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BACKGROUND: Cardiac disease is 1 of the major causes of maternal 
mortality. We studied pregnancy outcomes in women with rheumatic 
mitral valve disease.

METHODS: The Registry of Pregnancy and Cardiac Disease is an 
international prospective registry, and consecutive pregnant women with 
cardiac disease were included. Pregnancy outcomes in all women with 
rheumatic mitral valve disease and no prepregnancy valve replacement 
is described in the present study (n=390). A maternal cardiac event was 
defined as cardiac death, arrhythmia requiring treatment, heart failure, 
thromboembolic event, aortic dissection, endocarditis, acute coronary 
syndrome, and hospitalization for other cardiac reasons or cardiac 
intervention. Associations between patient characteristics and cardiac 
outcomes were checked in a 3-level model (patient–center–country).

RESULTS: Most patients came from emerging countries (75%). Mitral 
stenosis (MS) with or without mitral regurgitation (MR) was present in 
273 women, isolated MR in 117. The degree of MS was mild in 20.9%, 
moderate in 39.2%, severe in 19.8%, and severity not classified in the 
remainder. Maternal death during pregnancy occurred in 1 patient with 
severe MS. Hospital admission occurred in 23.1% of the women with MS, 
and the main reason was heart failure (mild MS 15.8%, moderate 23.4%, 
severe 48.1%; P<0.001). Heart failure occurred in 23.1% of patients with 
moderate or severe MR. An intervention during pregnancy was performed 
in 16 patients, 14 had percutaneous balloon mitral commissurotomy, and 
2 had surgical valve replacement (1 for MS, 1 for MR). In multivariable 
modeling, prepregnancy New York Heart Association class >1 was an 
independent predictor of maternal cardiac events. Follow-up at 6 months 
postpartum was available for 53%, and 3 more patients died (1 with 
severe MS, 1 with moderate MS, 1 with moderate to severe MR).

CONCLUSIONS: Although mortality was only 1.9% during pregnancy, 
≈50% of the patients with severe rheumatic MS and 23% of those with 
significant MR developed heart failure during pregnancy. Prepregnancy 
counseling and considering mitral valve interventions in selected patients 
are important to prevent these complications.
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Rheumatic heart disease is a major problem, with 
≤1.4 million people dying each year, and is a lead-
ing disease in the young, especially in emerging 

countries. In more developed economies, the diagnosis 
of rheumatic heart disease is rare and typically found 
in recent immigrants.1–3 It poses a particular problem in 
pregnant women, in whom the diagnosis is often de-
layed or missed. In emerging countries, rheumatic valve 
disease is the most common cardiac disease in preg-
nant women and the most important cause of maternal 
death.4–7 Mitral valve stenosis in particular is a high-risk 
condition.8

Maternal mortality in general has decreased in the 
past decade, but over the same period, cardiac mater-
nal death has not declined.9,10 Large prospective studies 
in pregnant women with heart disease in general and 
specifically in women with rheumatic heart disease are 
lacking. Such studies are needed to provide evidence 
for guidelines on the management of pregnancy in 
women with heart disease11,12 and to counsel women 
with rheumatic heart disease who are contemplating 
a pregnancy. Further, contemporary data on the out-
comes of pregnancy in women with rheumatic mitral 
valve disease will help to stratify risk, enabling high-risk 
women to be identified and appropriately counseled 
and managed. The aim of this study is to assess mater-
nal and fetal outcomes of pregnancy in women with 
rheumatic mitral valve disease.

METHODS
The ROPAC (Registry of Pregnancy and Cardiac Disease) is 
an international prospective and ongoing registry that was 
established to study a large number of pregnant women with 
structural heart disease. ROPAC was initiated by the European 
Society of Cardiology (ESC) working groups on congenital 
heart disease and valvular heart disease in 2007 and embed-
ded in the EORP (Eurobservational Research Programma) of the 
ESC. The data, analytic methods, and study materials will be 
available on request to other researchers for purposes of repro-
ducing the results or replicating the procedure. When required, 
ethical approval or Institutional Review Board approval was 
obtained (eg, in Germany, United States, Canada, and Belgium). 
However, in some countries, the procedure to obtain ethical 
approval was waived because of the anonymized and untrace-
able nature of the data. Informed consent was obtained from 
patients if required by the local independent review board.

Prospective data collection started in January 2008, and 
for the current study we included data from patients with 
a term date up to October 2013 and follow-up up to April 
2014. An extensive description of the study protocol and 
methods has been published previously.4 Participating centers 
included all consecutive pregnant patients with heart disease. 
For this analysis, the outcomes of pregnancy for all patients 
with rheumatic mitral valve disease in ROPAC was analyzed. 
Women with a mechanical or bioprosthetic valve have already 
been described elsewhere and were excluded from the cur-
rent study.13

Data Collection
Prepregnancy patient characteristics that were collected 
included age, parity, cardiac diagnosis, previous interven-
tions, medication, smoking, diabetes mellitus, hyperten-
sion, obstetric history, and, if available, echocardiographic 
parameters. Countries were defined as emerging or 
advanced according to the International Monetary Fund.14 
Participating centers and countries can be found in a previ-
ous publication,4 and countries that included women with 
rheumatic mitral valve disease are also listed in the online-
only Data Supplement. Cardiac, obstetric, and fetal outcome 
data were collected. Heart failure was defined according to 
American College of Cardiology/American Heart Association 
guidelines15 as a clinical syndrome characterized by specific 
symptoms (dyspnea and fatigue) and signs of fluid retention 
(edema and rales) on physical examination, as judged by the 
treating provider. An episode of heart failure was only reg-
istered when signs or symptoms of heart failure were pres-
ent that required new treatment, change of treatment, or 
hospital admission.

A maternal cardiac event was defined as cardiac arrest, 
cardiac death, new episode of arrhythmia requiring treat-
ment, heart failure, thromboembolic event, endocarditis, 
hospitalization for other cardiac reasons, or a cardiac inter-
vention. Fetal adverse outcome was defined as fetal death 
>14 weeks, neonatal death <1 week, low Apgar score, pre-
term birth, and small for gestational age. Follow-up was avail-
able ≤1 week after delivery for all patients. Data on events 
during 6 months after delivery were collected. However, lim-
ited follow-up data at 6 months postpartum were available in 
some patients (53%) and are therefore reported separately.

Clinical Perspective

What Is New?
•	 This international prospective registry including 

women with rheumatic mitral valve disease shows 
that women with mild and asymptomatic rheu-
matic mitral valve disease tolerate pregnancy well, 
but that morbidity is especially high in women with 
severe mitral valve stenosis.

•	 Women with moderate, severe, or symptomatic 
rheumatic mitral valve disease are at high to very 
high risk of heart failure during pregnancy.

What Are the Clinical Implications?
•	 Given the high rate of complications during preg-

nancy, a percutaneous balloon mitral commissur-
otomy, which has a low risk, may be a feasible 
treatment for young women with moderate or 
severe mitral stenosis who have a desire for preg-
nancy, even if they are asymptomatic.

•	 Adequate counseling of adolescents and young 
women with rheumatic mitral valve disease about 
the risks of pregnancy is of utmost importance to 
convince them to see a cardiologist before getting 
pregnant. Implementation of current guidelines in 
clinical practice is clearly needed.

 by guest on February 20, 2018
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


van Hagen et al� Pregnancy and Rheumatic Mitral Valve Disease

February 20, 2018� Circulation. 2018;137:806–816. DOI: 10.1161/CIRCULATIONAHA.117.032561808

OR
IG

IN
AL

 R
ES

EA
RC

H 
AR

TI
CL

E

Definition of Valve Disease
Mitral valve disease was defined according to the European 
Association of Echocardiography and American Society of 
Echocardiography recommendations for echocardiographic 
assessment of valve stenosis.16 The severity of mitral valve ste-
nosis (MS) was defined as follows:

–– Mild MS = valve area >1.5 cm2 or if area not available: 
mean gradient <6 mm Hg

–– Moderate MS = valve area 1.0 to 1.5 cm2 or if area not 
available: mean gradient 6 to 12 mm Hg

–– Severe MS = valve area <1.0 cm2 or if area not available: 
mean gradient >12 mm Hg

Mitral valve regurgitation (MR) quantification was based on 
visual inspection and quantitative measurements and was deter-
mined by the treating cardiologist. New York Heart Association 
(NYHA) classification was used to define whether patients were 
asymptomatic (NYHA class I) or symptomatic (NYHA class ≥II).

Statistical Analysis 
Continuous variables are presented as mean and standard 
deviation, or median and first and third quartiles (Q1‒Q3), 
and differences among groups were assessed using Student’s 
t test or Mann-Whitney test as appropriate. In case of 3 cat-
egories (mild, moderate, severe stenosis), 1-way analysis of 
variance tests were performed or Kruskal-Wallis as appropri-
ate. Categorical variables are presented as frequencies and 
percentages, and differences were studied using χ2 or Fisher 
exact test as appropriate.

We compared pregnancy outcomes of women with iso-
lated mild MR to those with moderate/severe MR. Similarly, 
we divided women with MS (regardless of whether  it was 
accompanied by MR) into mild, moderate, or severe steno-
sis and compared the outcomes of these 3 groups. Separate 
analyses were performed for symptomatic and asymptomatic 
patients and for patients from countries with emerging or 
advanced economies. Patients with isolated moderate/severe 
MS were compared with those with moderate/severe mixed 
mitral valve disease (MS+MR). Uni- and multivariable logistic 
regression analyses were performed to search for predictors of 
maternal cardiac events and adverse fetal outcomes. Possible 
new predictors were identified by performing univariable 
logistic regression analyses. All variables with a P value <0.10 
in univariable analyses were entered into multivariable logis-
tic regression analysis. Generalized linear mixed models were 
used as a result of the multilevel structure in the data. The 
ROPAC database consists of 2 levels: patients (level 1) were 
nested in centers (level 2), and centers were nested in coun-
tries (level 3). To account for differences in outcomes among 
countries and among centers, random effects for country 
and center were added to the model. Patient and country 
characteristics were entered as fixed effects. Odds ratios and 
95% confidence intervals are provided. Statistical tests were 
considered significant if a P value was <0.05 (2-sided). All 
analyses, except for multilevel modeling, were performed 
with SPSS version 21.0 (IBM Corp). Multilevel modeling was 
performed in R V.3.1, package lme4.

RESULTS
Of the 2966 patients included in the ROPAC registry 
from January 2008 to April 2014, 390 women had 

rheumatic mitral valve disease. Mean age was 28.9 
years (±6.0), and 103 women (26.4%) were primigrav-
ida. The majority lived in countries with an emerging 
economy (75.4%), and they were known to have mitral 
valve disease before pregnancy (75.1%). The type of 
mitral valve disease is presented in Figure 1. MS with or 
without MR was present in 273 women, whereas 117 
had MR only. The grade of MS was mild in 57 (20.9%), 
moderate in 107 (39.2%), severe in 54 (19.8%), and 
unknown in 55 (20.1%). The grade of MR in patients 
with isolated MR (in the absence of stenosis) was mild 
in 43 (36.8%), moderate in 35 (29.9%), severe in 30 
(25.6%), and unknown in 9 (7.7%). Note that for 64 
patients of the total cohort, severity of valve disease 
was unknown, which explains discrepancies in numbers 
mentioned in the text and tables. Baseline characteris-
tics are presented in Table 1, stratified for severity of 
disease. Before pregnancy, a percutaneous or surgical 
valve repair had been performed in 26.9% of all pa-
tients but in fewer patients with MR and severe MS. 
Women with MS had signs of heart failure before preg-
nancy more often than women with only MR (34.1% 
versus 10.3%, P=0.019), and in particular those with 
moderate or severe MS. Women with MS also received 
cardiac medication before pregnancy more often than 
women with MR (38.6% versus 24.8%, P=0.009).

Outcomes of pregnancy are presented in Tables  2 
and 3 and will be discussed separately for MS and MR. 
Caesarean section was performed in the majority of 
women (52%). In a large proportion of these women, 
Caesarean section was planned for an obstetric reason. 
In 20% of women, a Caesarean section was planned in 
advance for a cardiac reason.

Mitral Valve Stenosis
The outcomes of pregnancy are presented in Tables 2 
and 3, stratified for mild, moderate, and severe steno-
sis. Maternal death during pregnancy occurred in 1 pa-
tient with MS (1.9% of severe MS). This patient died at 
35 weeks of pregnancy because of acute heart failure. 
Two other women died during follow-up (between 1 
week and 6 months postpartum). One of these 2 wom-
en was a patient with severe MS (5.3% of patients with 
severe MS available for follow-up), who died 2 weeks 
after spontaneous abortion, complicated by sepsis, atri-
al fibrillation, and cardiogenic shock. The other patient 
had moderate MS (1.7% of patients with moderate MS 
available for follow-up) and developed atrial fibrillation 
treated with heparin peripartum, which was discontin-
ued because of hemorrhage of the Caesarean section 
wound. In the second week postpartum, she developed 
sudden severe abdominal pain and dyspnea, and she 
died after a cardiac arrest. An aortic embolism or acute 
mesenteric vascular occlusion was suspected, but au-
topsy was denied.
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Of all patients with MS, hospital admission for a car-
diac reason was required in 23.1% during pregnancy. 
The main reason was heart failure, in particular in wom-
en with severe MS (49.1%). The risk was also signifi-
cant in moderate MS: 31.8% developed heart failure 
(22.0% of previously asymptomatic women with mod-
erate MS and 41.1% of previously symptomatic wom-
en with moderate MS; P=0.036). Timing of heart failure 
in patients with MS was 71% during pregnancy only, 
14% during pregnancy and ≤1 week after delivery, and 
15% after delivery only. Episodes of heart failure in 
the presence of MS were treated mainly with diuretics 
(59.5%), β-blockers (41.2%), or ACE-inhibitors (4.7%).

A cardiac intervention was performed during pregnan-
cy in 15 patients with MS (5.9%): 14 patients had percu-
taneous balloon mitral commissurotomy, and 1 patient 
had a surgical valve replacement. Timing of intervention 

was during the first trimester in 2 patients, second tri-
mester in 7 patients, and third trimester in 4 patients (and 
unknown in 2). The course of pregnancy was uneventful 
after these interventions. Women with MS from countries 
with an advanced economy had an intervention during 
pregnancy more often than those from countries with an 
emerging economy (11.4% versus 3.1%, P=0.015), and 
this difference persisted when assessing women with iso-
lated MS only (19.4% versus 4.9%, P=0.036).

Figure I in the online-only Data Supplement depicts 
outcomes of pregnancy in women with MS who had 
had valve intervention before pregnancy (n=69) versus 
those who had not (n=149). There were no major dif-
ferences, except for women with severe MS: women 
with an intervention before pregnancy had significant 
fewer adverse cardiac events than those without prior 
intervention (14% versus 66%, P=0.014).

Figure 1. Severity of rheumatic mitral valve disease.

Table 1.  Baseline Characteristics of Patients With Rheumatic Mitral Valve Disease

Baseline Characteristics

Rheumatic Mitral 
Valve Disease, 

All (n=390)

Mitral Regurgitation (No Mitral Stenosis)
Mitral Stenosis (With or Without Mitral 

Regurgitation)

Mild (n=43)
Moderate or 
Severe (n=65) P Value Mild (n=57)

Moderate 
(n=107)

Severe 
(n=54) P Value

Age, y (±SD) 28.9 (±6.0) 29.2 (±6.8) 28.1 (±5.2) 0.32 28.9 (±6.2) 29.8 (±5.8) 27.5 (±6.0) 0.07

Living in an emerging country 294 (75.4) 36 (83.7) 58 (89.2) 0.40 39 (68.4) 77 (72.0) 46 (85.2) 0.096

Primigravida 103 (26.4) 7 (16.3) 13 (20.0) 0.63 19 (33.3) 26 (24.3) 23 (42.6) 0.06

Twin pregnancy 15 (4.1) 0 (0.0) 4 (6.8) 0.14 1 (1.9) 5 (4.9) 2 (4.3) 0.72

Current smoking 7 (1.9) 1 (2.3) 0 (0.0) 0.40 3 (5.6) 1 (1.0) 0 (0.0) 0.13

Prior diabetes mellitus 5 (1.3) 1 (2.3) 0 (0.0) 0.40 1 (1.8) 0 (0.0) 0 (0.0) 0.51

Prior hypertension 14 (3.6) 2 (4.8) 4 (6.3) 1.00 3 (5.3) 4 (3.7) 0 (0.0) 0.32

Prior intervention 105 (26.9) 4 (9.3) 7 (10.8) 1.00 22 (38.6) 40 (37.4) 7 (13.0) 0.003

Signs of heart failure before 
pregnancy

81 (21.0) 1 (2.3) 13 (20.0) 0.007 7 (12.3) 25 (23.6) 18 (34.0) 0.026

Atrial fibrillation before 
pregnancy

26 (6.7) 1 (2.3) 2 (3.1) 1.00 2 (3.5) 8 (7.5) 4 (7.7) 0.63

Cardiac medication before 
pregnancy

134 (34.4) 8 (18.6) 18 (27.7) 0.28 14 (24.6) 48 (44.9) 16 (30.2) 0.022

Right ventricular systolic 
pressure >30 mm Hg

121 (31.4) 1 (2.3) 21 (32.8) <0.001 20 (35.7) 43 (41.0) 23 (42.6) 0.73

Any mitral valve regurgitation 292 (75.1) 43 (100) 65 (100) na 43 (75.4) 70 (65.4) 35 (64.8) 0.36

Values are n (%). na indicates not applicable. Unknown severity of disease: n=64. This value explains the discrepancies between the total group and the subgroups.
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Miscarriage or fetal death was reported in 5.1% of 
all women with MS versus 3.4% of women with MR 
(P=0.46). Women with MS gave birth to babies small 
for gestational age more often than women with MR 
(14.0% versus 3.5%, P=0.009). Women with severe 
MS delivered earlier (P=0.041), and their babies had a 
lower birth weight (P=0.007).

The outcomes of women with moderate or severe MS 
in the presence and absence of significant MR are pre-
sented in Table 4. Women with mixed mitral valve disease 
were more likely to have pulmonary hypertension before 
pregnancy than women with isolated MS (48.2% versus 
23.6%, P=0.007). A cardiac intervention was performed 
only in patients with isolated MS (0% versus 12.5%, 
P=0.013). The outcomes of pregnancy were not different 
in mixed mitral valve disease compared with isolated MS.

Isolated Mitral Valve Regurgitation
One patient with severe MR died (3.8% of patients avail-
able for follow-up) (Table  2). She was asymptomatic 
before pregnancy and had normal left ventricular func-
tion. She developed cardiogenic shock predelivery at 
39 weeks, with the subsequent perinatal death of her 
child. Unfortunately, further details about the course of 
her pregnancy and specifically the reason for deteriora-
tion are not available. Urgent surgical valve repair was 
planned directly after pregnancy, but she discharged 
herself against medical advice, and she died weeks later 
because of cardiogenic shock. Hospital admission for 

any cardiac reason was required in 13.7% of women 
with MR mainly because of heart failure, which oc-
curred in 16.2% compared with 31.1% of patients with 
MS (P=0.002). Heart failure in the presence of MR was 
treated mainly with diuretics (47.4%); some received 
β-blockers (15.8%) or ACE inhibitors (5.3%). Surgical 
valve replacement was performed in 1 patient (0.9% of 
patients with MR) after 10 weeks of gestation. She re-
ceived a mechanical valve and was treated with vitamin 
K throughout pregnancy, with a switch to heparin before 
vaginal delivery, with good fetal outcome. Outcomes of 
pregnancy are stratified for emerging and advanced 
economies in Table I in the online-only Data Supplement.

Symptomatic Patients
Before pregnancy, 168 patients (43.1%) were in NYHA 
class >I as shown in Table 5. In this table, comparison 
was made for women who were symptomatic before 
pregnancy versus those who were asymptomatic before 
pregnancy. Compared with prepregnancy asymptomatic 
patients (n=217), symptomatic women more frequently 
had signs of heart failure, had signs of pulmonary hyper-
tension, took cardiac medications, and had severe MS. 
During pregnancy, hospital admission was required in 
33.3% of symptomatic patients, mainly for heart failure, 
but also for supraventricular arrhythmias. The majority of 
cardiac interventions were performed in the group that 
was symptomatic before pregnancy. A higher incidence 
of babies small for gestational age  was found in mater-

Table 2.  Maternal Outcomes of Pregnancy

 Baseline Characteristics

Rheumatic Mitral 
Valve Disease, 

All (n=390)

Mitral Regurgitation (No Mitral Stenosis)
Mitral Stenosis (With or Without Mitral 

Regurgitation)

Mild  (n=43)
Moderate or 
Severe (n=65) P Value Mild (n=57)

Moderate 
(n=107)

Severe 
(n=54) P Value

Maternal mortality ≤ 1 wk 
postpartum

1 (0.3) 0 (0.0) 0 (0.0) na 0 (0.0) 0 (0.0) 1 (1.9) 0.25

Hospital admission for a 
cardiac reason

79 (20.3) 2 (4.7) 13 (20.0) 0.024 9 (15.8) 25 (23.4) 18 (33.3) 0.09

Heart failure 104 (26.7) 3 (7.0) 15 (23.1) 0.029 9 (15.8) 34 (31.8) 26 (48.1) 0.001

Cardiac intervention 
performed

16 (4.1) 0 (0.0) 0 (0.0) na 0 (0.0) 4 (3.7) 8 (14.8) 0.002

Supraventricular tachycardia 17 (4.4) 0 (0.0) 1 (1.5) 1.00 1 (1.8) 6 (5.6) 4 (7.4) 0.40

Ventricular tachycardia 1 (0.3) 0 (0.0) 0 (0.0) na 0 (0.0) 1 (0.9) 0 (0.0) 1.00

Thrombotic complication 1 (0.3) 0 (0.0) 0 (0.0) na 0 (0.0) 1* (0.9) 0 (0.0) 1.00

Pregnancy-induced 
hypertension

7 (1.8) 2 (4.7) 2 (3.1) 1.00 1 (1.8) 2 (1.9) 0 (0.0) 1.00

(Pre-) eclampsia or HELLP 6 (1.5) 0 (0.0) 1 (1.5) 1.00 2 (3.5) 0 (0.0) 1 (1.9) 0.13

Postpartum hemorrhage 10 (2.6) 0 (0.0) 1 (1.5) 1.00 3 (5.3) 4 (3.7) 1 (1.9) 0.66

Follow-up after 6 mo 205 (52.6) 18 (41.9) 26 (40.0) 1.00 37 (64.9) 58 (54.2) 19 (35.2) 0.006

Mortality after 1 wk, <6 mo 3 (1.5) 0 (0.0) 1 (3.8) 1.00 0 (0.0) 1 (1.7) 1 (5.3) 0.41

Values are n (%). HELLP indicates hemolysis elevated liver enzymes low platelet count; and na, not applicable. Unknown severity of disease: n=64. No maternal 
mortality occurred in this group.

*Cerebrovascular accident.
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nal patients who were symptomatic versus asymptom-
atic before pregnancy (15.1% versus 7.7%, P=0.038).

Predictors of Adverse Outcomes
Results of uni- and multivariable logistic regression 
analyses are presented in Figure 2. Prepregnancy NYHA 
class >I was an independent predictor of maternal 
cardiac events in women with MS. Severe MS was in-
dependently associated with adverse fetal outcomes. 
Further details are presented in Tables II and III in the 
online-only Data Supplement. 

A list of countries that included women with rheu-
matic mitral valve disease can be found in Table IV in 
the online-only Data Supplement.

DISCUSSION
This international prospective registry studies the out-
comes of pregnancy in women with rheumatic mitral 
valve disease. It provides contemporaneous data show-
ing that women with mild and asymptomatic rheumatic 
mitral valve disease tolerate pregnancy well, but that 
morbidity is high especially in women with severe mitral 
valve stenosis. Heart failure occurred in ≤48% of women 
with severe MS, and patients with prepregnancy NYHA 

class >I were at particularly high risk of maternal cardiac 
events. This finding is not surprising because pregnancy 
induces an expansion of the plasma volume, which is 
poorly tolerated in the presence of severe left-sided ste-
nosis. The stenotic mitral valve compromises the ability of 
the heart to increase cardiac output, increasing left atrial 
and pulmonary pressures and resulting in cardiac failure. 
In addition, an increase in cardiac output is required to 
provide sufficient uteroplacental blood flow; when this 
flow is compromised, fetal growth may be reduced.17

Mitral Valve Stenosis
Although mild MS is usually well tolerated with preg-
nancy, this study revealed that women with mild disease 
had a significant risk of heart failure of 15.8%, where-
as those with moderate and severe disease had risks of 
31.8% and 48.1%, respectively. These data are consis-
tent with an earlier smaller study (80 women with rheu-
matic valve stenosis), which reported pulmonary edema 
in mild (24%), moderate (34%), and severe (56%) MS 
during pregnancy,18 although the event rates in the cur-
rent study were lower than in another study of 46 women 
with mixed mitral valve disease.19 The degree of stenosis, 
together with NYHA class and possibly right ventricular 
systolic pressure in those with mild or moderate MS, may 
help to distinguish between women who are likely to tol-

Table 3.  Obstetric and Fetal Outcomes of Pregnancy

Obstetric and 
Fetal Outcome

Rheumatic Mitral 
Valve Disease, 

All (n=390)

Mitral Regurgitation (No Mitral Stenosis) Mitral Stenosis (With or Without Mitral Regurgitation)

Mild (n=43)
Moderate or 
Severe (n=65)

P 
Value Mild (n=57)

Moderate 
(n=107) Severe (n=54)

P 
Value

Caesarean section 199 (52.4) 15 (36.6) 28 (45.2) 0.39 28 (50.0) 67 (63.2) 31 (60.8) 0.26

Emergency 
caesarean section 
for cardiac reason

12 (3.1) 1 (2.3) 2 (3.1) 1.00 0 (0.0) 3 (2.8) 5 (9.4) 0.024

Abortus provocatus

  Maternal reason 2 (0.5) 0 (0.0) 1 (1.5) 1.00 0 (0.0) 0 (0.0) 0 (0.0) na

  Fetal reason 1 (0.3) 0 (0.0) 0 (0.0) na 0 (0.0) 0 (0.0) 0 (0.0) na

Miscarriage <24 
wk

14 (3.6) 0 (0.0) 3 (4.6) 0.27 2 (3.5) 4 (3.7) 3 (5.6) 0.82

Fetal death ≥24 
wk

4 (1.0) 0 (0.0) 1 (1.5) 1.00 0 (0.0) 1 (0.9) 1 (1.9) 0.74

Low Apgar (<7) 25 (8.1) 4 (12.1) 1 (2.5) 0.17 3 (6.5) 5 (5.6) 5 (11.9) 0.45

Preterm birth 33 (9.5) 0 (0.0) 2 (3.6) 0.51 2 (3.8) 9 (9.3) 10 (21.3) 0.015

Birthweight 
<2500 g

64 (16.4) 5 (11.6) 4 (6.2) 0.48 4 (7.0) 18 (16.8) 17 (31.5) 0.003

Small for 
gestational age

36 (11.3) 0 (0.0) 3 (6.8) 0.26 2 (4.3) 10 (10.8) 9 (19.6) 0.06

Median pregnancy 
duration, weeks 
(Q1‒Q3)

39.0 (38.0–39.6) 39.0 (38.3–39.9) 39.0 (38.3–39.4) 0.29 39.0 (38.3–39.9) 39.0 (38.0–39.4) 38.7 (37.0–39.3) 0.041

Median 
birthweight, g 
(Q1‒Q3)

2900 (2610–3100) 3050 (2750–3300) 2925 (2750–3110) 0.09 2925 (2690–3200) 2900 (2640–3100) 2700 (2400–3000) 0.007

Values are n (%). na indicates not applicable; and Q1–Q3, first through third quartiles. Unknown severity of disease: n=64. No maternal mortality occurred in this 
group.
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erate pregnancy well and those who have an unaccept-
ably high risk of pregnancy complications. We found that 
NYHA class ≥II was an independent predictor of maternal 
cardiac events during pregnancy. A previous prospective 
study reporting on pregnancy outcome in 192 patients 
with rheumatic heart disease, including 61% with a mitral 
valve lesion, also found that heart failure (7% versus 49%) 
and arrhythmic (2% versus 21%) events occurred more 
often in women with NYHA class III or IV than in women 
with NYHA class I or II.20 Echocardiographic follow-up dur-
ing pregnancy is important to detect early hemodynamic 
changes that may precede and possibly predict clinical 
deterioration. In women with severe mitral valve stenosis 
and NYHA class III or IV, an increase of pulmonary capillary 
wedge pressure immediately postpartum has been de-
scribed.21 In our study, 30% of the cases developing heart 

failure in the presence of MS occurred in the first week 
after delivery, regardless of whether  it was preceded by an 
episode during pregnancy. Thus, close monitoring of the 
hemodynamic situation intrapartum and in the first days 
after delivery is essential, and efforts should be made to 
limit large fluctuations in pre- and afterload. Heart failure 
should be treated just as in nonpregnant patients with mi-
tral valve disease. Only 40% of women with MS and heart 
failure were treated with β-blockers, despite the fact that 
β-blockers are well recognized to be an important compo-
nent of the management of heart failure in the presence 
of MS. This finding emphasizes the gap between guide-
line recommendations and clinical implementation as well 
as the need for wider education.

It is noteworthy that 75% of women were known 
to have mitral valve disease before pregnancy. A third 

Table 4.  Isolated Mitral Valve Stenosis Versus Mixed Mitral Valve Disease

Isolated
Moderate or Severe Mitral 

Stenosis (n=56)

Moderate or Severe Mitral 
Stenosis Combined With 

Moderate or Severe Mitral 
Regurgitation (n=56) P Value

Baseline Characteristics

  Age, y (SD) 30.0 (±5.8) 28.5 (±6.2) 0.18

  Living in an emerging country 39 (69.6) 46 (82.1) 0.12

  Primigravida 17 (30.4) 15 (26.8) 0.68

  Prior intervention 18 (32.1) 16 (28.6) 0.68

  Signs of heart failure before pregnancy 15 (26.8) 15 (27.8) 0.91

  Atrial fibrillation before pregnancy 6 (10.7) 5 (9.1) 0.78

  Cardiac medication before pregnancy 25 (44.6) 21 (38.2) 0.49

  Right ventricular systolic pressure >30 mm Hg 13 (23.6) 27 (48.2) 0.007

  Severe mitral valve stenosis 19 (33.9) 16 (28.6) 0.54

Pregnancy outcome

  Maternal mortality, 1 wk postpartum 0 (0.0) 0 (0.0) na

  Hospital admission for a cardiac reason 16 (28.3) 13 (23.2) 0.52

  Heart failure 24 (42.9) 19 (33.9) 0.33

  Supraventricular tachycardia 6 (10.7) 3 (5.4) 0.49

  Cardiac intervention performed 7 (12.5) 0 (0.0) 0.013

  Caesarean section 30 (55.6) 36 (65.5) 0.29

  Emergency caesarean section for a cardiac reason 3 (5.4) 5 (8.9) 0.72

  Miscarriage <24 wk 1 (1.4) 5 (8.9) 0.21

  Fetal death ≥24 wk 1 (1.8) 0 (0.0) 1.00

  Low Apgar (<7) 2 (4.1) 5 (12.5) 0.24

  Preterm birth 10 (19.2) 5 (10.2) 0.20

  Birthweight <2500 g 11 (19.6) 14 (25.0) 0.50

  Small for gestational age 6 (11.8) 5 (11.1) 0.92

  Median pregnancy duration, wk (Q1‒Q3) 38.4 (37.0–39.4) 38.9 (38.0–39.3) 0.43

  Median birthweight, g (Q1‒Q3) 2800 (2600–3100) 2775 (2500–3000) 0.44

  Follow-up after 6 mo 24 (42.9) 24 (42.9) 1.00

  Mortality after 1 wk, <6 mo 0 (0.0) 2 (8.3) 0.49

Values are n (%). na indicates not applicable; and Q1–Q3, first through third quartiles. Note that for 49 patients, the severity of concomitant mitral 
regurgitation was unknown; therefore, these women were not included in this table. This explains the discrepancies between numbers in Tables 3 and 4.
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of all women with MS were symptomatic before preg-
nancy, and half of the women with severe MS went 
on to need hospital admission for heart failure during 
their pregnancy, representing significant morbidity and 
cost. One could speculate that if those patients with 
isolated severe mitral stenosis had undergone percuta-
neous balloon mitral commissurotomy preconception, 
they would have had a lower risk pregnancy with less 
chance of morbidity and hospital admission.

We have shown a remarkable difference in birth 
weight and pregnancy duration between emerging 
and advanced economies. Our data are a reflection of 
the practitioner’s influence on pregnancy outcomes: 
physicians from advanced economies are eager to in-
duce labor for the benefit of the mother. However, this 
approach did not result in a significant difference in 
maternal outcomes, although this conclusion is partly 

restricted by low numbers. A high number of planned 
Caesarean sections occurred, which is alarming be-
cause the current literature22 shows no evidence of a 
clear benefit of Caesarean section over a vaginal deliv-
ery in women with heart disease.

Valve Intervention During Pregnancy
Sixteen women, almost all of them with MS, had an in-
tervention during pregnancy, most commonly (14 of 16 
cases) with a percutaneous balloon mitral commissuroto-
my. This treatment option is effective for selected patients 
with isolated mitral valve stenosis, with a rapid decrease 
of left atrial pressure and pulmonary artery pressure.2 
Percutaneous balloon mitral commissurotomy is effective 
and safe during pregnancy23 and is preferred to a surgi-
cal procedure because the latter still carries a risk of fetal 

Table 5.  Baseline and Pregnancy Outcomes in Asymptomatic and Symptomatic Patients

Asymptomatic (n=217) Symptomatic (n=168) P Value

Baseline Characteristics

  Age, y (SD) 29.2 (±6.2) 28.4 (±5.7) 0.17

  Living in an emerging country 162 (74.7) 130 (77.4) 0.54

  Primigravida 46 (21.2) 55 (32.7) 0.011

  Prior intervention 61 (28.1) 43 (25.6) 0.58

  Signs of heart failure before pregnancy 3 (1.4) 77 (46.4) <0.001

  Atrial fibrillation before pregnancy 12 (5.6) 13 (7.8) 0.37

  Cardiac medication before pregnancy 60 (27.8) 72 (42.9) 0.002

  Right ventricular systolic pressure >30 mm Hg 48 (22.3) 72 (43.6) <0.001

  Severe mitral valve regurgitation* 27 (17.2) 28 (18.4) 0.18

  Severe mitral valve stenosis* 21 (11.1) 31 (22.0) 0.007

Pregnancy outcome

  Maternal mortality, ≤1 wk postpartum 0 (0.0) 1 (0.6) 0.44

  Hospital admission for a cardiac reason 21 (9.7) 56 (33.3) <0.001

  Heart failure 42 (19.4) 60 (35.7) <0.001

  Supraventricular tachycardia 4 (1.8) 12 (7.1) 0.010

  Cardiac intervention performed 3 (1.4) 13 (7.7) 0.002

  Caesarean section 102 (47.9) 93 (57.4) 0.07

  Emergency caesarean section for a cardiac reason 3 (1.4) 7 (4.2) 0.11

  Miscarriage <24 wk 8 (3.7) 6 (3.6) 0.95

  Fetal death ≥24 wk 2 (0.9) 2 (1.2) 1.00

  Low Apgar (<7) 12 (7.5) 11 (7.8) 0.91

  Preterm birth 19 (9.7) 12 (8.1) 0.59

  Birthweight <2500 g 31 (14.3) 31 (18.5) 0.27

  Small for gestational age 13 (7.7) 22 (15.1) 0.038

  Median pregnancy duration, wk (Q1‒Q3) 39.0 (38.0–39.6) 39.0 (38.0–39.6) 0.21

  Median birthweight, g (Q1‒Q3) 2900 (2658–3188) 2900 (2600–3000) 0.10

  Follow-up after 6 mo 104 (47.9) 100 (59.5) 0.024

  Mortality after 1 wk, <6 mo 1 (1.0) 2 (2.0) 0.62

Values are n (%). Q1–Q3 indicates first and third quartiles. 
*Percentage of patients with known severity of disease.
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demise of ≈20%.24 However, patients with severe MS in 
the presence of significant MR are less suitable for a per-
cutaneous intervention.25 Treating patients with severe 
symptomatic mixed disease during pregnancy is complex, 
and evidence-based recommendations on the approach 
are lacking. Indeed, in our study, 2 women with mixed 
disease died in the second week after pregnancy.

Despite that more women from emerging countries 
had severe MS, the number of valvular interventions 
was greater in countries with an advanced economy 
probably because of the greater access in these coun-
tries.3 Enhanced flowcharts for the choice of interven-
tion in women with valve disease in different settings 
have been proposed.26 Although, ideally, any percuta-
neous or surgical intervention should be undertaken 
before conception, the threshold for intervention dur-
ing pregnancy, particularly for percutaneous balloon 
mitral commissurotomy in isolated severe mitral steno-
sis, should be low. The best timing for intervention has 
been suggested to be after the fourth month.11

Isolated Mitral Valve Regurgitation
Mild MR is generally classified as a modified World Health 
Organization pregnancy risk class I (no detectable in-
creased risk of maternal mortality and no or mild increased 
risk of morbidity).11 The results of this study support this 
classification, with low maternal and fetal morbidity. Also, 
moderate to severe MR is often seen as benign. However, 
in our study, it was associated with a surprisingly high rate 
of heart failure (23%) and should therefore not be un-
derestimated. As commented on earlier, there are marked 
changes in hemodynamic function during pregnancy,27,28 
which may be poorly tolerated in the context of substan-

tial MR. There is little evidence regarding the outcomes of 
pregnancy in this group of women. In congenital heart 
disease, the presence of severe atrioventricular valve dis-
ease is a predictor of adverse outcomes.29 In previous stud-
ies concerning rheumatic valve disease in general, mainly 
women with symptomatic regurgitation were at risk,20 
which is confirmed by our results.

Clinical Implications
Mortality and cardiac deterioration in this cohort could 
have been reduced by appropriate prepregnancy as-
sessment and intervention as suggested by the guide-
lines.25 A delay in patients seeking help is often the main 
contributing factor to maternal cardiovascular death in 
emerging countries,6 which may contribute to the pre-
viously described high maternal and fetal mortality in 
sub-Saharan countries.30 Hence, adequate counseling 
of adolescents and young women with rheumatic heart 
disease about the risks of pregnancy is of utmost im-
portance to convince them to see a cardiologist before 
getting pregnant. There seems to be a real task here, 
and this societal issue might need political support.

Also, the question remains how to deal with wom-
en with asymptomatic moderate MS, who are not yet 
candidates for valve intervention but are contemplating 
pregnancy. Pregnancy in these women is associated with 
a significant risk of heart failure. Most of these women 
seem to have favorable clinical and probably also ana-
tomic conditions for percutaneous balloon mitral com-
missurotomy. Therefore, the availability of a low-risk in-
tervention is an incentive to consider wide indications of 
percutaneous balloon mitral commissurotomy in young 
women with moderate or severe MS who have a desire 
for pregnancy, even if they are asymptomatic.

Figure 2. Predictors of outcome.  
AF indicates atrial fibrillation; CI, 
confidence interval; OR, odds ratio; 
NYHA, New York Heart Association; 
and RVSP, right ventricular systolic 
pressure. *Defined as cardiac ar-
rest, cardiac death, new episode 
of arrhythmia requiring treatment, 
heart failure, thromboembolic event, 
endocarditis, hospitalization for 
cardiac reason, or  cardiac interven-
tion. ^Defined as fetal death after 14 
weeks, neonatal death <1 week, low 
Apgar score, preterm birth, and small 
for gestational age
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Limitations
Definition of valve disease varies between the different 
guidelines and is subject to updating in newer versions 
of the guidelines. We were restricted to the guidelines 
used when the majority of the patients were includ-
ed.16,25 However, having symptoms of valve disease has 
direct consequences with regard to intervention in cur-
rent guidelines,31 which is why we decided to perform 
a subanalysis in patients with and without symptoms. 
Physiological symptoms of pregnancy may be difficult 
to distinguish from significant heart failure symptoms, 
which should be taken into account when interpreting 
our results. This study was conducted from a voluntary 
registry, and therefore potential reporting bias should 
be taken into account when interpreting the results. 
Furthermore, although follow-up ≤1 week postpartum 
was complete in all patients, follow-up until 6 months 
postpartum was available in only 53% of the patients, 
and therefore postpartum adverse events may be un-
derestimated.

One of the major challenges in large registries is in-
complete data: in this cohort, the severity of disease 
was unknown for 64 patients. In our cohort, mitral 
valve area, mean gradient, and pressure half time were 
available in some patients and at different time points, 
which hampered statistical analysis to study their po-
tential value as predictors of adverse outcomes. Finally, 
of the 75% of women from emerging countries, the 
majority came from Egypt. Therefore, the results likely 
do not reflect the outcomes for women living in even 
more disadvantaged parts of the world, such as sub-
Saharan Africa. In this study, most patients (75%) were 
diagnosed to have rheumatic heart disease before 
pregnancy and had access to cardiac care. Patients in 
very low-income areas presenting late in pregnancy 
with severe disease probably have an even worse out-
come, and more work is clearly needed to understand 
the impact of rheumatic heart disease in pregnancy in 
these areas.

CONCLUSION
Women with moderate or severe rheumatic MS who 
were symptomatic before pregnancy are at significant 
risk of complications during pregnancy. In particular, 
women with symptomatic or severe MS should be ad-
vised against pregnancy until valve intervention has 
taken place. Women with mild stenosis and those 
with more than mild MR should be adequately coun-
seled about the risk of complications, although a large 
part of this group will be brought safely to term and 
deliver a healthy baby. Close follow-up during preg-
nancy will allow early recognition of symptoms and 
timely intervention to avoid an unfavorable maternal 
or fetal outcome.
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