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Abstract

Background: Pregnancy represents a raising issue in women with 
Congenital Heart Disease (CHD), but its effect on functional status is not well 
established. The aim of our study was to assess the probability of modification 
of functional status due to pregnancy in CHD, thus improving preconceptional 
counselling. 

Methods: Data on maternal NYHA functional class and Ability Index 
before, during and after pregnancy in 127 pregnancies in 95 women (mean age 
31±5 years) with CHD, collected between 2008 and 2013 at Padua University 
Hospital Clinic were recorded (total visits 498), together with echocardiographic 
parameters.

Results: Before pregnancy, 93 patients were in NYHA Class I and 9 in 
NYHA class II; during pregnancy 83 were in class I and 14 in class II; during 
puerperium, 81 were in class I and 15 in class II; at 6-month follow-up, 82 were 
in class I and 19 in class II. Worsening of NYHA class from baseline to 6-months 
after pregnancy was significantly associated to baseline NYHA class >1 (OR 
127 p<0.0001), number of pregnancies (OR 1.014, p=0.03), history of palliative 
operation prior to correction (OR 2.4, p<0.0001), corrective surgery (OR 3.47, 
p<0.0001) and complex CHD (OR 5.3, p<0.0001). At multivariate analysis, 
baseline NYHA, and complex CHD remained independent predictors of NYHA 
class deterioration. Cardiac ultrasound parameters showed the same trend as 
NYHA.

Conclusions: In-women with CHD the probability of functional class 
worsening during and after pregnancy adjusted for concomitant risk factors is 
significantly related to baseline NYHA class and complexity of CHD.
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Many studies have tried to develop maternal and foetal risk scores 
in this setting [7,8], but simpler predictors are needed to provide an 
effective counselling. The aim of this study was to evaluate the degree 
of maternal functional worsening and the foetal outcome in large 
number of pregnancies among CHD women.

Material and Methods
Study design

The study retrospectively analysed 127 consecutive pregnancies 
occurred in GUCH women between 2008 and 2013, followed by the 
Department of Cardiac, Thoracic, and Vascular Sciences and/or the 
Department of Maternal and Pediatric Health of the Padua University 
Hospital. Women were divided into two categories: patients with 
simple CHD (native or surgically repaired) included Atrial Septal 
Defect (ASD), patent foramen ovale with Positive Bubbles Test 
(PFO), Ventricular Septal Defect (VSD), patent ductus arteriosus, cor 
triatriatum, coronary fistula, bicuspid aortic valve, aortic coarctation, 
pulmonary stenosis, partial anomalous pulmonary venous return and 
congenital atrioventricular block. Patients with complex CHD (native 
or surgically corrected) encompassed Tetralogy of Fallot (TOF), 
atrioventricular septal defect, Transposition of Great Arteries (TGA), 
double-outlet left ventricle, double-outlet right ventricle, Ebstein’s 

Abbreviations 
ASD: Atrial Septal Defect; CHD: Congenital Heart Disease; CL: 

Confidence Limit; FAC: Fractional Area Change; GUCH: Grown-Up 
Congenital Heart; LMP: Last Menstrual Period; LVEF: Left/Systemic 
Ventricle Ejection Fraction; PDA: Patent Ductus Arteriosus; PFO: 
Patent Foramen Ovale With Positive Bubbles Test (PFO); RV: Right 
Ventricle; Rvdil: Right Ventricle Dilatation; RVEDA: Right Ventricle 
End-Diastolic Area; Rvfunct: Right Ventricle Function; SPAP: 
Systolic Pulmonary Artery Pressure; TAPSE: Tricuspid Annular 
Plane Systolic Excursion; TGA: Transposition Of Great Arteries; 
TOF: Tetralogy Of Fallot; VSD: Ventricular Septal Defect.

Introduction
Progress in prenatal screening, surgical techniques and neonatal 

management of Congenital Heart Disease (CHD) led to an increasing 
number of Grown up Congenital Heart (GUCH) patients. Therefore, 
new psychological and clinical issues are raising [1], among them an 
increasing number of women with CHD want to become pregnant 
[2].

Fertility in women with CHD is generally preserved [3], but other 
factors can influence pregnancy outcome and maternal and foetal 
well-being [4-6].
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anomaly and Marfan syndrome. 

NYHA functional class and Ability Index [9] were found in 
medical records. We evaluated them in all pregnancies: before 
gestation, during it, 1 and 6 months after delivery; thereafter, we 
continued data collection up to 16 years after delivery, but some 
patients drop-out. 

We collected echocardiographic exams performed before, during 
and after pregnancy and evaluated them following the most recent 
echocardiographic guidelines [10]. 

We also evaluated pregnancy outcome, obstetric complications, 
time and mode of delivery, offspring outcome, Apgar score [11] and 
recurrence of CHD.

Statistical analysis
Continuous data were summarised with means (standard 

deviation) when normally or medians (interquartile range) when 
non-normally distributed. Relationship between predictors and 
events was assessed with univariate and multivariate analysis. The 
hazard of miscarriage and abortion was empirically calculated and 
parametrically modelled according to Royston Flexible parametric 
survival models [12].

NYHA class during pregnancy, puerperium and post-puerperium 
was analysed with a multilevel longitudinal and structural mixed 
model with an ordered logit link (Stata Meologit procedure) to 
exclude confounding effects due to random variability among patients 
and among consecutive pregnancies in a single patient.

Time related echocardiographic changes were analyzed with a 
non-parametric test for trend across ordered group (Stata Nptrend 
procedure).

A value of p<0.05 was considered significant. Statistics were 
analyzed with STATA version 12 (Stata Corp 4906 Texas USA).

Ethical approval
The study protocol conforms to the ethical guidelines of the 

1975 Declaration of Helsinki and was approved a priori by our 
local Ethical Committee (Comitato Etico Provinciale Padova). As 
statistical analysis was performed on de-identified historical data, 
the institutional review board waived the need for written informed 

consent from the participants.

Results
Population

The study analysed 127 consecutive pregnancies occurred 
between 2008 and 2013 among 95 women with CHD. 63 pregnancies 
(50%) occurred in women with simple CHD (25 in corrected CHD, 
38 in native CHD) and 64 (50%) in women with complex CHD (61 
in corrected CHD, 3 in native CHD). The median maternal age at 
the time of conception was 31 years (min 26, max-33 yrs). Multiple 
pregnancies were treated as independent events.

Pregnancy outcome and risk of adverse events
125 pregnancies (98%) had natural conception, while two (2%) 

required medically assisted procreation techniques. In 25 cases (20%) 
pregnancies did not end in delivery, as there were 15 miscarriages 
and 10 voluntary abortions (Table 1). Miscarriages occurred in 8 
out 63 pregnancies of simple CHD patients (13%) and in 7 out 64 
pregnancies in complex CHD patients (11%), (p=0.78). The incidence 
of miscarriages was higher (15%) among women <30 years old 
compared to those ≥30 years old (3%; p=0.02) (Figure 1).

Delivery occurred in 102 pregnancies, by mean of caesarean 
section in 70%, after a median of 39.3 weeks (37.7–40 weeks). Four 
(4%) deliveries occurred before 32 weeks of gestation. There was no 
difference in mean gestation duration between patients with simple 
versus complex CHD, but 3 out of 4 early deliveries occurred in 
surgically corrected CHD. 

We did not observe any maternal dead during or after pregnancy.

Mean Apgar score at 1st and 5th minute after birth was 8.7 ± 1.4 
(range 2–10) and 9.7 ± 0.6 (range 7–10). We observed one stillbirth at 
40th gestational week and one very early preterm baby (26 weeks) who 
suffered severe perinatal complications (bronco pulmonary dysplasia, 
haemorrhagic enterocolitis and cerebral damage). All remaining 101 
babies did not suffer of perinatal complications.

Congenital heart defects were observed in 7 newborns (6.9%) but 

Pregnancy
n = value (%)

Delivery
n = value 

(%)

Miscarriage
n = value (%)

Voluntary 
abortion

n = value (%)
simple 

operated 
CHD

25 (20) 18 (18) 6 (40) 1 (10)

simple not 
operated 

CHD
38 (32) 32 (31) 2 (13) 4 (40)

complex 
operated 

CHD
61 (48) 51*(50) 7 (47) 3**(30)

complex not 
operated 

CHD
3 (2) 1 (1) 0 (0) 2 (20)

TOTAL 127 (100) 102 (100) 15 (100) 10 (100)

Table 1: Type of congenital heart disease and related pregnancy outcome.

CHD: Congenital Heart Disease; 
*50 live birth; 1 stillborn at 40 gestational weeks; ** 2 < 90° gestational day; 1 > 
90° gestational days. Figure 1: Proportion of voluntary abortions and miscarriages according to 

maternal age.
Number of patients with pregnancies (light grey) and pregnancy failures (dark 
grey) and prevalence of either miscarriage (squares) or abortion (circles) are 
plotted according to classes of maternal age.
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diseases were different from those of the mothers. 

Maternal NYHA class changes
Among the 102 pregnancies with delivery, 93 patients (91%) 

were in NYHA functional Class I before the gestation and 9 (9%) 
in Class II, while no patients were in NYHA Class III or IV. In 83 
out 93 pregnancies (89%), mothers with baseline NYHA Class I had 
no clinical worsening, while 10 (11%) progressed to Class II during 
pregnancy and 3 additional patients worsened to Class II at 1-month 
follow-up.

At the end of follow-up, 80/93 (86%) of patients with baseline 
NYHA class I remained in Class I 6 months after pregnancies while 
13 worsened to Class II (14%). Among the 9 pregnancies with baseline 
Class II, in 5 cases the patients worsened to Class III. Of these, one 
returned to Class II at 6-month follow-up. Overall, worsening of 
functional status occurred in 18 out 102 successful pregnancies 
(18%) and it has been related with pre-term delivery. 3 of these 
patients had native simple CHD (17%): 2 had ASD (one discovered 
during pregnancy); the third had a known bicuspid aortic valve and 
experienced progressive heart failure soon after delivery; the other 15 
pregnancies (83%) occurred in surgically corrected CHD: 10 TOF, 1 
VSD with pulmonary stenosis; 1 complex TGA; 1 coarctation of the 
aorta associated with aortic stenosis; 1 double-outlet right ventricle in 
ventricular D-loop and situs ambiguous; 1 double-outlet left ventricle 
with severe pulmonary stenosis, straddling and overriding of right 
atrio-ventricular valve and large VSD.

2 patients out of 10 with native PFO (20%) experienced a 
Transitory Ischaemic Attack (TIA) during pregnancy and the first 
month after the delivery. 

No surgical cardiac procedures were performed during pregnancy. 
11 women (9%) underwent cardiac surgical or interventional 
procedure after gestation: in 4 patients (36%) with ASD or PFO, 
the defect was closed percutaneously; 3 (28%) patients affected by 
TOF underwent pulmonary valve replacement; in 1 (9%) patient 
with bicuspid aortic valve and VSD, aortic valve replacement was 
performed; 1 (9%) woman with bicuspid developed aortic aneurism 
and underwent cardiac surgery; 1 (9%) patient with coarctation of the 
aorta developed atrial fibrillation. 

Univariate analysis of the determinants significantly associated 
with NYHA Class worsening identified the baseline NYHA Class II 
with an OR of 127 (p<0.0001), complex CHD (OR 5.3, p<0.0001), 
corrective surgery (OR 3.47, p<0.0001), a history of palliative 
operation prior to correction (OR 2.4, p<0.0001), multiple pregnancies 
(OR 1.014, p=0.03). Pregnancy failures (miscarriage or abortion) 
were not significant (OR 1.23, p=0.6). Multivariate analysis showed 
a significant independent effect of baseline NYHA and presence of 
complex CHD on the probability of NYHA Class worsening (Table 
2).

Maternal ability index changes
Evaluation of the Ability Index showed a significant deterioration 

(p=0.0003) from a pre-gestational mean of 1.02 to a mean of 1.29 at 
follow-up. In women with native simple CHD, the average Ability 
Index increased to 1.125 ± 0.34 (p=0.04) in pregnancy and to 1.19 ± 0 
.47 (p=0.026) in puerperium but returned toward baseline 1.09 ± 0.3 
(p=0.09) at later follow-up.

Among the 50 surgically treated patients with complex CHD, 
baseline Ability Index was 1.14 ± 0.40 and increased to 1.39 ± 
0.57 (p=0.014) during pregnancy and up to 1.45 ± 0.58 (p=0.003) 
at 1-month follow-up. At 6-month follow-up, recovery was still 
incomplete, although mean Ability index do not statistically differ 
from baseline (1.38 ± 0 .53, p=0.09). The single native complex 
patient persisted with an Ability Index of 1 throughout pregnancy 
and follow-up (Figure 2). 

Multivariate analysis showed that Ability Index change was 
related to baseline asthenia (OR 6, p=0.005) and gestational dyspnoea 
(OR 4, p=0.05); while presence of multiple deliveries showed a 
borderline statistical significance (OR 1.9, p=0.08). 

Prediction of NYHA change after pregnancy
According to the factors of Table 2 we can predict the probability 

of being in the stated NYHA class during pregnancy and in the short 
and mid-term after delivery (Figure 3).

Echocardiographic parameters
Ventricular volumes, ejection fraction and valvular parameters 

Figure 2: Trend of Ability Index across time since last menstrual period 
according to CHD type. 
Data are presented as mean NYHA value and 95% confidence interval. CHD: 
Congenital Heart Disease; CL: Confidence Limit.

Figure 3: Probability of staying stable in the same NYHA class. 
Data are presented as mean probability and 95% confidence interval in: (A) 
overall women with CHD; (B) women with simple corrected CHD; (C) women 
with native simple CHD; (D) women with complex CHD. CHD: Congenital 
Heart Disease.
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for all CHD are shown in Table 3 and 4 (Table 4, see Supplementary 
Information); clinical and echocardiographic data are summarized 
in (Table 5) for simple CHD and in Table 6 for complex CHD. 
Echocardiographic left and right ventricle parameters are plotted in 
Figure 4 and 5 respectively. Right ventricular parameters were not 
measured in two univentricular heart patients.

Data show statistically significant worsening from baseline for 
Left/systemic Ventricle Ejection Fraction (LVEF) (p = 0.001), for 
Right Ventricle (RV) Fractional Area Change (FAC) (p = 0.005), RV 
function (RVFunct) (p = 0.003), RV Dilatation (RVDil) (p = 0.01), 
aortic insufficiency (p = 0.02), tricuspid insufficiency (p = 0.006), 
pulmonary insufficiency (p = 0.02), Systolic Pulmonary Artery 
Pressure (SPAP) (p = 0.02). A trend towards worsening was observed 
in left ventricle end-diastolic volume indexed (p=0.06) and extended 
(p = 0.07), end-systolic volume indexed (p = 0.07) and aortic stenosis 
(p = 0.081).

Changes in RV End-Diastolic Area (RVEDA) (p =0.11), Tricuspid 
Annular Plane Systolic Excursion (TAPSE) (p = 0.22) and in other 
valvular insufficiency or stenosis did not reach statistical significance. 

Discussion
The number of GUCH women who desire to have a baby is 

increasing and pre-gestational counselling is paramount: important 
and validated studies as CARPREG [7], ZAHARA [5,13] and WHO 
classification [14] identified the major risk factors associated with 
cardiac events during pregnancy. Pregnancy effects on foetal growth 
and clinical status in women with congenital heart disease have 
already been investigated [15,16]. 

A previous study from our group showed how pregnancy could 
increase the incidence of arrhythmias in patients operated on for 
Tetralogy of Fallot [17]. In the present study, besides a traditional 
functional index such as NYHA class, we investigated Ability Index 
that fits better to GUCH population as referred to the ability to 
perform everyday life activities [18]. As shown by empiric trends 
(Figure 3), there is evidence of time related worsening of NYHA 
class: independent risk factors analysis and model derived predictions 
shows that this trend is not only limited to mothers with severe CHD; 
moreover, mothers with native simple CHD, even if silent, can be at 
risk during pregnancy. 

The trend of functional class is the same both in simple and 
in complex CHD and in both categories its worsening can lead to 

Coef. Std. Err. p-value [95% CI]
baseline NYHA (II 

vs. I) 7.18 1.011 0.0001 5.21 - 9.17

CHD simple not 
operated 2.04 1.586 0.198 sss

CHD complex 3.27 1.510 0.030 0.31 - 6.23
Change of CHF 

therapy 3.12 1.117 0.005 0.93 - 5.31

Follow-up years 0.15 0.035 0.000 0.09 - 0.22

Table 2: Predictors of NYHA Class worsening at multivariate analysis.

CHD: Congenital Heart Disease; CHF: Congestive Heart Failure; CI: Confidence 
Interval; Coef: Regression coefficient; Std. Err.: Standard error; vs: Versus

LVEDVEX LVEDVI LVESVI LVEF

Baseline 94.8 (22.0) 13 58.8 (13.6) 18 27.2 (11.1) 14 61.2 (5.99) 21

1st-6th mth 104.3 (42.5) 8 60.3 (15.9) 15 27.1 (16.0) 7 62.7 (7.7) 20

7th-9th mth (del) 119.6 (29.1) 12 65.3 (16.8) 18 29.3 (9.6) 12 61 (7.3) 20

10th-12th mth 106.6 (36.0) 19 63.7 (16.8) 38 29.0 (20.7) 20 61.1 (6.1) 41

13th-24th mth 96.2 (34.1) 6 56.3 (16.1) 8 41.2 (38.1) 5 59.9 (5.5) 9

25th-48th mth 101.2 (38.7) 15 62.3 (23.8) 17 30 (18.1) 15 57.3 (6.3) 18

49th-72th mth 135.8 (43.3) 4 67.2 (22.3) 11 35.3 (24.1) 4 62.2 (7.0) 13

73th-120th mth 93.6 (19.1) 5 57.8 (12.2) 5 27 (10.8) 5 53.8 (8.0) 5

121st-240th mth 105.9 (21.2) 7 63.6 (12.3) 7 29.6 (10.4) 7 53.7 (9.1) 7

241st-360th mth 133 (0) 1 80 (0) 1 38 (0) 1 52 (0) 1

Table 3: Overall left (for biventricular hearts)/systemic (for univentricular hearts) 
ventricle echocardiographic parameters.

Results are expressed by mean, (SD value) and number of observations.
Del: Delivery; LVEDVEX: Left Ventricle End-Diastolic Volume (mL); LVEDVI: 
Left Ventricle End-Diastolic Volume Indexed (mL/m2); LVEF left ventricle ejection 
fraction (%); LVESVI left ventricle end-systolic volume indexed (mL/m2); mth: 
month from last menstrual period.

RVFunct RVDil MS MR AoS AoR PS PR TS TR PHyp

Baseline 0.1 (0.3) 27 0.4 (0.9) 27 0 (0) 28 0.4 (0.5) 28 0.3 (0.9) 28 0.3 (0.5) 28 0.2 (0.6) 28 0.2 (0.5) 28 0.03 (0.2) 
28 0.6 (0.5) 28 0.1 (0.4) 28

1st-6th mth 0 (0) 16 1.2 (1.9) 17 0 (0) 17 0.4 (0.6) 18 0.2 (1.0) 17 0.3 (0.5) 17 0.2 (0.7) 17 0.3 (0.8) 17 0 (0) 17 0.3 (0.5) 18 0 (0) 14

7th-9th mth (del) 0.1 (0.3) 23 1.3 (2.0) 22 0 (0) 23 0.6 (0.5) 24 0.2 (0.9) 23 0.2 (0.3) 23 0.2 (0.6) 23 0.4 (0.7) 24 0 (0) 23 0.5 (0.6) 23 0.1 (0.3) 21

10th-12th mth 0.1 (0.2) 40 2.7 (2.3) 40 0 (0) 39 0.5 (0.4) 39 0.1 (0.6) 39 0.4 (0.4) 39 0.3 (0.7) 38 0.9 (1.1) 38 0 (0) 39 1.0 (0.7) 39 0.3 (0.5) 38

13th-24th mth 0.2 (0.5) 25 3.2 (1.9) 25 0 (0) 25 0.46 (0.3) 25 0.12 (0.6) 25 0.54 (0.5) 25 0.48 (0.8) 25 0.78 (0.8) 25 0 (0) 25 1.0 (0.6) 25 0.16 (0.4) 25

25th-48th mth 0.5 (0.7) 17 4.1 (2.0) 16 0 (0) 17 0.6 (0.2) 17 0.1 (0.3) 16 0.6 (0.5) 16 0.4 (0.7) 17 2.3 (1.6) 17 0 (0) 17 1.1 (0.7) 17 0.4 (0.5) 17

49th-72th mth 0.8 (0.9) 8 4 (1.6) 8 0 (0) 8 0.8 (0.4) 8 0 (0) 8 0.6 (0.6) 8 0.4 (0.7) 8 2.6 (1.7) 8 0 (0) 8 1.3 (0.8) 8 0.4 (0.5) 8

73th-120th mth 0.8 (0.8) 5 3.4 (2.3) 5 0 (0) 5 0.9 (0.2) 5 0 (0) 5 1.3 (0.7) 5 0.2 (0.4) 5 1.6 (1.1) 5 0 (0) 5 1.8 (0.7) 5 0.6 (0.5) 5

121st-240th mth 1.5 (0.6) 4 4 (2) 4 0 (0) 4 0.6 (0.3) 4 0 (0) 4 0.8 (0.5) 4 0.25 (0.5) 4 2.1 (1.) 4 0 (0) 4 2.3 (0.9) 4 0.7 (0.6) 3

241st-360th mth 1 (0) 2 2 (1.4) 2 0 (0) 2 0.5 (0.7) 2 0 (0) 2 1.3 (0.4) 2 0 (0) 2 0.5 (0.7) 2 0 (0) 2 1 (0) 2 0 (0) 2

Table 4: Overall right ventricle and valvular echocardiographic parameters in biventricular physiology hearts.

AoR: Aortic Valvular Regurgitation (0= absent; 1 = mild; 2= moderate; 3 = severe); AoS: Aortic Valvular Stenosis (0= absent; 1 = mild; 2= moderate; 3 = severe); del: 
delivery; MR: Mitral Regurgitation (0= absent; 1 = mild; 2= moderate; 3 = severe); MS: Mitral Stenosis (0= absent; 1 = mild; 2= moderate; 3 = severe); PHyp: Pulmonary 
Hypertension (0 = absent; 1 = present); Mth: Month from last menstrual period; PR: Pulmonary Regurgitation (0= absent; 1 = mild; 2= moderate; 3 = severe); PS: 
Pulmonary Stenosis (0= absent; 1 = mild; 2= moderate; 3 = severe); RVDil: Right Ventricle Dilatation (0 if RVEDA 8-20 cm2; 1 if RVEDA 21-23 cm2; 2 if RVEDA 24-26 
cm2; 3 if RVEDA 27-29 cm2; 4 if RVEDA > 29 cm2 ); RVEDA: Right Ventricle End-Diastolic Area (cm2); RVFunct: Right Ventricle Function (0= normal; 1 = mildly impaired; 
2= moderately impaired; 3 = severely impaired); TR: Tricuspid Regurgitation; TS: Tricuspid Stenosis.
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a programmed preterm delivery. On the other hand, the most 
important factor associated with clinical worsening is with certainty 
the baseline NYHA Class, followed by the type of CHD (complex 
versus simple) and change in heart failure therapy. 

Functional class index worsening occurring during pregnancy in 
patients with native simple CHD and corrected complex CHD seems 
to improve after the delivery, but we did not observe a complete step 
back to baseline values. In these patients, pregnancy may uncover 
structural defects, particularly of the right heart, due to the long 
history of heart disease or to previous surgery. 

Quantitative echocardiographic data seem to support clinical 
findings as there is a tendency to worsening of all echocardiographic 
parameters during and after pregnancy, both in left and right 
ventricular dimension and function. Right heart parameters in 
complex biventricular heart CHD show the greatest worsening. This 
seems to be true for both simple and complex CHD, even if in long 
term data there could be a bias as data of simple CHD were available 
until 48 months from LMP only. 

Simple CHD can be at risk during pregnancy: they are in fact 
silent at normal conditions but can hide a weak hemodynamic 
stability, uncovered by rise of blood volume and redistribution during 
gestation. Moreover 20% of native PFO had a TIA during pregnancy 
and puerperium. 

Our analysis can be useful in pre-gestational counselling, because 
it explains in a simple way consequences of the pregnancy on mother’s 

Figure 4: Echocardiographic left/systemic ventricle parameters across time. 
Results are shown as mean value. LVEDVEX: left ventricle end-diastolic 
volume (mL); LVEDVI: Left Ventricle End-Diastolic Volume Indexed (mL/m2); 
LVEF left ventricle ejection fraction (%); LVESVI Left Ventricle End-Systolic 
Volume Indexed (mL/m2).

Table 5: Comparison of NYHA Class, Ability Index and left/systemic ventricle echocardiographic parameters in simple CHD.

Results are expressed as mean, (SD value) and number of observations.
AI: Ability Index; LVEDVI : Left Ventricle End-Diastolic Volume Indexed (mL/m2); LVEF: Left Ventricle Ejection Fraction (%); LVESVI: Left Ventricle End-Systolic 
Volume Indexed (mL/m2); NYHA: NYHA functional class; PHyp: Pulmonary Hypertension (0 = absent; 1 = present); RVDil: Right Ventricle Dilatation (0 if RVEDA 8-20 
cm2; 1 if RVEDA 21-23 cm2; 2 if RVEDA 24-26 cm2; 3 if RVEDA 27-29 cm2; 4 if RVEDA > 29 cm2 ); RVEDA: Right Ventricle End-Diastolic Area (cm2); RVFunct: Right 
Ventricle Function (0= normal; 1 = mildly impaired; 2= moderately impaired; 3 = severely impaired); mth: month from last menstrual period. 
* peri-operative complications

  NYHA AI LVEDVI LVESVI LVEF RVFunct RVDil PHyp

Baseline 1.07 (0.3) 63 1.0 (0.1) 63 57.7 (14.9) 14 27.9 (12.4) 11 61.5 (6.4) 15 0.1  (0.2) 17 0.2 (0.7) 17 0.2 (0.7) 17

1st-6th mth 1.3 (0.4) 51 1.1 (0.3) 51 61.9 (13.7) 8 31 (11.2) 6 62.7 (8.9) 11 0 (0) 10 1.5 (1.9) 11 0 (0) 10

7th-9th mth (delivery) 1.1 (0.5) 49 1.2 (0.4) 49 62.3 (16.8) 15 26.2 (12.4) 9 62.3 (9.3) 15 0.2 (0.4) 13 0.5 (1.4) 12 0 (0) 12

10th-12th mth 1 (0) 33 1 (0) 33 67 (21.5) 11 36.2 (25.6) 11 58.6 (5.9) 12 0 (0) 12 0.5 (1.4) 12 0 (0) 12

13th-24th mth - (-) 0 - (-) 0 72.8 (33.3) 4 34.5 (21.9) 4 54.8 (6.6) 4 0.3 (0.5) 4 2.3 (1.9) 4 0 (0) 4

25th-48th mth - (-) 0 - (-) 0 132 (0) 1* 71 (0) 1* 46 (0) 1* 0 (0) 1* 5 (0) 1* 0 (0) 1*

Table 6: Comparison of NYHA Class, Ability Index and left/systemic ventricle echocardiographic parameters in complex CHD. Results are expressed as mean, (SD 
value) and number of observations.

AI: Ability Index; LVEDVI : Left Ventricle End-Diastolic Volume Indexed (mL/m2); LVEF: Left Ventricle Ejection Fraction (%); LVESVI: Left Ventricle End-Systolic 
Volume Indexed (mL/m2); NYHA: NYHA functional class; PHyp: Pulmonary Hypertension (0 = absent; 1 = present); RVDil: Right Ventricle Dilatation (0 if RVEDA 8-20 
cm2; 1 if RVEDA 21-23 cm2; 2 if RVEDA 24-26 cm2; 3 if RVEDA 27-29 cm2; 4 if RVEDA > 29 cm2 ); RVEDA: Right Ventricle End-Diastolic Area (cm2); RVFunct: Right 
Ventricle Function (0= normal; 1 = mildly impaired; 2= moderately impaired; 3 = severely impaired); mth: month from last menstrual period.

  NYHA AI LVEDVI LVESI LVEF RVFunct RVDil PHyp

Baseline 1.18 (0.4) 64 1.15 (0.4) 64 55.4 (10.9) 7 21.7 (6.1) 6 62.2 (6.8) 11 0.1 (0.3) 12 0.7 (1.2) 12 0.3 (0.5) 14

1st-6th mth 1.4 (0.7) 53 1.4 (0.6) 53 53.4 (10.4) 5 18.5 (4.9) 2 62.3 (3.5) 10 0 (0) 8 0.8 (1.8) 8 0 (0) 7

7th-9th mth (del) 1.4 (0.6) 51 1.4 (0.6) 51 58.6 (14.2) 7 22.5 (7.2) 4 60.7 (5.9) 10 0 (0) 11 2.1 (2.2) 11 0.2 (0.4) 10

10th-12th mth 1.4 (0.6) 37 1.3 (0.5) 37 62.4 (14.7) 27 20.1 (5.7) 9 62.1 (5.9) 29 0.1 (0.3) 30 3.4 (2.1) 30 0.4 (0.5) 28

13th-24th mth 1.6 (0.7) 17 1.4 (0.6) 17 62.9 (11.9) 20 22.2 (5.4) 5 61.0 (7.3) 21 0.2 (0.5) 21 3.3 (1.9) 21 0.2 (0.4) 21

25th-48th mth 1.5 (0.5) 8 1.1 (0.4) 8 57.9 (16.2) 16 27.1 (14.6) 14 58 (5.8) 17 0.6 (0.7) 16 4 (2.1) 15 0.4 (0.5) 16

49th-72th mth 1.4 (0.5) 5 1.2 (0.4) 5 58.9 (15.2) 8 25.2 (11.4) 6 58.4 (7.7) 8 0.8 (0.9) 8 4 (1.6) 8 0.4 (0.5) 8

73th-120th mth 2 (0.7) 5 1.2 (0.4) 5 57.8 (12.2) 5 27 (10.8) 5 53.8 (8.0) 5 0.8(0.8) 5 3.4 (2.3) 5 0.6 (0.5) 5

121st-240th mth 2 (0) 56 1.2 (0.2) 9 63.6 (12.3) 7 29.6 (10.4) 7 53.7 (9.0) 7 1.5 (0.6) 4 4 (2) 4 0.7 (0.6) 3

241st-360th mth 2 (0) 2 1 (0) 2 80 (0) 1 38 (0) 1 52 (0) 1 1 (0) 2 2 (1.4) 2 0 (0) 2
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health in the short- and early mid- term. 

NYHA Class and Ability Index are somehow complementary, 
and functional worsening seems to be, for both parameters, associated 
with the same factors. However, Ability Index change is not associated 
with the type of CHD: this suggests that even if women with complex 
CHD have more relevant underlying anomalies, they may not notice 
any worsening during pregnancy, as CHD already limited their life 
activities. About half of our patients were in cardiac therapy before 
the pregnancy and more than 30% began or increased it during the 
gestation; therapy introduction was associated with improvement of 
functional class after the delivery. 

Functional class does not seem to be worsened by extra cardiac 
events during pregnancy: in fact, in our population we did not 
observe higher incidence of gestational hypertension (20.27% against 
15–25% in the general population), gestational diabetes (5.4% vs. 
15%) or oligohydramnios (2.7% vs. 2–5%), and we observed a lower 
incidence of preeclampsia (4% vs. 8%) and eclampsia (0 vs. 1 in 1000–
5000 pregnancies). 

Finally, the recurrence of CHD in offspring was greater in our 
population than in the general population, even if the CHD of the 
newborns was not the same as the mother’s, according to previous 
studies [3,19]. 

Study Limitations
This is a single centre retrospective, with possible information 

bias. NYHA class may be subjective, although it represents a simple 
index that can be easily used during routinely outpatient clinic 
evaluation.

Cardiac ultrasound is an operator-dependent diagnostic exam, 
even if all exams were performed by accredited operators. Low number 
of records may have prevented reach of statistical significance. 

Conclusions
Pregnancy is not contraindicated in GUCH women, even in 

presence of complex CHD. The probability of functional class 
worsening during and after pregnancy can be predicted especially 

Figure 5: Echocardiographic right ventricle parameters across time.
Results are shown as mean and 95% IC. On the left: right ventricle dilatation. 
(0 if RVEDA 8-20 cm2; 1 if RVEDA 21-23 cm2; 2 if RVEDA 24-26 cm2; 3 if 
RVEDA 27-29 cm2; 4 if RVEDA > 29 cm2). On the right: right ventricle function 
(0= normal; 1 = mildly impaired; 2= moderately impaired; 3 = severely 
impaired). Simple: simple congenital heart disease; Complex: complex heart 
disease. Months refer to last menstrual period.

according to baseline NYHA Class. This is paramount during pre-
gestational counselling and may help preventing further cardiac 
deterioration in pregnant women with CHD. 
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