congenital heart disease (CHD). However, as advances have 
been made, both in corrective cardiac surgery and in mul-
tidisciplinary preconception and antenatal management 
planning, successful outcomes for mother and baby are now 
more common, coinciding with increased support from 
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Abstract
Cardiac disease complicates 1%–4% of pregnancies globally, with a predominance in 
low and middle-income countries (LMICs). Increasing maternal age, rates of obesity, 
cardiovascular comorbidities, pre-eclampsia and gestational diabetes all contribute 
to acquired cardiovascular disease in pregnancy. Additionally, improved survival 
in congenital heart disease (CHD) has led to increasing numbers of women with 
CHD undergoing pregnancy. Implementation of individualised care plans formu-
lated through pre-conception counselling and based on national and international 
guidance have contributed to improved clinical outcomes. However, there remains a 
significant proportion of women of reproductive age with no apparent comorbidities 
or risk factors that develop heart disease during pregnancy, with no indication for 
pre-conception counselling. The most extreme manifestation of cardiac disease is 
cardiogenic shock (CS), where the primary cardiac pathology results in inadequate 
cardiac output and hypoperfusion, and is associated with significant mortality and 
morbidity. Key to management is early recognition, intervention to treat any poten-
tially reversible underlying pathology and supportive measures, up to and including 
mechanical circulatory support (MCS). In this narrative review we discuss recent 
developments in the classification of CS, and how these may be adapted to improve 
outcomes of pregnant women with, or at risk of developing, this potentially lethal 
condition.
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cardiac disease, cardiogenic shock, extracorporeal membrane oxygenation (ECMO), maternal 
mortality, mechanical circulatory support, peripartum cardiomyopathy, pre-conception counselling, 
pregnancy, spontaneous coronary artery dissection, The Society of Cardiovascular Angiography and 
Interventions (SCAI) classification
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specialist multidisciplinary teams in tertiary centres in de-
veloped countries.8,9 Indeed, maternal mortality data from 
the United Kingdom Obstetric Surveillance System (UKOSS) 
reveals that the majority of maternal deaths due to cardiac 
disorders are now associated with acquired cardiac disease.7

2  |   CA R DIOGE N IC SHOCK

Cardiogenic shock (CS) is a clinical syndrome characterised 
by inadequate cardiac output caused by left, right or biven-
tricular failure that results in organ hypoperfusion, and is 
associated with up to a 40% 30-day in-hospital mortality 
rate.10,11

3  |   CA R DIOGE N IC SHOCK 
I N PR EGNA NC Y

The precise pathophysiology of CS is poorly understood, 
and this is further compounded by the heterogeneity of 

the underlying aetiologies.12 In pregnancy, precipitants of 
CS may fall into four broad categories of predictable risk 
(Figure  1). Unpredictable cases may arise without warn-
ing (de novo), because of the absence of known cardiovas-
cular risks, or in those with known cardiovascular (CV) 
comorbidities; cases are more predictable in those with 
pre-existing cardiac disease. Those with pre-existing car-
diac pathology may be further categorised as acute decom-
pensated disease or those with a predictable deterioration 
in CV function (such as women with dilated cardiomyo-
pathy or pulmonary arterial hypertension). Underlying 
aetiologies, however, are diverse, and include peripartum 
cardiomyopathy (PPCM), amniotic f luid embolism (AFE), 
spontaneous coronary artery dissection (SCAD) and ar-
rhythmias (Figure 2).

4  |   U N PR EDIC TA BL E C S I N 
PR EGNA NC Y: de  novo

The ‘Mothers and babies: reducing risk through audits and 
confidential enquiries’ (MBRRACE) report of 2015–2017 
revealed that three-quarters of women who died had no 
prior knowledge of having underlying heart disease. Nota-
bly, a number of the women that suffered cardiac death in 
pregnancy presented with symptoms that were either at-
tributed to pregnancy or were not fully investigated. Finally, 

KEY CLINICAL POINTS

•	 Cardiac disease is a prominent cause of maternal 
mortality globally and can lead to cardiogenic 
shock.

•	 The majority of cardiac deaths in pregnancy are 
due to acquired heart disease – vigilance is re-
quired for “at risk women” which includes those 
with advanced maternal age, obesity, diabetes 
mellitus and hypertensive disorders, including 
pre-eclampsia.

•	 Evaluation of cardiorespiratory symptoms in 
women without known cardiovascular risk fac-
tors is just as critical - 3 out of 4 women who suf-
fered cardiac deaths in the UK between 2015 and 
2017 had no known risk factors.

•	 In women presenting with cardiorespiratory 
symptoms, exclusion of a narrow differential (e.g.,  
venous thromboembolism, arrhythmia or acute 
myocardial infarction) alone is inadequate and 
appropriate clinical assessment, investigation and 
specialist referral should be undertaken in order 
to reach a definitive diagnosis.

•	 Adapted for pregnancy, the SCAI classification is 
a clinical tool that can be used for the identifica-
tion and management of the pregnant woman at 
risk of developing, or who develops, cardiogenic 
shock.

•	 The SCAI classification can be used to facilitate:
o	 Timely escalation to optimal intervention
o	 Effective communication with cardiologists 

and cardiac intensivists

FUTURE RESEARCH

•	 Implementation of a national registry of women 
in pregnancy managed with mechanical circula-
tory support.

•	 An observational study of timing of delivery and 
clinical outcomes in pregnant women and their 
babies in women receiving mechanical circula-
tory support.

•	 An observational study of ECMO management 
protocols for women in pregnancy: clinical out-
comes and complications.

•	 National reporting system via “app” and audit of 
cardiorespiratory symptoms in pregnancy: sub-
sequent referral, investigation, management and 
outcomes or diagnosis.

•	 Retrospective and prospective validation studies 
to evaluate the performance of modified SCAI 
parameters in pregnancy, recruiting from UK 
and international ECMO centres.

•	 Longitudinal observational study of spontane-
ous coronary artery dissection (SCAD) in women 
of reproductive age: Referral to pre-conception 
counselling &/ or to the maternal medicine 
multi-disciplinary team during pregnancy as well 
as clinical and pregnancy outcomes.
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the report highlighted that, when investigations were under-
taken, there was a focus on the exclusion of high-risk diagno-
ses rather than on attaining a definitive diagnosis. Here, we 
emphasise the importance of acting on the consequent rec-
ommendations of the report, which included implementing 

processes to improve the recognition of cardiac disorders in 
pregnant women as well as counselling women to escalate 
their care to an appropriate clinician if they experience chest 
pain, palpitations or have a family history of cardiac disease, 
particularly that of sudden cardiac death before the age of 

F I G U R E  1   Categories of predictability of risk associated with the underlying cause of cardiogenic shock in pregnant and recently pregnant women 
(created with BioRe​nder.com).

F I G U R E  2   Aetiology of cardiogenic shock affecting women during pregnancy and the puerperium (created with BioRe​nder.com).
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40 years.13 In this review, we aim to provide a clinical toolkit 
for the initial management and escalation of acute decom-
pensation of such cardiac disorders, which may arise in this 
group of women.

4.1  |  Peripartum cardiomyopathy

The incidence of PPCM is estimated to be 1–100 in 10 000 
live births, although significant geographical variation ex-
ists, compounded by differences in disease definition.14,15 
Reports of recent increases in incidence, in association with 
a mortality rate at 1 year of 5%–25%, emphasise the impor-
tance of raising awareness of the condition.16,17 A multifac-
torial aetiology with genetic and environmental (including 
hormonal) components is likely, with risk factors including 
advanced maternal age, multiparity, multiple pregnancy and 
hypertensive disorders of pregnancy, such as pre-eclampsia. 
Although women of all ethnicities are affected, the worst 
maternal and neonatal outcomes have been observed in 
women in the Middle East.14–16,18–20

A diagnosis of exclusion, PPCM typically occurs in the 
latter part of pregnancy and up to 6 months postpartum.21 
It is categorised as a dilated cardiomyopathy leading to 
left ventricular (LV) systolic dysfunction in association 
with an LV ejection fraction of <45%–50%, depending 
on the clinical picture.22 It can result in CS when the LV 
function is inadequate to perfuse the organs. The patho-
physiology remains an area of continuing research, but 
the potential for an underlying genetic predisposition has 
involved analysis for associations with truncating loss-
of-function variants in the TTN gene (tTTN), coding for 
titin.23,24 This protein is fundamental for myofibrillar sta-
bility in cardiac myocytes, and has been associated with 
familial primary dilated cardiomyopathies.25,26 Ware 
et al. sequenced 43 genes associated with dilated cardio-
myopathy, including tTTN, and mutations in this gene 
were detected in 10% of cases of PPCM, compared with 
1.4% of cases in the control reference data of more than 
60 000 population samples.27 Despite this association, a 
causal relationship remains to be determined. It is possi-
ble that, in some pregnant women, a combination of a ge-
netic predisposition (such as a mutation in the TTN gene) 
alongside the cardiovascular effects of certain pregnancy 
hormones may increase the risk of LV dysfunction. For 
example, in variable concentrations, prolactin can reg-
ulate the contraction and relaxation of vascular smooth 
muscle, thus modulating vascular tone. In animal mod-
els, excess oxidative stress is postulated to mediate the 
upregulation of prolactin cleavage factors, leading to an 
increase in the concentration of a prolactin isoform with 
anti-angiogenic and apoptotic properties.28,29 This iso-
form has been associated with dysfunctional cardiome-
tabolism, destruction of the cardiac microvasculature 
and impaired cardiac muscle contraction.30,31 The inhibi-
tion of anti-angiogenic molecules can be achieved by the 

administration of bromocriptine, a dopamine D2 agonist 
that inhibits prolactin synthesis and exocytosis from the 
anterior pituitary lactotrophic cells. In a cardiomyocyte-
specific STAT3 gene knockout mouse model, the admin-
istration of bromocriptine demonstrated lower mortality 
(p < 0.01) in association with the prevention of cardiac 
fibrosis.29 Bromocriptine has been used therapeutically 
in selected cases and in small studies in humans.29,32–34 
In one small randomised study (10 cases and 10 controls), 
a greater recovery of the LV ejection fraction (p = 0.012) 
and a trend towards lower mortality was demonstrated by 
6 months in women treated with bromocriptine in addi-
tion to standard care for PPCM, compared with standard 
care alone.30 Further large randomised controlled trials 
evaluating clinical outcomes with bromocriptine ther-
apy, in addition to standard care for PPCM, might pro-
vide additional evidence of benefit.35,36 Anti-angiogenic 
imbalance, also implicated in the pathophysiology of 
pre-eclampsia, may underlie the susceptibility of women 
with pre-eclampsia to develop PPCM. In pre-eclamptic 
pregnancies, elevated levels of placentally derived soluble 
fms-like tyrosine kinase-1 (sFlt-1) are present in the cir-
culation. As an inhibitor of vascular endothelial growth 
factor (VEGF), sFlt-1 is anti-angiogenic and cardiotoxic 
(promoting endothelial cell dysfunction and apoptosis), 
and although potentially sufficient to cause heart fail-
ure alone, sFlt-1 may contribute to the multifactorial 
pathogenesis of PPCM, as seen with the elevated levels 
of sFlt-1 achieved in an anti-angiogenic mouse model, 
using gene knockout of the pro-angiogenic molecule per-
oxisome proliferator-activated receptor-γ coactivator 1α 
(PGC-1α), which were associated with cardiac failure to 
a greater extent in the knockout than in the wild-type 
mice.20,37

4.2  |  Amniotic fluid embolism

In cases of AFE, CS arises from an anaphylactoid reaction to 
amniotic fluid, lanugo, vernix or meconium in the maternal 
circulation, which is purported to trigger a cascade of events 
that can culminate in the acute onset of cardiorespiratory 
arrest and disseminated intravascular coagulopathy.38,39 
Pulmonary arterial vasospasm is understood to lead to right 
ventricular dysfunction and dilatation, which impinges on 
the left ventricle, affecting systolic function and cardiac 
output.

Amniotic fluid embolism (AFE) is rare and was the cause 
of death in six women (0.26 in 100 000 maternities) during 
2015–2017 in the UK.6 Less frequently seen, venous air em-
bolism (VAE) may present with chest pain and breathless-
ness and has been associated in the past with 1% of maternal 
deaths. VAE results from the inadvertent introduction of air 
into the venous circulation, in association with a negative 
pressure gradient, and large volumes of gas may lead to pul-
monary arterial hypertension and right-sided cardiac strain. 
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The diagnosis is often clinical, although precordial Doppler 
studies or transoesophageal echocardiogram may identify 
intracardiac VAE. Alternatively, end-tidal volume or carbon 
dioxide/nitrogen level may support the diagnosis. Uterine 
exteriorisation, the Trendelenburg position, uterine rupture 
and positive pressure ventilation have been postulated as 
risk factors.40,41

Some CS aetiologies that occur in the general population 
can be expected to be notable causes of CS in pregnancy.12 
Thromboembolism risk is increased four- to five-fold in 
pregnancy (physiologically a prothrombotic state), and this 
is further increased in the postpartum period.42 In a similar 
fashion to the mechanism of action leading to CS in AFE, a 
massive thrombus within the pulmonary vasculature trig-
gers the release of vasoconstrictive mediators that lead to an 
increase in right ventricular afterload.43 Increased right ven-
tricular pressures impinge on the left ventricle, diminishing 
output.

5  |   U N PR EDIC TA BL E 
C S I N PR EGNA NC Y: 
K NOW N COMOR BIDITIE S

Detailed antenatal plans are common amongst women 
with pre-existing comorbidities and, in the absence of rou-
tine pre-conception counselling, antenatal clinics provide 
an opportunity to reinforce lifestyle advice for those with 
cardiovascular risk factors. With the combination of preg-
nancy at advanced ages and the use of assisted reproduc-
tive techniques, women with existing comorbidities such 
as hypertension, type 2 diabetes mellitus and obesity are 
conceiving more commonly. Equally, comorbidities such 
as hypertension, diabetes and cardiovascular disorders in 
older mothers may be unmasked during pregnancy. It is 
rare for women to enter pregnancy with a history of ischae-
mic cardiovascular disease, but more commonly women 
will have known CV risk factors for ischaemic pathology, 
such as obesity and advanced maternal age.44 Globally, 
obesity rates are rising in the general population, includ-
ing amongst women of reproductive age.45 This trend has 
also been seen in the UK, with a reported prevalence of 
21% amongst pregnant women.46,47 Obesity, associated 
with the development of metabolic disorders such as dys-
lipidaemia and diabetes, predisposes women to CV disease 
and premature death. In a UK study, a three-fold increased 
risk of myocardial infarction (MI) in pregnant women 
with a BMI greater than 30 kg/m2 has been reported.48–50 
Likewise, this trend was seen in advanced maternal age, 
and there was an increased association of MI in women 
carrying multiple pregnancies and in women that had de-
veloped pre-eclampsia.

Establishing patient pathways for this ‘at risk’ group of 
women (with known CV risk factors) is required to im-
prove identification and the timely referral to an appro-
priate clinician; the objective being to assess and mitigate 

for the risks that could result in cardiovascular disease in 
pregnancy.

6  |   PR EDIC TA BL E R ISK 
FAC TOR S FOR C S I N PR EGNA NC Y: 
ACU TE DECOM PE NSATED/
E X PEC TED DETER IOR ATION

For patients known to be at risk of developing CS dur-
ing pregnancy, established risk stratification models, such 
as the CARdiac disease in PREGnancy risk scores I and II 
(CARPREG I and II), Zwangerschap bij Aangeboren HAR-
tAfwijkingen I (ZAHARA) and the Modified World Health 
Organization Classification of Maternal Cardiovascular Risk 
(mWHO), have been developed to aid pregnancy counsel-
ling and management in women with known congenital and 
acquired cardiac disease. All these tools are useful for pre-
dicting cardiac events in these women.51–54 As a result, few 
women are advised to absolutely avoid pregnancy, and in-
stead they are supported in optimising their pre-pregnancy 
cardiac function and receive regular clinical review during 
pregnancy to guide medical management and delivery.55 
However, despite an improvement in overall clinical out-
comes in pregnancy for patients with known heart disease 
in the last decade, specific cardiac conditions still pose sig-
nificant risk. Pulmonary arterial hypertension is associated 
with the highest maternal risk, with mortality rates of 16%–
30%, and planned pregnancy is not currently recommended 
by the European Society of Cardiology.2,56 Pre-existing di-
lated cardiomyopathy (DCM) also carries significant risk in 
pregnancy, with an increased risk of clinical deterioration 
associated with New York Heart Association (NYHA) func-
tional classes III and IV and an ejection fraction of <40%.2

6.1  |  Coronary artery disease

It would appear that even in acute MI-related pathology, 
much is to be determined regarding the underlying mech-
anisms that lead to CS.57 In non-pregnant human studies, 
up to 50% of LV myocardial loss has been demonstrated to 
occur in a self-perpetuating cardiac insult that happens in 
the absence of medical intervention.57 The initial cardiac 
insult results in reduced cardiac performance, cardiac out-
put and organ perfusion. Cardiac performance is further 
impacted by an exacerbation of cardiac hypoperfusion, 
and this leads to an extension of the area of MI. Further 
decompensation may be caused by an inappropriate host 
response to organ hypoperfusion, with catecholamine 
release triggering vasoconstriction and an increase in 
heart rate and force of cardiac contraction, thus increas-
ing the work of the heart.57 Additionally, a systemic pro-
inf lammatory response and release of cytokines may lead 
to myocardial depression, compounding tissue hypop-
erfusion by triggering vascular dysfunction, endothelial 
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injury, increased capillary permeability and, conversely, 
vasodilation.57

The UKOSS data from 2005 to 2010, reviewing out-
comes of women with acute coronary syndrome in preg-
nancy and the immediate postpartum period (1 week 
after delivery), reported an estimated incidence of 0.7 in 
100 000 maternities (95% CI 0.5–1.1). Remarkably, of the 25 
cases experiencing myocardial infarction, no women died. 
Although two women had no cardiac pathology, the re-
maining women had coronary atheromatous plaques (that 
required stenting), coronary thrombus or coronary artery 
dissection. Of note, the UKOSS report also described the 
variable management of acute coronary syndrome (ACS) 
in pregnant women, suggesting the need to improve edu-
cation and the consistency of clinical care offered to these 
women.50

6.2  |  Spontaneous coronary artery dissection

Among the data presented by UKOSS, it is also impor-
tant to highlight the growing number of young women 
presenting with a history of acute CS prior to pregnancy, 
including SCAD. This group of women are at particu-
larly high risk of subsequent acute cardiac decompensa-
tion during pregnancy. We propose the development of 
consensus guidelines and referral pathways for women of 
reproductive age who have had a diagnosis of SCAD, with 
the objective of reducing the subsequent risk of fatality 
during pregnancy.

It appears that SCAD occurs more commonly in women 
of reproductive age and is specifically associated with preg-
nancy. However, our understanding is limited, and the 
relevant literature is predominantly composed of case re-
ports. Although the actual prevalence is uncertain, rates are 

reported to be between 1% and 4% of all cases of ACS.58,59 
However, SCAD may account for upto 35% of ACS in women 
less than 50 years of age and 43% of MIs in pregnancy.59–62 
Not surprisingly, hormonal factors are thought to be one 
of many risk factors that predispose individuals to the 
condition.

Pathways need to be put in place to ensure that these 
women have long-term follow-up and receive appropriate 
pre-pregnancy counselling.

6.3  |  Pulmonary hypertension and dilated 
cardiomyopathy

Although there is variation in clinical outcome associated 
with the underlying subset aetiology, maternal mortality 
as a result of pulmonary hypertension is significant and 
has been reported to be 16%–30% (rising to 50% in the 
context of Eisenmenger's syndrome). Accordingly, preg-
nancy is contraindicated clinically and women of repro-
ductive age are counselled regarding this risk and advised 
to use safe and effective contraception. In the event of con-
ception, or where women exhibit the clinical features of 
pulmonary hypertension for the first time in pregnancy, 
termination of the pregnancy (which also requires special-
ist planning and input) must be discussed with the woman 
and her family. For continuing pregnancies, a detailed and 
individualised multidisciplinary plan together with close 
surveillance and monitoring is essential in improving out-
comes, and should continue into the puerperium, the pe-
riod of greatest risk.2,63

Dilated cardiomyopathy (DCM) can occur de novo in 
pregnancy but may be a pre-existing condition. The highest 
risk of decompensation is in patients with an ejection frac-
tion of <20%, mitral regurgitation, right ventricular failure, 

F I G U R E  3   The Society of Cardiovascular Angiography and Interventions (SCAI) SHOCK classification pyramid.65 A, arrest; AMI, acute 
myocardial infarction; CA, cardiac arrest; CS, cardiogenic shock; HF, heart failure.
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atrial fibrillation or hypotension, and clinical deterioration 
can be anticipated. Delivery of the fetus may be required to 
optimise haemodynamic stability.2

7  |   CA R DIOGE N IC SHOCK : 
TH E SCA I CL ASSIFICATION 
A N D ITS A PPLICATION I N 
PR EGNA N T WOM E N

Patient outcomes following CS are influenced by a number 
of factors, including aetiology and the individual patient 
clinical characteristics.64 Recently, the Society of Cardiovas-
cular Angiography and Interventions (SCAI) classification 
has been incorporated into clinical practice to facilitate the 
evaluation of the clinical severity of CS. It can be used as a 
staging and communication tool to ‘risk assess’ patients and 
guide the clinical team from a stage of high vigilance and 
preparatory measures, for those at risk of CS, through to in-
creasing degrees of intervention and escalation, for those in 
CS.65

The SCAI framework comprises a pyramid of incre-
mental phases, termed A–E, associated with increasing de-
grees of organ dysfunction and death (Figure 3). SCAI-A 
identifies patients ‘at risk’ of CS, SCAI-B is attributed to 
early shock or the ‘beginning’ phase, SCAI-C is consid-
ered ‘classic’ shock, and is associated with organ hypoper-
fusion, and SCAI-D classifies a patient who is entering a 
‘deteriorating’ phase, which (if after at least 30 minutes of 
early resuscitative measures have been ineffective) leads 
to a state of SCAI-E, in ‘extremis’.66 More recently, vali-
dation studies using the framework have reinforced the 
advantages of using the tool at the bedside, and have facili-
tated the development of a consensus update (published in 

2021), refining mortality risk aligned with CS phenotype 
and presumed aetiology (Figure 4).65 The tool can also be 
used in pregnancy to identify patients ‘at risk’ of devel-
oping CS, as well as those with evolving/established CS 
(Figure 1).

8  |   A RGU M E N T SU PPORTI NG 
TH E SCA I CL ASSIFICATION FOR C S 
I N PR EGNA NC Y

The cardiac risk stratification tools for evaluation in preg-
nancy, highlighted previously, facilitate the early identifica-
tion of ‘at risk’ patients with comorbidities or pre-existing 
conditions. This provides the opportunity for management 
planning for the antenatal, peripartum and postpartum pe-
riods, and (as appropriate) cardiology referral and investiga-
tions. In pregnancy, the SCAI classification can be modified 
using pregnancy-specific reference ranges for haemody-
namic parameters and biomarkers to determine the SCAI 
stage (Table 1).

Initial management for mild to moderate hypotension 
in CS (SCAI-B) is probably more frequently encountered 
in smaller units, with most pregnant women with pre-
existing cardiac disorders being referred to tertiary centres 
for their care. Using established criteria for CS, such pa-
tients may subsequently develop hypoperfusion associated 
with hypotension and elevated LV filling pressures, and 
will likely require careful f luid management, vasopressors 
and potentially careful and transient inotropes, supported 
by cardiac and intensivist teams (SCAI-C).67 In pregnancy 
the general principles of management of CS are the same as 
for non-pregnant patients, with the focus being on the res-
toration of perfusion.31 In PPCM, one of the most common 

F I G U R E  4   Modified aide for the evaluation and prognosis of cardiogenic shock (CS) in pregnancy (adapted from Naidu et al.65). LV, left ventricular; 
RV, right ventricular.

Cardiogenic
shock

Gesta shock severity
• SCAI shock stage
• Haemodynamics
• Metabolic derangements
• Drug toxicity/ teratogenicity

Risk factors
• Prior congenital/ acquired

cardiac condi on
• Age
•
• Cardiac arrest with coma
• Reversibility of organ failure
• Systemic inflammatory response

Phenotype
• Acute vs. acute-on-chronic
• Clinical ae gy of CS
• Univentricular (LV versus RV) versus

biventricular systolic 
dys

• Cardiac versus cardiopulmonary
failure

• Conges on profile
• Biochemical phenotype
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cardiac causes for CS in pregnancy, and the puerperium, 
there is recommended guidance for management and the 
mnemonic ‘BOARD’ has been proposed for the postnatal 
patient (Bromocriptine, Oral heart failure therapies, An-
ticoagulation, vasoRelaxing agents, and Diuretics, with 
non-invasive ventilation added in patients with pulmonary 
congestion) (Figure 5).2,68 Although initial steps are likely 
to be managed appropriately at local intensive care units, 
patients falling into the category of SCAI-B and beyond re-
quire expert intensive care and cardiology input. Critical 
decompensation (SCAI C-E) will be seen more rarely, and 
in these cases local expertise will be limited and should be 
transferred immediately to a tertiary centre. Here the SCAI 
classification can be a valuable tool to utilise for the initial 
assessment and management of the pregnant patient with 
a known cardiac condition or who develops acute CS, and 
should be incorporated into the obstetrician's lexicon.

The SCAI classification can be broadly applied, initially, 
to manage CS in pregnancy irrespective of aetiology, with 
modifications for pregnancy-specific reference ranges for 
haemodynamics and biochemistry (Table  1), guided by 
clinical judgement. Biochemical criteria for derangement 
requires careful consideration, as gestation-dependent val-
ues can be lower in pregnancy (e.g. for alanine aminotrans-
ferase (ALT), albumin, aspartate aminotransferase (AST), 
and creatinine). Similarly, potential therapies will need to 
be adjusted to exclude those with adverse effects on the de-
veloping fetus. We propose an adapted algorithm to include 

pathologies either more common in or unique to pregnancy. 
These changes would create a clinically relevant tool for the 
management of CS in obstetrics, optimising the manage-
ment of this increasingly common emergency. With the lack 
of consistent ‘hands-on’ exposure to patients with CS, we 
consider that there is a need to improve education and train-
ing in obstetrics and gynaecology to heighten awareness and 
improve recognition and initial resuscitation. We consider 
that the SCAI algorithm provides a platform to support this.

9  |   C S I N PR EGNA NC Y: 
TH E ROL E OF M ECH A N ICA L 
CIRCU L ATORY SU PPORT

For those that do not respond to medical management, me-
chanical circulatory support (MCS) has been used across a 
range of diagnoses.69 The early recognition of CS, appropriate 
initial acute management and prompt escalation are key fac-
tors determining the long-term prognosis of a patient requiring 
MCS. MCS survival rates vary depending on several factors, 
including patient comorbidity, frailty, age and underlying ae-
tiology. For example, ischaemic pathologies associated with 
significant myocardial tissue loss or other pre-MCS organ dys-
function have a poorer prognosis. Individual sites practising 
MCS often apply their preferred protocols, and site expertise 
is associated with improved patient outcomes. Furthermore, 
it has been proposed that sites that apply stringent criteria to 
patient selection demonstrate lower mortality rates.70

The current data are limited, but maternal and fetal 
survival rates following extracorporeal membrane oxygen-
ation (ECMO) for all pathologies are encouraging, with a 
reported 74%–80% maternal survival rate, which is consid-
ered comparable with non-pregnant women of reproduc-
tive age, and with a 65%–70% survival rate for the fetus.69,71 
Fetal survival data are also likely to be gestation depen-
dent. The optimal time of delivery for the fetus in women 
managed with ECMO is uncertain, with limited evidence 
to guide decision-making. Currently, a multidisciplinary 
approach is used to make birth decisions, and these are 
therefore very much individualised, with a view of balanc-
ing the risks and benefits for both mother and baby. In the 
context of respiratory failure related to COVID-19 in the 
general population, although initial data showed mortality 
rates of up to 60%, more recent data have demonstrated sig-
nificantly improved outcomes for patients when strict cri-
teria for the initiation of ECMO were used. Key factors for 
lower rates of mortality included early escalation and refer-
ral compared with patients who were referred in advanced 
stages during the height of the pandemic.70,72

The MCS survival rates in the general population, includ-
ing non-pregnant women of reproductive age, vary consid-
erably and depend on aetiology. Further studies are required 
to determine ECMO survival rates in this group as well as to 
compare this with their pregnant counterparts.

The ECMO survival rate significantly drops if referral 
occurs at late stages of the SCAI classification, emphasising 

F I G U R E  5   BOARD scheme outlining the medical management 
options for the postnatal patient with acute peripartum cardiomyopathy (not 
breastfeeding), with patient-specific therapeutic modifications individualised 
to the clinical severity.21 ACE, angiotensin-converting enzyme; ARB, 
angiotensin receptor blocker; b.i.d., twice a day; HF, heart failure; ICU, 
intensive care unit; LVEF, left ventricular ejection fraction; MCS, mechanical 
circulatory support; MRA, mineralocorticoid receptor antagonist; o.d., once a 
day; RV, right ventricular; SBP, systolic blood pressure.
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the importance of early referral for expert input.70,73 We 
propose early consideration for gaining advice from an 
ECMO centre in the context of pregnant and puerperal pa-
tients exhibiting signs of CS, as well as regarding admis-
sion for both the venovenous (VV) and venoarterial (VA) 
ECMO service.

We consider that the adoption of SCAI encourages the 
development of a shared vocabulary with acute cardiology 
and intensive care teams that can only improve the effective 
management of these cases. As obstetricians become more 
familiar with the use of the algorithm, they will become 
confident in the assessment and acute management of CS, 
recognising it as a potential diagnosis sooner and expediting 
the initiation of life-saving treatment and referral to cardiac 
intensivists and ECMO centres.

10  |   CONCLUSION

In this review article, we emphasise that cardiac disease re-
mains the leading indirect cause of maternal mortality and, 
therefore, identifying those at risk of CS and managing such 
cases efficiently and effectively must be prioritised. CS can 
occur in patients with known risk factors, as well as in those 
without. The causes range from medical to obstetric-specific 
aetiologies. However, despite such varied pathology, the use 
of the SCAI algorithm facilitates a universal approach to 
identification, resuscitation and acute management. Fur-
thermore, it provides a framework for the recognition of the 
deteriorating patient, and thus is a key communication aid 
between specialties for the escalation to units with diverse 
resources and expertise, to enable optimal care for pregnant 
women with CS.
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