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Abstract
Female heart disease has for a long time been an underrecognized problem in the 

field of cardiology. With an ever growing number of these patients getting pregnant, 

cardiac dysfunction during pregnancy is an increasingly large medical problem. 

Previous work has shown that maternal heart disease may have an adverse effect 

on pregnancy outcome in both mother and child. The placenta forms the connection 

and it is postulated that cardiac dysfunction negatively affects the placenta, and 

consequently, neonatal outcome. Given the paucity of data in this field, more research 

on the influence of cardiac (mal)function on placental (mal)function is needed. 

The present review describes placental function in women with various types of 

cardiac dysfunction, thereby aiming to provide more insight into possible underlying 

mechanisms of placental malfunction.

Organ dysfunction in patients with heart failure is for an important part based on 

reduced perfusion and venous congestion. This has been shown in other organs such 

as kidneys, liver and brain. In pregnant women with cardiac dysfunction, placental 

dysfunction may follow a similar pattern. Moreover, other factors, such as pre-existing 

hypertension and chronic hypoxia may lead to further impairment of placental 

function, through abnormal vascular remodeling of the uterine spiral arteries. The 

pathophysiology of placental dysfunction in pregnant women with cardiac dysfunction 

may thus be multifactorial. It is therefore important to monitor closely cardiac and 

placental function in such high risk pregnancies. Gaining a better understanding of 

the underlying pathophysiological mechanisms may have important implications in 

terms of pregnancy counseling, monitoring and outcome.
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Introduction
Maternal heart disease complicates 1-4% of pregnancies and can result in adverse 

pregnancy outcome for both the mother and her child.1 The burden of maternal heart 

disease is increasing over the years, due to improved survival of women with congenital 

heart disease (one of the main diagnoses of heart disease during pregnancy) and 

to postponing pregnancies to the late reproductive years. Unfortunately maternal 

heart disease, in particular cardiac dysfunction, is now the leading cause of maternal 

deaths in developed countries.2,3 Large observational studies and registries have 

been conducted to improve pregnancy monitoring and outcome of women with heart 

disease4-8, however gaining a better understanding of the underlying pathophysiologic 

mechanisms is also important for strategy development.

The placenta is a complex and unique vascular organ, which connects the fetus to the 

mother. The placenta produces essential hormones, protects the fetus as a barrier 

for threats and provides oxygen and nutrients to the fetus. As shown in Figure 1, 

maternal blood is ejected by the uterine spiral arteries into the intervillous space of 

the placenta where maternal-fetal exchange of oxygen and nutrients occur across 

the syncytiovascular layer surrounding the placental villi.9 The placenta is a perfusion 

dependent organ. In early pregnancy, 3-6% of the maternal cardiac output is distributed 

to the placenta and at term this percentage goes up to approximately 12%.10 Impaired 

maternal cardiovascular function therefore directly affects placental perfusion and 

function and it has been postulated that uteroplacental insufficiency is the crucial 

mechanistic link between maternal heart disease and neonatal complications.10-14 

Data regarding underlying mechanisms linking cardiac function and placental function 

are, however, scarce. Therefore, looking at known cardiovascular factors associated 

with other organ dysfunction in patients with cardiac dysfunction, may provide more 

insight. The main cardiovascular determinants for e.g. kidneys and liver dysfunction, 

are reduced perfusion and venous congestion. However several other factors such 

as inflammation, endothelial dysfunction and hypertension may further contribute 

to organ injury as a response to the hemodynamic alterations or as a pre-existing 

risk factor.15-17 In pregnant women with cardiac dysfunction, placental dysfunction 

may follow a similar pattern. The present review aims at mapping placental function 

(reflected by uteroplacental circulation, histological evaluation and neonatal outcome) 

in women with various types of cardiovascular dysfunction in order to provide more 

insight into the possible underlying mechanisms of placental malfunction.
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Figure 1. Schematic cross-section of the placenta with maternal and fetal circulation. Maternal 
blood pools in the intervillous space. Oxygen and nutrients transfers to the fetal circulation 
through the membrane of the fetal villus.

Cardiac dysfunction and placental function
Reduced left (“systemic”) ventricular function
Impaired left ventricular (LV) function is associated with reduced cardiac output 

(CO) resulting in hypoperfusion of organs (“forward failure”), including the placenta. 

Important causes of reduced LV function during pregnancy are e.g. cardiomyopathy, 

and morphological right ventricle (RV) in systemic position (Fontan circulation and 

Senning/Mustard corrected transposition of the great arteries), which may lead to 

inadequate cardiac performance during pregnancy. Signs of placental malfunction 

(based on placenta histology, uteroplacental circulation and related neonatal 

outcomes) are presented in women with reduced LV function and reported in Table 

1.13,18-21 A decline of cardiac output during pregnancy is associated with impaired 

uteroplacental circulation in women with heart disease.13 An impaired uteroplacental 

circulation interferes with normal placental organ development and signs of 

placental dysfunction due to hypoperfusion have been documented on placental 

histopathology. In Fontan patients, with a functional/anatomic single ventricle, villous 

hypoplasia (underdevelopment with reduced exchange surface) has been described 

and was suggested to be the result of low cardiac output (Figure 2A and 2B).18 In 

pregnant women with cardiomyopathy, ischemic changes were found in 65.7% of the 
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placentas. Histologic findings suggestive of chronic ischemia included small chorionic 

villi with large syncytial knots and absence of midsized villi with only one or a few 

capillaries per each villus (accelerated maturation) (Figure 2A). These changes were, 

in turn, associated with an increased risk of fetal adverse events.19 Further research to 

determine critical values of LV dysfunction (e.g. heart failure with preserved vs. mid-

range and reduced ejection fraction) in which the abovementioned signs of placental 

malfunction may appear is highly warranted.

Reduced right (“non-systemic”) ventricular function 
Impaired RV function can affect organs through venous congestion (“backward 

failure”) or via reduced cardiac output through LV-RV interaction. Many factors may 

contribute to reduced cardiac output in patients with impaired RV function, i.e. RV 

systolic dysfunction, tricuspid regurgitation and ventricular interdependence due 

to paradoxical movement of the interventricular septum.22 In abovementioned 

conditions, reduced RV function may also lead to impaired placental function and 

thus adverse pregnancy outcome. Our previous studies investigating the relation 

between maternal cardiac function and uteroplacental circulation in women with 

various types of congenital heart diseases reported that right-sided rather than 

left-sided function parameters were associated with impaired uteroplacental 

circulation (Table 1).11,12,14,23,24 Therefore, it is postulated that RV function is a 

predisposing factor for impaired placental function. Possible influences of reduced 

RV function on placental circulation and function will be discussed below in “Extrinsic 

defects”. Studies investigating neonatal outcome of pregnancies with reduced RV 

function (e.g. repaired Tetralogy of Fallot and Pulmonary Hypertension), showed 

increased rates of small for gestational age (SGA) infants, used as a proxy for 

fetal growth restriction, preterm birth and stillbirth, as presented in Table 1.20,25-27  

There is only one histological study reviewing placental pathology in conditions of 

high systemic venous pressure (a consequence of reduced RV function).18 In pregnant 

women with Fontan, where venous and pulmonary flow is passive and venous 

pressure is known to be elevated, prominent sub-chorionic fibrin deposition has 

been described. Based on the pathologic signs in these placentas, it is suggested that 

high systemic venous pressure leads to chronic small abruptions and stagnation of 

placental blood flow. This may result in the sub-chorionic fibrin deposition seen in 

this series of patients. The authors of the latter study speculated that sub-chorionic 

fibrin deposition could lead to underperfusion of the fetus by compression of the 
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vessels in the chorionic and larger stem villous vessels resulting in fetal growth 

restriction. (Figure 2C and 2D).18 This mechanism might therefore be responsible for 

reduced maternal-fetal exchanges in pregnant women with venous congestion due 

to impaired RV function.

Pre-existing hypertension
High blood pressure can damage the blood vessels in and towards an organ. 

Hypertensive disease of pregnancy includes several, but different, conditions including 

chronic hypertension (pre-existing or diagnosed before 20 weeks gestation) or de 

novo (either preeclampsia or gestational hypertension after 20 weeks gestation).28 

Since the focus of this review is on pre-existing cardiovascular dysfunction, we will 

focus on studies investigating pre-existing hypertension and placental characteristics, 

which is outlined in Table 1.29,30 Kovo et al. examined the effect of various types of 

hypertensive disorders on maternal and fetal placental vascular circulation.29 The 

rate of placental lesions related to maternal vascular malperfusion was significantly 

higher compared to normotensive pregnant women (72% versus 26%) and was 

also higher than in women with other hypertensive disorders during pregnancy (29-

65%). These lesions were defined according to the Amsterdam workshop consensus 

criteria31, including maternal vascular malperfusion associated vascular lesions (mural 

hypertrophy (Figure 2E)) and villous changes (increased syncytial knots and villous 

infarcts).31 Women with chronic hypertension had more than a six fold higher risk 

of placental lesions related to maternal vascular malperfusion. However, it must be 

noted that these women with chronic hypertension also had an increased incidence of 

insulin-dependent gestational diabetes, which in turn is related to social background 

with more risk factors such as poor dietary intake and smoking, that all can lead to 

additional placental vascular lesions. 

Also high rates of acute chorioamnionitis (29.1%), particularly a maternal inflammatory 

response, were described in women with chronic hypertension.32 When looking at 

neonatal outcome, pregnant women with chronic hypertension have increased rates 

of SGA, preterm birth and stillbirth.33 Moreover, a study of Wikström et al. showed 

that women with ‘pre-hypertension’ (diastolic blood pressure of 80-90mm Hg) were 

also at higher risk for SGA infants and stillbirths.34 It is therefore postulated that 

adverse neonatal outcome in these women is a consequence of secondary placental 

dysfunction caused by impaired maternal cardiovascular function related to (pre)

hypertension.35 Studies investigating uteroplacental Doppler flow in women with pre-

existing hypertension were not found. 
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Figure 2. Histologic findings of placenta. (A) Villous hypoplasia, small size and unifor-
mity of the terminal villi with associated increased syncytial knots (arrows).* (B) Nor-
mal chorionic villous histopathology.* (C) Extensive subchorionic fibrin deposition on 
the fetal surface.* (D) Fetal surface from a normal placenta.* (E) Mural hypertrophy of 
the maternal arteries.^ (F) Preuterine hypoxic pattern, maternal anemia; homogenous 
villous hypomaturity, chorioangiosis, focally increased syncytial knotting, decreased ex-
tracellular matrix of chorionic villi, increased Hofbauer cells and villous cytotrophoblasts.# 
* Reprinted from Amanda Phillips, The placenta: A site of end-organ damage after Fontan operation. 
A case series, Int J Cardiol 2019 Aug 15;289:52-55, copyright 2019, with permission from Elsevier. 
^ Reprinted from Yee Khong, Sampling and Definitions of Placental Lesions: Amsterdam Placen-
tal Workshop Group Consensus Statement, Arch Pathol Lab Med 2016 Jul;140(7):698-713 with 
permission from Archives of Pathology & Laboratory Medicine. Copyright 2016. College of Amer-
ican Pathologists.
# Reprinted from Jerzy Stanek Hypoxic Patterns of Placental Injury: A Review, Arch Pathol Lab Med 
2013;137(5):706-720 with permission from Archives of Pathology & Laboratory Medicine. Copy-
right 2013. College of American Pathologists.
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Chronic hypoxia
Women with uncorrected cyanotic heart disease and thus chronic hypoxia have 

a particularly high risk of maternal and fetal complications and pregnancy is often 

discouraged.1,20 This is especially true in Eisenmenger’s syndrome (chronic hypoxia 

due to right-left shunting ), where maternal mortality is high (10–50%).36,37 Fetal risk 

depends on the oxygen saturation rate. When oxygen saturation rate is > 90%, fetal 

outcome is usually rather favorable. When oxygen saturation drops <85% however, 

fetal growth restriction, prematurity and stillbirth are commonly reported, as shown 

in Table 1.38 Due to low numbers of pregnancies in women with cyanotic heart 

disease, no data on the effect on placental function is available. However, studies on 

chronic maternal hypoxia due to high altitude, in relation to placental morphology 

and pregnancy outcome, might give us more insight (Table 1).39-43 At higher altitude, 

increased incidences of SGA infants, stillbirths and preeclampsia were reported.41 

Furthermore in pregnant women at high altitude, cardiac output is lower compared 

to pregnant women at lower altitude, probably as the result of lower blood volume 

and/or higher systemic vascular resistance. It is therefore not surprising that also a 

lower uteroplacental blood flow was found in these women, as a result of a lesser 

increase in uteroplacental artery diameter due to impaired vasorelaxation and 

lower placental perfusion.41 Also differences in placental structure were found such 

as reduced volumes, surfaces and lengths of villi, and volumes of capillaries and 

increased prevalence of chorioangiosis and chorioangioma (Figure 2F).39,40,44 It could 

be hypothesized that the abovementioned changes in uteroplacental blood flow and 

placental structure are also present in pregnant women with chronic hypoxia due to 

the underlying heart disease
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Table 1. Signs of placental malfunction in women with cardiac dysfunction

Cardiovascular  
dysfunction

Placenta  
histology

Uteroplacental 
circulation

Neonatal outcomes

Reduced LV 
function

Villous hypopla-
sia18,
Small chorionic 
villi,
Large syncytial 
knots,
Capillaries per 
villus ↓19

Umbilical artery 
resistance↑ 13

SGA: 2% – 12% 20,21*
Prematurity: 14% – 28% 20,21*
Deaths: 3% – 4% 20,21*

Reduced RV 
function

Subchorionic fi-
brin deposition 18

Uterine and 
umbilical arter-
ies resistance ↑ 
11,12,14,23,24

SGA: 9% – 13.8% 20,27^
Prematurity: 6.3% – 21.7% 
20,27^
Deaths: 1.9% – 2.7% 20,27^

Pre-existing 
hypertension

Mural hypertro-
phy at maternal 
side of placenta,
Syncytial knots,
Villous infarcts 29

No data SGA: 11.1% 30

Prematurity: 33.3% 30

Deaths: 4.6% 30

Chronic hypoxia
 Cyanotic CHD No data No data SGA: 66.7% 20

Prematurity: 44.6% 20

Deaths: 16.3% 20 (SO2<85%: 
88% 38)

 High altitude# Chorangiosis and 
chorangioma,
Volume, surface 
and length of 
placental villi ↓,
Fetal capillary 
volume ↓ 39,40

Uteroplacental 
blood flow↓,
Umbilical artery 
diameter ↓ 41

SGA: 16.8% 42

Prematurity: 10.5 – 30.8% 42,43

Deaths: 11.8 – 41.6% 42,43

*Numbers of DCM – Fontan, respectively; ^Numbers of ToF – Pulmonary hypertension, 
respectively; #Due to low numbers of pregnant women with cyanotic heart disease, no 
data of the effect on placental function is available. Therefore, studies on chronic maternal 
hypoxia due to high altitude in relation to placental morphology and pregnancy outcome 
are included to give us more insight. CHD, congenital heart disease; LV, left ventricle; RV, 
right ventricle; SGA, small for gestational age (as a proxy for fetal growth restriction).
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Pathophysiological mechanisms of impaired placental 
function
Based on the pathologic findings in the placenta of women with cardiac dysfunction, 

evidence is increasing that impaired maternal cardiac function negatively affects 

placental function. Similar to other organ dysfunction, mechanisms leading to placental 

dysfunction could be classified into extrinsic defects (impaired hemodynamics 

affecting the placenta) and intrinsic defects (impaired placental development). In the 

following sections we will speculate about possible pathophysiological mechanisms of 

impaired placental function in women with cardiac dysfunction.

Extrinsic (i.e. non-placental) effects
One of the hypotheses is that reduced maternal cardiac function lowers 

cardiac output, resulting in impaired uteroplacental perfusion (“forward 

failure”) which leads to underdevelopment of the villi and ischemic changes 

of the placenta as shown in Figure 3A. Due to these changes, the increased 

demands of the placenta and of the growing fetus could not be met which 

leads to placental dysfunction and thus adverse pregnancy outcome.13,45 

Another hypothesis is that pre-existing RV dysfunction impairs placentation, 

possibly through venous congestion (“backward failure”) (Figure 3B), which is 

supported by experiments using human and sheep placental models.46,47 These 

studies show that increased venous pressure results in an increased uteroplacental 

resistance and leads to decreased uteroplacental blood flow. Furthermore, 

experiments on human term placentas showed that a raised pressure in the 

intervillous space of the placenta, as a result of increased pressure under which 

the blood leaves the intervillous space through the veins, was responsible 

for deformation and compression of the capillaries in the placental villi.48  

Speculations about the effect of maternal venous dysfunction are supported by the 

extensive studies in preeclampsia in which both RV dysfunction and abnormal maternal 

venous hemodynamics have been found to be associated with this placenta-related 

disorder.49-51 Furthermore, unpublished preliminary data indicate that pregnant 

women with Tetralogy of Fallot have abnormal venous flow in the liver and kidneys 

(Figure 4). These patterns possibly indicate a higher central venous pressure52,53, and 

support the hypothesis that venous congestion is present in pregnant women with 

(sub)clinical RV dysfunction, which may negatively affect placental function. Future 

studies are needed to further investigate this hypothesis.
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Intrinsic (placental) defects
With each pregnancy, the placenta has to develop again as a completely new organ 

and it could also be hypothesized that in women with heart disease, the development 

of the placenta could also primarily be impaired. For normal placental function, a 

high-flow and low-pressure circulation is needed for which vascular remodeling of the 

uteroplacental circulation is required. This remodeling is characterized by vascular 

widening of the uterine vessels, mediated by trophoblast invasion, increased shear 

stress and angiogenic and humoral factors.54 Trophoblast invasion occurs both on the 

arterial side as on the venous side of the placenta.55 This adaptation process might be 

negatively affected by reduced perfusion or venous congestion, leading to impaired 

remodeling and thus placental malfunction.56,57 Other factors such as pre-existing 

hypertension and chronic hypoxia may also interfere with the vascular adaptation 

of the uteroplacental circulation presented in Figure 3C and 3D. In women with pre-

existing hypertension, mural hypertrophy of the vessels at maternal side of placenta is 

observed and could lead to villous changes (as villous infarcts).31 Women who have failed 

to genetically adapt to living in a chronic hypoxia environment, such as high altitude, 

showed impaired vasorelaxation of the uteroplacental circulation resulting in reduced 

perfusion of the placenta compared to those women who had genetically adapted.41  

Lastly, it may also be possible that pre-existing endothelial dysfunction may result 

in impaired placental function. For example in preeclampsia, a placenta-related 

complication, there is increasing evidence that the onset of preeclampsia is secondary 

to a dysfunctional maternal cardiovascular system, instead of a primary placental 

disorder.58,59 This concept is supported by the fact that high resistance in the ophthalmic 

artery, a vessel far from the placenta and not subject to trophoblastic invasion, was 

also found to be predictive for preeclampsia.60 Both in patients with preeclampsia 

as well as in non-pregnant patients with heart disease, abnormalities in (systemic) 

endothelial function causing impaired vasodilatation have been documented.59,61-63 

Therefore in pregnant women with heart disease, it could be postulated that pre-

existing endothelial dysfunction, due to cardiovascular dysfunction, results in impaired 

vasodilator capacity of the uteroplacental circulation.
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Figure 3. Schematic graphical presentation of the hypothetical underlying mechanism how 
cardiovascular determinants negatively affect placental function. Reduced RV function: venous 
congestion leads to increased pressure and comprised villi. Reduced LV function: reduced 
perfusion results in small villi with few capillaries per each villus. Pre-existing hypertension: 
mural hypertrophy of placental arteries and villous infarcts. Chronic hypoxia: chorioangiosis 
(hypervascularity), reduced volume and surface of villi.
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Figure 4. Hepatic venous flow in women with ToF (A) versus reference flow patterns of healthy 
pregnant women (B) and renal interlobular flow in women with ToF (C) versus reference flow 
patterns of healthy pregnant women (D) at 20 weeks gestation. Venous backward flow in the 
liver and discontinues (•) flow in the kidneys were seen in pregnant women with ToF, which is in 
contrast to the forward and continuous (•) flow observed in healthy pregnant controls.

Clinical implications and perspectives for future research
In order to reduce the burden of maternal and neonatal complications in pregnant 

women with cardiac dysfunction, routine follow-up starting from the first trimester in 

these patients seems appropriate. For evaluation of placental function, non-invasive 

uteroplacental Doppler flow measurements can be easily performed to early detect 

placental insufficiency. With early detection of placental insufficiency, preventive 

strategies and adequate fetal monitoring can be started. When indicated, preventive 

therapy can be initiated.

Evidence is now increasing that maternal cardiac function negatively affects placental 

function and therefore proper follow-up of LV and RV function during pregnancy 

seems advisable for identification of high risk pregnancies. Guideline driven care and 

the institution of multidisciplinary pregnancy heart teams for the management of 

higher risk pregnancies is recommended.1

Based on this review, it is tempting to speculate that therapy improving hemodynamics 

could be beneficial for pregnancy outcome, but it must be pointed out that no trials 
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investigating treatment strategies in these patients are currently available. Increased 

central venous pressure and subsequent venous congestion seem to be an important 

determinant in impaired placental function in women with cardiac dysfunction. To 

reduce venous congestion, it would be worth studying the therapeutic use of diuretics 

on placental circulation. To date, the use of diuretic drugs during pregnancy remains 

controversial64, but a preliminary furosemide study in patients with preeclampsia and 

high cardiac output showed promising results with reduction in blood volume and 

pressure and no adverse maternal or neonatal events.65 A role for magnesium has 

been reported in the control of blood pressure and induced vasorelaxation activity in 

both the arterial and venous compartment66,67, and this approach might be potentially 

useful in reducing venous pressure. Ongoing studies on magnesiumsulphate 

in women with preeclampsia will provide more insights in the possible effect of 

magnesiumsulphate on placental function. However, before these treatment options 

for improvement of placental function in women with cardiac dysfunction can be 

introduced into clinical practice, more controlled (clinical) studies are required.

Besides therapeutic studies, the role of maternal venous hemodynamic function 

in pregnant women with cardiac dysfunction also requires further investigation. 

For evaluation of maternal venous hemodynamics during pregnancy, non-invasive 

standardized Doppler flow examination of the hepatic and renal veins can be 

performed.52,53 To further examine the role of venous congestion, a prospective 

multicenter study investigating the hemodynamics in the hepatic and renal veins with 

cardiac MRI in pregnant women with heart disease is currently underway (Netherlands 

trial register id: NL7890). Also, histological examination of placental tissue combined 

with extensive uteroplacental circulation measurements, fetal biometric and Doppler 

measurements should provide more information about the effects of low perfusion 

or venous congestion on the placenta.
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Conclusion
Evidence is increasing that maternal cardiac dysfunction negatively affects placental 

function in women with heart disease, which might explain the higher risk of obstetrical 

and neonatal complications. Although the placenta is a temporary and unique organ, 

there might be an overlap in underlying pathophysiological mechanisms leading 

to dysfunction in other organs in patients with heart failure, although additional, 

pregnancy-specific mechanisms may also play a role. Indeed, the relation between 

cardiac dysfunction and placenta development and function is not yet established 

well, but it is most likely multifactorial with synergistic effects. Maternal hypoperfusion, 

increased central venous pressure, pre-existing hypertension and chronic hypoxia all 

lead to placental malfunction and their interaction may amplify the negative impact. 

More data on the complex interplay between cardiac dysfunction and placental 

development and function is essential before we can make firm conclusions about 

the underlying mechanisms of this association, in this growing population of pregnant 

women with cardiac dysfunction.
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