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Pregnancy is associated with significant hemodynamic, tissue and hematic changes in 
the maternal cardiovascular system, which could result in worsening some previously 
asymptomatic cardiac conditions. Since the last 30 years, new techniques and devices 
have been introduced in the field of structural and coronary heart disease. In this 
review, we describe the balance between the risk and benefit of percutaneous 
therapy and the possibility of transcatheter approach to the most common heart 
disease during pregnancy.
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Cardiovascular diseases complicate 0.2–4.0% 
of all pregnancy and this rate is increasing 
in western countries  [1]. When cardiac dis-
ease occurs during pregnancy or peripartum 
period, the mortality rate can reach up to 10% 
especially if the mother requires intensive care 
assistance [2].

Gestational period is associated with sig-
nificant hemodynamic changes in the mater-
nal cardiovascular system, which increases the 
work load of the heart  [3]. Figure 1 & Table 1 
summarize cardiovascular adaptations accord-
ing to gestational periods. As a result of these 
hemodynamic changes, an asymptomatic 
patient with cardiovascular disease who is well 
in the nonpregnant state may develop cardiac 
failure as a result of increased cardiac output.

Over the last 25 years, interventional cardiol-
ogy has emerged as a new therapeutic tool and 
as an effective alternative to surgical therapy in 
several cardiac diseases [4]. Even though inter-
ventional cardiology, particularly mitral valvu-
loplasty, has been performed in the pregnant 
patient over the last two decades, randomized 
prospective study are absent and guidelines are 
mainly based on experts’ consensus [1].

The treatment of pregnant women should 
take care of two subjects: the mother and the 
fetus. The possible adverse effects on the fetus 

of diagnostic examination and treatments 
should be always considered. After delivery, 
the possible drug interactions on breastfeed-
ing should be taken in account. Interventional 
procedure could represent an invasive low-risk 
strategy compared with cardiac surgery which 
is related to 50% of fetal lost and about 10% 
of maternal mortality [5].

This article provides an overview on the 
risk–benefit ratio of the interventional treat-
ment: first, balancing the radiation exposure 
risk and the event risk related to specific car-
diac condition; and second, the role of per-
cutaneous intervention in the most common 
cardiac disease during pregnancy.

Fetus risk during mother cardiac 
catheterization
Fetal risk during cardiac catheterization 
in pregnant patients is related to radiation 
exposure and contrast media. The effect of 
radiation on the fetus depends on two fac-
tors: the maternal radiation dose and the ges-
tational age. With regard to the first, the safe 
threshold of radiation dose is below 50 mGy, 
while there is an uncertain risk of malforma-
tion between 50 and 100 mGy, and a certain 
increased risk above a dose of 100 mGy [6,7]. 
The majority of diagnostic procedures includ-
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Figure 1. Cardiovascular adaptations during pregnancy.  
CO: Cardiac output; DBP: Diastolic blood pressure; Hb: Hemoglobin concentration; HR: Heart rate; Pvol: Plasma 
volume; SBP: Systolic blood pressure; SV: Stroke volume; TPVR: Vascular resistance. 
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ing cardiac catheterization do not expose the fetus to 
such high levels of radiation. Percutaneous interven-
tional procedures imply more radiation exposure but 
always within those limits (Table 1).

As far as gestational age concerned, the effect of 
radiation during pregnancy can be divided into three 
phases: preimplantation period (1–2 weeks), during 
this stage the consequence of irradiation has only two 

outcomes: loss of embryo or healthy birth, follow-
ing the rule of ‘all-or-nothing’; organogenesis period 
(2–12 weeks), during this time radiation can cause 
congenital malformations, growth restriction and intel-
lectual disability (for this reason, it has been suggested 
to delay radiation exposure until after completion of 
organogenesis); and second and third trimester, in this 
period radiation risk is primarily related to the develop-
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ment of childhood leukemia and other malignancies.
As general rule of each cardiac catheterization dur-

ing pregnancy, a radial approach, a very low frame rate 
and time of fluoroscopy (up to 2 fps), a small collimated 
beam sizes, a minimal angulation of x-ray source and 
echo-guided procedure, when feasible as balloon val-
vuloplasty, will minimize the radiation exposure [8]. In 
some specific case, lowering the radiation exposure has 
to be balance with sufficient quality of imaging. The 
use of pelvic and abdominal shield could reduce the 
fetal exposure; however, the incorrect or inadequate 
position of the shield could even increase uterus expo-
sure. For this reason, the recommendation to shield the 
abdomen is controversial during pregnancy.

Concerning the risk secondary to the use of iodine 
contrast media, this is due to a possible fetal hypothy-
roidism, after 25 weeks when the fetal thyroid becomes 
active.

The ideal time for performing interventional proce-
dures is considered the fourth month, when organogen-
esis is completed, the fetal thyroid is still inactive, the 
risk of cancer is lower than in the third trimester and 
there is a greater distance between the fetus and the chest 
than in later months  [1,9]. Moreover, another reason to 
intervene in the second trimester if possible is the lower 
risk of provoking labor than during the third trimester.

Mother risk
Although the treatment of pregnant women should take 
care of mother and fetus, their relationship changes dur-
ing gestation in close connection with fetal vitality. In the 
early stages of pregnancy, since the fetus is not vital, the 
achievement of good clinical conditions in the mother is 
the only way to guarantee possible fetal survival. When 
the fetus is vital, especially during the last 2 months of 
pregnancy, an early delivery should always be considered 
because the survival rate of both is higher if the fetus is 
outside, rather than inside a critically ill mother [3].

In order to assess the risk of maternal cardiac events, 
several risk scores have been reported, whose Cardiac 
Disease in Pregnancy (CARPREG) risk score is the 
most known and used [10]. This score has been devel-
oped and validated in several studies, and it predicts 
quite accurately the rate of cardiovascular events, 
though overestimation can occur (Box 1) [11,12]. Beside 
the CARPREG risk score, an experts task force defined 
the ‘modified WHO risk classification’, which repre-
sents a more comprehensive scoring system, including 
all known maternal cardiovascular risk factors, under-
lying heart disease, any other comorbidity and contra-
indications for pregnancy. WHO risk classification is 
not simple to handle due to his complexity; however, 
it fits better to each specific cardiac disease during 
pregnancy [13].

Mitral stenosis
Mitral stenosis, commonly rheumatic, remains a major 
problem in developing countries and is still present in 
western countries, especially in immigrants [14,15].

Valvular gradients may increase during pregnancy 
because of the physiological increase in cardiac out-
put and heart rate. Cardiac output, because of fixed 
obstruction, is unable to increase during effort, lead-
ing to increase of atrial and pulmonary pressure. Even 
women with moderate mitral stenosis may become 
severely symptomatic during the second and third tri-
mester of pregnancy. This risk remains during labor 
and delivery, as a result of uterine contraction and with 
the increasing of venous return from the limb, as the 
emptied uterus is no longer blocking venous return.

Percutaneous balloon mitral valvotomy during preg-
nancy should be considered in patients with symptom-
atic (New York Heart Association class III/IV) mod-
erate-to-severe mitral stenosis or systolic pulmonary 
pressure greater than 50 mmHg, despite optimal medi-
cal treatment  [1]. Surgical valve replacement or com-
missurotomy is generally not necessary, because young 
women often present with noncalcified valves without 
subvalvular thickening or significant mitral regurgita-
tion, suitable for percutaneous approach  [16]. Percuta-
neous balloon valvotomy, since the initial description 
by Inoue in 1984 [17], has been shown to be successful 
in large studies of patients with symptomatic mitral 
stenosis  [18]. Dilatation of the stenotic mitral valve 
results in immediate hemodynamic improvement. The 
mitral gradient generally decreases from 33 to 50% 
of its initial value, and the cross-sectional area almost 
doubles [19]. Both pulmonary capillary wedge pressure 
and pulmonary artery pressure decrease immediately, 
with the latter dropping further the week after valvu-
loplasty  [20]. There are some potential complications 
associated with this procedure, including atrial perfo-
ration, cardiac tamponade, arrhythmias, emboli and 
mitral regurgitation. Mortality has been reported to 
be around 0.5%  [4]. Mitral regurgitation is the most 

Table 1. Fetal and maternal radiological doses 
for different procedures.

Procedure Fetal  
exposure (mGy)

Maternal 
exposure (mGy)

Chest 
radiograph

<0.01 0.1

CT chest 0.3 7

Coronary 
angiography

1.5 7

PCI 3 15

CT: Computed tomography; PCI: Percutaneous coronary 
intervention.
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common complication and varies from 0 to 50%; how-
ever, severe mitral regurgitation is uncommon and can 
occur when the valve is heavily calcified [21]. Currently, 
3D transesophageal or even transthoracic ultrasound, 
when a good echo window is achievable, can be used 
to guide percutaneous balloon valvuloplasty in order 
to minimize radiation exposure  [22]. Balloon mitral 
valvuloplasty in the pregnant patient is a technically 
complex procedure that needs to be done quickly with 
a surgical backup and should only be performed in 
center with an extensive experience in this field.

In the largest series reported a procedural success 
was achieved in 100% of cases, fetal loss is extremely 
rare and pregnancy was accomplished in 100% of 
cases. Mid- and long-term follow-up has been shown 
favorable for both mother and child [23,24].

Aortic stenosis
Severe aortic stenosis is rare during pregnancy  [25]. 
Nevertheless, even in moderate aortic stenosis, during 
pregnancy, aortic gradient can double and patient can 
become symptomatic for hypotension, syncope, angina 
or EKG can show signs of left ventricular hypertrophy 
or ischemia.

When symptoms occur in optimal medical therapy, 
valve repair or replacement should be attempted either 
by percutaneous balloon valvuloplasty or surgery. Per-
cutaneous balloon valve valvuloplasty has been per-
formed in AS, obtaining reduction of transvalvular 
aortic gradient and acute clinical improvement. Mild 
undersized balloon-anulus or maximum 1:1 ratio has 
been used in order to avoid aortic regurgitation. In 
general, it is sufficient to halve the gradient in order to 
obtain a significant clinical improvement, which allows 
ending the pregnancy. Transient maternal hypotension 
and a decrease in fetal heart rate may occur because of 
balloon inflation or prolonged supine position and can 
be treated with crystalloid infusion. Postprocedural 
hemodynamic results are not sustained after balloon-
ing; moreover, even though aortic balloon angioplasty 
enables the pregnancy to continue, the patient has to be 
followed up strictly for a possible setback of the valvu-

lar disease [26]. Aortic balloon valvuloplasty should be 
performed in hospital where transcatheter aortic valve 
implantation in available as backup strategy. No cases 
of transcatheter aortic valve implantation have been 
reported so far, but it can be an option in specific cases, 
and a recent percutaneous implantation of pulmonary 
valve has demonstrated the feasibility of transcatheter 
valve treatment during pregnancy [27].

Myocardial infarction during pregnancy
Acute coronary syndrome occurs in 3–10 of 100,000 
deliveries, with a peak of incidence during the third 
trimester and in the puerperium, with mortality rates 
ranging from 5 to 7% in the mother and 13 to 17% 
in the fetus [28,29]. The increasing age of women hav-
ing babies together with changes in lifestyle and a 
higher prevalence of obesity and the hypercoagulable 
state of pregnancy, may also explain the increasing 
rates of acute myocardial infarction (AMI) observed 
in the last decade during pregnancy [30,31]. An under-
lying atherosclerotic disease is present in only half of 
cases. The other cause of AMI is spontaneous coro-
nary dissection, probably secondary to hormone-
related changes in composition of vessel walls and 
paradoxical thromboembolism due to the physiologi-
cal increased right-to-left shunting through a PFO 
or atrial septal defects (ASD). These pathogenetic 
mechanisms do not allow adequate development 
of compensatory coronary collateral circulation, 
with subsequent large size infractions and evolu-
tion toward dilated cardiomyopathy. Left anterior 
descending artery is the vessel most frequently 
involved  [30]. Urgent percutaneous revasculariza-
tion has to be considered the treatment of choice 
if an AMI is ongoing; however, the interventional 
approach to this syndrome has to be cautious because 
of the arteries of these patients are friable. Because 
the propagation of dissection occurs very frequently 
during percutaneous coronary intervention, it is very 
important to place the guide-wire in the true lumen 
very distally, then to check with echo or OCT the 
position of the wire in the true lumen and finally to 

Box 1. CARPREG predictors of maternal cardiovascular events..

•	 Prior cardiac event (heart failure, transient ischemic attack, stroke before pregnancy or arrhythmia)  
•	 Baseline NYHA functional class >II or cyanosis  
•	 Left heart obstruction (mitral valve area <2 cm2, aortic valve area <1.5 cm2, peak LV outflow tract gradient >30 

mmHg by echocardiography)  
•	 Reduced systemic ventricular systolic function (ejection fraction <40%)  
•	 For each CARPREG predictor that is present a point is assigned  
•	 Risk estimation of cardiovascular maternal complications: 0 point = 5%  
•	 1 point = 27%  

•	 >1 point = 75%

CARPREG: Cardiac disease in pregnancy; LV: Left ventricle; NYHA: New York Heart Association.
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stent all dissected segments; sometimes also diagonal 
and marginal brunch can be dissected; in this case, 
a conservative approach can be considered if a small 
peripheral vessel is involved and symptoms are well 
controlled by medical therapy. Surgery has to be con-
sidered only if complication of percutaneous coro-
nary intervention occurs, as well as wire into the false 
lumen and propagation of dissection to the aorta.

A radial access and abdominal shielding may reduce 
fetal radiation exposure. Furthermore, the use of con-
trast should be limited to avoid fetal dysthyroidism. 
A major issue is the management of dual antiplatelet 
therapy, when coronary stents are implanted. Aspi-
rin is considered safe but data regarding the use of 
dual antiplatelet therapy are scant. Case reports show 
no adverse outcomes relating to either clopidogrel or 
prasugrel [32,33]. Experiences with thrombolysis in this 
subset are scarce, but data from its use in pulmonary 
embolism report major complications in up to 15% of 
cases with a 6% of fetal loss [34,35].

Peripartum cardiomyopathy
Peripartum cardiomyopathy (PPC) is defined as an 
idiopathic cardiomyopathy presenting with heart fail-
ure secondary to systolic dysfunction toward the end of 
pregnancy or in the months following delivery, where 
no other cause of heart failure is found  [36]. The true 
PPC incidence is unknown, but it is estimated in 1 
of 3000–4000 live births in western countries  [37,38]. 
It occurs in the last month of pregnancy in 10% of 
patients, after delivery in 80% of patients, and either 
in the last month antepartum and during the 5 months 
postpartum in the remaining 10%. Although PPC 
remains a diagnosis of exclusion, several underlying etio-
logical mechanisms have been proposed, such as inflam-
mation-oxidative stress-mediated mechanisms and the 
nursing-hormone prolactin seem to be involved [39–42].

Clinical diagnosis is based on development of heart 
failure signs in absence of other causes of heart failure 
and lack of evidence of heart disease before the last 
month of pregnancy. Although recent data have shown 
good outcome at 6 months with left ventricle function 
improvement in 85% of the cases [43], prognosis depends 
on left ventricular function recovery with mortality rates 
up to 25% of cases in patients with persistent low EF [38]. 
It must be stressed that natural history may be character-
ized by a sudden deterioration of left ventricular function 
with acute cardiac failure and shock. Therefore, patients 
with PPC require hospitalization in referral center where 
Intensive Care Unit and Cardio-Thoracic Surgery Unit 
are available. When heart failure is refractory to medi-
cal treatment, intra-aortic balloon pump, insertion of a 
left ventricular assist device, and ECMO may be per-
formed as a bridge to recovery, in most cases, or to heart 

transplantation [44,45]. Recently, a successful percutane-
ous left ventricular assistance with Impella 2.5 micro-
axial pump (Abiomed, Inc.) was reported; however, 
this patient was complicated by device thrombosis after 
5 days of treatment, underlying the necessity of adequate 
anticoagulation regimen during this period  [46]. Cur-
rently, Impella CP (Abiomed, Inc., Danvers, MA, USA) 
is available for percutaneous use (needing 14-Fr sheath), 
and it represents a new device available in our equipment 
for treatment of severe heart failure patients.

Atrial septal defects
Atrial septal defects are the most frequent congenital 
cardiac defect of adulthood and they are most com-
mon in women than in men. For these reason, it is 
not uncommon to detect an ASD during pregnancy. 
However, pregnancy is well tolerated by most women 
with an ASD. The decreasing in systemic vascular resis-
tance counterbalances the increasing in right ventricle 
volume-load, remaining the hemodynamic condition 
stable. When ASD is hemodynamically significant, a 
percutaneous closure should be performed before preg-
nancy  [1]. A closure of ASD or of persistent foramen 
can be considered in case of paradoxical embolism dur-
ing pregnancy, particularly if deep venous thrombosis 
is present despite medical treatment. The percutaneous 
procedure can be performed under the guidance of 
intracardiac echocardiography and limited fluoroscopy. 
Few successful cases have been previously reported, the 
patient have been treated safely and effectively under 
local anesthesia using intracardiac echocardiography 
and with trivial fetal radiation exposure [47,48].

Conclusion
There are several cardiac conditions that can ben-
efit from transcatheter interventions during pregnancy. 
Since the last 30 years new techniques and devices have 
been introduced in the field of structural and coronary 
heart disease. All these innovations can increase the suc-
cess rate of severe condition during pregnancy, as well as 
mitral and aortic stenosis, coronary dissection and severe 
left ventricle failure. Furthermore, bi- and tridimensional 
transesophageal echocardiography and radial approach 
can minimize the amount of fetal radiation exposure.

However, it has to be pointed out that such pro-
cedures need to be evaluated in high volume centers 
and they should be performed only in presence of life-
threatening situations by teams with high experience 
in pregnancy disease.

Future perspective
In the next 10 years, transcatheter technology develop-
ment will lead to minimize and bioabsorbable devices, 
which allow to treat more and more conditions cur-
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rently unapproachable due to anatomical limitation in 
both mother and fetus. The raising of echo use during 
interventionalist procedure is making the treatment 
not harmful for fetal malformation.

There are several cardiac conditions that can ben-
efit from transcatheter interventions during pregnancy. 
Since the last 30 years new techniques and devices have 
been introduced in the field of structural and coronary 
heart disease.
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Executive summary

•	 Cardiovascular diseases complicate 0.2–4.0% of all pregnancy.  
•	 The treatment of pregnant women should take care of two subjects: the mother and the fetus.  
•	 The ideal time for performing interventional procedures is considered the fourth month.  
•	 In order to assess the risk of maternal cardiac events, cardiac disease in pregnancy risk score is the most known 

and used.  
•	 Mitral stenosis remains a major problem in developing countries and is still present in western countries, 

especially in immigrants.  
•	 Percutaneous balloon mitral valvotomy during pregnancy should be considered in patients with symptomatic 

moderate to severe mitral stenosis or systolic pulmonary pressure greater than 50 mmHg.  
•	 In the largest series reported a procedural success was achieved in 100% of cases, fetal loss is extremely rare 

and pregnancy was accomplished in 100% of cases.  
•	 Acute coronary syndrome occurs in 3–10 of 100,000 deliveries with mortality rates ranging from 5 to 7% in the 

mother and 13 to 17% in the fetus.  
•	 An underlying atherosclerotic disease is present in only half of cases. The other cause of acute myocardial 

infarction is spontaneous coronary dissection or paradoxical thromboembolism.  
•	 Urgent percutaneous revascularization has to be considered the treatment of choice if an acute myocardial 

infarction is ongoing.  
•	 The peripartum cardiomyopathy incidence is estimated in 1 of 3000–4000 live births.  
•	 Clinical diagnosis is based on heart failure signs in absence of other causes of heart failure and lack of 

evidence of heart disease before the last month of pregnancy.  
•	 Recent data have shown good outcome at 6 months with left ventricle function improvement in 85% of the 

cases.  
•	 Prognosis depends on left ventricular function recovery with mortality rates up to 25% of cases in patients 

with persistent low EF.  
•	 Percutaneous left ventricular assistance with Impella 2.5 micro-axial pump can be considered as bridge to left 

ventricle recovery or transplantation.  
•	 Atrial septal defects (ASD) are the most frequent congenital cardiac defect during pregnancy.  
•	 When ASD is hemodynamically significant, a percutaneous closure should be performed before pregnancy. A 

closure of ASD or of persistent foramen can be considered in case of paradoxical embolism during pregnancy.
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