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A B S T R A C T   

Long-term effects of systemic hypertension (HTN) and HTN-mediated damages have been largely studied in non- 
congenital adult populations. By contrast, robust data about the predisposing factors, prevalence, consequences, 
and treatment of HTN in adults with congenital heart diseases (ACHD) is still scarce. Different mechanisms 
including the underlying cardiac disease, cardiac surgery and its consequences, the development of metabolic 
syndrome and secondary forms seem to play a role in HTN in ACHDs. To mitigate the potential long-term effects 
of HTN in this complex population, a meticulous follow-up is mandatory to identify patients who should receive 
treatment, and tailored strategies should be applied to obtain the best as possible result. 

Thus, this review will investigate risk factors, effects, and treatments of HTN in ACHD patients.   

1. Introduction 

Long-term effects of systemic hypertension (HTN) and HTN- 
mediated damages have been largely studied in non-congenital adult 
populations. By contrast, robust data about the predisposing factors, 
prevalence, consequences, and treatment of HTN in adults with 
congenital heart diseases (ACHD) is still scarce. 

Cut-offs for HTN are those at which the treatment advantages, 
secured either with lifestyle modifications or drugs, unquestionably 
overcome the treatment risks, as reported by multiple randomized 
clinical trials. 

Accordingly, systemic HTN in ACHD is defined by the latest adult 
guidelines [1] as office SBP values of 140 mmHg or higher, and/or DBP 
values of 90 mmHg or higher. A European Consensus Panel on hyper
tension in children and adolescents [2] recently agreed, for 16-year-old 
adolescents or older, the values of ≥130/85 mmHg are adequate to di
agnose systemic hypertension (HTN) in this specific population. 

While long-term effects of HTN and HTN- mediated damage on the 

cardiovascular system, kidney, brain, and eye, have been largely studied 
in the non-congenital adult populations, robust data about the risk 
factors, prevalence, consequences, and treatment of HTN in adults with 
congenital heart diseases (ACHD) is still scarce. 

Some explanations for this can be hypothesized. First, ACHDs and, 
even more, elderly ACHDs are a relatively recent growing epidemic. 
Secondly, clinicians may perceive life expectancy in patients with 
ACHDs as shorter and, as consequence, the prevention of acquired car
diovascular diseases as less important [3]. Lastly, the complexity of 
ACHD patients is high, and congenital aspects might be prioritized over 
preventive treatments in the busy clinical setting [4]. 

This review will present risk factors, effects, and treatments of HTN 
in ACHD patients. 

2. Predisposing factors 

Several mechanisms may be responsible for HTN in ACHD patients. 
Despite most of them presenting with “essential” hypertension, there are 
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specific congenital heart diseases (CHDs) that need to be mentioned as 
having an intrinsic risk of HTN [5]. 

Coarctation of the aorta (COA) is the most well-known CHD at risk 
for HTN. Indeed, approximately 30% of children develop HTN after 
early repair of COA [6], and the prevalence increases up to 68% in adult 
studies, especially when investigated by 24-h ambulatory blood pressure 
monitoring [7,8]. Causes of HTN in COA are likely to be multifactorial. 
Increased aortic stiffness and reduced aortic distensibility, have been 
shown both in preoperative neonates with COA [9] and in patients after 
successful repair [10], notably in the pre-coarctation aorta and proximal 
arteries, suggesting intrinsic abnormalities in the aortic wall [11,12]. In 
addition, the decreased aortic distensibility was related to age at surgery 
implying that the longer the exposure to arch hypertension is, the higher 
the risk of irreversible arterial damage [13,14]. Abnormalities of smooth 
muscle, elastic fibers, and collagen in the ascending aorta have been 
confirmed in some histological analyses performed at the time of COA 
repair [15,16]. 

Aortic arch morphologies also seem to have an impact; in fact, gothic 
arch geometries are more associated with higher carotid artery intima- 
media thickness, stiffness index, and HTN than other morphologies, 
probably because of altered fluid dynamics in the ascending aorta [17, 
18]. Similarly, some surgical techniques, such as the subclavian flap 
repair, using non-aortic tissue, could alter the aortic wall elasticity and 
predispose to late HTN [19]. Furthermore, post-surgical residual nar
rowing or re-COA can trigger an increase in BP, which can persist after 
successful percutaneous treatment [20]. 

An acute aortic arch geometry after arterial switch operation has 
been described, suggesting an increased risk of hypertension in young 
adults [21,22] This could be particularly of concern because of the 
possible coexistence with coronary artery abnormalities. 

Lastly, alterations in neurohormonal mechanisms have been 
described. An activation and an upregulation of the 
renin–angiotensin–aldosterone system as a consequence of renal hypo
perfusion was shown before and after surgery [23]. Modifications in 
baroreceptors functions before and after COA repair are also reported 
[24,25]. Indeed, the reduced arterial wall compliance, deriving from the 
morphological arterial wall abnormalities cited above and from chronic 
HTN, could depress the baroreflex, influencing baroreceptors to tolerate 
a higher pressure. 

The role of HTN in COA is of particular concern because despite a 
successful repair survival is still lower than in the general population 
and accelerated atherosclerosis is the main cause of premature death 
[26]. Thus, a lower threshold toward traditional CV risk factors is 
recommended. 

Abnormalities in great arterial medial wall components potentially 
increasing aortic stiffness have also been documented in 18 other CHDs, 
including Tetralogy of Fallot, common arterial trunk, single ventricle 
physiologies, and D-transposition of great arteries [15,27]. However, 
whether these abnormalities are inherited or acquired, is still unknown. 

Supravalvular aortic stenosis and renal stenosis, typical features of 
William Syndrome also induce systemic hypertension [28,29], and 
impairment of aortic wall elasticity was recently found to be an early 
change in patients with bicuspid aortic valve (BAV), thus increasing 
aortic stiffness and potential risk of HTN [30]. 

Lastly, patients with Turner Syndrome, a genetic disorder with 
several cardiovascular abnormalities, often associated with COA and 
BAV, have an increased prevalence of HTN, up to 30%, particularly 
nocturnal [31,32]. 

Beyond the above-mentioned specific diseases, CHDs share some 
features that can predispose to chronic kidney damage and, conse
quently, to HTN. For example, in cyanotic CHDs chronic hypoxia in
duces the production of erythropoietin, thus increasing erythrocytosis 
and blood viscosity [33]. Hyperviscosity induces an increase in efferent 
arteriolar tone with resulting glomerular hypertension, which can pro
voke chronic nephropathological changes including glomerulosclerosis 
[34]. 

Cardiac surgery itself provokes a disturbance of cardiac receptors, 
causing an enhanced sympathetic activity [35] and potential develop
ment of postoperative acute [36,37] and chronic kidney damage [38], 
either clinical or subclinical and especially in patients with complex 
cardiac anatomies who require longer bypass time and who are more 
exposed to renal hypoperfusion [39]. Also, atrial and brain natriuretic 
peptides, renin, aldosterone, and norepinephrine, important regulators 
of renal physiology, were found to be persistently elevated in patients 
with different CHDs years after surgical correction [40–42]. All these 
conditions, as well as chronic volume overload and the use of drugs (i.e. 
diuretics and angiotensin-converting enzyme inhibitors), can induce 
glomerulosclerosis and an increase of mesangial matrix, resulting in 
long-term chronic kidney damage [43]. 

A sedentary lifestyle and physical inactivity are negative behaviors 
that increase cardiovascular risk in ACHDs and are associated with HTN 
[43]. Some studies demonstrated that obesity per se is associated with 
worse cardiac remodelling and function in patients with COA success
fully corrected [7]. Although some patients with more complex CHDs 
might have real limitations in their ability to perform physical activities, 
most of them are more likely to face social barriers. Indeed, despite the 
importance of a physically active lifestyle is recognized by consensus 
statements [44], parental overprotection, medical restrictions, inade
quate patient education and the shortage of dedicated cardiac rehabil
itation programs are still major limiting factors in the promotion of a 
healthy lifestyle in ACHDs [45–47]. 

Lastly, physicians should remember that adult patients with CHDs 
are special, but not aliens. Thus, causes of secondary hypertension and 
the presence of acquired modifiable cardiovascular risk factors (i.e 
diabetes, smoking, obstructive sleep apnoea) should always be kept in 
mind and investigated in case of high suspicion or in young adult pa
tients with BP values only partially explained by their clinical conditions 
[1]. 

The presence of renal disease, either parenchymal, atherosclerotic, 
or fibromuscular, can be assessed with blood and urinary tests, as well as 
renal ultrasound or computed tomography. Endocrine causes such as 
primary aldosteronism, phaeochromocytoma, Cushing’s syndrome, 
thyroid, or parathyroid disorders have specific clinical symptoms and 
signs, and the final diagnosis is based on blood or urinary tests. Medi
cations such as oral contraceptive pill, diet pills, steroids, non-steroidal 
anti-inflammatory drugs, as well as substances like liquorice and stim
ulant drugs may also increase BP or antagonize the BP-lowering effect of 
antihypertensive medications; as consequence, a careful drug history is 
important when considering a diagnosis of secondary hypertension. 
Lastly, some rare genetic disorders causing HTN in children, adoles
cents, or young adults exist. Most of them induce hypertension by 
increasing the renal tubular reabsorption of sodium and are character
ized by a suppressed plasma renin concentration or plasma renin activity 
[1]. 

3. Effects of systemic hypertension 

The long-term effects of HTN and HTN-mediated damage on the 
cardiovascular system, kidney, brain, and eye, have been largely studied 
in the non-congenital adult populations [1]. By contrast, robust data in 
adults with congenital heart disease (ACHD) is still scarce, since elderly 
ACHDs are a relatively recent growing epidemic. 

The prevalence of HTN in ACHD patients varies in different studies 
between 21% and 47%, likely depending on the age of the population 
included [3,48,49]. Men seem to be more affected than women, and 
overall HTN is more common among patients with less severe CHDs than 
in those with severe forms, probably because the latter die before the 
development of this condition [50,51]. 

The effects of prolonged exposition to high BP in CHDs are under
studied. A large study on 6933 patients (median age 32 years) found 
HTN unrelated to all-cause of cardiovascular mortality [52]. By contrast, 
more recent data from Jepson et al. identified HTN as one of the risk 
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factors for adverse outcomes such as stroke, myocardial infarction, 
surgical intervention for aortic aneurysm, aortic dissection, atrial ar
rhythmias, cardiac transplantation and death in a study on 1070 ACHD 
patients of similar age [48]. The different population samples may 
explain these different results. The association between HTN and atrial 
arrhythmias has been largely studied, not only in the general population 
but also in ACHDs [53]. Similarly, the consequences of HNT on 
morphology and function of the heart are well-established; chronic 
pressure overload induces ventricular hypertrophy and fibrosis, dia
stolic and systolic dysfunction, atrial and aortic dilatation, abnormal 
activity of the cardiac sympathetic nervous system and an increased risk 
of arrhythmias [54]. Those features are of concern when associated with 
a heart already affected by congenital abnormalities and the surgical 
sequel. 

Lastly, ACHD patients can have moderate residual lesions, such as re- 
coarctation, aortic stenosis, subaortic membrane, known or unrecog
nized. These can cause hypertrophy and act as confounders, making the 
differential diagnosis between HNT and congenital residual defects 
tricky, especially in the context of clinical appointments, where BP 
measurements may be altered by stress factors [1]. 

Considering all this, a meticulous and periodical evaluation of car
diovascular risk in patients with ACHDs is mandatory for the correct 
prevention and management of HNT. It is still controversial if based on 

these data the same cut-off values used for the general population should 
be applied for specific CHD associated with accelerated atherosclerosis. 

4. Diagnosis and classification 

Classification of hypertension grades is reported in Fig. 1. 
BP is commonly measured by office BP (OBP) recordings, Ambula

tory Blood Pressure Monitoring (ABPM), and Home Blood Pressure 
Monitoring (HBPM). 

OBP needs to be recorded after the ACHD patient has been sitting 
relaxed for 5 min, with the arm resting and supported at the heart level. 
According to the auscultatory method, systolic BP corresponds to the 
appearance of the first Korotkoff’s tone, and diastolic BP to the complete 
disappearance of the tones (5th Korotkoff’s) [1]. OBP should be 
measured at least three times and calculated by averaging the last two 
measurements, often discarding the first. In ACHD patients, BP should 
be compulsorily assessed in both arms and one leg, with the subject in 
the supine position, to rule out aortic coarctation [1]. To secure the 
diagnosis, HTN should be confirmed in a second outpatient assessment 
after a few weeks. 

ABPM consists of multiple BP readings generally over a 24 h period 
[1]. The diagnostic threshold for ABPM hypertension over 24 h is 
130/80 mmHg or higher (≥135/85 mmHg during the daytime; 

Fig. 1. Classification of Hypertension Grades.  
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≥120/70 during the night-time) [1]. 
During sleep BP is expected to decrease; ACHD patients can be 

defined as ‘dippers’ when their nocturnal BP diminishes by more than 
10% of the daytime BP, and those with a paradoxical rise during the 
night reading are classified as reverse dippers. Various conditions are 
causing an absence of nocturnal BP dipping, that ACHD patients share 
with the general population, such as obesity, obstructive sleep apnoea, 
sleep disturbance, high salt intake, diabetic neuropathy, autonomic 
dysfunction, CKD, and old age [1]. A non-dipping pattern is associated 
with an increased risk of cardiovascular events, target organ damage, 
future cerebrovascular events, and secondary hypertension. 
Non-dippers are more likely to experience left ventricular hypertrophy 
(LVH), carotid intima-media thickening, microalbuminuria, and cere
brovascular diseases. Long-term clinical trials have demonstrated that 
administering medications during the night can improve dipping pat
terns and reduce the risk of cardiovascular events [55,56]. 

The advantages of ABPM are to reveal unreal high BP due to anxiety, 
such as white coat hypertension (WCH), and to assess circadian BP [1]. If 
OBP and ABPM are both normal, an ACHD patient can be considered 
normotensive. When the BP is elevated by OBP, but normal as measured 
by ABPM, most probably the ACHD patient has WCH; when the opposite 
is true, the patient has masked hypertension [1]. 

However, when examining ACHD with ABPM, one should take into 
consideration the scarce compliance of some adolescents or patients 
with genetic syndromes, especially during the night, which can false 
interpretations and measurements. Other disadvantages are, surely, the 
device cost and the limited availability, as well as its uncomfortableness. 

HBPM consists of the average of all BP recordings utilizing a semi
automatic and validated BP monitor, for a minimum of 3 days to at least 
6–7 consecutive days before an outpatient visit [1]. 

It is undoubtedly much cheaper and more available than ABPM. 
Another advantage is its clinical relevance to providing multiple mea
surements over longer periods. On the other hand, its major drawbacks 
are the possibility of measurement errors and the absence of nocturnal 
readings. 

5. Treatment 

5.1. Lifestyle modification 

According to the newer recommendations, the management of HTN 
should start with non-pharmacological interventions [41–44,57]. Life
style modification is the primary action to be taken, to delay the drug 
treatment or to boost the BP lowering effect of pharmacological 
interventions. 

General recommendations for lifestyle modification in hypertensive 
ACHD are summarized below.  

- Avoid sedentary behavior  
- Physical training should be encouraged (establishing realistic goals)  
- Tailored diet with a graduate weight-loss program should be 

encouraged  
- Avoid free sugar and saturated fat.  
- Fruits and vegetables are encouraged  
- Sodium intake should be restricted  
- Reduce/avoid smoking 

In general, even if regular physical exercise is related to a lower risk 
of obesity and/or future acquired cardiovascular disease in ACHD, 
physicians have been over-conservative in sports prescription in the past 
few decades. On the contrary, children and adults with congenital heart 
disease tend to be encouraged towards a sedentary lifestyle in virtue of 
general overprotection [43,44,57], and/or uncertainty concerning 
which sport and with what intensity could be safely practiced. 

Even ACHD with symptoms should not be discouraged from per
forming physical activity. Physical exercise capacity should be tested by 

cardiopulmonary exercise testing (CPET) before prescribing sports in 
ACHD, to provide parameters, such as heart rate reserve, maximal heart 
rate (MHR), maximal/peak oxygen consumption (peak-VO2), allowing 
individualized physical activities. 

In hypertensive ACHD, dynamic exercise is more advisable than 
static exercise, as dynamic exercise demands mainly a volume load, 
while a pressure load is principally produced by static exercise. 

Overall, most ACHD patients can safely participate in regular and 
moderate physical activities. The use of a wearable device to monitor 
heart rate, ECG, SpO 2, should be encouraged and could be of help to 
encourage patients and physicians in promoting physical activity. A few 
diseases, such as pulmonary hypertension, systemic ventricular systolic 
dysfunction, malignant ventricular arrhythmias, systemic outflow tract 
obstruction, or significant aortic dilation, necessitate more vigilance. 

5.2. Pharmacological treatment in hypertensive ACHD 

Starting a pharmacological therapy is reasonable in the presence of 
signs and/or symptoms referable to HTN, hypertension-mediated organ 
damage, stage 2 HTN, established comorbidities, and/or when in case of 
non-responder to lifestyle changes [1] (Fig. 1). Five major drug classes 
are generally recommended in this specific setting: 
angiotensin-converting enzyme ACE inhibitors (ACEI), angiotensin re
ceptor blockers (ARBs), beta-blockers, calcium channel blockers (CCBs), 
and diuretics (Table 1). 

Antihypertensive medications are often initiated as monotherapy 
after conservative management with lifestyle changes has failed. Recent 
guidelines recommend using thiazide-type diuretics or CCBs as first-line 
therapy, alone or in combination with other antihypertensive medica
tions, for all patients with hypertension, except for those with chronic 
kidney disease or heart failure who should receive ACE inhibitors or 
ARBs [1]. Beta-blockers are generally not the first-line treatment for 
hypertension unless heart failure or myocardial infarction is present. 
Combination therapy should be considered if monotherapy fails, with 
evidence showing the reduction in blood pressure is about five times 
greater when drugs from two different classes are combined than when 
the dose of one drug is doubled. Combination therapy can be given as 
multiple pills or as a single-pill combination, and recent studies suggest 
that adherence and persistence rates are higher for single-pill combi
nation therapy [58]. In Table 1 and below are summarized the primary 
indications and side effects of antihypertensive medications for the most 
common congenital heart diseases. 

5.3. Inhibitors of renin–angiotensin–aldosterone system 

ACEIs and ARBs have shown efficacy in hypertension and heart 
failure of any cause [59]. They are also recommended in hypertensive 
ACHD patients, particularly in those with systemic LV failure. ARBs 
should be considered to slow the progression of aortic dilatation in hy
pertensive ACHD with aortopathy [60]. Newer shreds of evidence 
recommend sacubitril/valsartan to substitute ACEI in ACHD patients 
who persist symptomatic regardless of optimal HF therapy [61]. 

Caveat for afterload reduction in Fontan patients: systemic venous 
return may pathologically fall and, in turn, also cardiac filling and 
output; for those with intra- or extra-cardiac defects, a right-to-left shunt 
may, on the other hand, rise and, thus, cause oxygen desaturation. 
Lastly, due to their potential adverse effects on the fetus should be dis
continued during pregnancy. 

This class of drugs exhibited a favorable effect on cognitive functions 
[62,63] and this should be taken into account in ACHD patients where 
the exposure to hypoxia, inflammation, and ECC may affect cognitive 
function [64]. 

5.4. Beta-blockers 

Beta-blockers decrease heart frequency, contractility, and blood 
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pressure, and, in turn, cardiac output and oxygen demand, promoting 
coronary vasodilation. First-generation drugs are non-selective beta- 
blockers targeting both beta 1 and beta 2 receptors (such as proprano
lol), second-generation ones are better cardio-selective [65] (such as 
atenolol), and third-generation blockers diversify selectivity for 
alfa1-receptors with vasodilatory peculiarities (such as nebivolol). 

They should be the treatment of choice for hypertensive ACHD with 
heart failure. For example, bisoprolol has multiple beneficial mecha
nisms, as it not only blocks the b1-receptor but also produces endothelial 
nitric oxide, and decreases myocardial fibrosis and systemic vascular 
resistance [65]. Another example is propranolol, which should be 
considered for the treatment of hypertensive ACHD with heart failure 
caused by hypertrophic cardiomyopathy [66]. 

Furthermore, usage of beta-blockers may have a favorable function 
in hypertensive patients with a systemic RV, peculiarly at higher toler
ated doses [65,66]. Lastly, in hypertensive ACHD with heart failure with 
preserved ejection fraction, beta-blockers may be instrumental by also 
ameliorating ventricular filling. 

Caveat as beta-blockers may exacerbate conduction abnormalities, 
especially in congenitally corrected TGA. Also, they should be dis
continued during pregnancy for their potential teratogenicity and/or 
detrimental effects on the conduction system in the fetus. Among the 
potential side effects of beta-blockers, as we are dealing with ACHD 
which is a younger population, particular considerations when pre
scribing this medication deserve the potential of erectile dysfunction. 

5.5. Diuretics 

Loop diuretics have not exhibited improved outcome of survival, but 
are commonly used in hypertensive ACHD, as successfully relieve 
symptoms, peripheral edema, and severity of dyspnoea, particularly in 
decompensated heart failure with preserved or reduced ejection frac
tion, even in Eisenmenger syndrome with a right-to-left shunt [1, 2, 67]. 

Potassium-sparing diuretics, especially spironolactone, improve the 
overall survival in ACHD patients with systemic hypertension and heart 
failure. Moreover, it improves cardiac and endothelial cell function and 
reduces inflammation in Fontan patients with protein-losing 
enteropathy. 

Caveat as inappropriate dose increase of all diuretics can reduce 
preload in Fontan patients, dramatically decreasing cardiac output and/ 
or causing the cardio-renal syndrome [67]. 

5.6. Calcium antagonists 

This class includes dihydropyridine and non-dihydropyridine cal
cium channel blockers (CCBs). Dihydropyridines are powerful vasodi
lators, while non-dihydropyridines have an inferior capacity to 
vasodilate but strong negative chronotropic, dromotropic, and inotropic 
effects. 

Dihydropyridines are a strategic component of combination thera
pies in hypertensive ACHD in whom more aggressive blood pressure 
control is needed. Nifedipine is efficacious and safe in pregnancy- 
induced hypertension [1,2,67,68]. Non-dihydropyridine calcium an
tagonists (either verapamil or diltiazem) are mainly used in hyperten
sive ACHD who also require rate control for the acute treatment and the 
long-term management of supraventricular arrhythmias (such as 
sino-atrial and atrio-ventricular node-dependent arrhythmias, multi
focal atrial tachycardia) and ventricular tachyarrhythmias involving the 
Purkinje fibers (fascicular ventricular tachycardia). 

Caveat as calcium antagonists (non-dihydropyridines) may have 
important negative inotropic and chronotropic effects in ACHD patients 
with systemic left ventricular failure, thus affecting ventricular perfor
mance and exercise capacity. Moreover, CCBs (non-dihydropyridines) 
can potentially unmask latent conduction system disease, especially in 
ACHD with pre-excitation or Ebstein anomaly of the tricuspid valve. 
Finally, in ACHD with shunt defects, dihydropyridines, such as all other 
vasodilators, may exaggerate the right-to-left shunt [1, 2, 67]. 

6. Chronic hypertension in pregnancy 

Chronic hypertension is a complication in 1%–2% of pregnancies and 
is becoming more common, especially in women with congenital heart 
disease. Women with chronic hypertension have a higher risk of 
maternal and perinatal complications compared to those without 
hypertension. 

Clinical guidelines define chronic hypertension as having a blood 
pressure of 140/90 mm Hg before pregnancy or before 20 weeks 
gestation [69,70]. Although no antihypertensive medication is a proven 
human teratogen, there have been associations between ACEIs, ARBs, 
beta-blockers, and birth defects, although these may have been influ
enced by residual confounding factors from underlying hypertension. 

It is acceptable to continue using antihypertensive agents, including 
ACEIs, ARBs, and beta-blockers, until conception due to inconsistent 
contemporary literature [70], and, then, they should be discontinued 
after proven conception. This is particularly important for women taking 

Table 1 
Anti Hypertensive medical treatment in ACHD.  

Drug Class Advantages Disadvantages 

Inhibitors of 
Renin–Angiotensin–Aldosterone 
System  

• Recommended in systemic LV failure.  
• ARBs may slow the progression of aortic dilatation in 

aortopathies.  
• Sacubitril/valsartan in patients who persist symptomatic 

regardless of optimal HF therapy.  

• In Fontan patients the afterload reduction may have a detrimental 
effect on cardiac filling and output  

• May exacerbate a pre-existing right-to-left shunt  
• Should be discontinued during pregnancy 

Beta-blockers  • Recommended in ACHD with heart failure (also systemic RV and 
HFpEF).  

• Labetalol can be used in pregnancy  

• May exacerbate conduction abnormalities  
• Should be discontinued during pregnancy (detrimental effects on 

the conduction system in the fetus; birth defects) 
Diuretics  • Recommended in decompensated heart failure with preserved or 

reduced ejection fraction, even in Eisenmenger syndrome with a 
right-to-left shunt.  

• Spironolactone improves the overall survival in ACHD patients 
with heart failure.  

• Inappropriate dose increase of all diuretics can reduce preload in 
Fontan patients, and, in turn, cardiac output. 

Calcium antagonists  • Non-dihydropyridines are used in hypertensive ACHD, who also 
require rate control for supraventricular arrhythmias.  

• Dihydropyridines are powerful vasodilators and need to be used 
when a more aggressive blood pressure control is needed.  

• Nifedipine is efficacious and safe in pregnancy-induced 
hypertension  

• Non-dihydropyridines: important negative inotropic and 
chronotropic effects in ACHD with systemic left ventricular 
failure,  

• Non-dihydropyridines: may unmask latent conduction system 
disease (such as in ACHD with pre-excitation or Ebstein anomaly 
of the tricuspid valve)  

• Dihydropyridines: in ACHD with shunt defects may exaggerate a 
right-to-left shunt  
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ACEIs for renoprotection in chronic kidney disease (CKD) or 
beta-blockers for ventricular arrhythmias. As conception may take up to 
12 months and women over 30 years are at greater risk for subfertility, 
replacing medication pre-pregnancy can mean suboptimal medication 
for 1–2 years [70]. 

Four national and international practice guidelines endorse “tight” 
blood pressure control for all forms of pregnancy hypertension, based on 
the results of the international Control of Hypertension In Pregnancy 
Study (CHIPS) [71,72]. The CHIPS trial achieved “tight” blood pressure 
control through an algorithm of antihypertensive up- or down-titration, 
using single or multiple medications. Therapy was decreased if diastolic 
blood pressure fell to 80 mm Hg or below and increased if systolic blood 
pressure was 160 mmHg, regardless of diastolic blood pressure for safety 
[71,72]. Other societies do not yet recognize the evidence to be 
conclusive. The American College of Obstetricians and Gynecologists 
(ACOG) recommends treating blood pressure emergently when it rea
ches severe levels (ie, 160/110 mm Hg) but not at all before then unless 
there are comorbidities pending [70]. 

The most commonly used and recommended antihypertensive 
medications in pregnancy come from different drug classes, including 
labetalol, nifedipine, hydralazine, methyldopa, and hydrochlorothia
zide. All of these medications cross the placenta. 

Labetalol is a combined alpha- and non-selective beta-blocker, as 
beta-blockade predominates the main effect is vasodilation without 
reduction of cardiac output or reflex tachycardia. 

Nifedipine, as a dihydropyridine calcium channel blocker, reduces 
systemic vascular resistance by generating vasodilation. 

Hydralazine is a direct-acting vasodilator that is commonly associ
ated with reflex tachycardia, especially when employed as oral mono
therapy; for this reason, it is used mainly intravenously. 

Methyldopa is a centrally acting alpha-receptor antagonist that re
duces peripheral vascular resistance by decreasing sympathetic tone. 

Hydrochlorothiazide is supported as a second-line agent by ACOG, 
and ongoing use is not associated with volume depletion, while concerns 
about neonatal side effects are not supported by trials of thiazide use for 
preeclampsia prevention. 

7. Conclusions 

Systemic hypertension in patients with ACHD is commonly observed, 
and different mechanisms including the underlying cardiac disease, the 
development of metabolic syndrome and secondary HTN seem to play a 
role. Regular BP monitoring is mandatory for an early identification of 
HTN which, once confirmed, should be treated using different strategies, 
from lifestyle modifications to medical therapy. 

The complex clinical management of different congenital physiopa
thology cannot and must not undermine or overshadow a successful 
treatment of systemic hypertension in adults with congenital heart 
disease. 
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