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ABSTRACT
Purpose:  Pregnancy in women with adult congenital heart disease (ACHD), whether in its natural 
history or after surgical correction, represents a unique pathophysiological model that requires 
careful, multidisciplinary management to ensure favorable maternal, fetal and neonatal outcomes. 
Investigating the impact of congenital cardiac conditions on maternal and feto-neonatal health, 
the effect of pregnancy-related cardiovascular changes on maternal cardiac health, and the 
outcomes for offspring born from ACHD mothers is highly relevant, due to the increasing number 
of ACHD women reaching adulthood and the significant burden these pregnancies can pose. The 
aim of this article is to provide food for thought to those who have always been involved in 
ACHD and pregnancy, but also to provide a training tool for young doctors who are approaching 
at this wonderful world for the first time.
Materials and methods:  This article was conceived and structured as an “educational and 
debate”. In this article we describe our experience in the ACHD outpatient clinic and the High-Risk 
Pregnancies Division of Fondazione Policlinico A. Gemelli Hospital IRCCS from 2013 and now 
includes over 100 patients evaluated over a 10-year period.
Results:  In this article we describe our clinical pathway and the clinical history of our first patient, 
a 30-year-old woman with univentricular heart (criss-cross heart, double outlet right ventricle and 
pulmonary stenosis) who underwent a Glenn operation as a child. Our plan included scheduled 
cardiological and obstetrical follow-ups, as well as planned hospitalizations. An elective C-section 
was carried out at 38 gestational weeks under spinal anesthesia, with Extracorporeal Membrane 
Oxygenation and the heart surgery team stand by. It was an uncomplicated delivery. As a result, 
we developed a specific clinical pathway named “ACHD Pregnancy Pink Pathway.”
Conclusions: The strength of this idea dwells in the synergy between different experts in deciding 
for the best decision regarding the required monitoring strictness and the more appropriate 
obstetric surveillance and delivery plan for the patient. The lesson we learned over the years is 
that to ensure the best diagnosis and treatment for our young unique patients, we must create 
a detailed “ROADMAP” for them. We propose a pioneering pathway divided into the three 
essential phases: maternal, obstetrics and fetal-neonatal.

Education and debate

This article was conceived and structured as an “edu-
cational and debate” with the aim of providing food 
for thought to those who have always been involved 
in ACHD and pregnancy, but also to provide a training 
tool for young doctors who are approaching at this 
wonderful world for the first time.

Pregnancy is a resource-demanding period for a 
woman’s entire body, during which it undergoes 
numerous physiological changes to support the nor-
mal pregnancy progression, to balance the fetus’s met-
abolic requests and maintain mother’s homeostasis. 
Thanks to advancements in pediatric cardiac surgery, 
we are witnessing an increasing number of female 
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grown-ups’ patients, born with different congenital 
heart diseases, who get pregnant. Care of these ACHD 
patients represents a new major challenge, and the 
establishment of dedicated centers has been proven 
to improve outcomes in this patient population.

One of the challenges in this population is the con-
trol of risk factors as risks to the mother, fetus, and 
offspring all coexist. The risk of cardiovascular events, 
such as of arrhythmias, cyanosis, pulmonary hyperten-
sion and heart failure, in ACHD pregnant women is 
primarily related to the specific congenital condition, 
previous surgeries, and the current maternal cardiac 
status. Different authors have developed different 
score systems, such as the Cardiac Disease in Pregnancy 
[1] Risk Score and the ZAHARA Score [1,2]. Risk strati-
fication for cardiovascular diseases in pregnancy 
divides patients into four groups based on disease 
severity, according to the Modified World Health 
Organization Classification of Maternal Cardiovascular 
Risk (mWHO) [3]. Women in the moderate and high-risk 
groups require thorough pre-conceptional evaluation, 
care in a dedicated expert center for pregnancy man-
agement, and organized delivery planning.

Previous studies have emphasized that cardiovascu-
lar diseases in pregnancy are significant risk factors for 
both obstetric outcomes (with Caesarean-section rates 
ranging from 36% to 60% depending on the severity 
of cardiovascular disease, compared to the overall 
reported of 26% in Europe) [4] and cardiological out-
comes (such as heart failure, occurring in 5% of cases 
in mWHO I and 33% of cases in mWHO IV) [3].

Furthermore, ACHD women’s fetuses and newborns 
have an increased risk of unfavorable outcomes for 
what concerns: natural or iatrogenic prematurity (12–
28%), intrauterine death (3%); neonatal mortality in 
the first week of life [5,6].

There is a lack of studies concerning the outcomes 
for fetuses and newborns carried by ACHD women. 
Therefore, it is important to investigate strategies for 
preserving the health of mothers, fetuses and new-
borns, given that WHO classification is directly related 
to perinatal complications and prematurity.

Our experience began in 2013 and now includes over 
100 patients evaluated over a 10-year period in the ACHD 
outpatient clinic and the High-Risk Pregnancies Division 
of Fondazione Policlinico A. Gemelli Hospital IRCCS.

The first patient in our Clinical Pathway is a 30-year-old 
woman with univentricular heart (criss-cross heart, double 
outlet right ventricle and pulmonary stenosis) who under-
went a Glenn operation as a child. She had previously 
been lost to follow-up and has moderate functional 
capacity. She was in her fourth pregnancy with a history 
of four previous miscarriages. At 10 weeks of gestation, 
the clinical assessment revealed impaired oxygen 

saturation (SpO2) of 85% on room air and digital club-
bing. Maternal echocardiography showed preserved func-
tion of the single ventricle but severe atrioventricular valve 
regurgitation, placing her at high risk for heart failure.

The clinical case was discussed by our multidisci-
plinary ACHD pregnancy Team. The high risk of mater-
nal morbidity and mortality along with fetal and 
neonatal complication, was discussed with the patient. 
A unique personalized protocol for pregnant women 
with univentricular hearts was then developed. In par-
ticular, a two-week cardiac assessment was established 
to identify signs of cyanosis early. This protocol 
included maternal cardiac monitoring every two weeks, 
a complete blood count every three weeks to manage 
polycythemia, and recommendations for bed rest. 
Maternal obstetric evaluation and fetal ultrasound sur-
veillance were scheduled every four weeks.

The pregnancy was uneventful. The second trimester 
scan revelead no fetal anomalies and no cardiac malforma-
tions were detected with fetal echocardiography; fetal 
growth was normal with the last scan revealing a fetal 
weight estimated at 35° pc. The woman remained asymp-
tomatic for cardiac warning signs. She was followed in the 
outpatient clinic for high risk pregnancies in conjunction 
with cardiologists and cardiac surgeries; at 37 weeks admis-
sion was planned to determine the timing and mode of 
delivery (Figure 1). An elective C-section was then carried 
out at 38 gestational weeks under spinal anesthesia, with 
Extracorporeal Membrane Oxygenation and the heart sur-
gery team stand by in a hybrid surgery room. It was an 
uncomplicated delivery. The woman was admitted to the 
intensive care unit for 24 h and experienced no complica-
tions. The neonatal Apgar was 9/10 and the neonatal hos-
pital course was regular. They were both discharged 8 days 
after delivery with no complications. At the two months 
follow-up after delivery, there were no limiting symptoms 
during daily activity for the mum.

This case was unique in the literature. Although var-
ious scores exist for pregnancy risk stratification, the 
ACHD population is too heterogeneous to fit neatly 
into any of these categories. Therefore, clinical path-
ways should be tailored to each patient. This case 
demonstrated the necessity of a multidisciplinary 
approach to minimize pregnancy-related maternal and 
fetal risks and optimize long-term outcomes. As a 
result, we developed a specific clinical pathway named 
“ACHD Pregnancy Pink Pathway.” During regular 
follow-up for congenital cardiac condition (in natural 
history, surgically corrected or palliated) patients under-
went integrated checks by a multidisciplinary team 
including congenital cardiac surgeons, cardiologists, 
obstetrics and anesthesiologists. Timing of controls, 
mode of delivery and type of anesthesia have been 
discussed and “tailored” for each woman (Figure 2).
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Figure 1. O ur personalized protocol for pregnant women with univentricular hearts.

Figure 2. O ur integrated flow-chart with integrated checks by a multidisciplinary team: timing of controls, mode of delivery and 
type of anesthesia have been discussed and “tailored” for each woman.
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Our integrated clinical multi-flowchart was divided 
into the three essential phases: maternal, obstetrics 
and fetal-neonatal (Figure 3).

We proposed a pioneering pathway for ACHD women 
who are planning to become pregnant or who already 
are pregnant. A fundamental aspect of this approach is 
counseling. By implementing a tailored upfront plan 
before pregnancy and during the pre-conceptional period, 
we can establish a doable roadmap for these patients. 
This plan includes scheduled cardiological and obstetrical 
follow-ups, as well as planned hospitalizations.

The strength of this idea dwells in the synergy 
between different experts in deciding for the best deci-
sion regarding the required monitoring strictness and 
the more appropriate obstetric surveillance and deliv-
ery plan for the patient.

The lesson learned over the years is that to ensure 
the best diagnosis and treatment for our young unique 
patients, we must create a detailed “ROADMAP” for 
them. In a dedicated pathway all specialists (cardiolo-
gist, pediatric cardiac surgeons, obstetricians, 

anesthesiologists and more) must collaborate. In a kinky 
vision, comparing our job to contemporary financial 
world, we are the stakeholders with various milestones 
very different from each other: our patients, as mile-
stones, are the most heterogeneous in cardiological 
clinical panorama. Therefore, a tailored clinical roadmap 
for each patient is essential in daily practice. The role of 
a dedicated clinical pathway within a safe environment, 
supported by a super-specialist and integrated approach, 
is crucial.
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Figure 3. O ur preliminary ACHD pregnancy pathway with three essential phases: maternal, obstetrics and fetal-neonatal.
Abbreviations. ECG, electrocardiogram; Cardiopulmonary exercise testing; MRI, Magnetic Resonance Imaging; CT scan, computed tomography scan; CHD, 
congenital heart disease.
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