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Abstract
Introduction Many efforts have been made to stimulate clinical trials (CTs) in pediatrics but most of the drugs are still 
authorized only in adults and used off-label in the pediatric population.
Aim To assess how widespread is the off-label prescription in Italy and to identify areas of unmet medical need by applying 
a model for the systematic collection and analysis of data.
Methods A study was performed using 2015 data from the Italian Medicines Utilization Monitoring Centre Health Database 
(OsMed). A study sample of 3,726,583 pediatric patients, was considered. Cardiovascular drugs were selected for this study. 
Assessment of the off-label use, the analysis of the pharmacovigilance signals, a bibliographic research and the analysis of 
ongoing CTs were carried out.
Results In 2015, 8,544 pediatric patients received treatment with a cardiovascular drug. Angiotensin converting enzyme 
inhibitors (ACE-I) followed by beta blockers agents are the most prescribed molecules. Eight molecules were selected and an 
in-depth analysis conducted. The PhV network showed only one record of adverse reaction as off-label in 2015. The results 
show several therapeutic areas of use in pediatrics.
Conclusion Off-label in pediatrics is largely widespread in Europe and US and our results show it is also present in Italy. 
Molecules selected are used off-label for therapeutic areas such as oncologic, hematological and rare diseases. Results of 
pharmacovigilance suggests underreporting. The analysis carried out in this study could be an open track for a systematic 
monitoring activity and of interest for prescribers, pediatricians and other healthcare professionals during the clinical practice.
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1 Introduction

Medicinal products are not always used in accordance 
with the authorised therapeutic indications, populations, 
routes of administration, dosage and formulation in clinical 

practice and therefore they are considered off-label, even if 
used in accordance to international clinical guidelines. This 
approach continues to be widely exploited in particular areas 
such as in paediatrics [1–4]; this is mainly due to the fact 
that medicinal products are not tested in CTs in this popula-
tion, as it also applies to other vulnerable populations, such 
as elderly people and pregnant women.

The extent of this phenomenon in Italy has not been 
studied yet. In the European Union, the Pediatric Regula-
tion 1901/2006/EC [5] has brought about an increase in 
new drugs approved in particular areas such as rheumatol-
ogy and infectious diseases [6]. However, of the number of 
authorised molecules appears too limited to date. In addi-
tion to ethical and sometimes economic factors, the pediatric 
population is eterogeneous and differences in pharmacoki-
netic and pharmacodynamic characteristics can be identified 
based on the different age groups [7, 8].

http://orcid.org/0000-0001-5875-8795
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Key Points 

In the present manuscript, we perfectionate a model 
for the systematic collection of data on utilization of 
off-label drugs in pediatrics and performed an accurate 
literature research with the aim of describing this wide-
spread phenomenon and identifying possible new areas 
of use in pediatrics related to unmet clinical need areas.

We analyzed data related to prescription drugs reim-
bursed by NHS in Italy for the pediatric population. Our 
results show that the prescription of off-label drugs is 
widely spread in this population and that the molecules 
considered for this research could be of interest in differ-
ent therapeutic areas other than the cardiovascular one, 
such as for rare diseases or oncologic and hematologi-
cal diseases. Only one ADR report is included in the 
national PhV network, suggesting possible underreport-
ing for the selected molecules used off-label.

The study conducted could be of interest not only for 
decision makers but also for prescribers, pediatricians 
and other healthcare professionals during their clinical 
practice.

clinical need, for which specific medicinal products are lack-
ing and off-label use is widespread.

2  Methods

The approach consist in 5 steps as represented in Fig. 1.

Step 1. Pediatric prescription analysis
We considered data from the OsMed Health-DB Database 

[13] of anonymized pediatric prescriptions made by general 
pratictioners, pediatricians and NHS specialists, reimbursed 
by NHS and supplied by public and private community phar-
macies (1 January 2015 to 31 December 2015). The dataset 
recorded name of the molecule, Anatomical -Therapeutics 
-Chemical Classification System (ATC) till  5th level, number 
of patients to whom the molecule is prescribed, sex, age and 
defined daily doses (DDD).

Age was categorized into groups: infants and babies: 0–2 
years; small children: 3–5 years; children: 6–11 years; ado-
lescents: 12–17 years.

The prescriptions were divided according to first level 
ATC; total DDD of each ATC was considered and then 
selected the prescriptions for molecules covering the 75% 
of the total DDDs. This step was made necessary in order 
to avoid considering prescriptions for which a very small 
consumption was recorded, possibly related even to single 
prescriptions. We considered DDD, which is the assumed 
average maintenance dose per day for a drug used for its 
main indication in adults as an indicator of consumption also 
for the pediatric prescriptions, only at this stage.

We selected the ATC C (Cardiovascular System) for 
which results the highest number of prescribed molecules; 
among these the categories with the highest prevalence of 
use, ACE-Is and beta-blocker agents.

Step 2. Off-label use identification
For the selected categories our aim was that of identify-

ing the possible off-label use in paediatrics so we assessed 

Fig. 1  Approach used for the 
systematic data monitoring and 
analysis of off-label prescrip-
tions in pediatrics

In Italy, according to the Law 648/96 and amendments 
[9–11], which states that the Italian Medicines Agency 
(AIFA) can drow up lists of drugs, whose off-label or unli-
censed use is reimbursed by the Italian National Health Ser-
vice (NHS), eleven lists of pediatric drugs were produced 
and are currently in place [12].

The goal of the study was to verify how wideapread this 
phenomenon is in Italy and to distinghish in which areas 
drugs are mostly prescribed outside the authorized indica-
tions in the pediatric population.

Moreover, for molecules proven to be used off-label, the 
reports recorded in the PhV network was assessed and a 
literature search was conducted to verify in which therapeu-
tic areas are prescribed with the aim of identifying unmet 
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the summary of product characteristics (SmPC) authorized 
(September 2018).

Subsequently, was also verified the presence in the 
lists of off-label drugs reimbursed by NHS, referred to the 
Law 648/96 for pediatric use available on the AIFA website 
(March 2021).

Step 3. Pharmacovigilance signal detection
A search was performed from the national PhV network 

(period from 1 January 2014 to 31 December 2016) in order 
to identify possible new adverse drug reactions (ADRs) con-
nected with the off-label use of ACE-Is and beta-blockers. 
We considered only the ADR reports of the pediatric popu-
lation related to 2015 (to match with data of consumption) 
with off-label flagged records.

Step 4. Literature screening
Literature research of the studies related to the selected 

molecules in order to identify the therapeutic areas of utili-
zation was performed.

The Medline database via PubMed was screened in Sep-
tember 2018, considering the last 5 years of human sub-
heading. The search strategy relied on the term “Name of 
active substance” (i.e. atenolol) AND “Pediatric use” or its 
synonyms. For propranolol, studies concerning the use for 
approved indications for oral formulation in syrup (after 
the study period) were excluded and therefore the search 
was limited with the Boolean operator NOT, entering in 
the search string “propranolol” AND “pediatric use” NOT 
“hemangioma”.
Study Eligibility

Included: containing children <18 years.
Excluded: Case reports, case series, letters, comments and 

studies falling outside the scope of the study were excluded. 
Reasons for exclusions: (1) related to galenic preparation; 
(2) studies describing the interaction of two or more drugs; 
(3) preclinical studies; (4) use on pregnant and/or lactating 
women; (5) drug utilization without comments on efficacy/
safety; (6) studies presenting pooled data that did not allow 
extrapolating useful information. The rationale for the exclu-
sion of case reports/series was made necessary to focus the 
attention on studies with higher scientific evidence.

Excluded studies were organized in a table with motiva-
tion of exclusion (Supplementary table S1).
Study selection

A review author (SMC) identified studies with the crite-
ria for this review. The author included or excluded studies 
based on a first de-duplicated analysis recording motivation 
for exclusion. Discrepancies in the selection process were 
resolved between two authors (SMC and GC) by consensus.
Data Extraction

Data extraction was performed (SMC) using standardized 
forms also checked by GC. A chart review for each molecule 

was created, containing information on the study design, 
indication, comparator if used, study population and results.
Data Synthesis

A qualitative synthesis of the main features of the selected 
studies was undertaken and the key findings were tabulated 
(Supplementary table S2).

Step 5. Ongoing CTs
The evaluation of ongoing CTs was carried out by search-

ing the “Clinicaltrial.gov” database [14] and selecting the 
name of the “active substance”, the “pediatric population” 
(0–17 years) and the status of the study (December 2018).

3  Results

Step 1
During 2015, the OsMed Health-DB database collected 

data on 4,944,184 (males: 2,655,507; females: 2,288,677) 
pediatric individuals (0–17 years).

The prescriptions for molecules covering the 75% of the 
total DDDs accounting for 3,726,583 (37.2% of total Italian 
pediatric population in 2015) are considered [15].

The study sample includes 14,2% children, 26,2% small 
children, 11,4% teenagers and 19,1% babies and infants 
0–2 years; of the total population 54% are males and 46% 
females (Appendix Table 1).

ATC J (antinfective for systemic use 51%) and R (respiratory 
system 34%) were the most representative in the 2015 (Fig. 2).

Forty therapeutic/pharmacological subgroups  (3rd level 
ATC) were prescribed for 68 active substances and 10 asso-
ciations of two drugs  (5th level ATC).

The study focused on drugs belonging to the ATC C and 
in particular on ACE-I and beta blocker agents. Moreover, 
the prescriptions highlight how the largest number of drug-
therapeutic categories and prescribed active ingredients 
belong to the cardiological area: eight pharmacological 
classes  (3rd level ATC) with 15 prescribed active substances 
 (5th level ATC) belong to this  1st level ATC C.

8,544 pediatric patients into the study sample received a 
cardiovascular drug (56% male and 44% female).

2,836 (33,2%) pediatric received an ACE-I of which 59% 
were male. Half (52%) were aged 12–17 yrs, 28% 6–11 yrs, 
11% 3–5 yrs and 8% 0–2 yrs.

Beta blockers are the most prescribed after ACE-Is. 
In total, at least one beta blocker was prescribed to 2,058 
(25%) patients (0–17 yrs) of which 56% male. More than 
half (61%) of the sample was aged 12–17 yrs, 23% 6–11 
yrs, while very low percentages related to patients 3–5 yrs 
and 0–2 yrs (9% and 7% respectively). The most prescribed 
molecule for children aged 0–2 yrs is captopril (Appendix 
Tables 2 and 3; Fig. 3).
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Among ACE-Is, ramipril, enalapril and captopril were 
chosen for further analysis while among the beta-blockers 
bisoprolol, carvedilol, propranolol, atenolol and, finally, 
metoprolol were used (Appendix Table 4, Fig. 4).

Step 2
Ramipril, enalapril and captopril have no specific pediat-

ric indication, suggesting off-label prescription.
For ramipril SmPC does not explicitly report the contrain-

dication. However, states that use is not recommended in 
children and adolescents in the absence of sufficient efficacy 
and safety data.

For enalapril, although a pediatric posology is reported, 
the experience of use in CTs on hypertensive pediatric 
patients is limited. In addition, SmPC explains that it is 
not recommended in children for indications other than 
hypertension.

For captopril a pediatric dosage is reported but efficacy 
and safety in this population have not been fully established.

Furthermore, ramipril is not reimbursed by the NHS 
according to Law 648/96, while enalapril and captopril are 
reimbursed for hypertension, heart failure and proteinuria.

Bisoprolol, atenolol, metoprolol, carvedilol, and pro-
pranolol have no pediatric therapeutic indications; the use 
of bisoprolol and atenolol is not recommended as stated in 
SmPC due to the lack of pediatric experience. For carvedilol 
and metoprolol, there are no sufficient data on efficacy and 
safety. For propranolol (tablet), the dose related to the use in 
arrhythmias is in the SmPC while the use of this molecule is 
clearly contraindicated in pediatrics.

The NHS does not reimburse bisoprolol and atenolol. 
Carvedilol, propranolol and metoprolol are reimbursed 
for hypertension,  carvedilol also for heart failure and pro-
pranolol for cardiomyopathy, tetralogy of fallot, hyperthy-
roidism, arrhythmias, migraine, portal hypertension and 
gastroesophagitis.

For the selected molecules proven to be off-label in Step 
2, data of the PhV reports were analyzed.

Step 3
From the national PhV network, only one record of ADR 

was reported in 2015 in a pediatric patient who received 
propranolol as treatment for hemangioma at the dosage of 
15 mg/die.

Propranol obtained an authorization in oral solution for 
infantile hemangioma but the PhV signals referres to the 
use of tablets, which are still not authorized for the pediatric 
population, as of today.

No other records were found in the PhV network for all 
the other selected molecules.

The ADR described includes “bradycardia, hypogly-
caemia, unconsciousness, metabolic acidosis”; bradycar-
dia is reported in the SmPC as common (1-9.9%) however 

hypoglycaemia has been reported in infants and children 
with frequency not known. Today in a formulation suitable 
for pediatric use, the drug has a specific indication for child-
hood hemangioma.

Step 4
The original search identified 186 titles of which 48 ref-

erences were selected for full-text assessment (Appendix 
table 5, AT5). In the original research the studies related to 
propranolol used for hemangioma were directly excluded. 
The remaining 138 papers were excluded in accordance with 
established criteria.

A total of 13 full texts [AT5.1–13] were deemed eligible 
for further assessment (Fig. 5); for the ACE inhibitors: 3 
reviews, 4 randomized CTs and 6 observational/descrip-
tive studies (AT5); while 35 full-texts [AT5.14–48] (Fig. 5) 
were related to beta blocker agents: 11 systematic reviews 
and meta-analysis, 10 CTs and 15 observational/descriptive 
studies (AT5).
ACE Inhibitors

Studies published on ramipril show 2 main possible uses 
in the pediatric population that could be considered effective 

Fig. 2  Prescribed molecules in Italy for the year 2015 and collected 
by OsMed database, divided according to the ATC classification sys-
tem. A Alimentary tract and metabolism, B Blood and blood forming 
organs, C Cardiovascular system, D Dermatologicals, G Genito-uri-
nary system and sex hormones, H Systemic hormonal preparations, 
excluding sex hormones and insulins, J Anti-infectives for systemic 
use, L Antineoplastic and immunomodulating agents, M Musculo-
skeletal system, N Nervous system, P Antiparasitic products, insecti-
cides and repellents, R Respiratory system, S Sensory organs, V Vari-
ous
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and safe: remission of proteinuric nephropathies in associa-
tion with losartan [AT5.1] and post heart transplant vascu-
lopathy [AT5.2]. The first study is observational while the 
second is a randomized CT. Ramipril appears to be a safe 
and effective antihypertensive early after heart transplant 
and does not significantly affect plaque progression during 
the first year. However, the number of pediatric patients 
compared to the enrolled population (n = 96) is small (n = 7; 
12–19 yrs) on post heart transplant vasculopathy [AT5.2].

Literature on enalapril relates to its use for the treatment 
of univentricular heart and as a pharmacological support for 
the Fontan procedure [AT5.3]. This is a review considering 
one single study with enalapril vs placebo where enalapril 
did not show improvements in this condition.

Another use is for the treatment of anthracycline cardio-
toxicity [AT5.4,5] that considered enalapril as a cardiopro-
tective agent and conclude that enalapril can provide only 
temporary cardioprotection.

Hypertension  after successful repair of aortic coarcta-
tionis is another use in which enalapril showed efficacy in 
the reduction of left ventricular myocardial infarction, how-
ever, it has caused adverse events (AEs) that led to discon-
tinuation of treatment [AT5.6].

Other possible uses of enalapril are for the remission of 
proteinuric nephropathies in pediatric kidney transplant 
recipients and in chronic kidney disease (CKD). For the first 
condition, enalapril is used plus losartan showing it may 
be beneficial in kidney transplant recipients by decreasing 
blood pressure (BP) and proteinuria, but may be associated 
with serious AEs. From a retrospective analysis, its use 
could be associated with potentially life-threatening serious 
AE, including hyperkalaemia and acidosis [AT5.7].

Four studies were selected from literature on captopril. 
Captopril vs propranolol for infantile hemangiomas (IH), 
where propranolol shows a greater benefit than captopril 
[AT5.8].

The second study with captopril on pediatric with hyper-
tension and obesity shows efficacy of the ACE-I in reducing 
urinary chemokine levels due to the chronic inflammatory 
state associated with obesity and contributing to the patho-
genesis of hypertension [AT5.9].

Two more studies on enalapril and captopril evaluate the 
safety profile. One study shows that patients experiencing 
ACE-I associated acute kidney injury (AKI) have a sig-
nificantly greater decrease in BP than patients who do not 
experience ACE-I associated AKI, suggesting that the risk 
and benefits of ACE-I in pediatric patients should be pre-
ventively evaluated before initiation of therapy [AT5.10,11].

Other studies confirmed a higher risk of renal ADRs with 
enalapril when used in pediatric patients [AT5.12,13]. A 
similar safety profile for nephrotoxicity aspects is also evi-
dent for captopril [AT5.12].

Beta Blockers
35 full texts were selected for beta blockers agents: biso-

prolol, atenolol, metoprolol, propranolol and carvedilol 
These molecules are not authorized for pediatric use except 
for propranolol which obtained authorisation for childhood 
hemangiomas in the proliferative phase, in a different for-
mulation than that prescribed in 2015.

Literature on bisoprolol and carvedilol [AT5.14,15,16] 
shows a main use for these molecules in the cardiologic 
area for the treatment of heart failure in congenital pediatric 
heart disease (CHD), hypertension and ventricular systolic 
dysfunction. Specifically, bisoprolol plus diuretic (hydro-
chlorothiazide) was studied in a CT and did not result in a 
significant reduction in systolic BP but did have an effect on 
diastolic BP [AT5.14].

For carvedilol there are studies evaluating its effective-
ness in portal hypertension, in heart failure in patients who 
have had a Fontan intervention and in preventing heart fail-
ure in cancer survivors exposed at high doses of anthracy-
clines [AT5.16,28]. Of these two studies, the meta-analysis 
[AT5.16] demonstrated clinical outcome benefit of carve-
dilol in children with chronic heart failure.

For metoprolol  five full texts were considered.
One metanalysis considers metoprolol, carvedilol and 

bisoprolol, showing a significant improvement of echocar-
diographic parameters in pediatric with systemic left ven-
tricular failure. However, the use of beta blockers did not 
provide significant benefits in improving the ejection frac-
tion in patients with right ventricular failure. Nonetheless, 
beta blockers may be effective to prevent the clinical dete-
rioration of pediatric and congenital heart disease patients 
with heart failure [AT5.15].

Another possible use investigated in CT on BP shows that 
metoprolol compared with placebo significantly reduced sys-
tolic BP but not diastolic BP (low-quality evidence) [AT5.14].

Other three  full texts investigate the use of this beta 
blocker on postural tachycardia syndrome (POTS) 
[AT5.17,18,19] as it is currently used for this condition. 
The studies considered the correlation of biomarkers (copep-
tin level, plasma norepinephrine levels and plasma C-type 
natriuretic peptide concentration) to therapeutic effective-
ness of metoprolol on POTS.

Atenolol is studied in comparison with propranolol for 
hemangiomas and efficacy and safety was assessed both 
in proliferative and ulcerative hemangiomas [AT5.20–24]. 
Another indication is for Marfan syndrome, a rare connec-
tive tissue disease, involving heart and blood vessels, liga-
ments and skeletal system, eyes and lungs [AT5.25,26].

Another study evaluated the tolerability and efficacy of 
atenolol vs enalapril on 24-h BP and left ventricular mass 
index (LVMI) concluding that enalapril and atenolol are 
similarly effective in reducing BP but only enalapril demon-
strated a significant reduction of LVMI. Moreover, enalapril 
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was not stopped for AE while 2 patients withdrew due to AE 
in the atenolol arm [AT5.6].

Twenty-two full texts focused on propranolol were con-
sidered for this manuscript.

One authorised indication for propranolol in adults is the 
prophylaxis of migraine which is also evaluated for pediatric 
use in five of the full texts selected [AT5.27–31]. Proprano-
lol shows efficacy for the treatment of migraine and cyclic 
vomiting syndrome in children.

Four full texts focus on premature retinopathy (ROP) 
[AT5.32–35], a proliferative vitreo retinopathy, one of the 
most frequent causes of blindness in preterm infants. Possi-
ble AE attributed to oral propranolol raises concerns regard-
ing the systemic administration of this drug.

One review focused on the possible use of propranolol 
for the reduction of the metabolic response following burn 
injures [AT5.36].

Three full texts evaluated the effects of propranolol for 
the primary prophylaxis in cirrhotic children and adoles-
cents with portal hypertension and for thrombocytopenia. 
[AT5.38–40].

Four full texts consider the use of propranolol for 
supraventricular tachycardias compared to digossin also in 
combination with other antiarrythmics [AT5.41–44].

One manuscript on hypertrophic cardiomyopathy evalu-
ating the use of beta blockers as first choice treatment in 
children [AT5.45].

One study evaluates the effect of propranolol on neuro-
blastoma, suggesting efficacy of the betablocker in this con-
dition, in association to other treatments [AT5.46].

Another possible use of propranolol is studied for lym-
phatic malformations although not all patients benefit from 
this treatment [AT5.47]. Another use under evaluation for 
propranolol could be for the treatment of Paroxysmal Sym-
pathetic Hyperactivity (PSH); the results are encorauging 
but more studies are needed in order to assess the possible 
remission of PSH [AT5.48].

Step 5.
For the same molecules selected, a research of ongoing 

CTs was conducted.
Eight ongoing CTs for ACE-Is and 27 for beta blockers 

(Supplementary table S2).
Three on ramipril: two investigate the use for Alport syn-

drome and the other one is on spontaneous Coronary Artery 
Dissection (SCAD).

Three on enalapril focus on the effect for pediatric heart 
failure, hypertension secondary to kidney transplant, athero-
sclerosis and lupus nephritis.

Two on captopril focus on the prevention of chemother-
apy induced cardiotoxicity in children with bone tumors and 
acute myeloid leukemia and prevention of asymptomatic car-
diovascular insult in Type 1 diabetic children.

Four on carvedilol:  effect of carvedilol on exercise per-
formance in Fontan patients and also in preventing heart 
failure in childhood cancer survivors, assessment of severity 
of portal hypertension and reversal of ventricular remodeling 
in childhood cancer survivors at risk for congestive heart 
failure (PREVENT-CHF).

Fig. 3  Number of pediatric 
patients treated divided per age 
and selected molecule
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Twenty on propranolol: two on autism and spectrum dis-
order,  six on infantile hemangioma and Kaposiform Heman-
gioendothelioma, one on ROP, one on reducing pediatric 
dental patients anxiety, three for severely burned children,  
two on pregnancy, one in lymphedema, one for metronomic 
treatment in children and adolescents with recurrent or pro-
gressive high risk neuroblastoma, one for variceal rebleeding 

in cirrhotic patients,  one for hortostatic hypotension and  
one for hypertension secondary to kidney transplant.

Two on atenolol for hemangioma.
One on metoprolol on burned children.
For bisoprolol there are no ongoing CTs on clinicaltrial.

gov at the time the research was conducted.

Fig. 4  Most frequently pre-
scribed cardiological active 
substances-ATC C, in 2015 
from the OsMed database

Fig. 5  ACE-I and Beta blockers 
agents: Study flow diagram
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4  Discussion and Conclusions

Data on pediatric prescriptions in Italy for 2015, collected 
throught the national database OsMed divided on the ATC 
level, showed that the highest number of prescribed mol-
ecules belonged to the cardiovascular system. Among the 
most prevalent therapeutic categories of the ATC C, our 
study focused on  eight molecules,  three of which ACE-Is 
(ramipril, enalapril and captopril) and  five beta-blockers 
(propranolol, atenolol, metoprolol, misoprolol and bisopro-
lol), involving approximately 4.900 patients.

These molecules show no pediatric authorization for the 
prescribed formulation and/or for the prescribed indication, 
showing that they are used off-label as confirmed throught 
an analysis of the SmPC.

Propranolol is authorized for the pediatric population as 
oral solution, but for the purpose of this study, we only con-
sidered the tablet formulation as prescribed in Italy, which 
is used off-label.

The analysis of the published studies has highlighted how 
the selected molecules could be used for a wide range of 
indications in real life, even for rare diseases and the analysis 
of the ongoing CTs showed, in same cases, the existence of 
clinical evidence supporting the use in this population.
ACE Inhibitors

Ramipril show  two main possible uses in paediatrics for 
which is considered effective and safe: proteinuric nephropa-
thies plus losartan [AT5.1] and post heart transplant vascu-
lopathy [AT5.2]. Another emerging area concerns the treat-
ment of Alport syndrome, a rare genetic condition for which 
ongloing studies are found suggesting future authorization 
developments.

Enalapril and captopril off-label are comprise  in the 
Law 648/96 lists for arterial hypertension, heart failure and 
proteinuria.

Literature on enalapril is focused on the treatment of 
univentricular heart and as a support for the Fontan proce-
dure, for which it could, however, be uneffective [AT5.3], 
as well as for the treatment of anthracycline cardiotoxic-
ity [AT5.4,5]. In patients with aortic coarctation, enalapril 
showed efficacy in the reduction of LVMI, however, it 
has caused AE that led to discontinuation [AT5.6]. It also 
showed efficacy in reducing proteinuria, suggesting reno-
protection in proteinuric kidney disease [AT5.10,11] and as 
for ramipril plus losartan has been studied for proteinuric 
nephropathies but is associated with potentially life-threat-
ening serious AE [AT5.7].

Studies are ongoing  investigating the use of ramipril 
and enalapril in different cardiological area (pediatric heart 
failure and hypertension secondary to kidney transplanta-
tion), and evaluating their use in atherosclerosis and lupine 
nephritis.

Literature on captopril is related to hemangiomas where, 
however, propranolol has a indication of use in the oral liq-
uid formulation [AT5.8]. Captopril is effective in reducing 
urinary chemokine levels associated with obesity and con-
tributing to the pathogenesis of hypertension [AT5.9]. Stud-
ies ongoing with captopril are focused on the prevention of 
cardiotoxicity related to chemotherapy and the cardiopro-
tective action of captopril, simvastatin and levocarnitine in 
patients with type I diabetes.

There is little information on safety. Furthermore, the 
products are not always used in the formulation issued by 
the marketing authorization holder, therefore studies con-
cerning the formulation and dosage manipulation have not 
been considered.

Nevertheless, the profile of highlighted AE requires fur-
ther study. For enalapril, the literature reports hyperkalaemia 
(13%), increased serum creatinine (5%), hypotension (4%) 
and death (0.5%) in infants (first 120 days of life). Other 
published studies confirmed a higher risk of renal ADRs 
with enalapril when used in pediatric compared to all other 
medicines and to adults [AT5.12,13]. A similar safety pro-
file for nephrotoxicity aspects is also evident for captopril 
[AT5.12].
Beta Blockers

After ACE-I, beta-blockers are the most prescribed 
(2,058 patients) with bisoprolol, atenolol,metoprolol, pro-
pranolol and carvedilol.Only propranolol is authorized for 
childhood hemangiomas in a different formulation than that 
prescribed in 2015. Although bisoprolol is the most pre-
scribed molecule, it is not present in the Law 648/96 lists, 
while metoprolol, carvedilol and propranolol are reimbursed 
for arterial hypertension, whereas metoprolol is reimbursed 
for heart failure and propranolol for heart disease, arrhyth-
mias, hyperthyroidism, migraine prophylaxis, portal hyper-
tension at risk of varicose veins. Literature and ongoing 
CTs focus mostly on propranolol. Propranolol in adults is 
authorized for the prophylaxis of migraine also evaluated 
for pediatric use [AT5.30]. Other studies have evaluated its 
efficacy, safety and tolerability in comparison with pregaba-
lin, topiramate and flunarizine, concluding that topiramate 
is more effective than propranolol, and that topiramate and 
propranolol are more effective than flunarizine [AT5.27–29].

Ongoing studies focus on ROP, a proliferative vitreo 
retinopathy, one of the most frequent causes of blindness in 
preterm infants. However, AE attributed to oral propranolol 
raise concerns on systemic use [AT5.32–36].

Metronomic treatment with low doses of chemotherapy, 
anti-angiogenetic and immunomodulating drugs for neuro-
blastoma are other area studied. Results have shown activ-
ity for propranolol and therefore that it could be consid-
ered in combination treatments [AT5.46]. Supraventricular 
tachycardia, hypertension due to paroxysmal sympathetic 
hyperactivity and portal hypertension are also considered. 



Analysis on ACE-I and Beta Blockers Prescribed Off-label in Italy

Furthermore, the mechanisms underlying the use of pro-
pranolol in burn hypermetabolism are attributable to the 
increased efficiency of muscle protein synthesis [AT5.37]. 
Studies currently ongoing with propranolol are related to 
approaches in the field of autistic spectrum in combination 
with intensive behavioral intervention, in ROP, in patients 
with burn injuries, in a rare vascular neoplasia (Kaposiforme 
hemangioendothelioma) and neuroblastoma.

Bisoprolol [AT5.14,15] and carvedilol [AT5.16] are stud-
ied for heart failure in congenital pediatric heart disease, 
hypertension and ventricular systolic dysfunction. As for 
bisoprolol there are no active studies, while there are stud-
ies for carvedilol in portal hypertension, in heart failure in 
patients who have had a Fontan intervention to the heart 
and in preventing heart failure in cancer survivors exposed 
at high doses of anthracyclines.

Atenolol in comparison with propranolol in prolifera-
tive and ulcerative hemangiomas demonstrated efficacy and 
safety [AT5.20,23,24] as for Marfan syndrome, a rare con-
nective tissue disease, involving heart and blood vessels, 
ligaments and skeletal system, eyes and lungs [AT5.25,26].

One suspected ADR related to propranolol was recorded 
in 2015 despite a population considered of approximately 
4.900 patients. Though wide use could suggest an acceptable 
safety profile, the safety analysis indicates a possible under-
reporting, also considering that off-label use is more likely 
to be implicated in ADR occurring [16]. This implies that 
awareness and information campaigns would be appropriate 
to stimulate adequate reporting.

The present study has some limitations: although the off-
label use is proven, there is still missing information on the 
actual indication of use from the data collection. Currently 
this information cannot be extrapolated from the available 
databases. However, this information could be monitored 
in the future, if systematic monitoring is started. A further 
limitation is the absence of prescription data referring to 
hospital drugs whose off-label use may be of economic and 
financial interest, in addition to scientific relevance, due to 
the impact on the NHS expenditure.The study demonstrates 
that pediatric patients are still treated in an off-label setting 
even when in accordance to international guidelines which 
nonetheless implies the resposability of the treatments on 
clinicians.

In reviewing the number of drugs with pediatric labeling, 
pediatric indications, and/or pediatric dosing recommenda-
tions, it is clear that a prescriber’s choice of agents might be 
significantly limited if only agents with labeling, indications 
and dose recommendations were used [17].

This is due to the fact that the majority of the drugs used 
in this population are currently off-label, which means that 
they are not authorized by the regulatory agency for use 
in pediatrics. The clinical choices for the treatment of this 
population respresents, after a patient based clinical appro-
priate assessing an essential approach to field the gap of 
an important unmet medical need, but cannot be only the a 
clinician responsibility that of using off-label drugs.

A multi-pronged approach is needed and a proficuous 
debate could help develop paths of shared responsabilties 
among all interested parties.

In this context, this pilot study could be a useful track 
opener to consolidate a monitoring activity and also for 
prescribers and other healthcare professionals during their 
daily clinical practice supporting awareness of off-label use 
in pediatrics.

Appendix

See Tables 1,  2, 3, 4 and 5.

Table 1  Age and gender distribution in the study sample

Age (years) Male (n) Female (n) Male + Female (n) %

0 59.193 47.084 106.277 2.9
1 172.403 136.313 308.716 8.3
2 164.122 134.412 298.534 8.0
0–2 y 395.718 317.809 713.527 19.1
3 176.255 152.711 328.966 8.8
4 184.249 161.514 345.763 9.3
5 161.636 139.750 301.386 8.1
3–5 y 522.140 453.975 976.115 26.2
6 134978 113.711 248.689 6.7
7 110.810 92.997 203.807 5.5
8 103.629 85.375 189.004 5.1
9 96.456 80.342 176.798 4.7
10 100.239 81.703 181.942 4.9
11 95.403 76.612 172.015 4.6
6–11 y 641.515 530.740 1.172.255 14.2
12 85.944 69.347 155.291 4.2
13 83.092 64.684 147.776 4.0
14 77.697 60.118 137.815 3.7
15 75.840 63.667 139.507 3.7
16 73.868 67.267 141.135 3.8
17 72.679 70.483 143.162 3.8
12–17 y 469.120 395.566 864.686 11.4
Total 2028.493 1698.090 3726.583 100
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Table 4  Most prescribed active 
substances belonging to ATC C 
divided according to gender

ATC Pharmacological cathegory Active substance M F TOT. %

C03B Antiarrhythmics Flecainide 252 209 461 5,4%
Propafenone 65 75 140 1,6%

C03C Higher acting diuretics Furosemide 612 536 1148 13,4%
C03D Potassium-sparing agents Spironolactone 117 276 393 4,6%

0,0%
C07A Beta blockers agents, selective Atenolol 196 122 318 3,7%

Bisoprolol 380 305 685 8,0%
Metoprolol 125 91 216 2,5%

Alfa and beta-adrenegic receptors Carvedilol 273 197 470 5,5%
Beta blockers agents, non selective Propranolol 177 192 369 4,3%

C08C Selective blockers calcium channels 
with prevalent vascular effect

Amlodipine 361 236 597 7,0%
0,0%

C09A ACE-Inhibitors Captopril 155 123 278 3,3%
Enalapril 713 505 1218 14,3%
Ramipril 809 531 1340 15,7%

C09C Angiotensine II antagonists Losartan 398 229 627 7,3%
C10A HMG-CoA reductase inhibitors Atorvastatin 144 140 284 3,3%

Table 3  Number of pediatric 
patients treated divided per 
molecule, gender and age

Active substance Number of 
patients

Males Females 0–2 yrs 3–5 yrs 6–11 yrs 12–17 yrs

Ramipril 1340 809 531 32 100 353 855
Enalapril 1218 713 505 78 170 399 571
Captopril 278 155 123 112 50 56 60
Bisoprolol 685 380 305 20 39 123 503
Carvedilol 470 273 197 44 72 118 236
Propranolol 369 177 192 66 40 87 176
Atenolol 318 196 122 6 19 88 205
Metoprolol 216 125 91 10 18 48 140
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