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Infantile hemangioma

Infantile hemangiomas (IH) are the most common tumors of childhood.1 IH are 
vascular anomalies, classified as benign vascular tumors.2 Between 2.0% and 4.5% 
of infants are diagnosed with IH each year, and incidences are rising.3,4 Risk factors 
for IH include female sex, Caucasian race, (monozygotic and dizygotic) twins,    
preterm birth, low birth weight and pregnancy complications (e.g. pre-eclampsia).4-7

The pathogenesis of IH is not fully understood. Although a multifactorial 
inheritance has been suggested, genetics are probably not the most important cause 
of IH.8 Three complementary hypotheses have been proposed, which are likely co-
occurring.9 First of all, local or systemic hypoxia could activate the hypoxia-inducible 
factor (HIF) pathway. The HIF pathway activates endothelial cell formation, which 
characterizes the proliferative phase of IH.10 Secondly, placental cells may cause 
embolization of fetal skin vessels during pregnancy. Subsequently, IH arise from 
these embolized skin vessels.11 Finally, deficits in the regulation of vasculogenesis 
(i.e. the development of new blood vessels from stem cells) and angiogenesis (i.e. 
the development of new blood vessels from pre-existing vessels) could be inherent 
to IH.12 Other than these three hypotheses, there may be other mechanisms that 
have not as yet been discovered. 

IH are distinct from other vascular anomalies because of their unique growth 
pattern. Some IH show a visible precursor lesion at birth (e.g. vasoconstriction or a 
bruise-like stain), but most IH manifest during the first few days to weeks after birth. 
IH grow rapidly during the proliferative phase, which lasts three to nine months.13

Then, IH enter a spontaneous and slow involution phase, during which most 
regression takes place before the age of four years.14,15 After that, permanent 
sequelae may remain, including telangiectasia, fibrofatty tissue, and atrophic scar 
tissue.16

There are several types of IH. Superficial IH are bright red tumors with a smooth 
or cobblestoned surface, commonly called ‘strawberry marks’ for their color. In 
contrast, subcutaneous IH present as swellings underneath normal or blue-toned 
skin. Mixed IH have both a superficial and a subcutaneous component.17

Furthermore, IH can occur in several distinct patterns.2 Focal IH are nodular, 
solitary tumors. Children with a multifocal pattern have multiple focal IH distributed 
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over the entire body. Segmental IH cover one or multiple embryonic segments, 
similar to a geological map. Some IH cannot be clearly categorized into one specific 
pattern; these are classified as indeterminate.17,18

As IH are benign lesions that tend to regress spontaneously, most do not require 
treatment. Nonetheless, up to 38% of children with IH who are referred to a pediatric 
dermatology clinic develop complications and require treatment.19 These
complications include: 1) ulceration, which could lead to pain and discomfort, 
infection, scarring, or disfigurement; 2) life- or function-threatening impairment, 
including IH located on the face (e.g. close to the eye) or near vital organs (e.g. 
subglottic or hepatic IH); and 3) imminent or actual disfigurement, including large IH 
and IH located near the nose, ear, or mouth.

Beta-blocker treatment

In 2008, French physicians discovered by coincidence that the beta-blocker 
propranolol was a highly effective systemic treatment of IH. Two infants with IH were 
given propranolol to treat cardiac side effects of corticosteroid treatment, which was 
the most frequently used treatment for IH at that time.20 A surprisingly rapid involution 
of the IH was observed. Since then, propranolol has been considered first-line 
treatment for children with IH.21

Propranolol treatment

The mechanism of action of propranolol on IH is not entirely clear, although three 
hypotheses are maintained. Firstly, propranolol is thought to achieve 
vasoconstriction of the capillaries via inhibition of beta-adrenergic receptors located 
in the heart.22 Secondly, propranolol may directly increase apoptosis of endothelial 
cells.23 Thirdly, propranolol could decrease endothelial cell proliferation and 
differentiation by blocking the renin-angiotensin-aldosterone system (RAAS).24 As
with the pathogenesis of IH, there could be other unknown mechanisms at stake. 

By now, multiple studies have shown that propranolol treatment is four to ten 
times more effective than corticosteroid treatment, and five times less likely to cause 
side effects.25,26 Treatment is administered as an oral solution at a standard dose of 
2 to 3 mg/kg/day, distributed over 2 to 3 daily dosages. To maximize effectiveness, 
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clinical practice guidelines advise treatment initiation at the age of 2 to 4 months (i.e. 
during the proliferative phase) and a minimum treatment duration of 6 months.21,27

Nevertheless, concerns have been raised about the effects of propranolol 
treatment on infant development and growth.28 Propranolol is an unselective beta-
blocker with predominantly lipophilic characteristics. The lipophilic characteristics 
facilitate passage through the blood-brain barrier, which could induce central 
nervous system (CNS) effects. In infants treated with propranolol for IH, CNS effects 
manifest as sleep disturbance, such as insomnia, nightmares, and sleep disorders. 
Given these CNS effects, parents and physicians are concerned about the effect of 
propranolol on CNS development. In addition, the unselective properties of 
propranolol induce respiratory effects, including bronchospasm and bronchial 
hyperreactivity.29 The consequences of prolonged exposure to these side effects is 
also a matter of concern. 

Atenolol treatment

In an attempt to reduce the number of side effects, while maintaining the efficacy of 
treatment, physicians introduced the beta-blocker atenolol as a treatment of IH.30

Like propranolol, atenolol is administered as an oral solution, but at a standard dose 
of 1 mg/kg/day, taken in one daily dosage. Due to atenolol’s predominantly 

hydrophilic characteristics, fewer effects on the CNS were expected. Furthermore, 
due to atenolol’s β1-selective characteristics, fewer respiratory effects were also 
expected. Studies seem to confirm that atenolol treatment is as effective as 
propranolol treatment in reducing IH size and accelerating IH involution, while being 
accompanied with fewer side effects.31-36

Other proposed treatments for IH 

In addition to propranolol and atenolol, other treatments for infantile hemangioma 
have been proposed. Nadolol, a hydrophilic unselective beta-blocker, was recently 
shown non-inferior to propranolol.37 Like atenolol, nadolol may avoid propranolol-
induced sleep disturbances due to hydrophilic characteristics.38 However, a recent 
death of an infant with infantile hemangioma may have been associated with 
systemic nadolol treatment, which highlights the need for caution. Nadolol is 
primarily eliminated via the gastrointestinal tract, while propranolol and atenolol are 
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primarily eliminated via the kidneys. Therefore, nadolol could induce toxicity in 
infants with slowed gastrointestinal transit (i.e. constipation).39 Nadolol is not 
available in Europe. 

Topical timolol, a mixed lipophilic/hydrophilic unselective beta-blocker, has been 
effectively used to treat term infants with superficial infantile hemangiomas.21

Systemic absorption could induce adverse effects in infants at risk (e.g. preterm and 
low-birthweight infants).40,41 Therefore, topical timolol is not recommended in these 
patients.21

Laser treatment may be considered if beta-blocker treatment is contraindicated, 
for instance, in patients with renal disease or hypoglycemia.42 Laser treatment is not 
preferred, because this treatment can cause pain and discomfort in infants. 
Consequently, laser treatment requires general anesthesia.42 Exposure to 
anesthetics during infancy may be associated with subsequent learning disabilities, 
attention-deficit/hyperactivity disorder, decreased cognitive functioning, and even 
decreased academic achievement.43

Finally, targeted treatment of the RAAS with angiotensin-converting enzyme 
inhibitors such as captopril was shown less effective than propranolol treatment.44

Long-term effects of beta-blocker treatment

The CNS of infants is developing extensively. Many brain structures, including the 
amygdala and the hippocampus, nearly double in size. Furthermore, infancy is 
characterized by extensive synaptogenesis (i.e. the formation of connections 
between neurons), neuronal arborization (i.e. the branching and elongation of 
dendrites and axons), and myelination (i.e. the insulation and maturation of white 
matter tracts), which all increase the speed and efficiency of neurotransmission 
within and between neuronal systems.45

The extensive CNS development during infancy constitutes the foundation for 
neurocognitive functioning throughout life. At school-age, complex neurocognitive 
functions like memory, processing speed, and attention are highly dependent on the 
maturation of brain structures such as the hippocampus and the amygdala.46 In 
addition, efficient collaboration between these brain structures is crucial for 
neurocognitive functioning, which is dependent on white matter myelination.47
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Disruption of CNS development during infancy may become evident as functional 
problems only later in life, when demands on cognitive functioning increase. This 
phenomenon is called ‘growing into deficit’. Functional problems can be subtle, but 

persistent throughout childhood and adolescence. For example, the level of general 
intellectual functioning (i.e. total intelligence quotient [IQ]) of school-aged survivors 
of neonatal critical illness was in line with school-aged children from the general 
population. However, these children had deficits in the area of memory, processing 
speed, and attention. These deficits led to sustained difficulties in school.48

Children treated with beta-blockers for IH during infancy may also experience 
long-term neurocognitive effects. Propranolol may have an immediate negative 
impact on brain structures necessary to execute complex neurocognitive tasks. To 
illustrate, CNS effects of propranolol manifest in healthy adults as problems with 
(emotional) memory consolidation and affect recognition.49 In addition, common side 
effects of propranolol, like sleep disturbance and respiratory problems during 
infancy, have been linked to attentional and behavioral problems in school-aged 
children.50-52

Long-term follow-up studies in school-aged children who had been treated with 
propranolol for IH during infancy did not detect any deviations in general intelligence 
and executive functioning. However, these studies were limited due to small sample 
sizes (n=27 and n=23, respectively).53,54 Other follow-up studies included younger 
children (up to the age of 4 years old) who had also been treated with propranolol 
during infancy. Although no neurodevelopmental problems or failure to thrive were 
found, the measures used may not be sensitive to subtle deviations in functioning.55-

58 Studies into the long-term effects of atenolol are lacking. 

Visible difference

IH are considered to be ‘visible differences’, i.e. medical conditions or injuries that 
impact physical appearance. In clinical practice, parents often ask if their infant will 
retain any permanent residual lesion due to the IH. Many parents are concerned that 
residual lesion could cause problems in mental health or social functioning at school-
age, as peer relationships take on a more central role in a child’s wellbeing so looking 

‘different’ from others may have a greater impact.59

12

Chapter 1

162613 Hermans BNW.indd   12162613 Hermans BNW.indd   12 20-03-2023   11:0120-03-2023   11:01



Up to 69% of untreated IH show (minor) residual lesion in the long term (i.e. at 
school-age).15,16,60 In contrast, a long-term follow-up study in 73 Asian children who 
had been treated with propranolol for IH during infancy showed 91% of children with 
IH had residual lesion, and 72% of these children had highly visible or deforming 
fibrofatty tissue or scars.61 Treated IH more often have complications than untreated 
IH, which probably accounts for the higher degree of residual lesion in the 
propranolol-treated children. However, the results may not be extrapolated to other 
populations, as Asian skin tones are more prone to scar formation than Caucasian 
skin tones, and IH are most common in Caucasian infants.5,62 Furthermore, previous 
studies have not included the perspective of parents and children, even though they 
play a vital role in deciding whether additional treatment of the residual lesion (e.g. 
laser treatment or surgical excision) is necessary. 

The decision to treat residual lesion is commonly made just before or at school-
age, as this age marks the end of the involution phase. Some characteristics of the 
IH (e.g. the presence of ulceration, or a superficial component) and the beta-blocker 
treatment (e.g. delayed age at treatment initiation) predict increased residual 
lesion.15,16,60,61,63-68 No previous studies have taken into account both the
characteristics of the IH as well as of the beta-blocker treatment or have corrected 
for characteristics of the child (e.g. sex or skin type). To efficiently improve parent 
counseling, it would be helpful to recognize which infants are at risk for poor long-
term esthetic outcome. 

Mental health

In contemporary societies, first impression is regularly based on physical 
appearance. Therefore, coping with a visible difference due to a medical condition 
can be challenging. Parents of infants with IH frequently notice they are being stared 
at by strangers, or receive comments about their infant’s medical condition. Some 

comments are supportive and accepting, but others include stigmatizing responses, 
reactions of blame, and sometimes even accusations of child abuse.59,69 In some 
cases, these confrontations cause parents to avoid taking their child out in public.69

These encounters are recalled long after the child’s infancy.70

1
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Parents of infants with IH face additional challenges, as they have to care for an 
infant with a potentially life- or function-threatening medical condition. Having a child 
with a severe medical condition may induce stress and worries. These feelings may 
last long after the acute phase of their child’s disease.71,72 Parents of infants with IH 
show decreased quality of life, especially when IH are more severe.73,74

At school-age, children with a visible difference are at risk for bullying, stigma, 
and stares.75,76 These negative social interactions could negatively impact mental 
health and overall quality of life.77 Yet, studies show that the overall health-related 
quality of life (HRQoL) of children with IH seems unaffected.74,78 In some studies, the
HRQoL of children with IH is even better than the HRQoL of children without IH.78,79

Similarly, parents of children with IH show lower rates of overall parenting stress and 
anxiety than parents from the general population.80 However, the long-term mental 
health of children treated with beta-blockers for IH and their parents has been 
scarcely studied. One study did not find emotional and behavioral problems in 
school-aged children who had been treated with propranolol for IH during infancy, 
but this study had a limited sample size (n=27).53

Final remarks

Beta-blockers are used worldwide to effectively treat IH, the most common tumor of 
childhood. School-aged children who had been treated with beta-blockers for IH 
during infancy could be at risk for long-term problems as they may face: 1) growing 
into deficit, which may be due to possible long-term effects of beta-blockers, and 2) 
a visible difference, which may be due to the esthetic outcome of the IH. This 
theoretical framework, as well as the outline of this thesis, is summarized in 
Figure 1.

There is debate in clinical practice as to whether propranolol or atenolol should 
be preferred to treat infants with IH. Furthermore, despite the concerns about the 
long-term neurocognitive effects of beta-blockers, physicians are increasingly 
inclined to prescribe beta-blockers to infants with IH even without complications, 
primarily for esthetic purposes.81 Long-term follow-up is necessary to make informed 
judgements about the risks and benefits of different beta-blockers in the treatment 
of infants with IH. 
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Aims

The aims of this thesis are as follows: 
1) To compare the neurocognitive functioning, the physical health, and the 

mental health between school-aged children who had been treated with 
propranolol and school-aged children who had been treated with atenolol for 
IH during infancy. 

2) To evaluate the neurocognitive functioning, the physical health, and the 
mental health of school-aged children who had been treated with beta-
blockers for IH during infancy, as compared to population norms. 

3) To evaluate the long-term esthetic outcome of IH as rated by physicians, 
parents, and children, and assess characteristics of the IH, the beta-blocker 
treatment, and the infant as prognostic factors for long-term esthetic 
outcome.

4) To determine if the level of visibility of the IH is associated with emotional 
and behavioral problems in infants and school-aged children. 

5) To explore parenting stress in parents of school-aged children who had been 
treated with beta-blockers for IH during infancy.

Outline of this thesis

Part I focuses on the long-term effects of beta-blocker treatment. The neurocognitive 
functioning (Chapter 2) and the physical health (Chapter 3) of 105 school-aged 
children who had been treated with propranolol or atenolol for IH during infancy are 
described and compared. This part also introduces the methods of Project Beta, a 
long-term follow-up study performed in the Netherlands at the Erasmus MC Sophia 
Children’s Hospital, University Medical Center Rotterdam (Erasmus MC), and the 

Wilhelmina Children’s Hospital, University Medical Center Utrecht (UMCU). 

Part II continues the discussion of long-term outcomes after beta-blocker 
treatment, focusing on the visible difference (esthetic outcomes). In Chapter 4, the 
esthetic outcomes are evaluated by physicians, parents, and children. Next, in 
Chapter 5, characteristics of the IH, the beta-blocker treatment and the infant are 
used to estimate esthetic outcomes at school-age. 

1
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Part III combines the physical component of IH treatment with the visible 
component of IH, in a discussion of the mental health of children with IH. Chapter 6
discusses data from Project Beta, focusing on the long-term mental health of children 
who had been treated with propranolol or atenolol for IH during infancy and the 
parenting stress of their parents. Chapter 7 discusses additional questionnaire data 
obtained from 400 parents of children with IH or a cleft lip with or without palate. The 
emotional and behavioral problems of these children are linked to the visibility of the 
condition, the child’s medical difficulties, and the parent’s affect. 

Finally, this thesis integrates all findings into a discussion of the practical 
implications and future recommendations (Chapter 8).
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Abstract

The purpose of this study was to compare long-term neurocognitive functioning 
(working memory, processing speed, and attention) between children who had been 
treated with either propranolol or atenolol for infantile hemangioma during infancy. 
All eligible children (n = 158) aged 6 years or older and treated with propranolol or 
atenolol as infants were invited to participate in this two-center cross-sectional study. 
The primary outcome was the Wechsler Intelligence Scale for Children-V Cognitive 
Proficiency Index (CPI), a measure of working memory, processing speed, and 
attention. Secondary outcomes were general intelligence, auditory, visuospatial, and 
narrative memory, as well as executive functioning and sleep. A total of 105 children, 
of whom 36 had been treated with propranolol (age 6.0–11.8 years, follow-up time 
1.6–9.7 years, 19% male) and 69 had been treated with atenolol (age 6.9–9.7 years, 
follow-up time 4.5–8.4 years, 19% male), were analyzed. The CPI and other 
neurocognitive outcomes did not differ between the propranolol and atenolol groups 
and were in line with general population test norms. Post hoc analyses revealed 
lower CPI scores for males, both compared to participating females (10.3 IQ points, 
medium effect size) and compared to matched test norms (12.4 IQ points, medium 
effect size). 

Conclusions: Long-term neurocognitive functioning did not differ between children 
treated with propranolol and those treated with atenolol for IH. Overall, propranolol 
and atenolol appear to be safe treatments for IH regarding long-term neurocognitive 
functioning. The substantially lower CPI scores in males warrant further 
investigation.

Trial registration: Netherlands Trial Register, NL7703 
https://www.trialregister.nl/trial/7703
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Introduction

Infantile hemangiomas (IH) are the most common vascular tumors of childhood, with 
estimated incidences ranging from 2.0% to 4.5%.3,4 A substantial proportion of 
otherwise healthy infants with IH require treatment with beta-blockers to prevent or 
treat complications, such as ulceration, functional impairment, or disfigurement.19

Concerns have been raised about the long-term impact of propranolol, a lipophilic 
beta-blocker, due to possible treatment effects on the central nervous system (CNS) 
at a vulnerable age.28 Previous clinical studies have shown that atenolol, a 
hydrophilic beta-blocker, is as effective as propranolol, but seems to be associated 
with fewer CNS effects during IH treatment.31,82 Since 2014, propranolol has been 
the only worldwide approved beta-blocker to treat IH. Atenolol has been frequently 
prescribed for IH, though off-label.83,84

To date, no long-term neurocognitive problems in children treated with beta-
blockers for IH have been reported.53,54,56,58 However, the generalizability of previous 
studies was limited due to small sample sizes (n=23 and n=27).53,54 Furthermore, 
previously used outcome measures such as general intelligence or broad 
neurodevelopmental milestones are not sensitive to subtle deviations in complex 
neurocognitive functions, e.g. working memory, processing speed, and attention.56,58

Also, previous research did not compare the long-term effects between propranolol 
and a hydrophilic beta-blocker, such as atenolol. Therefore, the aim of this study was 
to investigate and compare long-term neurocognitive outcomes (i.e. working 
memory, processing speed, and attention) in school-aged children who had been 
treated with either propranolol or atenolol for IH during infancy.

Materials and methods

Design

This two-center cross-sectional study was conducted at the vascular anomaly 
centers of the Erasmus MC, University Medical Center Rotterdam (Erasmus MC, 
Rotterdam, The Netherlands) and the University Medical Center Utrecht (UMCU, 
Utrecht, The Netherlands).85 Both centers introduced propranolol treatment in 2008. 
UMCU switched to atenolol treatment in 2009 and Erasmus MC switched to atenolol 
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treatment in 2013, based on positive clinical experience and before propranolol was 
globally approved.30 This enabled us to study an internationally unique cohort of 
school-aged children, who had received either propranolol or atenolol, independent 
of their disease characteristics. 

Children were assessed during an outpatient visit, consisting of a 
neuropsychological assessment by a psychologist (MH), a standard physical 
examination by a pediatrician (PdL, JB, MR), and a dermatological examination by 
a pediatric dermatologist (MdG, SP). Children’s parents completed questionnaires 

about the child’s psychological, neurocognitive, and physical development. 

Information on IH treatment was retrieved from medical records. 

Participants

Prior to recruitment, we screened records of all patients born between 2008 and 
2014 who were treated for IH at either center to identify any eligible children. Children 
were actively recruited between April and December 2019; the last recruited child 
was assessed in February 2020. 

The inclusion criteria were: 1) age ≥6 years upon participation in 

neuropsychological assessment; 2) IH previously treated with either oral propranolol 
at ≥2 mg/kg/day or oral atenolol at ≥1 mg/kg/day; 3) treatment duration ≥6 months; 

4) treatment initiated before the age of 1 year; 5) IQ estimated >55 (no moderate to 
severe intellectual disability); and 6) child and parent(s)/legal guardian(s) having 
sufficient comprehension of the Dutch language to understand study materials. The 
exclusion criteria were: 1) prematurity <37 weeks of gestation; 2) low birth weight 
(<2.5 SD for gestational age); 3) complicated neonatal period with hospitalization; 4) 
suspected PHACE syndrome; 5) other treatment than oral propranolol or atenolol for 
IH (such as other oral beta-blockers, oral corticosteroids, vincristine, interferon 
alpha, topical beta-blockers, intralesional corticosteroids, imiquimod, rapamycin, 
laser, surgery, and cryotherapy); 6) documented psychological or neurocognitive 
problems before starting beta-blockers; 7) medication that could negatively affect 
psychological or neurocognitive functioning (including multiple general anesthesia); 
8) genetic syndromes known to affect cognitive performance; 9) concomitant or 
successive use of propranolol and atenolol; and 10) participation in a study or 
compassionate use program with ID V0400SB. 
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This study was exempt from the Dutch Medical Research Involving Human 
Subjects Act according to the institutional review boards of Erasmus MC (MEC-
2019-0268) and UMCU (19-115/C). All parent(s)/legal guardian(s) provided written 
informed consent. 

Measurements

We included those measures of neurocognitive functions that have been 
documented to be affected by beta-blockers.28 All measures are standardized for 
children aged 6 to 12 years, have age-corrected normed scores based on the 
general Dutch population and have sufficient psychometric properties.86-89

The primary outcome measure was the Cognitive Proficiency Index (CPI), a 
subscale of the Wechsler Intelligence Scale for Children-V, Dutch version (WISC-V-
NL). The CPI comprises four subtests that measure working memory and processing
speed. Attention may be inferred based on demands required to complete these 
subtests. The CPI composite score is more reliable than the individual subtests. CPI 
standardized scores have a mean of 100 and a standard deviation of 15 points.86

Secondary outcomes were general intelligence (Full-Scale Intelligence Quotient 
[FSIQ] and General Abilities Index [GAI] of the WISC–V–NL), as well as auditory, 
visuospatial, and narrative memory. Auditory memory was measured with the Rey 
Auditory Verbal Learning Test (RAVLT). This included immediate recall (auditory 
working memory and attention), and delayed recall based on scores at immediate 
recall (long-term auditory memory). Raw scores were age-corrected and converted 
into Z-scores (mean 0, standard deviation 1).87 Visuospatial memory was evaluated 
with the Dutch version of the Developmental Neuropsychological Assessment–II
(NEPSY–II–NL), subtest Memory for Designs (MD) and Memory for Designs 
Delayed (MDD). MD assesses spatial memory for novel visual material, while MDD 
assesses long-term visuospatial memory. Verbal narrative memory was assessed 
with the NEPSY–II–NL subtest Narrative Memory. Total scores of all NEPSY-II-NL 
subtests were converted into age-corrected percentiles.88 Percentiles ≤10 were 

considered to be in the clinical range.
Parents reported on their child’s executive functioning in daily life and sleep 

habits. Executive functioning was assessed with the Behavioral Rating Inventory of 
Executive Function (BRIEF), which resulted in T-scores (mean 50, standard 
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deviation 10).89 Sleep habits were assessed with the Child Sleep Habits 
Questionnaire (CSHQ).90 The CSHQ allows for a total score, which reflects the major 
sleep disorders in children aged 4 to 11 years old. Mother’s highest completed 

education level was used for its association with socioeconomic status and parent 
intelligence, and was categorized according to the International Standard 
Classification of Education (ISCED).91

We retrieved the following information from patient records: the child’s sex, age 

at treatment initiation (months), treatment duration (months; excluding temporary 
treatment interruptions), maximum dose (mg/kg/day), average dose (mg/kg/day), 
and cumulative dose (total exposure corrected for weight; mg/kg). 

One certified psychologist performed all neuropsychological assessments, 
blinded to the type of beta-blocker treatment the child had received as an infant and 
the treatment practices in both centers.   

Data Analysis

All test assumptions were checked prior to data analysis. This included tests for 
normality of continuous data, using inspection of plots, means and medians, kurtosis 
and skewness, and Shapiro-Wilk testing. 

Comparisons between propranolol and atenolol groups

We used independent samples t-tests to analyze differences in our primary outcome 
(CPI) between children treated with propranolol and those treated with atenolol. A 
multivariable linear regression, with CPI as the dependent variable and beta-blocker 
type as predictor, was performed controlling for the child’s sex, the mother’s 

education level, the child’s age at treatment initiation, treatment duration, and 

cumulative dose. For normally distributed secondary outcomes at interval level, we 
used the same procedure as for the CPI. Non-normally distributed or ordinal 
outcomes were analyzed with Mann-Whitney U-tests and multivariable linear 
regression. Dichotomous variables were analyzed with Fisher’s exact tests and 

logistic linear regression.
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Comparisons to general population norms

Differences between sample scores and general population norms were analyzed 
using one-sample t-tests, or one-sample Wilcoxon signed rank tests for skewed 
data. We compared dichotomous data with expected proportions using chi-square 
tests. If any differences were observed between the beta-blocker groups, analyses 
were performed independently for each beta-blocker group. 

All data were entered into an online OpenClinica 3.12.2. database and analyzed 
by authors MH, AR, and RS using SPSS 25.0. As missing data were rare (<5% of 
data), we used complete case analysis. A two-sided p<0.05 was considered 
statistically significant in primary analyses. Accounting for multiple comparisons, a 
two-sided p<0.002 was considered statistically significant in secondary analyses 
(Dunn–Šidák correction). Effect sizes were calculated corresponding to each 

statistical method, and interpreted according to Cohen’s guidelines.92

Results

Participant characteristics

Figure 1 shows the flow chart of the inclusion process. Consent to participate was 
obtained for 109 of the 162 potentially eligible children. After inclusion, 4 children 
were considered screen failures, resulting in a final sample of 105 children (66% of 
the 158 eligible children; 78% of the 134 successfully contacted eligible children), 
consisting of 36 children treated with propranolol and 69 children treated with 
atenolol.
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Figure 1. Recruitment flowchart

Abbreviations: np, number of patients treated with propranolol; na, number of patients treated with atenolol; 
np&a, number of patients treated with both propranolol and atenolol.85
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Participant characteristics are described in Table 1. There was a female 
predominance (81%), consistent with the literature.93 The sex ratio was the same in 
both beta-blocker groups. As propranolol was initiated before atenolol in both 
treatment centers, children treated with propranolol were significantly older than 
children treated with atenolol. All outcomes were age-corrected, thus this difference 
did not affect our results. The prevalence of attention deficit/hyperactivity disorder 
(ADHD; 5.7%) was in line with the estimated population prevalence among children 
and adolescents (5.9-7.1%).94 Four children (3.8%) were treated with 
methylphenidate. In accordance with test criteria of the WISC-V-NL, children with 
ADHD (with or without methylphenidate) were included in the study.86

Corresponding to the transition to atenolol at UMCU in 2009 and at Erasmus MC 
in 2013, almost all atenolol-treated children were treated at UMCU and most 
propranolol-treated children were treated at Erasmus MC. To avoid multicollinearity, 
we did not control the analyses for treatment center.

Given the standard maintenance dose of 2 mg/kg/day for propranolol and 1 
mg/kg/day for atenolol, significant differences in average, cumulative, and peak dose 
between children treated with propranolol and atenolol were as expected. Treatment 
duration differed significantly between both beta-blocker groups; the median duration 
was almost 6 months longer for children treated with propranolol. Given that all IH 
were treated until sufficient clinical improvement was achieved, this difference in 
treatment duration may reflect higher severity of IH treated with propranolol 
compared to IH treated with atenolol. 

2

29

Neurocognitive functioning

162613 Hermans BNW.indd   29162613 Hermans BNW.indd   29 20-03-2023   11:0120-03-2023   11:01



Table 1. Participant characteristics

All
(n=105)

Propranolol (n=36)
Atenolol 
(n=69)

p-value

Demographics

Child age, years
Median (IQR) 7.4 (6.7 – 8.5) 8.0 (7.3 – 8.8) 7.1 (6.4 – 8.1) <0.001
Range 6.0 – 11.8 6.4 – 11.8 6.0 – 9.7

Child sex, n (%)
Female 85 (81) 29 (81) 56 (81) >0.99
Male 20 (19) 7 (19) 13 (19)

Child migration background1, n (%)
Yes 94 (90) 36 (100) 58 (84) 0.01
No 10 (10) 0 (0.0) 10 (14)
Unknown 1 (1.0) 0 (0.0) 1 (1.4)

Education mother, n (%)
Low 14 (13) 6 (17) 8 (12) 0.89
Average 28 (27) 8 (22) 20 (29)
High 62 (59) 22 (61) 40 (58)
Unknown 1 (1.0) 0 (0.0) 1 (1.4)

Home language, n (%)
Dutch 97 (92) 35 (97) 62 (90) 0.37
Other 2 (2.0) 0 (0.0) 2 (2.9)
Multilingual 6 (5.7) 1 (2.8) 5 (7.2)

Confirmed diagnosis, n (%)
ADHD 6 (5.7) 3 (8.3) 3 (4.3)

Clinical information
Location of IH2, n (%)

Head and neck 84 (80) 24 (67) 60 (87) 0.02
Trunk 13 (12) 6 (17) 7 (10) 0.36
Genital area 13 (12) 7 (19) 6 (8.7) 0.13
Extremities 7 (6.7) 3 (8.3) 4 (5.8) 0.69

Ulcerated IH, n (%)
Yes 29 (28) 13 (36) 16 (23) 0.16
No 76 (72) 23 (64) 53 (77)
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Table 1. Participant characteristics (continued)

All
(n=105)

Propranolol 
(n=36)

Atenolol 
(n=69)

p-value

Clinical information
Treatment center, n (%)

Erasmus MC 34 (32) 31 (86) 3 (4.3) <0.001
UMCU 71 (68) 5 (14) 66 (96)

Age at treatment initiation, 
months

Median (IQR) 3.5 (2.2 – 5.1) 3.6 (2.2 – 5.3) 3.4 (2.2 – 5.0) 0.58
Range 0.92 – 11.4 1.64 – 11.4 0.92 – 10.9

Treatment duration, months
Median (IQR) 13.8 (10.9 – 19.4) 18.6 (12.5 – 22.7) 13.0 (10.4 – 15.8) 0.001
Range 6.41 – 62.7 9.13 – 62.7 6.41 – 56.8

Average dose, mg/kg/day
Median (IQR) 1.2 (1.0 – 1.8) 1.9 (1.8 – 2.0) 1.0 (1.0 – 1.2) <0.001
Range 0.8 – 2.5 1.4 – 2.5 0.8 – 2.0

Peak dose, mg/kg/day
Median (IQR) 1.6 (1.0 – 2.1) 2.1 (2.0 – 2.3) 1.0 (1.0 – 1.6) <0.001
Range 1.0 – 14.0 1.9 – 14.0 1.0 – 3.0

Cumulative dose, mg/kg
Median (IQR) 577.4 (387.2 – 881.7) 1122.7 (718.6 – 1282.3) 418.7 (310.0 – 619.7) <0.001
Range 186.6 – 3544 494.1 – 3544 186.6 - 2206

Follow-up time3, years
Median (IQR) 5.9 (5.2 – 6.5) 6.2 (5.6 – 6.6) 5.7 (5.1 – 6.2) 0.13
Range 1.6 – 9.7 1.6 – 9.7 4.5 – 8.4

p-values indicate differences in participant characteristics between propranolol and atenolol group. 
Continuous variables were not normally distributed and analyzed with a Mann-Whitney U-test. 
Dichotomous variables were analyzed with a Fisher’s exact test. 1Child migration background, categorized 
as: ‘yes’ = one or both parents born abroad, or ‘no’ = both parents born in the Netherlands. 2A total of 105 
patients had a total of 128 IH. The variable ‘location of IH’ represents the number of children with at least 
one infantile hemangioma at each region. 3 Follow-up time: time interval between cessation of beta-
blocker treatment and neuropsychological assessment. 
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Comparison between propranolol and atenolol

The primary outcome measure CPI was normally distributed and did not differ 
between children treated with propranolol (M=98.9, SD=17.4) and children treated 
with atenolol (M=101.6, SD=12.8; p=0.38; Table 2). Similarly, analysis corrected for 
confounders showed no significant effect of beta-blocker type on CPI scores 
(p=0.81). None of the secondary outcomes differed between the two groups. 

Comparison between beta-blockers and norm data 

The sample mean of the primary outcome CPI (M=100.7, SD=14.5) was not 
significantly different from norm data (M=100, SD=15; p=0.64); the effect size was 
small (Table 3). Scores on all secondary outcomes, with the exception of the BRIEF, 
did not differ from norm scores. Parents of children treated with beta-blockers scored 
significantly lower (i.e. better) than test norms on the BRIEF, with a large effect size. 

Post-hoc analysis: sex differences

Having included sex as a confounder in corrected analyses of the primary outcome 
measure, we found a significant association between sex and CPI scores, seemingly 
independent of beta-blocker type. Post-hoc analyses showed that the CPI mean of 
males (M=92.4, SD=10.3) was 10.3 IQ points lower than the CPI mean of females 
(M=102.7, SD=14.7). Considering the small number of males (n=20), we performed 
a Mann-Whitney U-test to compare medians. The sex difference was significant 
(p=0.001), with a medium effect size (r=0.32). A sex difference with a small effect 
size (r=0.25) was also observed for FSIQ (p=0.009), but not for any other secondary 
outcomes (Supplementary Table S1). Sex differences were not found for variables 
such as age, mother’s education level, IH location, treatment type, dose, or treatment 

duration. To compare the sample of males more precisely with males from the 
general population, we obtained original Dutch normative data 1:1 matched by sex, 
mother’s education, and age from the authors of the WISC-V-NL . The CPI mean of 
males in the study sample was 12.4 IQ points lower than the CPI mean of matched 
males from the general population (M=104.8, SD=13.6), which was significant 
(Mann-Whitney U-test, p=0.003) with a medium effect size (r=0.46).

32

Chapter 2

162613 Hermans BNW.indd   32162613 Hermans BNW.indd   32 20-03-2023   11:0120-03-2023   11:01



Ta
bl

e 
2.

An
al

ys
es

 o
f t

he
 d

iff
er

en
ce

 in
 n

eu
ro

co
gn

iti
ve

 fu
nc

tio
ni

ng
 b

et
we

en
 c

hi
ld

re
n 

tre
at

ed
 w

ith
 p

ro
pr

an
ol

ol
 a

nd
 a

te
no

lo
l f

or
 IH

D
es

cr
ip

tiv
e 

st
at

is
tic

s
U

ni
va

ria
bl

e 
an

al
ys

es
 fo

r t
he

 
co

m
pa

ris
on

pr
op

ra
no

lo
l v

s.
 a

te
no

lo
l

M
ul

tiv
ar

ia
bl

e 
an

al
ys

es
 fo

r t
he

 c
om

pa
ris

on
 p

ro
pr

an
ol

ol
 v

s.
 

at
en

ol
ol

, a
dj

us
te

d 
fo

r c
ov

ar
ia

te
s1

Pr
op

ra
no

lo
l (

n=
36

)
At

en
ol

ol
 (n

=6
9)

p-
va

lu
e

Ef
fe

ct
 s

iz
e

B
or

 O
R

(9
5%

 C
I)

p-
va

lu
e

Ef
fe

ct
 s

ize
d
f2

In
te

llig
en

ce
 (W

IS
C

-V
-N

L)
, M

(S
D

)
C

og
ni

tiv
e 

Pr
of

ici
en

cy
 In

de
x2

98
.9

 (1
7.

4)
10

1.
6 

(1
2.

8)
0.

38
0.

20
a

B 
=

1.
0 

(-7
.9

 –
9.

9)
0.

81
0.

00
G

en
er

al
 A

bi
lity

 In
de

x
10

1.
2 

(1
2.

6)
10

1.
5 

(1
1.

8)
0.

92
0.

00
a

B 
=

2.
4 

(-5
.1

 –
9.

9)
0.

52
0.

00
Fu

ll 
Sc

al
e 

IQ
10

0.
7 

(1
4.

0)
10

0.
7 

(1
1.

6)
0.

99
0.

00
a

B 
=

1.
0 

(-6
.6

 –
8.

7)
0.

79
0.

00
Vi

su
al

 S
pa

tia
l M

em
or

y 
(N

EP
SY

-II
-N

L)
, n

(%
)

Im
m

ed
ia

te
 re

ca
ll

C
lin

ic
al

 ra
ng

e 
(p

ct
 ≤

 1
0)

5 
(1

4)
10

 (1
4)

>0
.9

9
0.

01
b

O
R

 =
0.

5 
(0

.1
 –

3.
0)

e
0.

42
N

.A
.

N
on

-c
lin

ica
l r

an
ge

 (p
ct

 >
 1

0)
31

 (8
6)

59
 (8

6)
D

el
ay

ed
 re

ca
ll

C
lin

ic
al

 ra
ng

e 
(p

ct
 ≤

 1
0)

7 
(1

9)
8 

(1
2)

0.
38

0.
11

b
O

R
 =

0.
3 

(0
.0

 –
1.

9)
e

0.
20

N
.A

.
N

on
-c

lin
ica

l r
an

ge
 (p

ct
 >

 1
0)

29
 (8

1)
61

 (8
8)

N
ar

ra
tiv

e 
M

em
or

y 
(N

EP
SY

-II
-N

L)
, n

(%
)

C
lin

ic
al

 ra
ng

e 
(p

ct
 ≤

 1
0)

2 
(5

.6
)

8 
(1

2)
0.

49
0.

10
b

O
R

 =
0.

8 
(0

.1
 –

11
.1

)e
0.

84
N

.A
.

N
on

-c
lin

ica
l r

an
ge

 (p
ct

 >
 1

0)
34

 (9
4)

61
 (8

8)
Au

di
to

ry
 M

em
or

y 
(R

AV
LT

)3 ,
M

(S
D

)
Im

m
ed

ia
te

 re
ca

ll
0.

0 
(1

.2
)

-0
.4

 (0
.9

)
0.

13
0.

38
a

B 
=

-0
.7

 (-
1.

3 
–

-0
.0

)
0.

03
6

0.
04

D
el

ay
ed

 re
ca

ll
-0

.1
 (1

.3
)

-0
.4

 (0
.9

)
0.

18
0.

27
a

B 
=

-0
.7

 (-
1.

3 
–

-0
.0

)
0.

03
9

0.
04

2

33

Neurocognitive functioning

162613 Hermans BNW.indd   33162613 Hermans BNW.indd   33 20-03-2023   11:0220-03-2023   11:02



Ta
bl

e 
2.

An
al

ys
es

 o
f t

he
 d

iff
er

en
ce

 in
 n

eu
ro

co
gn

iti
ve

 fu
nc

tio
ni

ng
 b

et
we

en
 c

hi
ld

re
n 

tre
at

ed
 w

ith
 p

ro
pr

an
ol

ol
 a

nd
 a

te
no

lo
l f

or
 IH

 (c
on

tin
ue

d)

D
es

cr
ip

tiv
e 

st
at

is
tic

s
U

ni
va

ria
bl

e 
an

al
ys

es
 fo

r t
he

 
co

m
pa

ris
on

pr
op

ra
no

lo
l v

s.
 a

te
no

lo
l

M
ul

tiv
ar

ia
bl

e 
an

al
ys

es
 fo

r t
he

 c
om

pa
ris

on
 p

ro
pr

an
ol

ol
 v

s.
 

at
en

ol
ol

, a
dj

us
te

d 
fo

r c
ov

ar
ia

te
s1

Pr
op

ra
no

lo
l (

n=
36

)
At

en
ol

ol
 (n

=6
9)

p-
va

lu
e

Ef
fe

ct
 s

iz
e

B
or

 O
R

(9
5%

 C
I)

p-
va

lu
e

Ef
fe

ct
 s

ize
d
f2

Ex
ec

ut
ive

 F
un

ct
io

ni
ng

 (B
R

IE
F)

4 ,
M

dn
(IQ

R
)

Be
ha

vio
ra

l R
eg

ul
at

io
n 

In
de

x
43

.0
 (3

7.
0 

–
55

.5
)

38
.0

 (3
3.

0 
–

50
.0

)
0.

13
0.

15
c

B 
=

-4
.4

 (-
11

.3
 –

2.
6)

0.
21

0.
02

M
et

ac
og

ni
tio

n 
In

de
x

42
.5

 (3
6.

3 
–

52
.0

)
39

.0
 (3

3.
0 

–
50

.0
)

0.
19

0.
13

c
B 

=
-4

.3
(-1

1.
2 

–
2.

6)
0.

22
0.

01
To

ta
l s

co
re

44
.0

 (3
5.

5 
–

51
.8

)
38

.0
 (3

1.
0 

–
48

.0
)

0.
14

0.
14

c
B 

=
-4

.6
 (-

12
.0

 –
2.

7)
0.

21
0.

02
Sl

ee
p 

be
ha

vio
r (

C
SH

Q
)5 ,

M
dn

(IQ
R

)
To

ta
l s

co
re

41
.0

 (3
7.

3 
–

45
.8

)
42

.0
 (3

7.
0 

–
46

.3
)

0.
55

0.
06

c
B 

=
2.

5 
(-1

.5
 –

6.
4)

0.
22

0.
02

N
.A

., 
no

t a
pp

lic
ab

le
. C

on
tin

uo
us

 va
ria

bl
es

 a
re

 a
na

ly
ze

d 
wi

th
 in

de
pe

nd
en

t s
am

pl
es

 t-
te

st
s,

 M
an

n-
W

hi
tn

ey
 U

-te
st

s,
 a

nd
 m

ul
tiv

ar
ia

bl
e 

lin
ea

r r
eg

re
ss

io
n 

(fo
r c

ov
ar

ia
te

-
ad

ju
st

ed
 a

na
ly

se
s)

. 
D

ic
ho

to
m

ou
s 

va
ria

bl
es

 a
re

 a
na

ly
ze

d 
w

ith
 F

is
he

r’s
 e

xa
ct

 t
es

t, 
an

d 
lo

gi
st

ic
 li

ne
ar

 r
eg

re
ss

io
n 

(fo
r 

co
va

ria
te

-a
dj

us
te

d 
an

al
ys

es
). 

p<
0.

05
 is

 
co

ns
id

er
ed

 s
ta

tis
tic

al
ly 

si
gn

ifi
ca

nt
 fo

r p
rim

ar
y 

ou
tc

om
e 

an
al

ys
es

 (C
PI

), 
p<

0.
00

2 
is

 c
on

si
de

re
d 

st
at

is
tic

al
ly 

si
gn

ifi
ca

nt
 fo

r s
ec

on
da

ry
 o

ut
co

m
e 

an
al

ys
es

 (D
un

n–
Ši

dá
k 

co
rre

ct
io

n)
. E

ffe
ct

 s
iz

es
 a

re
 w

er
e 

ca
lc

ul
at

ed
 c

or
re

sp
on

di
ng

 to
 e

ac
h 

st
at

is
tic

al
 m

et
ho

d 
an

d 
in

te
rp

re
te

d 
ac

co
rd

in
g 

to
 C

oh
en

’s
 g

ui
de

lin
es

 92
.a E

ffe
ct

 s
iz

e 
C

oh
en

’s
 d

,
sm

al
l =

 0
.2

, m
ed

iu
m

 =
 0

.5
, l

ar
ge

 =
 0

.8
; b E

ffe
ct

 s
iz

e 
ph

i, 
sm

al
l =

 0
.1

, m
ed

iu
m

 =
 0

.3
, l

ar
ge

 =
 0

.5
; c E

ffe
ct

 s
iz

e 
Pe

ar
so

n’
s 

r, 
sm

al
l =

 0
.1

, m
ed

iu
m

 =
 0

.3
, l

ar
ge

 =
 0

.5
; 

d E
ffe

ct
 s

iz
e 

f2 , 
sm

al
l =

 0
.0

2,
 m

ed
iu

m
 =

 0
.1

5,
 la

rg
e 

= 
0.

35
; e O

dd
s 

R
at

io
 (O

R
), 

sm
al

l =
 1

.6
8,

 m
ed

iu
m

 =
 3

.4
7,

 la
rg

e 
= 

6.
71

 10
0 .

1 C
or

re
ct

ed
 fo

r s
oc

io
ec

on
om

ic
 s

ta
tu

s,
 

ch
ild

 s
ex

, c
um

ul
at

iv
e 

do
se

 (m
g/

kg
), 

tre
at

m
en

t d
ur

at
io

n 
(m

on
th

s)
, a

nd
 a

ge
 a

t t
re

at
m

en
t i

ni
tia

tio
n 

(m
on

th
s)

.2 O
ne

 a
te

no
lo

l-t
re

at
ed

 c
hi

ld
 h

ad
 a

 m
is

si
ng

 C
PI

 s
co

re
, 

n=
10

4 
(p

ro
pr

an
ol

ol
 n

=3
6;

at
en

ol
ol

 n
=6

8)
;3 R

es
ul

ts
 e

xc
lu

di
ng

 tw
o 

at
en

ol
ol

-tr
ea

te
d 

ou
tli

er
s 

th
at

 d
ev

ia
te

d 
m

or
e 

th
an

 3
 S

D
 fr

om
 s

am
pl

e 
av

er
ag

e 
du

e 
to

 u
nr

el
ia

bl
e 

as
se

ss
m

en
t, 

n=
10

3 
(p

ro
pr

an
ol

ol
 n

=3
6;

 a
te

no
lo

l n
=6

7)
;4 T

wo
 a

te
no

lo
l-t

re
at

ed
 c

hi
ld

re
n 

ha
d 

m
is

si
ng

 B
R

IE
F 

sc
or

es
, n

=1
03

 (p
ro

pr
an

ol
ol

 n
=3

6;
 a

te
no

lo
l n

=
67

);
5 F

ou
r 

pr
op

ra
no

lo
l-t

re
at

ed
 c

hi
ld

re
n 

an
d 

tw
o 

at
en

ol
ol

-tr
ea

te
d 

ch
ild

re
n 

ha
d 

m
is

si
ng

 C
SH

Q
 s

co
re

s,
 n

=9
8 

(p
ro

pr
an

ol
ol

 n
=3

2;
 a

te
no

lo
l n

=6
6)

.

34

Chapter 2

162613 Hermans BNW.indd   34162613 Hermans BNW.indd   34 20-03-2023   11:0220-03-2023   11:02



Table 3. Univariable analyses of the difference in neurocognitive functioning between children 
treated with beta-blockers for IH and normed scores based on the general Dutch population

All (n=105) Norm scores p-value Effect size

Intelligence (WISC-V-NL), M (SD)
Cognitive Proficiency Index1 100.7 (14.5) 100 (15) 0.64 0.07a

General Ability Index 101.4 (12.0) 100 (15) 0.24 0.07a

Full Scale IQ 100.7 (12.4) 100 (15) 0.56 0.07a

Visual Spatial Memory (NEPSY-II-NL), n (%)
Immediate recall

Clinical range (pct ≤ 10) 15 (14) 10% 0.14 0.14b

Non-clinical range (pct > 10) 90 (86) 90%
Delayed recall

Clinical range (pct  ≤ 10) 15 (14) 10% 0.14 0.14b

Non-clinical range (pct > 10) 90 (86) 90%
Narrative Memory (NEPSY-II-NL), n (%)

Clinical range (pct ≤ 10) 10 (10) 10% 0.87 0.02b

Non-clinical range (pct > 10) 95 (90) 90%
Auditory Memory (RAVLT)2, M (SD)

Immediate recall -0.2 (1.1) 0 (1.0) 0.026 0.23a

Delayed recall -0.3 (1.1) 0 (1.0) 0.013 0.26a

Executive Functioning (BRIEF)3, Mdn (IQR)
Behavioral Regulation Index 40.0 (33.0 – 52.0) 50 <0.001 0.59c

Metacognition Index 42.0 (34.0 – 50.0) 50 <0.001 0.59c

Total score 40.0 (33.0 – 50.0) 50 <0.001 0.61c

Sleep behavior (CSHQ)4, Mdn (IQR)
Total score 42.0 (37.0 – 46.0) 40.5 0.03 0.22c

Continuous variables are analyzed with one-sample t-tests or one-sample Wilcoxon signed rank tests. 
Dichotomous variables are analyzed with chi-square tests. p<0.05 is considered statistically significant 
for primary outcome analyses (CPI), p<0.002 is considered statistically significant for secondary outcome 
analyses (Dunn–Šidák correction). Effect sizes are were calculated corresponding to each statistical 
method and interpreted according to Cohen’s guidelines 92. aEffect size Cohen’s d, small = 0.2, medium 
= 0.5, large = 0.8. bEffect size phi, small = 0.1, medium = 0.3, large = 0.5. cEffect size Pearson’s r, small 
= 0.1, medium = 0.3, large = 0.5. 1One atenolol-treated child had a missing CCI score, n=104 (propranolol 
n=36; atenolol n=68). 2Results excluding two atenolol-treated outliers that deviated more than 3 SD from 
sample average due to unreliable assessment, n=103 (propranolol n=36; atenolol n=67). 3Two atenolol-
treated children had missing BRIEF scores, n=103 (propranolol n=36; atenolol n=67). 4Four propranolol-
treated children and two atenolol-treated children had missing CSHQ scores, n=98 (propranolol n=32; 
atenolol n=66).
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Discussion

This two-center study is the largest study to date investigating the long-term 
neurocognitive functioning of otherwise healthy children (age ≥6 years old) who, as 

infants, had received propranolol or atenolol for IH. Considering the drug 
characteristics of propranolol, we expected that children treated with propranolol 
would have lower scores on a pre-specified outcome measure for working memory, 
processing speed, and attention (CPI) in comparison to children treated with 
atenolol. Our results show no differences between the two groups for the CPI and 
secondary outcomes. Furthermore, neurocognitive outcomes did not differ between 
the total sample and children from the general population. However, in post-hoc 
analyses, males had substantially lower CPI scores.

The finding that the level of neurocognitive functioning at school age was not 
different between children treated with either propranolol or atenolol during infancy, 
is not in line with expectations based on the pharmacological characteristics and side 
effect profiles of these beta-blockers. Although propranolol passes the blood-brain 
barrier, it does not seem to affect neurocognitive development during infancy. If, 
nevertheless, any disruption of CNS development occurs under the influence of 
beta-blockers during infancy, the neurocognitive consequences of this disruption 
may be resolved by brain plasticity.95

The lack of difference in the level of neurocognitive functioning between children 
treated with beta-blockers and children in the general Dutch population is in line with 
previous studies of children treated with propranolol for IH.53,54 These earlier studies, 
however, had small sample sizes, which limits the ability to draw conclusions. Our 
study analyzed 105 children, and provides further evidence that beta-blockers are 
generally safe as far as long-term neurocognitive functioning is concerned. We found 
that scores on parent-reported executive functioning were better than norm scores. 
Since parents were aware of the research hypothesis, expectation bias may have 
influenced reporting. Nonetheless, the combined results illustrate that the studied 
children perform at an adequate level in both a research setting and daily life. 

The results regarding the 20 males in our sample should be interpreted with 
caution. Males had substantially lower CPI scores, both compared to females treated 
with beta-blockers and compared to males from the normative sample (1:1 matched
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for sex, age, and mother’s education). This difference was considered clinically 

significant, as it may have implications for the educational attainment of these 
males.96 In our sample, we found that females represented the full range of the 
normal distribution, whereas males only represented the lower range of the normal 
distribution. A similar distribution of scores was observed in raw data published by 
González-Llorente and colleagues (2017).54 Underlying mechanisms may be sex 
differences in brain plasticity and neurological vulnerability during infancy, 
pharmacokinetic differences between males and females, or unknown pathology 
leading to both IH and cognitive problems in males.97-99 Given these results, we 
cannot be certain about the long-term safety of beta-blocker treatment in male infants 
until further research has been done with a larger sample. Working together, the 
clinician and parents should weigh the risks and benefits before starting treatment of 
IH with beta-blockers, especially when the child is male.

A strength of the current study is the substantial size of our unique cohort of 
children who received either propranolol or atenolol independent of disease 
characteristics. The large sample size enabled us to control for covariates such as 
sex, mother’s education level, and dose-related variables. Additionally, we applied 
measures that are sensitive to subtle deviations in neurocognitive functioning. 

We maintained strict inclusion criteria. Therefore, the results cannot as yet be 
extrapolated to the entire population of children who have received beta-blockers for 
IH, e.g. preterm infants or children who have been treated for less than 6 months. 
Given our negative findings and in this strictly defined sample, we cannot exclude a 
type II error, although the CPI difference found between both beta-blocker groups is 
not considered clinically relevant. Additionally, as in previous research, the current 
research was limited by a lack of a suitable control group of children with complicated 
IH not receiving beta-blocker treatment, since withholding beta-blocker treatment for 
complicated IH is considered unethical. 

In conclusion, this study provides robust evidence that for children with IH, 
treatment with propranolol or atenolol is not associated with long-term deficits in 
neurocognitive functioning. Although beta-blockers thus appear to be a safe 
treatment for IH with regard to long-term neurocognitive functioning, there are
concerns about possible effects of this treatment on the long-term neurocognitive 
functioning of males.
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Table S2. Characteristics of males and females treated with beta-blockers (propranolol or 
atenolol) for infantile hemangioma 

Males (n=20) Females (n=85)

Demographics
Child age, years

Median (IQR) 7.5 (6.9 – 8.0) 7.4 (6.5 – 8.2)
Range 6.0 – 10.9 6.5 – 11.8

Child migration background1, n (%)
Yes 3 (15) 7 (8.2)
No 17 (85) 77 (91)
Unknown 0 (0.0) 1 (1)

Education mother, n (%)
Low 3 (15) 11 (13)
Average 7 (35) 21 (25)
High 10 (50) 52 (61)
Unknown 0 (0.0) 1 (1.2)

Home language, n (%)
Dutch 17 (85) 81 (95)
Other 0 (0.0) 1 (1.2)
Multilingual 3 (15) 3 (3.5)

Confirmed diagnosis, n (%)
ADHD 1 (5.0) 5 (5.9)

Clinical information
Location of IH2, n (%)

Head and neck region 18 (90) 66 (78)
Trunk 1 (5.0) 12 (14)
Genital area 2 (10) 11 (13)
Extremities 0 (0.0) 7 (8.2)

Ulcerated IH, n (%)
Yes 6 (30) 23 (27)
No 14 (70) 62 (73)

2

41

Neurocognitive functioning

162613 Hermans BNW.indd   41162613 Hermans BNW.indd   41 20-03-2023   11:0220-03-2023   11:02



Table S2. Characteristics of males and females treated with beta-blockers (propranolol or 
atenolol) for infantile hemangioma (continued)

Males (n=20) Females (n=85)

Beta-blocker treatment, n (%)
Propranolol 7 (35) 29 (34)
Atenolol 13 (65) 56 (66)

Treatment center, n (%)
Erasmus MC 6 (30) 28 (33)
UMCU 14 (70) 57 (67)

Age at treatment initiation, months
Median (IQR) 3.6 (2.6 – 5.7) 3.5 (2.1 – 5.1)
Range 1.7 – 11.4 0.9 – 8.3

Treatment duration, months
Median (IQR) 13.6 (10.2 – 19.5) 13.7 (11.2 – 19.2)
Range 7.5 – 41.3 6.4 – 62.7

Average dose, mg/kg/day
Median (IQR) 1.5 (1.0 – 1.8) 1.2 (1.0 – 1.8)
Range 0.9 – 2.1 0.8 – 2.5

Peak dose, mg/kg/day
Median (IQR) 2.0 (1.1 – 2.1) 1.5 (1.0 – 2.1)
Range 1.0 – 2.7 1.0 – 14.0

Cumulative dose, mg/kg
Median (IQR) 624.5 (337.8 – 1099.7) 562.1 (387.2 – 846.6)
Range 214.5 – 2206.1 186.6 – 3544.0

1Child migration background, categorized as: ‘yes’ = one or both parents born abroad, or ‘no’ = both 
parents born in the Netherlands; 2The variable ‘location of IH’ encompasses all IH involved in the study. 
In the current study, a total of 105 patients had a total of 128 IH. 
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Since 2008, beta-blockers have been the first-line treatment for infantile 
hemangioma (IH). Because side effects of treatment during infancy may become 
visible later in life, the aim of this study is to describe the physical health and 
development of children (≥6 years old) treated during infancy for IH with either 

propranolol or atenolol.
This two-center cross-sectional study was part of a larger long-term follow-up 

project.101 Between August 2019 and March 2020, all eligible children (n=158) were 
asked to participate. Eligible children had IH, were aged ≥6 years old, and had been 

treated during infancy (≤1 year old) for at least 6 months with either propranolol (≥2 

mg/kg/day) or atenolol (≥1 mg/kg/day), following clinical practice guidelines. Children 

born preterm (<37 weeks of gestation), children with low birth weight (<2.5 SD for 
gestational age), and children with suspected genetic syndromes (e.g. PHACES) 
were excluded from the study. 

In total, 103 eligible children were included (65% inclusion). 35% of the children 
had been treated with propranolol, and, consequently, 65% with atenolol (Table 1). 
The systolic and diastolic blood pressure was significantly higher than reference
values, adjusted for age, sex, and height (0.88 and 0.30 standard deviation, 
respectively).102 All other physical measurements did not differ from reference values 
or between beta-blocker groups, when corrected for multiple comparisons (Dunn-
Sidak corrected alpha=.005).103 Most parents (99%) rated their child’s health as 

‘good’ or ‘very good’. Reported health problems were: atopic dermatitis (n=33, 30%), 
asthma (n=9, 8%), and respiratory tract infections (n=9, 8%). Incidences of all parent-
reported health problems did not differ from the general population (Dutch public 
health registry; Supplementary Material S1, available via Mendeley at DOI: 
10.17632/45s3dnp2vr.1). No differences were found between both beta-blocker 
groups on any of the parent-reported health outcomes. No additional health 
concerns or developmental problems were identified during the systematic clinical 
examination of the children by the pediatrician (assessed characteristics in 
Supplementary S2, available via Mendeley at DOI: 10.17632/45s3dnp2vr.1).

Overall, this extensive clinical assessment of children (6-12 years old), 
previously treated with propranolol or atenolol for IH revealed no long-term health or 
developmental problems. Although we observed statistically higher blood pressure 
values, these were not clinically relevant at the assessment age of the children. We 
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hypothesized higher blood pressure could be due to white coat hypertension, since 
we used a single measurement of blood pressure and lacked a control group of 
untreated children with equally severe IH. Still, a permanent rise of blood pressure 
may cause cardiovascular problems later in life. Therefore, a longitudinal study on 
blood pressure in children treated with beta-blockers for IH, with multiple 
measurements at each visit, is required to support our findings. International 
collaboration using a registry might be undertaken to support this design and to 
clarify the association between the decrease in blood pressure during beta-blocker 
treatment of IH and a possible permanent rise in blood pressure later in life.104 This 
may also elucidate the potential harmful effects and allow unraveling of 
pathophysiological mechanisms. Further exploration of alternative agents that 
induce tumor reduction without cardiovascular sequelae may be of interest.105
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Abstract

Infantile hemangiomas are common benign tumors of infancy, effectively treated with 
beta-blockers, like propranolol and atenolol. Different types of beta-blockers may 
result in different long-term esthetic outcome. This study evaluated the difference in 
long-term esthetic outcome between infantile hemangiomas treated with either 
propranolol or atenolol, including the perspective of physicians, parents, and 
children. Children, aged ≥6 years and treated with propranolol or atenolol for infantile 

hemangioma during infancy, participated in this two-center cross-sectional study. 
The primary endpoint was change in appearance of the infantile hemangioma from 
pre-treatment to follow-up, using a physician-rated visual analogue scale (VAS). 
Secondary outcomes were the Patient Observer Scar Assessment Scale (physician-
and parent-rated) and a VAS (child-rated), assessing the residual lesion. In total, 103 
children (35 propranolol, 68 atenolol) were analyzed. No differences between 
children treated with propranolol and children treated with atenolol were found on 
physician-rated VAS (p=.10) or any secondary outcomes. Physicians indicated a 
large esthetic improvement from pre-treatment to follow-up. Physicians, parents and 
children were positive about the present state of the residual lesion. Minor sequelae 
were common (86%). These results, in combination with the favorable safety profile 
of atenolol, should be considered when choosing beta-blocker treatment for infantile 
hemangioma. 
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Introduction

Infantile hemangiomas (IH) are the most common benign tumors of childhood, with 
estimated incidences varying between 2.0% and 4.5%.3,4,106 IH typically develop 
within the first few days to weeks after birth. They undergo rapid growth during the 
first months of life (proliferative phase), before entering a spontaneous and slow 
involution phase, which can last several years.107 Although the duration of IH 
involution varies between patients, most involution takes place during the first 4 
years of life.14,15 After involution, up to 69% of untreated IH show sequelae, like 
telangiectasia, fibrofatty tissue, and anetodermia.15,16,60

Up to 38% of IH require treatment during infancy to prevent or treat complications, 
such as ulceration, functional impairment, or disfigurement.19 Since 2008, 
propranolol has become the first-choice treatment of these complicated IH.20

Propranolol is a non-selective lipophilic beta-blocker that effectively promotes tumor 
involution. Possible side effects of propranolol treatment are respiratory symptoms 
(e.g. bronchospasm), central nervous system effects (e.g. sleep disorders), 
hypoglycemia, hyperkalemia, and cold extremities.108 Atenolol, a predominantly β1-
selective and hydrophilic beta-blocker, has been used in the treatment of IH as well, 
either to prevent (β2-blockade associated) side effects or to increase compliance as 
a result of once-daily dosing.30 Several studies have shown equal efficacy and fewer 
side effects of atenolol compared to propranolol.30-32,35,36,109,110

When choosing a beta-blocker to treat IH, the long-term esthetic outcome should 
also be taken into account, as residual lesions and disfigurement may affect 
appearance and psychosocial functioning of children at school-age.69 Previous 
follow-up of Asian children (mean age 6 years) who had been treated with 
propranolol for IH during infancy showed that 72.4% had retained significant or 
severe sequelae, most commonly telangiectasia, fibrofatty tissue, and erythema.61

Although studies about the efficacy of propranolol and atenolol have been published, 
long-term esthetic outcome studies comparing propranolol and atenolol treatment 
for IH are lacking. Furthermore, in previous studies, treatment effect was mostly 
clinician assessed, while the perspective of parents or children were not reported.111

The aim of the current study was to compare the long-term esthetic outcome 
of IH treated with propranolol or atenolol during infancy, including the perspective of 
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physicians, parents, and patients. Considering the comparable impact on IH 
involution of both beta-blockers, we expected no long-term esthetic differences 
between propranolol and atenolol treatment.30-32,35,36,109,110

Materials and methods

Design and setting

This study was part of a two-center cross-sectional study conducted at the vascular 
anomaly centers of the Erasmus MC, University Medical Center Rotterdam 
(Erasmus MC, Rotterdam, The Netherlands) and the University Medical Center 
Utrecht (UMCU, Utrecht, The Netherlands). Both centers introduced propranolol 
treatment in 2008. UMCU switched to atenolol treatment in 2009 and Erasmus MC 
switched to atenolol treatment in 2013. This condition enabled studying an 
internationally unique cohort of school-aged children, who had received either 
propranolol or atenolol, independent of their disease characteristics. The methods of 
this study were described previously.101 This study was exempt from the Dutch 
Medical Research Involving Human Subjects Act according to the Institutional 
Review Boards of the Erasmus MC (MEC-2019-0268) and the UMCU (19-115/C). 
All parent(s)/guardian(s) provided written informed consent.

Participants

All children born between 2008 and 2014 (age ≥6 years old upon participation in the 

study) and treated for IH at Erasmus MC or UMCU were screened for participation. 
Children were actively recruited between April 2019 and December 2019, with the 
last child assessed in March 2020. Eligible children had IH previously treated with 
either oral propranolol at ≥2 mg/kg/day or oral atenolol at ≥1 mg/kg/day; had a 

treatment duration of ≥6 months; and were ≤1 year old at beta-blocker treatment 
initiation. Children who had received treatment for the IH subsequent to the oral 
propranolol or atenolol treatment (e.g. laser, surgery, cryotherapy, or oral or 
intralesional corticosteroids), were excluded from the study. In addition, complete 
subcutaneous IH, not eligible for clinical scoring, were excluded from the analyses.

All participating children received a dermatological examination (follow up visit)
by a pediatric dermatologist (MdG, SP), who was blinded to the type of beta-blocker 
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treatment. During the dermatological examination, the pediatric dermatologist, a 
parent, and the child independently rated the present state of the residual lesion. A 
professional photographer took three standardized photographs of each residual 
lesion; one frontal and two sagittal (both sides) pictures, all with ruler. From medical 
records photographs of the IH prior to beta-blocker treatment, information about the 
clinical characteristics of the patient, clinical characteristics of the IH, details of the 
beta-blocker treatment, and occurrence of side effects during beta-blocker treatment 
were retrieved. 

Measurements 

The primary endpoint was the overall esthetic improvement of the IH. The pediatric 
dermatologists (MdG, SP) and a pediatric plastic surgeon (CB), all three blinded for 
the type of beta-blocker treatment, individually scored improvement of the IH within 
a specific child, between pre-treatment photographs and photographs of the lesions 
at follow-up. A total score for each child was determined during a consensus 
meeting. Since no standard measure to assess the long-term esthetic outcome of IH 
exists, a visual analogue scale (VAS physician) was used, which ranges from 0 
(meaning 0% improvement compared to pre-treatment photographs) to +100 
(meaning 100% improvement compared to pre-treatment photographs/no residual 
lesion; Figure 1).35,112 When scoring the VAS, the physicians took into account the 
extent to which telangiectasia, fibrofatty tissue, atrophic scar, excess skin, erythema, 
hyperpigmentation, impression, and hypopigmentation were present. 

As secondary endpoints, a pediatric dermatologist (MdG, SP), a parent, and the 
child evaluated the residual lesion at follow-up by using the Patient and Observer 
Scar Assessment Scale (POSAS) and a VAS child. The POSAS consists of two 
components, of which the Observer Scar Assessment Scale (OSAS) was evaluated 
by the pediatric dermatologist and the Patient Scar Assessment Scale (PSAS) was 
evaluated by a parent.113 The OSAS includes an evaluation of the vascularity, 
pigmentation, thickness, surface relief, pliability, and surface area of the residual 
lesion, and an evaluation of the overall appearance of the residual lesion. The PSAS 
includes an evaluation of pain, itching, color, stiffness, thickness, and irregularities 
in relation to the residual lesion, and an evaluation of the overall appearance of the 
residual lesion. All items are scored on a 10-point rating scale, in which 1 
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corresponds to ‘normal skin’ appearance and 10 corresponds to the worst 
imaginable residual lesion. The child was asked to rate the current appearance of 
the IH on a VAS ruler, on which different smiley faces corresponded to the outcomes 
0 (excellent) to 10 (poor; a link to an image of the VAS ruler is provided in the 
reference).114 Previous research has shown that the validity of the VAS is adequate 
in children at this age.115 Afterwards, children were asked to explain why they gave 
a particular score. The pediatric dermatologist additionally recorded whether 
telangiectasia, fibrofatty tissue, atrophic scar, excess skin tissue, erythema, 
hyperpigmentation, impression, and hypopigmentation were present (1) or absent 
(0). Finally, the child’s skin type was categorized according to the Fitzpatrick 

classification.116

Data analysis

In case of multiple IH, the most problematic tumor (i.e. the tumor that was the 
indication to initiate beta-blocker treatment) was included in the analyses. To analyze 
differences between children treated with propranolol and atenolol on the primary 
outcome (VAS physician) and all secondary outcomes (POSAS, VAS child), Mann-
Whitney U-tests were used. A multivariable linear regression was performed to 
control for confounders (sex, follow-up time, age at treatment initiation, treatment 
duration, and cumulative dose), using the VAS physician or any secondary outcome 
as the dependent variable and beta-blocker type as predictor. If residuals were not 
normally distributed, we performed an inverse square root data transformation. 
Qualitative data, i.e. children’s comments on their VAS scores, were evaluated with 

an exploratory thematic analysis.117

Data collected during the follow-up visits were entered into an online OpenClinica 
3.12.2 database. All data were analyzed using SPSS 25.0. As missing data were 
rare (<5% of data), complete case analysis was used. A two-sided p<.05 was 
considered statistically significant in the analysis of the primary outcome. Accounting 
for six multiple comparisons, a two-sided p<.009 was considered statistically 
significant in analysis of the secondary outcomes (Dunn-Šidák correction).
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Figure 1. Photographs of the infantile hemangioma before beta-blocker treatment initiation 
and at follow-up.

Top photograph: infantile hemangioma located on the nose before initiation of beta-blocker treatment 
(atenolol) at the age of 3 months. Bottom photograph: infantile hemangioma showed 96% improvement 
on the physician-rated visual analogue scale (VAS physician) at the child’s age of 7 years. 
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Results

Participant characteristics

Figure 2 shows the recruitment flowchart. In total, 103 children were included in the 
study analyses (66% of 157 eligible children). Of these children, 35 (34%) had been 
treated with propranolol and 68 (66%) had been treated with atenolol (Table 1).

Nine children (2 propranolol-treated, 7 atenolol-treated; 3% of all 299 screened 
patients) were excluded, because they received surgical excision of their residual 
lesion subsequent to beta-blocker treatment. During the study, the parents of two 
children (1 propranolol-treated, 1 atenolol-treated) expressed interest in surgical 
excision of the residual lesion, but their child had not yet received surgery. 

Most children were female (n=83, 81%), had Fitzpatrick skin type I or II (pale 
white or fair skin; n=83, 81%), and had IH located in the head or neck area (n=81, 
79%). These participant characteristics did not differ between children treated with 
propranolol and children treated with atenolol. The seemingly proportionate 
differences between both beta-blocker groups related to ulceration and morphology 
were also not significant (p=.12 and p=.09, respectively). The median time since end 
of beta-blocker treatment (follow-up time) was 5.9 (IQR=5.7–6.6) years and did not 
differ between both beta-blocker groups. Given the standard treatment dose of 2 
mg/kg/day for propranolol and 1 mg/kg/day for atenolol, differences in treatment 
dose were as expected. The treatment duration was longer in the propranolol group 
(median=18.0, IQR=12.2-22.0) compared to children treated with atenolol 
(median=13.0, IQR=10.4-15.8). Two children had experienced severe side effects 
(defined as side effect requiring dose adjustment or treatment discontinuation). 
These included one child treated with propranolol, who experienced hypoglycemia, 
which led to a physician-initiated discontinuation of treatment. The other child was 
treated with atenolol and experienced severe sleep disturbance, which led to a 
physician-initiated adjustment of treatment dose below the standard 1 mg/kg/day.
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Figure 2. Recruitment flowchart

Abbreviations: np, number of patients treated with propranolol; na, number of patients treated with atenolol; 
np&a, number of patients treated with both propranolol and atenolol.
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Table 1. Participant characteristics

All (n=103) Propranolol (n=35) Atenolol (n=68)
Demographics

Child age (years), median (IQR) 7.5 (6.9-8.6) 8.1 (7.3-9.2) 7.2 (6.7-8.3)
Female sex, n (%) 84 (81) 28 (80) 56 (81)
Skin type (Fitzpatrick), n (%)

I – Pale white skin
II – Fair skin
III – Darker white skin
≥IV – (Light – dark) brown skin

45 (44)
38 (37)
17 (17)

3 (3)

18 (51)
11 (31)
5 (14)
1 (3)

27 (40)
27 (40)
12 (18)

2 (3)

Beta-blocker treatment 
Cumulative dose (mg/kg)

median 
IQR

568.3
385.6-855.2

1101.7
707.7-1280.2

418.7
310.0-619.7

Treatment duration (months)
median 
IQR

13.7
10.9-19.3

18.0
12.2-22.0

13.0
10.4-15.8

Average dose (mg/kg)
median 
IQR

1.2
1.0-1.8

1.9
1.8-2.0

1.0
1.0-1.2

Peak dose (mg/kg)
median
IQR

1.6
1.0-2.1

2.1
2.0-2.4

1.0
1.0-1.6

Age at treatment initiation (months)
median 
IQR

3.5
2.3-5.1

3.6
2.7-5.

3.4
2.2-5.0

Follow-up time (years)
median 
IQR

5.9
5.4-6.6

6.2
5.6-6.7

5.8
5.4-6.5
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Table 1. Participant characteristics (continued)

All (n=103) Propranolol (n=35) Atenolol (n=68)
Hemangioma characteristics

Size1, n (%)
<1 cm
1-3 cm
3-5 cm
>5 cm

19 (19)
42 (41)
19 (19)
21 (21)

4 (12)
12 (35)
7 (21)
11 (32)

15 (22)
30 (45)
12 (18)
10 (15)

Ulceration, n (%)
Absent
Present

75 (72)
29 (28)

22 (63)
13 (37)

53 (77)
16 (23)

Depth1, n (%)
Superficial
Deep
Mixed

40 (40)
12 (12)
49 (48)

13 (38)
5 (15)
16 (47)

27 (40)
7 (10)
33 (49)

Morphology1, n (%)
Focal
Segmental
Indeterminate
Multifocal

71 (70)
11 (11)
18 (18)

1 (1)

21 (62)
7 (21)
6 (18)
0 (0)

50 (75)
4 (6)

12 (18)
1 (2)

Location, n (%)
Head and neck
Genital area
Other

82 (79)
12 (12)
10 (9)

22 (63)
7 (20)
6 (17)

60 (87)
5 (7)
4 (6)

1Missing data: two children (one treated with propranolol and one treated with atenolol) were not 
photographed prior to beta-blocker treatment, n=101 (propranolol n=34, atenolol n=67). 

Comparison between propranolol and atenolol

The VAS physician did not differ between children treated with propranolol 
(median=95, IQR=90-99) and children treated with atenolol (median=96, IQR=90-
99; p=.89) in univariable analyses (Table 2). Similarly, analysis corrected for 
confounders showed no significant association of beta-blocker type with VAS 
physician scores (p=.10). Secondary outcomes (physician-rated OSAS, parent-rated 
PSAS, and VAS child) also did not differ between children treated with propranolol 
and children treated with atenolol.

4

63

Esthetic outcome

162613 Hermans BNW.indd   63162613 Hermans BNW.indd   63 20-03-2023   11:0220-03-2023   11:02



Ta
bl

e 
2.

Lo
ng

-te
rm

 e
st

he
tic

 o
ut

co
m

e 
of

 IH
 tr

ea
te

d 
wi

th
 p

ro
pr

an
ol

ol
 o

r a
te

no
lo

l d
ur

in
g 

in
fa

nc
y

Al
l(

n=
10

3)
Pr

op
ra

no
lo

l (
n=

35
)

At
en

ol
ol

(n
=6

8)
U

ni
va

ria
bl

e 
an

al
ys

is
M

ul
tiv

ar
ia

bl
e 

an
al

ys
is

M
ed

ia
n 

(IQ
R

)
M

ed
ia

n 
(IQ

R
)

M
ed

ia
n 

(IQ
R

)
p-

va
lu

e1
B

(9
5%

C
I)

p-
va

lu
e1

Ph
ys

ic
ia

n 
Vi

su
al

 A
na

lo
gu

e 
Sc

al
e2

95
 (9

0-
99

)
95

 (9
0-

99
)

96
 (9

0-
99

)
.8

9
0.

7 
(-0

.1
-1

.6
)

.1
0

O
bs

er
ve

r S
ca

r A
ss

es
sm

en
t S

ca
le

3

O
ve

ra
ll 

ap
pe

ar
an

ce
Va

sc
ul

ar
ity

Pi
gm

en
ta

tio
n

Th
ic

kn
es

s
R

el
ie

f
Pl

ia
bi

lit
y

Su
rfa

ce
 a

re
a

2 
(1

-3
)

2 
(1

-4
)

1
(1

-1
)

2 
(1

-2
)

1 
(1

-2
)

1 
(1

-2
)

1 
(1

-2
)

3 
(1

-4
)

2 
(1

-5
)

1 
(1

-1
)

2 
(1

-2
)

1 
(1

-3
)

1 
(1

-2
)

1 
(1

-2
)

2 
(1

-3
)

2 
(2

-3
)

1 
(1

-1
)

1 
(1

-2
)

1 
(1

-2
)

1 
(1

-2
)

1 
(1

-1
)

.0
62

0.
2 

(-0
.7

-1
.1

)
.7

2

Pa
tie

nt
 S

ca
r A

ss
es

sm
en

t S
ca

le
3

O
ve

ra
ll 

ap
pe

ar
an

ce
Pa

in
Itc

hi
ng

C
ol

or
St

iff
ne

ss
Th

ic
kn

es
s

Irr
eg

ul
ar

iti
es

2 
(1

-4
)

1 
(1

-1
)

1 
(1

-1
)

3 
(2

-4
)

1 
(1

-3
)

2 
(1

-4
)

2 
(1

-4
)

2 
(1

-4
)

1 
(1

-1
)

1 
(1

-1
)

3 
(1

-4
)

2 
(1

-4
)

3 
(1

-4
)

3 
(1

-6
)

2 
(1

-3
)

1 
(1

-1
)

1 
(1

-1
)

2 
(2

-4
)

1 
(1

-3
)

2 
(1

-3
)

1 
(1

-3
)

.6
0

0.
0 

(-0
.3

-0
.4

)
.8

0

C
hi

ld
 V

is
ua

l A
na

lo
gu

e 
Sc

al
e4

2 
(0

-3
)

2 
(0

-4
)

2 
(0

-2
)

.0
32

-0
.4

 (-
1.

9-
1.

1)
.6

0

1 p
-v

al
ue

s 
in

di
ca

te
 d

iff
er

en
ce

s 
be

tw
ee

n 
ch

ild
re

n 
tre

at
ed

 w
ith

 p
ro

pr
an

ol
ol

 o
r a

te
no

lo
l. 

O
ut

co
m

es
 a

re
 a

na
ly

ze
d 

wi
th

 M
an

n-
W

hi
tn

ey
 U

-te
st

s 
an

d 
m

ul
tiv

ar
ia

bl
e 

lin
ea

r 
re

gr
es

si
on

, a
dj

us
te

d 
fo

r t
he

 c
hi

ld
’s

 s
ex

, f
ol

lo
w

-u
p 

tim
e,

 th
e 

ch
ild

’s
 a

ge
 a

t t
re

at
m

en
t i

ni
tia

tio
n,

 a
nd

 c
um

ul
at

iv
e 

do
se

. 2 M
is

si
ng

 d
at

a:
 tw

o 
ch

ild
re

n 
(o

ne
 tr

ea
te

d 
wi

th
 

pr
op

ra
no

lo
l a

nd
 o

ne
 tr

ea
te

d 
wi

th
 a

te
no

lo
l) 

we
re

 n
ot

 p
ho

to
gr

ap
he

d 
pr

io
r t

o 
be

ta
-b

lo
ck

er
 tr

ea
tm

en
t, 

n=
10

1 
(p

ro
pr

an
ol

ol
 n

=3
4,

 a
te

no
lo

l n
=6

7)
. 3 M

is
si

ng
 d

at
a:

 o
ne

 
ch

ild
 in

 th
e 

at
en

ol
ol

 g
ro

up
 d

id
no

t p
ar

tic
ip

at
e 

in
 th

e 
de

rm
at

ol
og

ic
al

 a
ss

es
sm

en
t, 

n=
10

2 
(p

ro
pr

an
ol

ol
 n

=3
5,

 a
te

no
lo

l n
=6

8)
. 4 M

is
si

ng
 d

at
a:

 o
ne

 c
hi

ld
 in

 th
e 

at
en

ol
ol

 
gr

ou
p 

di
d 

no
t p

ar
tic

ip
at

e 
in

 th
e 

de
rm

at
ol

og
ic

al
 a

ss
es

sm
en

t a
nd

 o
ne

 c
hi

ld
 in

 th
e 

pr
op

ra
no

lo
l g

ro
up

 d
id

 n
ot

 p
ro

vi
de

 a
 V

AS
 s

co
re

,n
=1

01
 (p

ro
pr

an
ol

ol
 n

=3
4,

 a
te

no
lo

l 
n=

67
). 

64

Chapter 4

162613 Hermans BNW.indd   64162613 Hermans BNW.indd   64 20-03-2023   11:0220-03-2023   11:02



Overall esthetic outcome after beta-blocker treatment

Overall, VAS physician scores indicated strong improvement of the IH(median=95, 
IQR=90-99). At follow-up, the residual lesion was assessed by the physician, parent, 
and child. Most IH seemed to resemble normal skin, as indicated by the physician-
rated OSAS (median=2, IQR=1-3) and the parent-rated PSAS (median=3, IQR=1-
4). The scores of physicians and parents were highly correlated (p=<.001, 
Spearman’s ρ=.71).

Children generally gave low VAS scores (i.e. positive ratings) to the current 
residual lesion (median=2, IQR=0-4). Children’s scores were weakly correlated to 

those of physicians (p=.014, Spearman’s ρ=.24) and parents (p=.004, Spearman’s 

ρ=.29). The following themes emerged from the children’s comments: judgement 

based on lesion visibility (e.g. “I can hardly see it anymore.”, “Because [the lesion] is 

pretty. It’s part of who I am.”, “It bothers me that other people can see [the lesion] 

when I’m wearing a bathing suit.”); comparison to peers (e.g. “I find [the lesion] very 

special, I’m actually quite happy about it. Not many children have it”, “[The lesion] 

doesn’t hurt, but I sometimes find it unpleasant because I am the only one.”); 

comments from peers (e.g. “It’s pretty fun to have, but everyone asks me ‘what’s on 

your face?’”, “I don’t mind, but it’s annoying when other children ask questions about 

it.”, “It doesn’t really matter to me, if people ask about it I just tell them about it.”); and 

physical complaints (e.g. “Because it doesn’t hurt and you can’t really see it. I’m not 

unhappy about it. It actually doesn’t matter to me.”, “Sometimes it still hurts a little 

bit.”).

4

65

Esthetic outcome

162613 Hermans BNW.indd   65162613 Hermans BNW.indd   65 20-03-2023   11:0220-03-2023   11:02



Most IH had one or more types of sequelae (n=87, 86%; Table 3), most frequently
telangiectasia (n=67, 66%), fibrofatty tissue (n=44, 44%), and erythema (n=37, 
36%).

Table 3. Residual lesion of IH treated with propranolol or atenolol during infancy

All (n=102) Propranolol (n=35) Atenolol (n=66)1

Type of sequelae, n (%)

Telangiectasias
Fibrofatty tissue
Atrofic scar tissue
Excess skin tissue
Erythema
Hyperpigmentation
Impression
Hypopigmentation 

67 (65)
44 (43)
31 (30)
28 (27)
37 (36)
10 (10)

4 (4)
16 (16)

19 (55)
16 (46)
14 (40)
8 (23)
14 (40)

3 (9)
1 (3)
8 (23)

48 (71)
28 (41)
17 (25)
20 (29)
23 (34)
7 (10)
3 (4)
8 (12)

One or more types of sequelae 87 (86) 30 (86) 57 (86)

1Missing data: one child in the atenolol group was not assessed on types of sequelae, n=102 (propranolol 
n=35, atenolol n=66)

Discussion

This study showed, as hypothesized, no differences in long-term esthetic outcome 
of IH treated with either propranolol or atenolol, corrected for characteristics such as 
treatment duration, age of treatment initiation and follow-up time. Overall, physicians, 
parents, and children were positive about the present state of the residual lesion. 
Telangiectasia, fibrofatty tissue, and erythema were common but minor sequelae. 

In the daily practice of treating IH with beta-blockers, reducing the chance of side 
effects without sacrificing effectiveness in both the short- and long-term is 
important.30-32,35,36,109,110 Previous studies comparing short-term effectiveness of 
propranolol and atenolol treatment showed both beta-blockers induce similar 
reduction of hemangioma activity, ulceration healing time, and rebound rates, with 
less side effects reported for atenolol.31,32 This is in line with our finding that the long-
term esthetic outcome did not differ between IH treated with propranolol or atenolol. 
This finding, together with the reduced number of side effects of atenolol treatment 
(due to its β1-selective and hydrophilic properties), should be taken into 
consideration when choosing beta-blocker treatment for IH.30,32
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Physicians, parents, and children generally gave positive ratings of the residual 
lesion, and their scores were significantly correlated. So far, only few children had 
received surgical excision of the residual lesion. In contrast, previous long-term
follow-up of Asian children (mean age 6 years) treated with propranolol for IH 
concluded that 72.4% of the studied IH left significant or severe residual lesions that 
required subsequent laser therapy or surgery.61 The MRI analysis used in this study 
may have yielded other results than a standard clinical evaluation, as used in our 
study. Furthermore, the importance of physical appearance and the fear for 
psychosocial consequences of visible residual lesion may vary culturally.118

Considering IH are most common in Caucasian children and Asian skin may be more 
susceptible to sequelae such as hyperpigmentation, the results of this follow-up
study may not be applicable to all children with IH.62,119

Nonetheless, in our study, 86% of IH treated with beta-blockers had one or more 
types of sequelae, while in previous follow-up of untreated IH or uncomplicated IH 
treated with intralesional lauromacrogol injections, 43% to 69% of untreated IH had 
one or more types of sequelae.15,60,120 Our study possibly involved more severe IH 
than some previous studies, since we included complicated IH requiring beta-blocker 
treatment at a tertiary treatment center. Probably, IH severity is associated with the 
number of sequelae and overall esthetic outcome on the long-term.16 Further 
research into clinical characteristics of the IH associated with poor esthetic outcome 
after beta-blocker treatment could help physicians to predict high-risk lesions and 
guide further management of the residual lesion. 

A strength of this study is the multi-informant (physicians, parents, and 
patients) assessment of the residual lesion. Furthermore, this study involved live 
evaluation in addition to photograph assessments, both completed by physicians 
who were blinded towards treatment type. Consequently, this research closely 
reflects clinical practice. This research was limited by the lack of validated outcome 
measures to assess the severity of the long-term residual lesion.16,63 Because we 
excluded children who received surgical excision (3% of total screened population) 
of their residual lesion subsequent to beta-blocker treatment, some of the more 
severe hemangioma may have been excluded. This might have influenced the 
current results.
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In conclusion, this study shows that the long-term esthetic outcome does not 
differ between IH treated with propranolol or atenolol. Physicians, parents, and 
children were generally positive about the long-term esthetic outcome. These 
results, in combination with the favorable safety profile of atenolol, should be 
considered when choosing beta-blocker treatment for IH. Future research should be 
directed towards clinical characteristics of the IH, which could be indicative of long-
term esthetic outcome, rather than beta-blocker treatment type. 
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Abstract

Parents of infants treated with beta-blockers for infantile hemangioma (IH) are 
concerned about the long-term esthetic outcome. This cross-sectional study 
assessed the influence of IH characteristics, the beta-blocker treatment, and the 
infant on the long-term esthetic outcome. We included 103 children aged 6-12 years, 
treated with beta-blockers (propranolol or atenolol) for IH during infancy (age at 
treatment initiation ≤1 year) for ≥6 months. Dermatologists and parents scored the 

Patient Observer Scar Assessment Scale, and the child scored a Visual Analogue 
Scale. Dermatologists identified whether telangiectasia, fibrofatty tissue, and 
atrophic scar tissue were present. The long-term esthetic outcome of IH was more 
negatively judged by dermatologists and parents in case of  a superficial component, 
ulceration, older age at treatment initiation, higher cumulative dose, and/or shorter 
follow-up time. According to children, IH located on the head had better esthetic 
outcome than IH located elsewhere. Close monitoring, particularly of IH with a 
superficial component, is essential for early treatment initiation and to prevent or 
treat ulceration. These outcome data can support parental counseling and guide 
treatment strategy. 
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Introduction

Infantile hemangiomas (IH), the most common benign tumors of childhood, occur in 
approximately 2.0% to 4.5% of infants.3,4,106 IH typically show rapid growth during 
the first months of infancy (proliferative phase), before transitioning into spontaneous 
and slow involution (involution phase).13-15 Although the involution phase can 
continue throughout childhood, most involution takes place before the age of 3.5 
years.14

A substantial number of IH are systemically treated to prevent or treat 
complications like ulceration, functional impairment, or esthetic disfigurement.19

Since 2008, oral beta-blockers have been the first-choice treatment for these 
complicated IH.20,31,32 Despite effective beta-blocker treatment and spontaneous 
involution, IH may still leave long-standing sequelae, such as telangiectasia, 
fibrofatty tissue, and atrophic scar tissue.61 Parents are often concerned about the 
psychosocial consequences of visible sequelae at school-age, and worry about 
potential stigmatization and bullying.59 These concerns may guide treatment 
strategies, such as additional surgical excision or laser treatment of the residual 
lesion. To optimize parent counseling and guide treatment strategies, it is important 
to know which factors during infancy are associated with long-term esthetic outcome. 

Recently, we have demonstrated that the type of beta-blocker treatment 
(propranolol or atenolol) was not related to long-term esthetic outcome.85 Previous 
studies have shown that the esthetic outcome is influenced by IH 
characteristics.15,16,60,61,63-65 IH with a superficial component, ulcerated IH, and IH 
located on the scalp, forehead, cheeks and parotid area are at risk for more long-
term sequelae and poor esthetic outcome.15,16,60,61,63-65 Segmental IH are more likely 
to cause complications and require treatment when compared to focal or 
indeterminate IH, but the long-term esthetic outcome has not been studied 
yet.13,16,19,64 These studies either involved untreated IH or did not consider the aspect 
of variations in treatment-related variables (e.g. treatment dose, age at treatment 
initiation) or demographic variables (e.g. skin type, sex, socioeconomic status). 
Furthermore, esthetic outcome was mainly assessed by physicians and opinions of 
the child or parents were not taken into account.

5
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The aim of this study was to assess the association of characteristics of the IH 
(location, type, pattern, size, ulceration), the beta-blocker treatment (beta-blocker 
type, cumulative dose, age at treatment initiation, follow-up time), and the child (sex, 
skin type, maternal educational level) with the long-term esthetic outcome of IH after 
beta-blocker treatment, as judged by the dermatologist, parents and the child. 

Materials and methods

Design and setting

This study was part of a two-center cross-sectional study conducted at the vascular 
anomaly centers of the Erasmus MC, University Medical Center Rotterdam 
(Erasmus MC, Rotterdam, the Netherlands) and the University Medical Center 
Utrecht (UMCU, Utrecht, the Netherlands). The methods of this study were 
previously described in more detail.85,101 This study was exempt from the Dutch 
Medical Research Involving Human Subjects Act according to the Institutional 
Review Boards of the Erasmus MC (MEC-2019-0268) and the UMCU (19-115/C). 
All parent(s)/guardian(s) provided written informed consent.

Participants

Patient records of children born between 2008 and 2014 (age ≥6 years upon 

participation in the study) and treated for IH with beta-blockers at Erasmus MC or 
UMCU were screened for participation. Eligible children had been treated for IH with 
either oral propranolol (at a dose of ≥2 mg/kg/day) or oral atenolol (at a dose of ≥1 

mg/kg/day); had a treatment duration of ≥6 months; and were ≤1 year old at beta-
blocker treatment initiation. Those children were invited to participate. Children who 
had received treatment for IH subsequent to the beta-blocker treatment (e.g. laser, 
surgery, cryotherapy, or oral or intralesional corticosteroids), were excluded from the 
study. In addition, complete subcutaneous IH, not eligible for clinical scoring, were 
excluded from the analyses.

Children were actively recruited between April 2019 and December 2019, with 
the last child assessed in March 2020. All participating children had a dermatological 
examination by a pediatric dermatologist (MdG, SP). During this examination, the 
pediatric dermatologist, one of the parents, and the child independently rated the 
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present state of the residual lesion (Figure 1 and Figure 2). A professional 
photographer took three standardized photographs of each residual lesion; one 
frontal and two sagittal (both sides) pictures, all with ruler. From medical records we 
retrieved photographs of the IH prior to beta-blocker treatment, information about the 
clinical characteristics of the patient and of the IH, and details about the beta-blocker 
treatment. 

Measurements

A pediatric dermatologist (MdG, SP) and one of the parents evaluated the residual 
lesion at follow-up using the Patient and Observer Scar Assessment Scale 
(POSAS).113 The POSAS consists of two components, of which the Observer Scar 
Assessment Scale (OSAS) was evaluated by the pediatric dermatologist and the 
Patient Scar Assessment Scale (PSAS) was evaluated by the parent. Both 
components include an evaluation of the overall appearance of the residual lesion, 
scored on a 10-point rating scale, in which 1 corresponds to ‘normal skin’ 

appearance and 10 corresponds to the ‘worst imaginable’ residual lesion. The 

POSAS has sufficient internal consistency and reliability to evaluate scar 
appearance.113 The child was asked to rate the current appearance of the IH on a 
Visual Analogue Scale (VAS) ruler, on which different smiley faces corresponded to 
the outcomes 0 (excellent) to 10 (poor).114 Studies have shown that the validity of a 
VAS with smiley faces is adequate in children at this age.115 The pediatric 
dermatologist additionally recorded whether telangiectasia, fibrofatty tissue, and 
atrophic scar tissue were present (1) or absent (0). The child’s skin type was 

categorized according to the Fitzpatrick classification.116

Clinical characteristics (location, type, pattern, size, and ulceration) were 
determined by treating physicians (CB, EM, MdG, SP), based on photographs of the 
IH prior to beta-blocker treatment and using the classification system of the 
International Society for the Study of Vascular Anomalies (ISSVA) and definitions 
provided in clinical practice guidelines.2,21,121 Follow-up time was defined as the time 
between the cessation of beta-blocker treatment and participation in the study.
Maternal educational level was used for its association with socioeconomic status, 
healthcare access, and treatment compliance, and was categorized according to the 
International Standard Classification of Education (ISCED).91,122

5

75

Prognostic factors for esthetic outcome

162613 Hermans BNW.indd   75162613 Hermans BNW.indd   75 20-03-2023   11:0220-03-2023   11:02



Figure 1. Photographs of the infantile hemangioma before beta-blocker treatment initiation 
and at follow-up

Top photograph: female with a large (>50mm) ulcerated superficial and segmental infantile hemangioma 
located on the head, before initiation of beta-blocker treatment (propranolol) at the age of 3 months.

Bottom photograph: the residual lesion was scored during the follow-up visit, when the child was 6 years 
old. The pediatric dermatologist gave an Observer Scar Assessment Scale (OSAS) score of 5, parents 
gave a Patient Scar Assessment Scale (PSAS) score of 4, and the child gave a Visual Analogue Scale 
(VAS) score of 2. The pediatric dermatologist also determined that telangiectasia were present, and that 
fibrofatty tissue and atrophic scar tissue were absent. 
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Figure 2. Photographs of the infantile hemangioma before beta-blocker treatment initiation 
and at follow-up 

Top photograph: a female with a small (<30mm) superficial and focal infantile hemangioma with a 
tendency for ulceration and located on the lower eyelid, before initiation of beta-blocker treatment 
(atenolol) at the age of 2 months. 

Bottom photograph: the residual lesion was scored during the follow-up visit, when the child was 7 years 
old. The pediatric dermatologist gave an Observer Scar Assessment Scale (OSAS) score of 1, parents 
gave a Patient Scar Assessment Scale (PSAS) score of 2, and the child gave a Visual Analogue Scale 
(VAS) score of 0. The pediatric dermatologist also determined that telangiectasia, fibrofatty tissue, and 
atrophic scar tissue were absent. 
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Data analysis

In case of multiple IH, the most problematic tumor (i.e. the IH that was the indication 
to initiate beta-blocker treatment) was included in the analyses. Prior to analysis, 
missing data were imputed using multivariate imputation by chained equations 
(MICE). Three separate multivariable linear regression analyses were computed to 
investigate prognostic factors for three measures of esthetic outcome (i.e. PSAS, 
OSAS, VAS child). Three separate multivariable logistic regression analyses were 
computed to assess prognostic factors for telangiectasia, fibrofatty tissue, and 
atrophic scar tissue. For all analyses, the initial model included all candidate 
prognostic factors: characteristics of the IH (i.e. location, type, pattern, size, and 
ulceration), of the beta-blocker treatment (i.e. beta-blocker type, cumulative dose, 
age at treatment initiation, and follow-up time) included in a second model, based on 
a two-sided p<.20 to minimize optimism and selection bias. Data were analyzed
using R Studio version 4.1.1.123

Results

Participant characteristics

In total, 103 children were included in the analyses (66% of 157 eligible children). 
For an elaborate description, including a recruitment flowchart, see Hermans et 
al.85,101 Children were mostly female (81%; Table 1) and participated at a median 
age of 7.5 years (IQR 6.9-8.6). The majority of children had IH sized <30mm (60%), 
and IH were most commonly located on the head (79%). The median dermatologist-
rated OSAS score was 2 (IQR=1-3), the median parent-rated PSAS score was 2 
(IQR=1-4), and the median child-rated VAS score was 2 (IQR=0-3). Telangiectasia 
was present in 67 children (65%), fibrofatty tissue in 44 children (43%), and atrophic 
scar tissue in 31 children (30%).
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Table 1. Participant characteristics of variables included in the initial model

All (n=103)
Demographic characteristics

Sex, n (%)
Female 83 (81)
Male 20 (19)

Maternal educational level, n (%)
Low 14 (14)
Average 28 (27)
High 60 (58)
Missing 1 (1)

Skin type, n (%)
I – Pale white skin 45 (44)
II – Fair skin 38 (37)
III – Darker white skin 17 (17)
≥IV – (Light – dark) brown skin 3 (3)

Treatment characteristics
Beta-blocker type, n (%)

Propranolol 35 (34)
Atenolol 58 (66)

Age at treatment initiation (months), median (IQR) 3.5 (0.9 – 11.4)
Cumulative dose (mg/kg), median (IQR) 573.6 (186.6 – 3543.0)
Follow-up time (years), median (IQR) 5.9 (1.6 – 9.8)

Infantile hemangioma characteristics
Location, n (%)

Head 81 (79)
Genital area 12 (12)
Trunk or extremities 10 (10)

Size, n (%)
<30mm 62 (60)
30-50mm 20 (19)
>50mm 21 (20)

Ulceration, n (%)
Yes 29 (28)
No 74 (72)

Type, n (%)
Superficial 40 (39)
Deep 12 (12)
Mixed 49 (48)
Missing 2 (2)

Pattern, n (%)
Focal 72 (70)
Segmental 11 (11)
Indeterminate 18 (18)
Missing 2 (2)
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Prognostic factors for esthetic outcome as rated by dermatologists, 
parents, and children 

Table 2 shows the regression coefficients of the prognostic factors with p<.20 of 
dermatologists’, parents’ and children’s scores. Six variables contrived the best 

prognostic model for the dermatologist-reported OSAS scores . Deep IH (as 
opposed to mixed or superficial IH) and IH of males (as opposed to those of females) 
had better OSAS scores. Longer follow-up time was also associated with better 
OSAS scores. Ulcerated IH (as opposed to IH without ulceration), older age at 
treatment initiation, and a higher cumulative dose were related to worse OSAS 
scores. The adjusted R-squared showed that 42% of variance in OSAS scores was 
explained by these six variables. 

Comparable to the dermatologist-reported OSAS scores, prognostic factors for 
parent-reported PSAS scores were deep IH, the presence of ulceration, age at 
treatment initiation, cumulative dose, and follow-up time. In addition, IH sized 30-
50mm had worse PSAS scores than smaller or larger IH. In total, 29% of variance in 
PSAS scores was explained by these six factors.  

The aforementioned prognostic factors of dermatologist-reported OSAS and 
parent-reported PSAS scores were not significantly associated with child-reported 
VAS scores. Instead, child-reported VAS scores were only related to location of the 
IH. Hence, IH located in the head and face region had lower (=better) VAS scores 
than IH located elsewhere. This variable explained 10% of the variance in VAS 
scores. 

Prognostic factors for sequelae

Telangiectasia were associated with the following five prognostic factors (Table 3).
Deep IH (as opposed to mixed or superficial IH), focal IH (as opposed to segmental 
or indeterminate IH), and intermediate maternal educational level (as opposed to 
high or low maternal educational level) were less likely to have telangiectasia. On 
the other hand, ulcerated IH and IH requiring higher cumulative dose were more 
likely to have telangiectasia on the long-term. 
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Fibrofatty tissue was associated with four variables. Deep IH (as opposed to 
mixed or superficial IH) and ulcerated IH (as opposed to IH without ulceration) were 
less likely to have fibrofatty tissue. Males were less likely to have fibrofatty tissue 
than females. Higher cumulative dose was related to higher odds of having fibrofatty 
tissue. 

Atrophic scar tissue was less common in children with longer follow-up time. 
Males were more likely to have atrophic scar tissue than females. Also, IH sized 30-
50mm (as opposed to smaller or larger IH) and ulcerated IH (as opposed to IH 
without ulceration) were more likely to have atrophic scar tissue. 

Discussion

In 103 children who had been treated with beta-blockers (propranolol or atenolol) for 
IH during infancy (median age at treatment initiation 3.5 months), we identified 
prognostic factors for the long-term esthetic outcome using characteristics of the IH, 
of the beta-blocker treatment, and of the child. Esthetic outcome was evaluated by 
dermatologists, parents, and children. Additionally, we identified prognostic factors 
for developing telangiectasia, fibrofatty tissue, and atrophic scar tissue on the long 
term.

The significant prognostic factors for dermatologist- and parent-rated esthetic 
outcome largely matched. IH with a superficial component (i.e. superficial or mixed 
IH), ulcerated IH, and children with older age at treatment initiation, higher 
cumulative dose, or shorter follow-up time had worse esthetic outcome. Some of 
these variables were also associated with sequela type: IH with a superficial 
component and children with higher cumulative dose were at risk for the 
development of telangiectasia and fibrofatty tissue. As expected, ulcerated IH were 
more likely to have telangiectasia and atrophic scar tissue as compared to IH without 
ulceration, but were less likely to have fibrofatty tissue. Longer follow-up time was 
associated with higher risk for atrophic scar tissue. These results, based on 
multivariable analyses of IH treated with either propranolol or atenolol, are 
substantiated by results of previous studies using univariable analyses of untreated 
IH and IH treated with propranolol.15,16,61,66-68 A higher cumulative dose of the beta-
blocker treatment likely reflects more severe IH and is therefore associated with poor 
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outcome. The results underline the importance of close monitoring of IH with a 
superficial component to establish early treatment initiation and to prevent or treat 
complications such as ulceration. Furthermore, the association between longer 
follow-up time and better esthetic outcome emphasizes that  the spontaneous 
involution phase continues throughout childhood after beta-blocker treatment which 
may be reassuring to parents.

When controlled for variables such as ulceration and IH type, the child’s sex and 
the size of the IH were related to esthetic outcome. Females had an esthetic outcome 
rated as worse by the dermatologist and were more likely to exhibit fibrofatty tissue 
than males. Possibly, the healing mechanism of IH is sex-dependent, given the sex 
differences in the prevalence of severe IH, and sex differences of the skin, 
particularly in wound healing.5,124,125 IH sized 30-50mm had worse parent-rated 
esthetic outcome and were more likely to have atrophic scar tissue, as compared to 
smaller (<30mm) or larger (>50mm) IH. Literature suggests that medical conditions 
with intermediate visibility may lead to worse psychological adjustment than medical 
conditions with low or high visibility.126 Perhaps the initial expectations about the 
long-term esthetic outcome may not always match the actual long-term esthetic
outcome, leading to negative appraisal. Specifically, parents of infants with either 
small or large IH may expect either few or many sequelae respectively, while parents 
of infants with medium sized IH may be less certain about the long-term esthetic 
outcome. This hypothesis should be tested in larger sample sizes. Nevertheless, the 
results emphasize the importance of creating appropriate expectations about the 
long-term esthetic outcome, which could be facilitated by the current results. 

Location was not associated with dermatologist- or parent-rated esthetic 
outcome, but was the only prognostic factor for child-rated esthetic outcome. 
Children gave better scores to IH located in the head and face region than IH located 
elsewhere. Previous research of school-aged children who had received varying 
treatments for IH, showed IH on the scalp, forehead, cheeks, and parotid area had 
more volumetric regression and less severe sequelae compared to IH located 
elsewhere.63 In addition, we hypothesize children may be habituated to a residual 
lesion located on the head, given they see these IH every day by looking into the 
mirror, while residual lesions located elsewhere on the body may be less often visible 
for them. 
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The significant prognostic factors explained 42% of variance in dermatologist-
rated esthetic outcome, 29% of variance in parent-rated esthetic outcome, and 10% 
of variance in child-rated esthetic outcome. The unexplained variance could be 
accounted for in several ways. First, other mechanisms may contribute to the long-
term esthetic outcome of IH, such as a genetic predisposition. Second, additional 
subgrouping (e.g. using developmental units 127 to estimate location, instead of 
global categories) may further clarify how characteristics during infancy contribute to 
esthetic outcome on the long-term, but this requires a very large sample size to 
prevent power problems. Third, older children (e.g. adolescents) may be more 
concerned with esthetic outcome, both as a result of ongoing cognitive development 
that enables self-reflection and the increased importance of body image in 
adolescence.128,129 Including adolescents in future research, could therefore lead to 
more variation in reports. 

Strengths of this study include the consideration of multiple perspectives (i.e. 
dermatologists, parents, and children) and multivariable analyses to evaluate 
esthetic outcome, in contrast to previous research that primarily considered 
univariable analyses of physician-rated esthetic outcome. As patient-centered care 
involves integrating multiple characteristics and the assessment of dermatologists, 
parents and children, our results closely reflect clinical practice and are readily 
applicable. This study is limited by the lack of validated outcome measures to score 
the long-term esthetic outcome of IH. Furthermore, we examined a large number of 
prognostic factors and outcomes in a relatively small and homogeneous sample size, 
meaning overfitting and false positive results are plausible. For instance, the finding 
that average maternal educational level (as opposed to high or low maternal 
educational level) was associated with fewer telangiectasia, may have been 
coincidental. Exact prognoses based on the models here should be tested in larger
patient groups. Nevertheless, the fact that our study confirms previous findings in 
untreated IH or IH treated with propranolol advocates for the generalizability of our 
results. 

In conclusion, a superficial component, ulceration and older age at treatment 
initiation are negatively associated with long-term esthetic outcome of IH treated with 
either propranolol or atenolol. Furthermore, as expected, ulcerated IH and a higher 
cumulative dose of beta-blocker treatment are associated with a poorer esthetic
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outcome in terms of sequelae. In order to optimize the long-term esthetic outcome, 
close monitoring of proliferating IH, especially IH with a superficial component, is 
required. This may facilitate early treatment initiation to prevent or treat ulceration,
to optimize parent counseling and to guide treatment strategies after beta-blocker 
treatment.
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Abstract

Objective: Life can be challenging for children with a visible difference due to a 
medical condition and they might be at risk for emotional and behavioral problems. 
This study examines emotional and behavioral problems in children with a Cleft Lip
with or without Palate (CL±P) or an Infantile Hemangioma (IH) in relation to the 
visibility of the condition, the presence of additional condition-related problems and 
parental affect. 

Setting: This cross-sectional study took place in an academic medical hospital in 
Rotterdam, the Netherlands.

Participants: A total of 309 parents (Mean age=40.34, 44.00% male) of 182 children 
with CL±P and 48 parents (Mean age=39.21, 37.50% male) of 33 children with an 
IH completed questionnaires. Children were 1.5 to 12 years old. 

Results: Parents reported fewer child emotional and behavioral problems compared 
to normative data. Problems reported were mainly related to learning difficulties and 
parent gender, while visibility of the condition had no significant influence. Parental 
negative affect was related to child internalizing problems. Parental positive affect 
was not related to any of the outcome measures. 

Conclusions: Parents reported fewer problems for their children compared to 
normative data. This is inconsistent with previous research, showing similar or worse 
scores for these children compared to peers. Our findings may be explained by a 
protective parenting style, a response shift in parents or problems developing at a 
later point in life.
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Introduction

In societies that place high demands on physical appearance, coping with a visible 
difference due to a medical condition, such as cleft lip with or without palate (CL±P) 
or an infantile hemangioma (IH), can be challenging. Children with a visible 
difference that is present from birth or early infancy are at risk for negative social 
interactions, including stigmatization and bullying.153 These social interactions may 
be associated with emotional and behavioral problems and can negatively impact 
the overall quality of life of children with a visible difference.77,154

CL±P is one of the most common craniofacial anomalies with 1 occurrence per 
700-1100 live births.155,156 IH is the most common vascular tumor with an estimated 
incidence of 2.0% to 4.5% in infants, often located in the head and neck area.3,4,106

Both conditions are visible from birth or shortly after, may cause significant functional
problems during infancy and leave permanent scars.156,157 Nonetheless, the nature 
of the visible differences and functional problems may be different, potentially 
associated with variation in emotional and behavioral functioning. 

A range of findings has been reported regarding emotional and behavioral 
problems in children with CL±P.158 Some studies report an increased number of 
psychological difficulties in children with CL±P compared to children from the general 
population, while other studies suggest that children with CL±P do not have more 
psychological difficulties.159-165 The nature and the extent of emotional and 
behavioral problems vary according to the child’s age and gender.159,160,166

Furthermore, emotional and behavioral problems may be more prevalent in children 
with visible cleft as opposed to children with a nonvisible cleft.167

Previous studies suggest that children with IH have an average or a better quality 
of life than children without IH.78,79 Nonetheless, parents report that their school-aged 
children with IH exhibit more negative emotions compared to peers.79 In addition, 
children with IH experience negative observer responses such as staring, when the 
IH is at a visible location or medically complicated.79 Yet, research has not found 
elevated levels of emotional or behavioral problems in children with IH.53,59,168

However, small sample sizes may have led to inconclusive results. Furthermore, 
associations between emotional and behavioral problems and visibility or additional 
medical problems were not explored. 
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Given concerns about the impact of the visible medical conditions CL±P and IH, 
an investigation of emotional and behavioral problems in these patient groups is 
highly relevant. Conclusions about why some patients with CL±P or IH, but not 
others, experience mental health problems are hard to draw.138,166 Adjustment to 
living with a visible difference involves a complex interplay of physical, sociocultural 
and psychological factors.139,169 It is commonly assumed that the degree of visibility 
of a medical condition is directly associated with mental health problems in children 
with visible differences. However, results in the literature are variable.170 It has been 
suggested that the relationship between visibility and mental health problems follow 
an inverted U-shape, with individuals with minor or major visibility experiencing less 
stress.171 Additionally, parent-reported or child-reported subjective visibility of a 
child’s medical condition may be a more appropriate indicator of a child’s emotional 

and behavioral problems than clinician-reported visibility of a child’s medical 

condition.171,172

Children develop within the broader context of their family. Parents may also be 
emotionally affected by having a child with a visible difference.139 In turn, parental 
emotions may influence emotional and behavioral problems in their children. For 
example, children of parents with psychopathology have an elevated risk for 
developing psychiatric symptoms.173 Similarly, parenting stress is associated with 
increased parent-reported emotional and behavioral problems in children with CL±P
or IH.80 On the other hand, parental positive affect promotes child development.174

Additional medical difficulties could also play a role in emotional and behavioral 
problems of children with CL±P or IH.79,170 IH may be life- or function-threatening 
during infancy, obstructing vital organs and causing feeding difficulties.157 Feeding 
problems in infants can impact parent-child interaction and indirectly contribute to 
infant mental health.175 At school age, speech problems and academic problems in 
children with CL±P, such as learning disability, low academic achievement and 
grade retention, are also associated with emotional and behavioral problems.176,177

Finally, child behavioral problems vary according to a child’s age, gender and 
socio-economic status.141 Parental characteristics, such as parent age and gender 
also play a role in the assessment of child emotional and behavioral problems.178,179

Therefore, these variables have to be taken into account as covariates when 
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identifying the association between emotional and behavioral problems and the 
visibility of CL±P or IH, parental affect and condition-related difficulties.

Our aim was to answer the following two research questions: 
1) Do children with CL±P or IH experience different levels of emotional and 

behavioral problems compared to children in the general population? 
2) Which factors are associated with emotional and behavioral problems in 

children with CL±P or IH? 
We expect that parent-perceived visibility of the medical condition, parental affect 

and additional condition-related difficulties (i.e., feeding problems, eating problems, 
learning difficulties and psychosocial problems) are associated with emotional and 
behavioral problems in children with CL±P or IH, when corrected for child age, child 
gender, parent age, parent gender and socio-economic status. 

Materials and methods

This study was part of a larger project assessing parental well-being as described in 
van Dalen et al.80 Ethical approval for this study was obtained from the Medical 
Ethics Review Committee of the Erasmus MC Sophia Children’s Hospital, University 

Medical Center Rotterdam, the Netherlands (MEC-2006-185 and MEC-2008-191). 
This study was conducted in accordance with the Declaration of Helsinki.180 This
article was written in accordance with the STROBE guidelines.181

Sample and procedure

Recruitment took place at the Department of Dermatology in the Center of Pediatric 
Dermatology and the Department of Oral and Maxillofacial surgery of the Erasmus 
MC Sophia Children’s Hospital. Recruitment took place from 2008 until 2011 and 
data was later analyzed and reported in 2019 and 2020 by a PhD student. Parents 
were included in the study if they 1) had sufficient knowledge of the Dutch language 
and 2) had a child between 0 and 12 years of age with CL±P (isolated cleft palate 
excluded due to the nonvisible nature) or an IH (regardless of location on the body). 
This age range was chosen as in Dutch children often make the transition to 
secondary education at age 12. For many parents and their children this is seen as 
the end of childhood and the start of adolescence. There were no additional 
exclusion criteria. For our analyses, children younger than 1.5 years were excluded.
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Each family was sent an informed consent letter, two questionnaires and a 
prepaid envelope. Parents were explicitly asked to fill out the questionnaires 
independently from their partner. Children did not complete any questionnaires. As 
an incentive, parents received a small gift for their child. Reminders were sent after 
approximately one month and after 3 months. 

Medical care at the Erasmus MC Sophia Children’s Hospital, the 
Netherlands

Cleft care was provided at the Erasmus MC Sophia Children’s Hospital, the 

Netherlands, by multidisciplinary teams with average cleft lip surgery at age of three 
months and cleft palate closure at average age of 12 months. The alveolar cleft is 
closed around 9-12 years of age. Access to speech therapy is guaranteed through 
the treating hospital. Patients are followed up regularly by the multidisciplinary team 
until age 22. 

Medical care for patients with an IH was provided at the Center for Vascular 
Anomalies at the Erasmus MC. Treatment (such as propranolol topical/systemic, 
prednisone, system/intralesional, surgery) was administered to children with IH. All 
treated IHs were either potentially life-threatening or had functional risk, local 
discomfort or severe cosmetic consequences. In case of treatment, follow-up is until 
the end of systemic treatment. If cosmetic surgery is a suspected possibility, the IHs 
or its residuals are re-evaluated at about age 3.

Instruments

Parent and child demographic characteristics

Demographic and participant characteristics were obtained using questionnaires and 
included age and ethnicity of children and parents and parental educational level as 
a proxy measure of socio-economic status. Parental education was divided into low, 
middle and high, based on the International Standard Classification of Education 
(ISCED) guidelines.182

Child Emotional and Behavioral problems

Validated Dutch versions of the Child Behavior Checklist, designed for ages 1½-5
(CBCL 1½-5) and ages 6-18 (CBCL 6-18) were used to assess child emotional and 
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behavioral problems, reported by parents. The CBCL 1½-5 consists of 100 items, 
the CBCL 6-18 has 120 items, both scored on a 3-point scale ranging from 0 (not 

true) to 2 (very true or often true).178,183

For this study, the Total Problems scale and the Internalizing and Externalizing 
scales were used. The Total Problems scale is the sum of all items. To calculate the 
Internalizing scale for the CBCL 1½ -5 the syndrome scales Emotionally Reactive, 
Anxious/Depressed, Somatic Complaints and Withdrawn Behavior were used. For 
the CBCL 6-18, the syndrome scales Anxious/Depressed, Withdrawn/Depressed 
and Somatic complaints were summed. The Internalizing scale measures problems 
that are present mainly within the child. To calculate the Externalizing scale on the 
CBCL 1½ - 5, the syndrome scales Attention Problems and Aggressive Behavior 
were summed. For the CBCL 6-18, the syndrome scales Rule Breaking Behavior 
and Aggressive behavior were summed. The Externalizing scale measures 
problems with regards to conflicts with others and the conflicts in the expectation 
others have of the child.

Raw scores can be converted to T-scores based on age (and gender for the
CBCL 6-18). T-scores are normally distributed with a mean of 50 and a standard 
deviation of 10. T-scores of 60 to 63 (84th to 90th percentile) are considered 
borderline clinical range and scores above 64 are in the clinical range.

Internal consistencies for the scales range from α = .89 to α =.99.178,183 In the 
present study, Cronbach’s alpha ranged between α = .84 and α = .98 for the CBCL 
1½ -5 and between α = .86 and α = .98 for the CBCL 6-18.

Parental positive and negative affect

To measure parental affect, the Dutch version of the Positive and Negative Affect 
Schedule was used (PANAS).184 The PANAS consists of the subscales Positive 
Affect (PA) and Negative Affect (NA). PA refers to the extent to which a person feels 
enthusiastic, active and alert. High scores reflect a state of high energy, full 
concentration and pleasurable engagement. In contrast, NA refers to a general 
dimension of subjective emotional distress and includes a variety of aversive mood 
states, including anger, anxiety and disgust. High scores on the NA scale indicate 
more distress. Both scales consist of 10 items, using a five-point Likert scale ranging 
from 1 (very slightly or not at all) to 5 (very much). Parents were instructed to indicate 
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how they had been feeling during the last two weeks. Scale scores are obtained by 
summing the item scores. 

The PANAS has good psychometric properties, with α = .89 for PA and α = .85 
for NA.185 In the present study, Cronbach’s alphas were α = .89 and α = .85 for the 
PA and NA scales respectively.

Visibility

To assess the visibility of the condition, parents were asked two questions, both 
measured on a 5-point Likert scale: (1) “To what extent do you think your child’s 

condition is visible?” and (2) “To what extent do you experience that bystanders look 

at your child’s condition?” (both ranging from not at all to very much). Item scores 
were added to derive a total visibility score. The items correlated significantly (r =
.59, p < .001) and the scale was reasonably reliable (α = .72).

Additional condition-related difficulties

Three additional questions measured other problems related to the medical 
condition. Questions were asked on feeding problems (e.g., “Does your child have 

feeding problems?”), speech problems and learning difficulties. All items were rated 

on a 5-point Likert scale.

Statistical analysis

Statistical analyses were performed using Rstudio version 1.3.959.186 Missing data 
was handled using multiple imputation. Multiple imputation was performed using the 
MICE package in R.187

The frequency of scores on the CBCL in the subclinical and clinical ranges was 
calculated. For children where both parents completed the questionnaires, a 
Pearson correlation was calculated to assess concordance. Additional analyses 
were run for parents’ PANAS scores, comparing parents’ scores to normative data. 

These are reported in the supplementary materials.
The first research question was tested using one sample t-tests to compare T-

scores on the CBCL Total Problems, Internalizing and Externalizing scales to 
normative data. The T-scores were compared to a mean T-score of 50 with a 
standard deviation of 10. As one sample t-tests do not account for clustering in the 
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data (i.e., two parents reporting on the same child), separate analyses were 
conducted for mothers and fathers. 

The second research question was tested using Linear Mixed Models (LMM). In 
cases were both mother and father participated, there were two parent-reports for 
the same child. LMM account for this clustering in the data, so both parent-reports 
can be analyzed in the same model. Three models were calculated. One for the Total 
Problems scale, one for the Internalizing scale and one for the Externalizing scale. 
Type of condition (CL±P or IH), parent-perceived visibility of the condition, parental 
affect, feeding difficulties, speech difficulties and learning difficulties were entered as 
predictors. To assess whether visibility was associated with a possible U-shape, as 
described by Moss, visibility was entered into the model with two splines.171 In 
addition, to test whether the predictors differed depending on the type of condition, 
an interaction term with condition was entered for all predictors. Child age, child 
gender, parent age, parent gender and socio-economic status were entered as 
covariates. A model with all covariates was computed, after which a second model 
was calculated excluding the non-significant predictors. Both models were 
subsequently compared using a likelihood ratio test to assess which model had a 
better fit to the data. 

To account for multiple testing the False Discovery Rate (FDR) method as 
proposed by Benjamini and Hochberg was used.188 All p-values were two-tailed and
were compared to α=.05. 

Results

Participants

A total of 337 families with a child with CL±P and 72 families with a child with IH were 
approached. Four parents with a child with CL±P and four parents with a child with 
IH indicated that they did not have sufficient knowledge of the Dutch language. The 
response rate was 45.7% for CL±P and 34.0% for IH. A total of 357 questionnaires 
of parents of children older than 1.50 years were returned and analyzed. Detailed 
sample characteristics are shown in Table 1. Overall, 203 mothers and 154 fathers 
of 215 children participated. Concerning CL±P, 40 (22.98%) children had an isolated 
cleft lip and 142 (78.02%) had a combined cleft lip and palate. Most clefts (N = 137, 
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75.69%) were unilateral. Concerning IH, 26 children (78.79%) had hemangiomas 
located on the face or on the head, 4 (12.12%) on the face and on the body and 3 
(9.09%) on the body. Parents’ concordance between Total, Internalizing and 

Externalizing scores on the CBCL ranged from r = .62 to r = .67. 

Table 1. Descriptive statistics

CL±P (N = 309) IH (N = 48)
Parent gender, N (%)

Male 136 (44.00) 18 (37.50)
Female 173 (56.00) 30 (62.50)

Parent age, mean (SD) 40.34 (6.30) 39.21 (5.37)
Age range 25.61 – 71.46 25.39 – 49.92
Child gender, N (%)

Male 119 (65.38) 8 (24.24)
Female 63 (34.62) 25 (75.76)

Child age, mean (SD) 7.27 (2.71) 6.63 (2.79)
Age range 2.42 – 12.57 1.51 – 11.71
Parent Nationality, N (%)

Dutch 301 (97.40) 46 (95.83)
Other/unknown 8 (2.60) 2 (4.17)

Parent Education, N (%)
Low 34 (11.00) 4 (8.33)
Average 146 (47.25) 23 (47.92)
High 122 (39.48) 20 (41.67)
Other/unknown 7 (2.27) 1 (2.08)

Additional problems, mean (SD)
Feeding problems 1.28 (0.79) 1.33 (0.99)
Speech problems 2.14 (1.18) 1 (0)
Learning difficulties 1.38 (0.90) 1.22 (0.49)

CL±P = Cleft Lip with or without Palate, IH = infantile hemangioma
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As seen in Supplemental Table S1 and Table S2, all the parents in this study 
had significantly less negative affect than adults in the norm group. Parental positive 
affect did not differ from the norm group, except for a small effect size of lower 
positive affect for fathers of a child with a cleft.

Comparison to norm group

Overall, 8.8 – 16.4% of children with CL±P were rated by their parent as experiencing 
(sub)clinical problems. In children with IH this percentage was 0 – 5.6%. The 
breakdown of children experiencing subclinical or clinical problems is shown in Table 
2 and Table 3.

To assess whether children with CL±P or IH experience more emotional- and 
behavioral problems than children in the general population, their scores on the 
CBCL were compared to the normative data. Results are shown in Table 2 and 
Table 3.

Analyses were not performed for total and internalizing problems for fathers of 
children with an IH, as these variables were not normally distributed and had a very 
low N. Non-parametric tests were not performed due to the low N.

Overall, parents of children with CL±P and IH reported less emotional and 
behavioral problems regarding their children than parents of children in the norm 
group. For parents of children with CL±P the effect sizes ranged from small to 
medium (δ = 0.18 to δ = 0.57).189 For parents of children with IH the effect sizes 
range could all be classified as large (δ = 0.80 to δ = 1.05).189
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Predictors and correlates of emotional- and behavioral problems

To assess what variables are related to the scores for total, internalizing and
externalizing problems, linear mixed models were computed. For all three outcomes, 
the condition, parental positive affect, child age, child gender, parental age and SES 
(parental education) did not add significantly to the model. None of the interaction 
terms were significant, meaning that the type of condition (CL±P or IH) did not 
influence the relation between the predictors and the CBCL scores. Results can be 
seen in Table 4.

Table 4. Determinants of CBCL problem scales scores: results of linear mixed models

Learning difficulties Parent gender PANAS Negative affect

Total problems
B 4.32 2.69 ---
Std. Error 0.78 0.70
Unadjusted p -value <.001 <.001
Adjusted p-value <.001 <.001

Internalizing problems
B 2.96 2.24 0.38
Std. Error 0.73 0.73 0.10
Unadjusted p -value <.001 .002 <.001
Adjusted p-value <.001 .003 <.001

Externalising problems
B 3.03 2.29 ---
Std. Error 0.74 0.74
Unadjusted p -value <.001 .002
Adjusted p-value <.001 .003

The model that best predicted total problems included learning difficulties 
(t(106.62) = 5.51, padjusted = <.001) and parent gender (t(4126.41) = 3.83, padjusted =
<.001). Hence, parents reported more problems when the child had more learning 
difficulties and when the mother completed the questionnaires. 

The model that best predicted internalizing problems included the variables 
learning difficulties, parent gender and parental negative affect. Parents reported 
more internalizing problems for their child when the child had more learning 
difficulties and when the parent themselves experienced more negative affect. 
Furthermore, fathers reported significantly less internalizing problems than mothers.

7
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The model that best predicted externalizing problems included the variables 
learning difficulties (t(352.29) = 4.07, padjusted = <.001) and parent gender 
(t(20,424.90) = 3.11, padjusted = .003). Both variables were significantly related to 
externalizing problems. Hence, parents of children with more learning difficulties and 
mothers reported more externalizing problems.

Discussion

This study assessed parent-reported emotional and behavioral problems in children 
with the visible conditions CL±P or IH aged 1.5 to 12 years old. We expected more 
emotional and behavioral problems in both patient groups when compared to 
normative data of same-aged peers. Contrary to this expectation, the results of the 
current study indicated significantly fewer emotional and behavioral problems in 
children with CL±P and IH when compared to normative data. In the CL±P group, 
8.8 – 16.4% of children experienced subclinical or clinical problems. In the IH group 
this percentage was 0 – 5.6%. As these represent scores in the 84th percentile or 
higher, our sample had less children in the subclinical or clinical range than might be 
expected.178,183

Current results are inconsistent with findings from some previous studies, which 
found either no significant differences with norm data, or significantly more emotional 
and behavioral problems in children with a visible difference.53,77,164-166,190,191 The only 
previous study on Dutch children with an oral cleft found no differences in emotional 
and behavioral problems when compared to normative data.192 It remains unclear 
whether children with a visible difference are at risk for experiencing emotional and 
behavioral problems.

This study’s current findings can be explained in several ways. A first explanation 

may be that children with CL±P or IH grow up in a protective environment. Parents 
may perceive children with a visible difference as more vulnerable, which could elicit 
a protective parenting style. Such overprotection has previously been shown in a 
meta-analysis including parents of children with a chronic medical condition.193

Appropriate protection may facilitate positive emotional and behavioral development 
throughout childhood. Nonetheless, appropriate protection also includes a certain 
amount of autonomy support, which was recently associated with better child quality 
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of life, less externalizing behavior and less anxiety in a meta-analysis.194 A second 
explanation is that emotional and behavioral difficulties in children with CL±P or IH 
are less prevalent during childhood than in puberty. This may be due to 
methodological differences between studies, with research in young children often 
using parent/caregiver reports, while research in adolescent populations often use 
self-reports. Moreover, body image plays a more prominent role in wellbeing during 
adolescence.129 Indeed, studies have shown that the majority of adolescents in the 
general population experience body dissatisfaction.195 Body dissatisfaction has been 
linked to negative outcomes such as social anxiety and school avoidance and 
depressive symptoms and could thus play a vital role in the origin of emotional and
behavioral problems.196,197 Its role in people with a visible difference remains 
unclear, but there are indications that satisfaction with appearance decreases with 
age for people with CL/P.190 A third possibility is that parents of children with CL±P 
or IH may exhibit a response shift. Response shift is a shift in an individual’s 

perception of health and well-being, which can occur due to potentially challenging 
circumstances (e.g., parenting a child with a visible condition).198 Possibly, parents 
of children with CL±P or IH have a more positive or a milder perception of emotional 
and behavioral problems than other parents and evaluate their child’s behavior in a 
more positive way. 

The second research question involved an investigation of factors associated 
with emotional and behavioral problems in children with CL±P or IH. Our analyses 
led to three major results. First, learning difficulties and parent gender were related 
to all emotional and behavioral problem areas (i.e., total problems, internalizing
problems and externalizing problems). Second, parental negative affect was 
associated with the child’s internalizing problems, but not with the child’s 

externalizing or total problems. Third, parent-reported subjective visibility was not 
associated with any of the emotional and behavioral problem areas. Lastly, the type 
of condition (CL±P or IH) did not influence the relation between the predictors and 
CBCL scores.

Consistent with our results, learning difficulties have previously been recognized 
as risk factor for emotional and behavioral problems and psychopathology 199,200. In 
this study, the role of parent gender was similar to the general population, as 
described in the CBCL manual: mothers reported more child problems than 
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fathers.141,201 Possible explanations are a different parent-child interaction and 
differences between the roles of fathers and mothers within the family.141,202

Our finding that parental negative affect is associated with child internalizing
problems can be linked to previous research showing a relationship between 
parental stress and child emotional and behavioral problems. However, this 
relationship was not specific to internalizing problems.80,203 The association found in 
the current study may reflect the familial aggregation of anxiety and depression. 
Although the major source of familial anxiety and depression seems genetic, 
parenting practices, including parental control, are also related to childhood 
anxiety.204,205 Theoretical models including social learning theory and attachment 
theory emphasize the role of parenting in child development.206-208 Furthermore, 
common method variance may have played a role in the current study. The same 
informant completed questionnaires about both their parental affect and their 
children’s emotional and behavioral problems. Parents with a more negative affect 
could have reported more emotional and behavioral problems in their children. 
Similarly, parents with internalizing problems are prone to observe internalizing
problems in their children.209 Any correlations between informants (i.e., between the 
mother and father of the same child) were adjusted for in our statistical analyses. 

Concerning the visibility of CL±P or IH, previous results on the association 
between visibility of a medical condition and emotional and behavioral problems 
have been mixed. Possibly, children and parents are used to the always present 
visible nature of CL±P or IH. This may not impact functioning as much as repeatedly 
recurring problems related to the medical condition. 

The current study includes some strengths and limitations. Strengths of the 
current study were the sample size (n = 357) and number of fathers participating (n 
= 154). Fathers are often not included in other studies, especially when the target 
group involves children below the age of 3.202 Mothers and fathers each provide an 
unique view of their child’s development. This unique point of view was highlighted 

in the current study, in which mothers appointed different scores to their child’s 

emotional and behavioral functioning than fathers. Hence multi-informant research 
is important in obtaining a detailed view of the child’s development. 

The current research involved a few limitations. First, this study was limited due 
to a low response rate of both patient groups (45.7% for children with CL±P and 

124

Chapter 7

162613 Hermans BNW.indd   124162613 Hermans BNW.indd   124 20-03-2023   11:0220-03-2023   11:02



34.0% for children with IH). Second, our sample was selected from a tertiary health 
care center, which could entail more severe cases IH. Furthermore, our sample 
mostly involved highly educated parents. Therefore, parents in our study may have 
access to more resources to help their children with emotional or behavioral
problems, compared to a more evenly distributed or lower educated group of 
families. Third, parents could have been influenced by a social desirability bias and 
completed the questionnaires to encompass less problems than they actually 
experienced. However, questionnaires have a lower social desirability bias than 
other methods such as a face-to-face interview.210 Fourth, despite requesting 
parents to complete the questionnaires independently from each other, we cannot 
guarantee that all parents complied with these instructions, as the questionnaires 
were completed without supervision of the research team. Hence, some parents 
could have influenced each other during completion of the questionnaires. Fifth, this 
study was limited by the lack of a standardized measure of the functional impact of 
children’s CL±P or IH diagnosis. Finally, treatment status was not accounted in the 

analysis. 
To address the abovementioned limitations, we advise future research to include 

children from multiple health care settings, have a representative group of parents 
across a wider range of educational attainment, gather information about treatment 
status, and construct standardized measures to capture the impact of diagnoses. 
Furthermore, qualitative research is needed to assess specific concerns that might 
not have been addressed in our questionnaires. These studies can also help to 
indicate what factors, such as parenting style or a response shift, play a role in the 
etiology of the current findings. In addition, replication across countries and cultures 
is needed. 

In conclusion, this study showed that parents of children with CL±P or IH report 
less emotional and behavioral problems in their children compared to the general 
population. Nonetheless, some children appear to be at risk. These include children 
with increased learning difficulties and children of parents with heightened negative 
affect. To identify patients most at risk, we advise clinicians to use screening 
questionnaires in clinical follow-up. These can be used to offer timely psychological 
support.
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Supplementary documents

The full supplementary appendix is accessible under the following link: 
https://journals.sagepub.com/doi/suppl/10.1177/10556656211031411/suppl_file/sj-
pdf-1-cpc-10.1177_10556656211031411.pdf

Supplementary Analyses

Means and standard deviations were calculated for mothers and fathers of children 
with CL±P or IH. To assess whether our sample differed from other adults, one 
sample t-tests were done. We compared our sample to data from a Dutch validation 
study.211

As these analyses were exploratory, analyses were run, regardless of the amount 
of participants in a group. As an indication of effect size, Cohen’s d was calculated 
and interpreted according to the guidelines by Cohen.189

To correct for multiple testing, the False Discovery Rate (FDR) method as 
proposed by Benjamini and Hochberg was used for all eight tests combined.188 All
p-values were two-tailed and were compared to α = .05. 

Supplementary Results

The results are shown in Table S1 and Table S2. All parents reported experiencing 
significantly less negative affect than adults in the norm group. Effect sizes were 
large and ranged from 1.29 to 1.73. Results for positive affect were less conclusive. 
Fathers of children with CL±P reported significantly less positive affect than 
normative data. However, with an effect size of d = 0.26, the effect size can be 
considered small. Mothers of children with CL±P and fathers and mothers of children 
with IH did differ significantly from normative data. Effect sizes were small to medium.
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Table S1. Comparison of parents with a child with CL±P to normative data (one sample t-tests)

Parent
Sample Norm group

p-value Adjusted p-value Cohen’s dN Mean (SD) Mean (SD)

Negative affect Mothers 173 15.21 (5.53) 23.1 (6.6) <.001 <.001 1.43
Fathers 136 14.55 (4.62) 20.8 (6.1) <.001 <.001 1.35

Positive affect Mothers 173 32.78 (6.99) 33.9 (4.9) 0.042 0.056 0.16
Fathers 136 32.78 (7.39) 34.6 (5.6) 0.007 0.011 0.26

Table S2. Comparison of parents with a child with IH to normative data (one sample t-tests)

Parent

Sample Norm group

p-value Adjusted p-value Cohen’s dN Mean (SD) Mean (SD)

Negative affect Mothers 30 14.90 (4.73) 23.1 (6.6) <.001 <.001 1.73
Fathers 18 15.61 (4.03) 20.8 (6.1) <.001 <.001 1.29

Positive affect Mothers 30 33.27 (7.46) 33.9 (4.9) 0.646 0.646 0.08
Fathers 18 31.31 (8.01) 34.6 (5.6) 0.122 0.139 0.41
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Long-term follow-up of children with infantile hemangioma

Parents and physicians are concerned about the difficulties school-aged children 
treated with beta-blockers for infantile hemangioma (IH) during infancy may face. 
Beta-blockers may have long-term effects on neurocognitive functioning, and living 
with a visible difference may challenge social functioning.129

In response to these concerns, this thesis provides a multidisciplinary overview 
of the functioning of school-aged children who had been treated with propranolol or 
atenolol for IH during infancy. Functioning was explored within four domains: 1) 
neurocognitive functioning; 2) physical health; 3) esthetic outcome; and 4) mental 
health. The following section evaluates the five aims that were proposed in the 
Introduction (Chapter 1) and elaborates on the theoretical interpretation of the 
findings. Subsequently, strengths and limitations of the conducted studies are 
discussed. Then, the studies are placed into the broader perspective of the available 
literature to answer four contemporary questions raised in clinical practice. Finally, 
directions for future research are provided. 

Main findings

Aim 1. To compare the neurocognitive functioning, the physical 
health, and the mental health between school-aged children who had 
been treated with propranolol and school-aged children who had been 
treated with atenolol for IH during infancy. 

Propranolol induces more central nervous system and bronchial effects than atenolol 
in infants with IH.31,32 Therefore, we expected more negative effects in school-aged 
children treated with propranolol than in those treated with atenolol. Our 
neuropsychological, pediatric, and mental health assessments consistently showed 
no differences between both beta-blocker groups (Chapter 2, 3, 6). All analyses 
were corrected for the following covariates: sex, current age, maternal educational 
level, age at beta-blocker treatment initiation, beta-blocker treatment duration, and 
cumulative dose. The following three explanations may be plausible: 
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1) Neuroplasticity may resolve subtle developmental differences between infants 

treated with propranolol and infants treated with atenolol. 

Neuroplasticity is defined as the ability of the brain to restructure and reorganize 
based on demands from the environment.212 The formation, strengthening, and 
pruning of connections could normalize neurocognitive development after brain 
injury. For instance, positive environmental events (e.g. consistent responsive 
parenting) promote healthy brain development in preterm infants.213 If the central 
nervous system development of infants with IH would have been impaired due to 
beta-blocker use, the negative impact of disruption on daily functioning may have 
been resolved by brain plasticity. 

2) Propranolol and atenolol may both induce central nervous system effects, 

independent of their passage through the blood-brain barrier. 

In mice, the amount of nitric oxide (NO) and hydrogen peroxide (H2O2) secreted by 
the hypothalamus fluctuates in response to the administration of varying doses of
either propranolol or atenolol.214 This response occurs independently from the ability 
of beta-blockers to cross the blood-brain barrier, since the blood-brain barrier is 
absent in some parts of the hypothalamus (e.g. the mediobasal hypothalamus). In 
humans, NO and H2O2 could induce central nervous system effects. Therefore, both 
propranolol and atenolol may induce central nervous system effects, independent of 
their passage through the blood-brain barrier.

3) Propranolol and atenolol may both induce central nervous system effects, 

because the brain may be more vulnerable to drug effects during infancy.

It is widely believed that the infant blood-brain barrier is “leaky” and immature. 

However, this claim is incorrect and based on outdated studies using excessive 
concentrations of drugs in fragile animals.215,216 Instead, infant brains may be more 
vulnerable to drugs, toxins, and pathological conditions than adult brains for other 
reasons, including the increased fragility of cerebral blood vessels.216 In infants with 
IH, beta-blocker treatment is usually initiated between the ages of 2 to 4 months (i.e. 
during the proliferative phase of the IH).21 Considering the vulnerability of the infant 
brain at this age, it could be possible that both propranolol and atenolol induce 
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central nervous system effects, regardless of the difference in lipophilicity between 
the two beta-blockers.

Aim 2. To evaluate the neurocognitive functioning, the physical 
health, and the mental health of school-aged children who had been 
treated with beta-blockers for IH during infancy, as compared to 
population norms. 

Given the potential of both propranolol and atenolol to induce central nervous system 
effects in infants with IH, we expected more developmental problems in school-aged 
children who had been treated with beta-blockers for IH during infancy, as compared 
to population norms. Overall, children treated with beta-blockers showed no major 
cognitive, physical or mental health problems (Chapter 2, 3, 6). Group performance 
based on our primary outcome measure, the Cognitive Proficiency Index (CPI) of the 
Dutch version of the Wechsler Intelligence Scale for Children (WISC-V-NL), did not 
differ from population norms. These findings are in line with previous studies in 
smaller groups, which usually consisted of younger children treated with 
propranolol.53-56,58,217

Nevertheless, a number of distinct problems were identified on all domains of 
child functioning. Blood pressure of school-aged children who had been treated with 
beta-blockers for IH during infancy was significantly higher than reference values 
(Chapter 2). Affect recognition, an element of social cognition, was significantly 
impaired compared to population norms (Chapter 6). Parents reported that their 
child had more attention problems in daily life and reduced health-related quality of 
life with regard to social support and peers (Chapter 6). A subgroup analysis 
exposed substantially lower scores on the CPI in all 20 males treated with beta-
blockers for IH, both compared to the 85 females treated with beta-blockers for IH 
(>10 IQ points), and compared to a matched group of males from the general Dutch 
population (>12 IQ points; Chapter 2).

These distinct problems provoke concern, as they could lead to problems later in 
life. High blood pressure in children may cause cardiovascular problems in 
adulthood.218 Furthermore, in adolescence (i.e. throughout secondary school), more 
demands are placed on executive functioning and social cognition.219,220 The 
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negative consequences of the affect recognition problems in the children studied and 
the working memory, processing speed, and attention problems in the males studied 
may not become apparent until adolescence. 

However, correlation does not imply causation. Due to the cross-sectional study 
design and lack of a control group (see subsection ‘Strengths and limitations’), three 

causes for these findings may be plausible. 

1) Problems may be caused by beta-blockers

The observed problems are in line with the immediate effects of beta-blocker 
treatment in infants with IH and in healthy adults. For instance, propranolol and 
atenolol reduce blood pressure in infants with IH.104,221 This is due to blockade of the 
renin-angiotensin-aldosterone system (RAAS). Possibly, early life dysregulation of 
the RAAS could impair renal development, leading to RAAS activation and increased 
blood pressure later in life.222 This mechanism has been observed in children with 
early repair of coarctation of the aorta.105 Despite effective surgery, blood pressure 
was increased in these children in the long term.

The effects of beta-blocker treatment could be sex-dependent, because the 
central nervous system of infant males may be less plastic and more vulnerable than 
the central nervous system of females.99 Sex-specific differences are common 
throughout infancy. Males are less likely to have IH, are at risk for prematurity, show 
higher rates of infant mortality and morbidity, and are more likely to experience 
respiratory and gastrointestinal infections during infancy than females.5,223,224

Furthermore, sex-specific differences in long-term neurodevelopment have been 
observed in response to other drugs (e.g. indomethacin for prevention of 
intraventricular hemorrhage in preterm infants).225 Brain anatomy, hormonal 
exposure, and cellular pathways are all sex dependent.99 These mechanisms may 
induce a different response to medication use in males and females. For example, 
healthy adults had a sex-dependent impairment of emotional memory in response to 
propranolol. Females showed difficulties remembering information central to the 
story line of an emotionally arousing story, while males showed difficulties 
remembering story details.97,226
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2) Problems may be caused by the IH

Little is known about the impact of IH on child development. Generally, infants with 
IH are considered otherwise healthy. Still, complications of IH, like pain due to 
ulceration or feeding difficulties, may negatively impact infant development. For 
instance, studies in preterm children show that prolonged exposure to pain and 
stress during infancy negatively affects long-term neurodevelopment.227 We have no 
information on the long-term influence of these factors in our study.228

3) Problems may be caused by an underlying mechanism

Other mechanisms could also underlie the problems observed. Given that IH are 
less prevalent in males than in females, there may also be unknown hormonal 
mechanisms or genetic predispositions leading to both IH and neurocognitive 
problems in males.5 Although a positive family history of IH has been established as 
risk factor for IH, the exact genetic transmission remains a scarcely researched 
field.8 Alternatively, elevated renin levels may induce both IH in infancy and high 
blood pressure in childhood.5,229,230

Aim 3. To evaluate the long-term esthetic outcome of IH as rated by 
physicians, parents, and children, and assess characteristics of the 
IH, the beta-blocker treatment, and the infant as prognostic factors for 
long-term esthetic outcome.

When evaluating the effect of beta-blockers it is highly relevant to take into account 
the long-term esthetic outcome of the IH, since the esthetic outcome commonly 
guides treatment strategies after beta-blocker treatment (e.g. surgical excision and 
laser treatment of residual lesion). In our long-term follow-up, the physician identified 
sequelae (e.g. telangiectasia, fibrofatty tissue, atrophic scar tissue) in 87% of IH. 
Still, physicians, parents, and children gave positive ratings to the scars (Chapter
4). In fact, most parents indicated that their child’s IH was not visible at all (Chapter 
6). The long-term esthetic outcome did not differ between children treated with 
propranolol and children treated with atenolol (Chapter 4). Instead, a superficial 
component, the presence of ulceration, increased age at treatment initiation were 
identified as prognostic factors for poor esthetic outcome according to physicians 
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and parents (Chapter 5). Longer follow-up time (i.e. time between the cessation of 
beta-blocker treatment and participation in the study) was also associated with better 
esthetic outcome according to physicians and parents. As judged by the children
themselves, IH located on the head had better esthetic outcome than IH located 
elsewhere. 

The significant prognostic factors explained 42% of variance in physician-rated 
esthetic outcome, 29% of variance in parent-rated outcome, and 10% of variance in 
child-rated outcome (Chapter 5). A substantial proportion of variance was not 
explained by the prognostic factors used in our study. Likely, other mechanisms are 
responsible for the long-term esthetic outcome. Genome-wide research identified a 
genetic predisposition to raise dermal scarring, including keloids and hypertrophic 
scars.231,232 In addition, both focal and segmental IH tend to present in patterns of 
localization, with some sites being more susceptible to poor outcome than 
others.127,233,234 For instance, acral IH resembling a ‘biker-glove’ pattern are more 

susceptible to ulceration and telangiectasia than other IH located on the 
extremities.233 Taking these mechanisms into account to predict long-term esthetic 
outcome would require very large sample sizes (n>500), which has not yet been 
reached in a cohort of infants or school-aged children with IH.

Aim 4. To determine if the level of visibility of the IH is associated with 
emotional and behavioral problems in infants and school-aged
children. 

To identify children in need of psychological support, Chapter 7 explored the 
association between the level of visibility of the IH and emotional and behavioral 
problems in children with IH. Parent-reported subjective visibility was not related to 
the child’s emotional and behavioral problems. Likewise, previous research showed 

no association between objective visibility (i.e. physical location of the IH) and health-
related quality of life in children with IH.79 Possibly, other characteristics, such as 
coping strategies, are more decisive of mental health outcomes than the level of 
visibility of the IH.235 Additionally, children may get used to the visible nature of their 
IH, considering they have always had one. Like some school-aged children who had 
been treated with beta-blockers for IH during infancy said about their IH: “It is pretty. 

It’s part of who I am.” (Chapter 4).

8

137

General discussion

162613 Hermans BNW.indd   137162613 Hermans BNW.indd   137 20-03-2023   11:0220-03-2023   11:02



Aim 5. To explore parenting stress in parents of school-aged children 
who had been treated with beta-blockers for IH during infancy.

The burden of IH primarily rests on the shoulders of parents, especially during the 
proliferative stage.73 Parenting stress in parents of children with a medical condition 
may persist long after the acute exacerbation of the medical condition.71,72 Therefore, 
this thesis also touches upon the long-term wellbeing of parents of children who had 
been treated with beta-blockers for IH during infancy. 

Consistent with results from previous studies, overall parenting stress in parents 
of school-aged children who had been treated with beta-blockers for IH during 
infancy did not deviate from population norms.80 Nonetheless, a subscale analysis 
showed that parents experienced more parent-child relationship problems, 
increased depressive mood, and more physical health problems compared to 
population norms (Chapter 6). This corresponds to the domains of increased 
parenting stress reported by parents of children with a chronic medical condition.72,236

Parents’ worries about having an infant with a life- or function-threatening IH may 
have long-lasting effects. Furthermore, negative comments about the IH from 
strangers are recalled long after.70 In our study, parents reported: “She is our first-

born, so we were very proud, but people were always talking about her face.”; “An

unfamiliar woman said that she would never want to have an infant with ‘such an odd 

mark’.” Allegations of child abuse from strangers were also prevalent: “They asked 

me ‘did you hit him’?”; “They asked me whether I pushed my child down the stairs.” 

Chapter 7 showed parental negative affect is associated with internalizing 
problems in infants and children with IH. A previous study also revealed that 
parenting stress is associated with the child’s emotional and behavioral problems in 

children with IH.80 These results highlight the importance of parental wellbeing for 
the functioning of children with IH.
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Strengths and limitations

The research presented in this thesis is based on a unique cohort, which is the 
largest to date. Recruitment took place at two expertise centers in the field of IH: the 
Erasmus MC Sophia Children’s Hospital, University Medical Center Rotterdam 

(Erasmus MC) and the Wilhelmina Children’s Hospital, University Medical Center 

Utrecht (UMC Utrecht). Inclusion of children who had been treated with either 
propranolol or atenolol for IH during infancy allowed evaluation of the effects related 
to the physicochemical characteristics of both beta-blockers. We used a 
multidisciplinary approach and multiple informants (i.e. physicians, parents, and 
children) to assess child functioning. Furthermore, we used measures that are 
sensitive to subtle deviations in functioning (e.g. neuropsychological tests), as well 
as ecologically valid measures (e.g. parental questionnaires). Consequently, the 
results are readily applicable to clinical practice. 

Nevertheless, limitations are imminent. First, the cross-sectional study design 
does not allow for causal inferences. Therefore, it is unknown whether the total group 
effects (e.g. increased blood pressure) are due to the beta-blocker treatment, the IH, 
or another underlying mechanism.

Second, the study was non-randomized. Most children at the Erasmus MC had 
been treated with propranolol and most children at the UMC Utrecht had been 
treated with atenolol. Due to multicollinearity between the variables ‘beta-blocker 
type’ and ‘treatment center’, we could not correct for treatment center effects. Yet, 
treatment habits may have created selection bias and influenced the participant 
characteristics. Consequently, children who had been treated with propranolol were 
significantly older than children who had been treated with atenolol. Furthermore, we 
cannot draw conclusions about the observed differences in treatment duration 
between propranolol and atenolol. 

Third, we maintained strict inclusion criteria. Due to potential confounding effects 
we had to exclude children at risk for long-term neurocognitive problems, such as 
children born preterm or with low birthweight. IH are more common in preterm infants 
and infants with low birthweight. Therefore, the results of our study may not be 
generalizable to the entire population of infants receiving beta-blockers for IH.
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Finally, we screened for a wide range of developmental problems in our patient 
population. Even though our analyses were corrected for multiple comparisons, risk 
for type I error (false positive results) is plausible. Conclusions about sex-specific
differences should be drawn with caution, given the small number of males in our 
cohort (n=20). Furthermore, the single blood pressure measurement may have been 
influenced by incidental circumstances, such as white coat hypertension. Further 
exploration of these effects in future studies is essential before implementing 
changes in clinical practice regarding the use of beta-blockers to treat IH.

Clinical implications

Question 1. Should physicians prescribe propranolol or atenolol to 
treat infants with IH?

Propranolol, a lipophilic unselective beta-blocker, has been used to treat IH since 
2008 (Figure 1). Approximately 2.1% of infants with IH must discontinue propranolol 
treatment due to intolerable side effects.237 In two cases of infants with IH,
propranolol use has been followed by coma or death.238,239 Intolerable side effects, 
such as severe sleep disturbances, severe respiratory disorders, or symptomatic 
hyperglycemia, are more common among preterm infants and infants with low 
birthweight.237 In an attempt to improve treatment safety while maintaining treatment 
effectiveness, atenolol, a hydrophilic β1-selective beta-blocker, was proposed as 
treatment for IH in 2011.30

The current thesis showed no differences between school-aged children who had 
been treated with propranolol and school-aged children who had been treated with 
atenolol for IH during infancy, with regards to the studied long-term pediatric, 
neurocognitive, esthetic, and mental health outcomes (Chapter 2, 3, 4, 6). Thus, 
treatment choice requires even closer examination of the short-term commonalities 
and differences between propranolol and atenolol (Table 1).
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Table 1. Propranolol versus atenolol: pharmacokinetics, use in clinical practice, and 
immediate treatment effects.

Propranolol Atenolol Statistical
significance

Pharmacokinetics1

Lipophilicity Predominantly lipophilic Predominantly hydrophilic ··
Beta receptor selectivity Unselective β1 selective ··

Half life 3 – 6 hours 6 – 8 hours ··

Clinical practice 2,3

Registration Hemangiol® Off-label ··
Maintenance dose 2 – 3 mg/kg/day 1 mg/kg/day ··

Number of daily doses 2 – 3 1 ··

Research 4,5

Efficacy Response in 93.7% of IH Response in 92.5% of IH NS
Propranolol had 1.36 times higher odds of having complete 

reduction in lesion size than atenolol
NS

Relapse rate 88.9% of patients 85.6% of patients NS

Propranolol had 1.67 times higher odds of relapse than 
atenolol

NS

Safety during use Severe adverse effects in 
2.6% of children

Severe adverse effects in 
1.6% of children

NS

Mild adverse effects in 70% of 
children

Mild adverse effects in 44% of 
children

p≤.001

Propranolol had 2.17 times higher odds of developing adverse 
effects following medication than atenolol

NS

‘IH’ Infantile hemangiomas; ‘··’ Not applicable; ‘NS’ Not significant; 1Information retrieved from Borchard 
et al. (1998)274; 2Information retrieved from Léauté-Labrèze et al. (2015)108; 3Information retrieved from 
Raphael et al., 201130; 4Ji et al., 2021 involved an open-label randomized controlled trial comparing 
propranolol to atenolol, including 377 infants with IH32; 5Liu et al., 2020 involved a systematic review and 
meta-analysis of 8 small studies (2 randomized studies and 6 non-randomized studies) comparing 
propranolol to atenolol, including 608 infants with IH.31
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Authorization by medicines agencies

Pediatric medicine is double-edged. On the one hand, pediatric research is 
challenging due to shortage of funding, vast changes in child functioning throughout 
development, and ethical considerations like obtaining informed consent.240 On the 
other hand, the absence of sound evidence compels physicians to prescribe off-label 
medications, with little evidence of long-term benefit and risk.241,242

A frequently used argument against atenolol treatment is that atenolol 
prescription is off-label. Since 2014, Hemangiol®, a propranolol solution, has been 
the only registered treatment of infants with IH between the ages of five weeks and 
five months. The agency-approved treatment duration is six months.83 At the same 
time, European clinical practice guidelines state that “[propranolol] treatment 

typically is continued for at least six months and often is maintained until twelve 
months of age (occasionally longer)”.21 This implies that propranolol is also 
prescribed off-label in many cases.

Still, off-label prescription does not equal “improper, unethical, or illegal use, nor 

does it mean the drug is contraindicated.”243-245 Off-label prescription is tolerated as 
long as treatment choice is based on the best available evidence and is in the best 
interest of the patient.246,247 As indicated in a policy statement by the American 
Academy of Pediatrics: “Evidence, not label indication, remains the gold standard 
from which practitioners should draw when making therapeutic decisions for 
patients.”246

Evidence of immediate treatment effects

Thus far, four randomized controlled trials (RCTs) have been published comparing 
either the effect of propranolol treatment to placebo or comparing the effect of 
propranolol to prednisone on IH size, color and elevation.108,248-250 These RCTs 
involved study groups consisting of 10 to 20 patients, with the exception of the RCT 
by Léauté-Labrèze (n=456).108 A Cochrane network meta-analysis judged the quality 
of this evidence as moderate to very low.251

Up to 2020, use of atenolol treatment was based on clinical experience, case 
reports, and low to very low quality studies.31,251 RCTs comparing propranolol to 
atenolol included study arms of 10 – 20 patients.36 In 2021, a large randomized 
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clinical trial was published in which 377 infants with either superficial or mixed IH 
were treated with either oral propranolol (n=190, 2 mg/kg/day) or oral atenolol 
(n=187, 1 mg/kg/day).32 No differences were found between infants treated with 
propranolol and infants treated with atenolol on all efficacy outcomes (e.g. response 
rate, hemangioma activity score, ulceration healing, quality of life). However, atenolol 
treatment was less likely to produce central nervous system effects (e.g. sleep 
disturbance and agitation) and bronchial-related adverse events (e.g. 
bronchospasm).32

Dosing

Maintenance dose of propranolol varies between 2 mg/kg/day and 3 mg/kg/day, 
based on the patient’s response to treatment.21 Although a 3 mg/kg/day dose was 
found superior to a 1 mg/kg/day dose, no studies have determined whether 2 
mg/kg/day or 3 mg/kg/day is optimal.108 Given the longer half-life, atenolol is 
prescribed at 1 mg/kg/day, but dose-response studies are lacking as well. 

Propranolol is administered in two to three daily doses, whereas atenolol is given 
in one daily dose. Less frequent dosing benefits treatment adherence and could 
decrease the burden of disease.252

Conclusion

Propranolol is currently the only registered beta-blocker to treat IH. Nonetheless, a 
growing body of evidence suggests atenolol is non-inferior to propranolol. 
Furthermore, atenolol may induce fewer side effects during use than propranolol. 
The results in the current thesis indicate no differences between both beta-blockers 
with regards to long-term esthetic outcomes and pediatric, neurocognitive, and 
mental health outcomes. 

Question 2. Is long-term follow-up required for infants treated with 
beta-blockers for IH?

Medicines agencies, such as the European Medicines Agency (EMA), emphasize: 
“data on long-term safety are needed […], particularly for medicines with innovative 

mechanism of action and/or when chronic use in younger children is expected (i.e. 
neonates, infants, children below 6 years).”253 The serendipitous discovery of 
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propranolol treatment for IH in 2008 was revolutionary, given the vast effectivity and 
safety compared to previously used treatments (e.g. corticosteroids).20,254,255

Hemangiol® was agency-approved before the first (and only) large RCT examining 
the efficacy and safety of propranolol in infants with IH was published (Figure 1).108

Long-term safety (>6 years) was presumed based on clinical experience with beta-
blockers in infants with pediatric heart disease. Yet research about the effectiveness 
and safety of beta-blockers in infants with pediatric heart disease is limited.256

Furthermore, the long-term effects of beta-blockers are likely indistinguishable from 
the developmental effects of pediatric heart disease.257 Given the uncertainties and 
concerns about the long-term effects of beta-blockers, the Dutch clinical practice 
guidelines advise to monitor infants with IH over a “longer” period of time.121

However, no direction is given with regards to the duration, the frequency or the 
content of this follow-up.

In our research, we found no major long-term health problems, similar to previous 
studies in younger children treated with propranolol.53,54,58 The reliability and the 
etiology of the distinct problems we observed (e.g. the increased blood pressure in 
the total group, the reduced CPI scores in males) are still inconclusive. Moreover, 
the negative impact of these distinct problems may not be evident until adolescence 
or adulthood. Therefore, high-frequency follow-up (e.g. annual follow-up) is not 
applicable to this patient group. 

Nevertheless, the effect sizes of the distinct problems and the potential impact of 
these problems on daily functioning in adolescence and adulthood provoke concern, 
and further long-term research is essential. To clarify the long-term effects of beta-
blockers, it would be advisable to establish a national low-frequency follow-up (e.g. 
every five years) after cessation of beta-blocker treatment in infants with IH. Based 
on the results presented in this thesis, this follow-up should be focused on executive 
functioning and attention, affect recognition, and blood pressure (consider 24-hour 
monitoring). Children with persistent high blood pressure in childhood may be 
followed up annually throughout adulthood, focusing on blood pressure, glucose 
levels, and cholesterol, similar to follow-up of children with high blood pressure due 
to childhood obesity or juvenile idiopathic arthritis. E-Health, including personal 
health environments linked to the Dutch DermHome (www.huidhuis.nl), could 
facilitate follow-up.258
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This approach would allow further investigation of the development of the distinct 
problems throughout childhood, adolescence, and young adulthood. This way, the 
impact of observed difficulties on daily functioning, appropriate interventions, and 
required prevention strategies could be determined. Furthermore, informing parents 
of infants who are currently being treated with beta-blockers for IH about this follow-
up may improve inclusion rates and could open up the discussion with parents about 
the (long-term) risks and benefits of beta-blockers. 

Question 3. Should beta-blockers be used to treat infants with IH 
without immediate medical indications? 

As stated in all international clinical practice guidelines, medical indications to treat 
IH are: 1) life- or function-threatening characteristics; 2) ulceration; or 3) imminent 
disfigurement.21 If IH do not meet these criteria, withholding treatment can be 
considered to prevent unnecessary exposure of an otherwise healthy infant to 
potential adverse effects.81 After all, the pharmacokinetics of beta-blockers and the 
(long-term) effects of beta-blocker treatment in individual patients are still unclear, 
as illustrated by case reports of coma or death following propranolol or nadolol 
treatment for IH.39,238,239

Unfortunately, clinical practice is not a matter of black and white. Early treatment 
initiation benefits long-term esthetic outcomes (Chapter 5), and a ‘wait and see’ 

approach could lead to a missed opportunity for optimal treatment effect.21

Frequently, IH do not have a clear treatment indication, but do have a disturbing 
appearance during infancy. In particular, the criterion ‘imminent disfigurement’ is 

debatable when parents request treatment for esthetic purposes. 
Given the positive effects of beta-blockers on IH involution, physicians may be 

tempted to prescribe beta-blockers to infants with IH with no (imminent) life- or
function-threatening characteristics. Gomulka and colleagues (2013) detected this 
paradigm shift at their institution. They documented that the number of IH treated 
with beta-blockers had vastly increased since 2008. In 2011, the number of treated 
IH had surpassed the number of untreated IH.259

Parents are often concerned about the impact of the visible residual lesion on the 
social-emotional development of their children. Particularly during infancy, visible IH, 
as determined by objective measures such as size and location, are associated with 
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lower parent-reported quality of life.73,135,260,261 To parents it may be reassuring that 
no long-term association has been found between the level of visibility and 
psychological adjustment in a wide range of visible differences (e.g. craniofacial 
conditions).126,138 Similarly, in groups of children with treated and untreated IH, no 
association has been found at school-age between either objective measures of 
visibility (e.g., size, location on body) or subjective measures of visibility (e.g. parent 
ratings) and emotional and behavioral problems or health-related quality of life 
(Chapter 7).78,79 In our long-term follow-up of children treated with beta-blockers for 
IH, the level of visibility was also not associated with the mental health of children 
and parents even though sequelae remained. Studies focusing on the long-term 
mental health of children with untreated IH and their parents are lacking. 

The long-term effects observed in the current study emphasize the necessity for 
caution when prescribing beta-blockers for infants with IH. At the same time, the 
etiology of the observed problems should be further investigated. Parents of infants 
with IH should be informed about these uncertainties in clinical practice. In addition, 
parents should be informed about the encouraging findings regarding the positive 
psychological adjustment in children with a visible difference. This may already 
alleviate some anxiety about the emotional and physical consequences of the IH.262

Subsequently, an informed choice can be made between treatment and no 
treatment. This is a difficult choice for parents and physicians, in which the infant-
specific risks of the IH (if left untreated) should be carefully weighed against the 
concerns about the long-term effects of beta-blocker treatment in an open discussion 
between parents and physicians. 

Question 4. How to take care of parents of infants with a medical 
indication to treat with beta-blockers for IH? 

The initial IH diagnosis may bring about feelings of disbelief, fear, and mourning in 
parents.69 During their child’s IH treatment, parents report lower quality of life, 
especially when IH are more severe or at a visible location.73,74,135,260,261 Concerns 
about their child’s health and (long-term) physical and psychological consequences 
of the disease, disease management responsibilities and psychosocial difficulties 
related to the visible difference pose mental health challenges.263 Our research 
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shows parents may still experience increased parenting stress at the child’s school-
age, long after the acute exacerbation of the IH (Chapter 6).

Shared Decision Making, i.e. the approach where physicians and (parents of) 
patients make decisions together using the best available evidence, is crucial in care 
of IH, especially since the decision between implementing or withholding treatment 
should be carefully made.264 Shared Decision Making involves a collaborative 
partnership between physicians and parents and is key to treatment adherence.265

For these reasons, clinical practice guidelines emphasize that parents should be 
involved in the treatment of their infants with IH. 

Given the importance of involving parents, it is remarkable that clinical practice 
guidelines provide little or no information on how to attend to parents’ wellbeing. For 

instance, the clinical practice guidelines by the American Academy of Pediatrics 
describe that educational efforts could reduce parental anxiety in infants with IH 
without medical indication to treat, but the need for psychological support for parents 
of children with IH with a medical indication is not discussed.21

Although the multidisciplinary nature of treatment of IH is widely recognized, few 
parents are offered psychological support.21,73 Physicians could overlook the impact 
of IH on parents, because IH may commonly be less life-threatening or disfiguring 
than other medical conditions encountered in specialized treatment centers.73

Qualitative studies into the worries and needs of parents of infants who receive beta-
blockers for IH are lacking. 

More focus on the wellbeing of parents could improve parents’ (and, indirectly, 

children’s) wellbeing in the long term, as well as adherence to the beta-blocker 
treatment.266 Instead of basing clinical practice of IH strictly on the infant’s physical 

wellbeing, Figure 2 proposes an alternative view of IH care based on the Ecological 
Model of Parenting as described by Vermulst et al. (2015).143 This model places the 
child in the center, but also recognizes that other members of the family, including 
parents, could be affected by IH as a life event. 

In clinical practice, it is important to assist parents through the initial diagnosis 
and disease progression.69 Identification of parents vulnerable for poor psychological 
adjustment, using a measure such as the Posttraumatic Adjustment Screen (PAS), 
could facilitate targeted support and monitoring.267 Parenting programs 
implementing cognitive behavioral and family therapy interventions may target 
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disease uncertainty and coping strategies, and enhance acceptance and support 
from other parents of infants with IH.268-271 272 Furthermore, it is recommended to be 
aware of the potential long-term burden of disease experienced by parents and 
enquire about their wellbeing.73 Targeted questions could help parents open up to 
their physicians. For example: “We know some parents of children with IH have 

difficulties adjusting to the medical condition. What has this experience been like for 
you?” Referral to patient associations and informative websites such as Changing 
Faces (www.changingfaces.org.uk) could alleviate initial concerns. Involving a 
psychologist or a social worker in multidisciplinary team meetings could help identify 
parents in need of additional support or coping interventions. This way, parents could 
be offered counseling, conducted by a psychologist who is knowledgeable about the 
medical field and involved in the medical care of the individual infant. 

Figure 2. An ecological model of family functioning described by Vermulst et al. (2015), 
adapted to propose a physician’s perspective on infantile hemangioma care143
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Future research

As time goes on, more infants that were treated with beta-blockers for IH are 
reaching school-age, which offers opportunities for more research into the long-term
effects of beta-blocker treatment. The results presented in this thesis clarify a 
number of domains to be addressed in future research.
1) Memory, processing speed and attention should be investigated in a larger 

group of males who had been treated with beta-blockers for IH during infancy 
(n>40). Given the low prevalence of IH in males, collaboration between all 
specialized treatment centers in the Netherlands is required. Larger sample
sizes are also more likely if the inclusion criteria of the studies described in this 
thesis are expanded, for instance, by including preterm infants. As the female 
predominance is less pronounced in preterm infants than in term infants, 
inclusion of males will be more likely.273 To distinguish the effect of beta-
blockers, analyses of these studies require correction for the negative 
developmental consequences associated with prematurity and low birth weight. 

2) Future research should include a group of children, adolescents, and adults with 
IH who have not received any form of treatment. Although it will not be possible 
to match the severity of IH of untreated children to the severity of IH of children 
treated with beta-blockers, inclusion of untreated patients could improve 
knowledge about the etiology of developmental difficulties (e.g. the beta-blocker 
treatment, the IH, or another underlying mechanism). Cooperation with patient 
associations (e.g. in the Netherlands: ‘Patiëntenvereniging voor Hemangiomen 

en Vasculaire Malformaties [HEVAS]’), vascular anomaly expert centers and 

multiple health care facilities is crucial to recruit a sufficient number of children 
with IH who have not received any form of treatment. 

3) Longitudinal studies are needed to identify causes of long-term effects, and to 
determine which infant characteristics predict various long-term outcomes.

4) Qualitative research is needed to gain insight into the worries and care needs 
of parents of infants treated with beta-blockers for IH. These worries and needs 
of parents may have changed since the discovery of propranolol treatment in 
2008. This way, previous qualitative research, which was conducted in 1998, 
can be updated.69
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5) A validated tool is required to measure the severity of residual lesion of IH in 
the long term from the perspective of the physician, the parents and the child. 
With such a tool, patient satisfaction, the development of residual lesion over 
time and the need for surgical excision or laser treatment can be determined.

Final conclusions

Beta-blockers have been used worldwide to treat IH since 2008, but research into 
the long-term effects has been limited. This thesis presents the results from the 
largest long-term follow-up to date, including school-aged children who had been 
treated with either propranolol or atenolol for IH during infancy. No long-term 
differences were found between the beta-blocker groups in the following four 
domains: neurocognitive functioning, physical health, mental health, and esthetic 
outcome. Although the children were generally healthy, some specific and worrying 
effects were observed. Males treated with beta-blockers had substantially lower CPI 
scores (difference >10 IQ points) than females treated with beta-blockers or males 
from the population norm group. Children treated with beta-blockers showed 
elevated blood pressure and more problems in the area of affect recognition, parent-
reported attention functioning, and parent-reported social quality of life. Furthermore, 
parents of treated children reported more parent-child relationship problems, 
increased depressive mood, and more physical health problems. These effects 
emphasize that prescribers and parents of patients should cautiously weigh the risk 
and benefits before starting treatment of IH with beta-blockers.
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Summary

Chapter 1 is a General Introduction describing the rationale and the aims of this 
thesis. Each year, 2.0 to 4.5% of infants develop infantile hemangioma (IH), a benign 
vascular tumor. A substantial number of these infants acquire medical complications, 
including ulceration, life- or function-threatening impairment, or imminent or actual 
disfigurement. Worldwide, these infants have been treated with beta-blockers since 
2008. Of all beta-blocker types, propranolol has been considered the first-line 
treatment. Recent studies suggest that atenolol, another type of beta-blocker, may 
be as effective as propranolol in accelerating IH involution, and may be associated 
with fewer side effects.

Parents and physicians have been worried propranolol may pass the blood-brain 
barrier and negatively impact the central nervous system (CNS) development of 
infants. In addition, propranolol may induce side effects such as respiratory 
symptoms and sleep disturbances in infants with IH, which have been associated 
with deviations in CNS development in other pediatric populations. Disruption of 
CNS development during infancy may arise in the long term (i.e. at school-age) as 
subtle deviations in complex neurocognitive functioning (e.g. working memory, 
processing speed, and attention). Given the favorable safety profile of atenolol, fewer 
long-term effects are expected for this treatment. 

This thesis describes long-term follow-up of children with IH. Four domains of 
functioning are evaluated: 1) neurocognitive functioning; 2) physical health; 3) 
esthetic outcome; and 4) mental health. Each domain includes a comparison 
between both beta-blocker types and an overall evaluation of the functioning of 
children treated with beta-blockers. Furthermore, these domains are interconnected, 
investigating the association between the visibility of IH and emotional and 
behavioral problems in children. Finally, parenting stress is explored.

Neurocognitive functioning

Chapter 2 introduces our two-center cross-sectional study of 105 school-aged 
children who had been treated with either propranolol or atenolol for IH during infancy
(age ≤1 year). The primary outcome of the study was the Cognitive Proficiency Index 
(CPI) of the Wechsler Intelligence Scale for Children (WISC-V-NL), which is a 
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measure of working memory, processing speed, and attention. Secondary outcomes 
were general intelligence, memory, executive functioning, and sleep. The studied 
neurocognitive outcomes did not differ between children treated with propranolol and 
children treated with atenolol. Furthermore, the neurocognitive functioning of the 
total sample did not differ from the general population. Still, the 20 males included in 
our study had substantially lower scores (>10 IQ points) on the CPI than 85 females 
treated with beta-blockers or than males from the general population. We concluded 
that we could not be certain about the long-term safety of beta-blocker treatment in 
males until further research has been done with a larger sample. 

Physical health

Chapter 3 focuses on the long-term pediatric outcomes of children treated with 
propranolol or atenolol for IH during infancy. An extensive clinical pediatric 
assessment was performed, including physical measurements, a developmental 
history questionnaire, and a systematic examination by a pediatrician. No differences 
were found between both beta-blocker groups. Overall, no health or developmental 
problems were found, except for a higher blood pressure in both beta-blocker groups 
compared to the general population. As a permanent rise of blood pressure may 
cause cardiovascular problems later in life, we indicated that further longitudinal 
research is needed to evaluate the potential harmful effects and evaluate 
pathophysiological mechanisms.

Esthetic outcome

In Chapter 4, physicians, parents, and children evaluated the esthetic outcome of 
the IH. Physicians assessed photographs, rating the change in appearance of the IH 
from pre-treatment to follow-up with a visual analogue scale (VAS). During a 
dermatological examination, physicians and parents independently rated the 
residual lesion with the Patient Observer Scar Assessment Scale (POSAS). Children 
indicated their perception of the scar using a VAS with smiley faces. Children treated 
with propranolol and children treated with atenolol did not differ on any of the 
outcome measures. Even though sequelae (e.g. telangiectasia, fibrofatty tissue, and 
atrophic scar tissue) were common, physicians, parents, and children gave positive 
ratings to the residual lesion. We stated that these results, in combination with the 
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favorable short-term safety profile of atenolol, should be considered when choosing 
beta-blocker treatment for IH. Furthermore, we hypothesized that characteristics of 
the IH could be used to predict high-risk lesions and guide further management of 
the residual lesion. 

Elaborating on this hypothesis, Chapter 5 uses characteristics of the IH, the beta-
blocker treatment, and the infant to estimate esthetic outcome of IH at school-age. 
Additionally, prognostic factors for developing telangiectasia, fibrofatty tissue, and 
atrophic scar tissue were identified. Factors associated with poor esthetic outcome 
and increased odds of developing sequelae were: a superficial component of the IH 
(i.e. superficial or mixed IH), ulcerated IH, older age at treatment initiation, and higher 
cumulative dose. Longer follow-up time since beta-blocker treatment correlated with
better esthetic outcome, suggesting the spontaneous involution of IH continues after 
cessation of beta-blocker treatment. 

Mental health

Chapter 6 includes an overview of the mental health outcomes of children treated
with propranolol or atenolol for IH during infancy and their parents. Children’s 

outcomes were performance-based affect recognition, and parent-reported 
emotional and behavioral problems and health-related quality of life. Parents’ 

outcome was parenting stress. Both beta-blocker groups did not differ on any of the 
mental health outcomes. Although overall functioning was in line with general 
population norms, children presented specific problems in affect recognition, and in
parent-reported attention and social quality of life. Parents showed increased 
physical symptoms, depressive symptoms, and parent-child relationship problems. 
We proposed that these areas of concern should be included in future follow-up of 
children with IH, and that parents should be offered timely mental health support.   

Chapter 7 discusses questionnaire data obtained from 400 parents of infants and 
children (age 1.5-12 years) with IH or a cleft lip and/or palate (CL±P). Parents 
reported fewer emotional and behavioral problems in their children compared to 
general population norms. We suggested that children with a visible difference might
elicit protective parenting styles, which in turn could induce fewer emotional and 
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behavioral problems. In addition, response shift (in response to having a child with a 
visible difference) may lead to milder evaluation of emotional and behavioral 
problems. Emotional and behavioral problems in children were mainly associated 
with the presence of learning difficulties and with parent gender, while visibility of the 
condition had no significant influence. Possibly, children with IH or CL±P and their 
parents may be accommodated to the continuous presence of the visible difference, 
to the point where it no longer affects functioning. 

Discussion and recommendations

In Chapter 8, the General Discussion, this thesis provides a general overview of the 
main findings and suggestions for clinical practice and future research. In light of the 
available literature, potential causes of the aforementioned findings are discussed. 
The findings could be a result of the beta-blocker effects, having IH, or another 
underlying mechanism (e.g. genetics). 

The main recommendations for clinical practice are: 

 Since no differences between propranolol and atenolol were found on the 
studied long-term outcomes, treatment choice is based on differences in 
pharmacokinetics, use in clinical practice, and immediate treatment effects. 
A growing body of evidence suggests atenolol is as effective as propranolol 
and is associated with fewer side effects. 

 Based on the findings presented in this thesis, we advise to implement low-
frequent follow-up (e.g. every five years) to allow for investigation of the 
distinct problems throughout childhood, adolescence, and young adulthood. 

 As described in clinical guidelines, IH should be treated for immediate 
medical indications and not for purely cosmetic purposes. The risks of the 
IH should be carefully weighed against the concerns about the long-term 
effects of beta-blocker treatment in an open discussion with parents. 

The main recommendations for future research are: 

 Including more males to replicate our result of substantially lower IQ scores.
 Including children, adolescents, and adults with IH who have not received 

any form of treatment to clarify the etiology of the findings. 
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 Implementing a longitudinal research design to identify causes of long-term 
effects and to determine which infant characteristics predict long-term 
outcome. 

 A qualitative research design to gain insight into the worries and care needs 
of parents of infants that are being treated with beta-blockers for IH. 

 Development of a validated tool to measure the severity of residual lesion of 
IH in the long-term.
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Samenvatting 

Hoofdstuk 1, de Algemene Introductie, beschrijft de theoretische achtergrond en de 
doelen van dit proefschrift. Jaarlijks ontwikkelt ongeveer 2.0 tot 4.5% van de baby’s 

een infantiel hemangioom (IH), een goedaardige vaattumor. Veel baby’s krijgen 

medische problemen door het IH, zoals ulceratie, obstructie en (vitale) 
functiebeperking, of (dreiging van) deformatie en restafwijkingen. Sinds 2008 
worden deze baby’s wereldwijd met bètablokkers behandeld. Van alle typen 

bètablokkers is wordt propranolol de meest gebruikte behandeling. Uit recent 
onderzoek blijkt dat behandeling met atenolol waarschijnlijk even effectief het IH 
doet slinken als behandeling met propranolol en minder bijwerkingen heeft.

Ouders en artsen zijn bezorgd, omdat propranolol de bloed-hersenbarrière kan
doorkruisen en daardoor de ontwikkeling van het centrale zenuwstelsel van baby’s 

zou kunnen beïnvloeden. Bovendien kan propranolol tijdens gebruik bij baby’s met 

IH zorgen voor longproblemen en slaapproblemen, hetgeen in andere pediatrische 
populaties ook geassocieerd is aan afwijkingen in de ontwikkeling van het centrale 
zenuwstelsel. Problemen in de ontwikkeling van het centrale zenuwstelsel 
gedurende de babytijd worden vaak pas zichtbaar op de lange termijn (d.w.z. op 
schoolleeftijd) in de vorm van afwijkingen in complexe neurocognitieve functies 
(waaronder werkgeheugen, verwerkingssnelheid en aandacht). Omdat atenolol op 
korte termijn een gunstiger bijwerkingenprofiel heeft, wordt verwacht dat deze 
behandeling ook op lange termijn minder bijwerkingen heeft dan propranolol. 

Dit proefschrift beschrijft een lange-termijn follow-up van kinderen met IH. Vier 
functiedomeinen zijn onderzocht: 1) het neurocognitief functioneren; 2) de 
lichamelijke gezondheid; 3) de esthetische uitkomst; en 4) de geestelijke
gezondheid. Vanuit elk domein wordt behandeling met propranolol vergeleken met 
behandeling met atenolol en wordt een beschrijving gegeven van de hele groep, 
bestaande uit kinderen die als baby zijn behandeld met bètablokkers voor IH. Verder 
zijn de verschillende domeinen in dit proefschrift met elkaar verbonden door middel 
van een analyse van de relatie tussen de zichtbaarheid van een IH en emotionele-
en gedragsproblemen bij kinderen. Ten slotte is ouderlijke stress onderzocht. 
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Neurocognitief functioneren

Hoofdstuk 2 introduceert een cross-sectioneel onderzoek dat is uitgevoerd in het 
Erasmus MC Sophia Kinderziekenhuis en het UMC Utrecht Wilhelmina 
Kinderziekenhuis. Aan dit onderzoek hebben in totaal 105 kinderen die als baby 
(leeftijd ≤1 jaar) zijn behandeld met propranolol of atenolol voor IH deelgenomen. 
Onze primaire uitkomstmaat was de Cognitieve Competentie Index (CCI) van de 
Wechsler Intelligence Scale for Children (WISC-V-NL). De CCI meet werkgeheugen, 
verwerkingssnelheid en aandacht. Secundaire uitkomstmaten betroffen algemene 
intelligentie, geheugen, executief functioneren en slaap. Op alle onderzochte 
neurocognitieve uitkomstmaten waren er geen verschillen tussen kinderen 
behandeld met propranolol en kinderen behandeld met atenolol. Ook verschilde het 
niveau van neurocognitief functioneren van de gehele onderzoeksgroep niet van de 
normpopulatie. Toch viel ons op dat de 20 jongens in onze onderzoeksgroep 
aanzienlijk lager (meer dan 10 IQ punten) scoorden op de CCI dan de 85 meisjes 
die waren behandeld met bètablokkers en de jongens uit de normpopulatie. We 
concludeerden dat we niet zeker kunnen zijn van de veiligheid van bètablokkers op 
de lange termijn, totdat meer onderzoek is uitgevoerd in een grotere groep jongens. 

Lichamelijke gezondheid

Hoofdstuk 3 richt zich op het lichamelijk functioneren van kinderen die als baby zijn 
behandeld met propranolol of atenolol voor IH. Een uitgebreid klinisch pediatrisch 
onderzoek werd uitgevoerd, bestaande uit diverse lichamelijke metingen, een 
ontwikkelingsanamnese en een systematisch onderzoek door de kinderarts. We 
vonden geen verschillen tussen propranolol en atenolol. Over het algemeen werden 
geen gezondheidsproblemen geconstateerd, behalve een hogere bloeddruk bij 
kinderen behandeld met bètablokkers vergeleken met de normpopulatie. Aangezien 
een verhoogde bloeddruk op latere leeftijd kan leiden tot cardiovasculaire 
problemen, hebben we benadrukt dat een longitudinaal onderzoek nodig is om de 
mogelijke schadelijke effecten en pathofysiologische mechanismen te
verduidelijken.
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Esthetische uitkomst

In Hoofdstuk 4 wordt beschreven hoe artsen, ouders en kinderen de esthetische 
uitkomst van het IH hebben beoordeeld. Artsen maakten met behulp van foto’s een 

inschatting van de verandering in het uiterlijk van het IH van voor de start van de 
behandeling tot de follow-up. Zij gebruikten hiervoor een visueel analoge schaal 
(VAS). Tijdens het dermatologisch onderzoek hebben de arts en de ouders 
onafhankelijk van elkaar de restafwijking van het IH beoordeeld met de Patient
Observer Scar Assessment Scale (POSAS). Kinderen beantwoordden de vraag 
‘Wat vind je nu van de plek?’ door op een VAS liniaaltje de meest passende smiley 

aan te wijzen. Op alle uitkomstmaten waren er geen verschillen tussen kinderen 
behandeld met propranolol en kinderen behandeld met atenolol. Ondanks dat de 
meeste kinderen nog een litteken hadden (waaronder teleangiëctasieën, fibrofatty 
tissue en atrofisch litteken), werd de restafwijking positief beoordeeld. We 
concludeerden dat deze resultaten, naast het gunstiger korte-termijn 
bijwerkingenprofiel van atenolol, moeten worden meegenomen wanneer wordt 
gekozen tussen verschillende bètablokkers ter behandeling van IH. Daarnaast was 
onze hypothese dat de kenmerken van het IH bepalend zijn voor de esthetische
uitkomst op de lange termijn en dat deze kenmerken gebruikt kunnen worden om 
verdere behandeling van de restafwijking te bepalen. 

Voortbouwend op deze hypothese is in Hoofdstuk 5 onderzocht of er een sprake is 
van een associatie tussen enerzijds de kenmerken van het IH, de 
bètablokkerbehandeling en de baby, en anderzijds de esthetische uitkomst van het 
IH op schoolleeftijd. Daarnaast is gekeken naar prognostische factoren voor het 
ontwikkelen van een litteken (d.w.z. teleangiëctasieën, fibrofatty tissue, of atrofisch 
litteken). De volgende factoren waren gerelateerd aan een slechte esthetische 
uitkomst en een hoge kans op het ontwikkelen van littekens: een oppervlakkig 
component (d.w.z. een oppervlakkig of gemixt IH), ulceratie, hogere leeftijd bij 
aanvang van de behandeling en een hogere cumulatieve dosis. Kinderen met een 
langere follow-up tijd sinds de behandeling met bètablokkers hadden een betere 
esthetische uitkomst, hetgeen doet vermoeden dat de spontane involutie van IH zich 
na de behandeling met bètablokkers voortzet. 
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Geestelijke gezondheid

In Hoofdstuk 6 wordt een overzicht gegeven van de geestelijke gezondheid van 
kinderen die als baby zijn behandeld met propranolol of atenolol voor IH en hun 
ouders. Vanuit het neuropsychologisch onderzoek is bij kinderen het niveau van 
emotieherkenning gemeten. Ouders beoordeelden bij hun kind de aanwezigheid van 
emotionele- en gedragsproblemen en de aan de gezondheid gerelateerde kwaliteit 
van leven. Bij ouders is ouderlijke stress gemeten. Op alle maten van geestelijke 
gezondheid werden geen verschillen gevonden tussen de twee bètablokkers. 
Hoewel het algehele functioneren van de groep niet verschilde met de 
normpopulatie, vertoonden de kinderen wel specifieke problemen op het vlak van 
emotieherkenning en (door ouders gerapporteerde) aandacht en sociale 
levenskwaliteit. Ouders rapporteerden bij zichzelf meer fysieke klachten, 
depressieve klachten en problemen in de ouder-kindrelatie. We vinden dat deze 
probleemgebieden moeten worden meegenomen in de toekomstige follow-up van 
kinderen met IH en dat ouders tijdig psychologische ondersteuning moeten worden 
aangeboden. 

Hoofdstuk 7 beschrijft de resultaten van een vragenlijstonderzoek dat in het 
Erasmus MC Sophia Kinderziekenhuis is uitgevoerd bij 400 ouders van baby’s en 

kinderen (leeftijd 1.5-12 jaar) met IH of met een schisis. Ouders herkenden bij hun 
kind minder emotionele- en gedragsproblemen dan ouders van leeftijdsgenoten uit 
de normpopulatie. We speculeerden dat kinderen met een zichtbare aandoening bij 
ouders een beschermende opvoedstijl kunnen uitlokken, waardoor de kinderen in 
mindere mate last hebben van emotionele- en gedragsproblemen. Ook is er mogelijk 
sprake van een ‘response shift’, waarbij ouders hun eigen normen en waarden 

aanpassen vanwege de zichtbare aandoening en daardoor de emotionele- en
gedragsproblemen van hun kind milder beoordelen. In dit onderzoek kwam ook naar 
voren dat emotionele- en gedragsproblemen met name samenhangen met de 
aanwezigheid van moeilijkheden in het leren en met de gender van ouders, en niet 
met de zichtbaarheid van de aandoening. Mogelijk zijn kinderen met een IH of een 
schisis gewend aan de continue aanwezigheid van de aandoening, waardoor het 
functioneren niet langer wordt beïnvloed door de zichtbaarheid. 
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Discussie en aanbevelingen

In Hoofdstuk 8, de Algemene Discussie, wordt een overzicht gegeven van de 
resultaten. Ook worden suggesties gedaan voor de toepassing van de resultaten in 
de klinische praktijk en voor toekomstig onderzoek. In het licht van de huidige 
literatuur zijn de mogelijke oorzaken van de bevindingen uit dit proefschrift 
besproken. De bevindingen kunnen worden verklaard door een effect van de 
bètablokkers, door het hebben van een IH, of door een ander onderliggend 
mechanisme (zoals een genetische aanleg). 

De belangrijkste aanbevelingen voor de klinische praktijk zijn:
 Aangezien er geen verschillen zijn gevonden tussen propranolol en atenolol 

op de onderzochte domeinen moet het type bètablokkerbehandeling worden 
bepaald op basis van verschillen in de farmacokinetiek, het gebruik in de 
klinische praktijk en onmiddellijke behandeleffecten. Uit steeds meer 
onderzoek blijkt dat atenolol even effectief is als propranolol en minder 
bijwerkingen heeft tijdens gebruik. 

 Op basis van de bevindingen uit dit proefschrift adviseren we om 
laagfrequente follow-up te implementeren, bijvoorbeeld elke vijf jaar. Zo 
worden baby’s met een IH gevolgd gedurende de kindertijd, de adolescentie 

en volwassenheid, en kunnen specifieke problemen tijdig worden herkend 
en behandeld. 

 Zoals beschreven in klinische richtlijnen moet een IH behandeld worden bij 
medische problemen en niet omwille van puur cosmetische redenen. In 
overleg met ouders moet het risico van het IH zorgvuldig worden afgewogen 
tegen de huidige zorgen over de lange-termijn effecten van bètablokkers. 

De belangrijkste aanbevelingen voor toekomstig onderzoek zijn: 
 Meer jongens moeten worden geïncludeerd om ons resultaat uit hoofdstuk 

2.1. (de substantieel lagere IQ scores) te bevestigen. 

 Kinderen, adolescenten en volwassenen met een onbehandeld IH moeten
worden geïncludeerd om meer inzicht te krijgen in de etiologie van de 
bevindingen. 
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 Door middel van longitudinaal onderzoek komt meer duidelijkheid over de 
oorzaken van de lange-termijn effecten en kan worden bepaald welke 
kenmerken tijdens de babytijd voorspellend zijn voor het functioneren op 
lange termijn. 

 Met kwalitatief onderzoek kan inzicht worden verkregen in de zorgen en de 
zorgbehoeften van ouders van baby’s die worden behandeld met 

bètablokkers voor een IH. 

 De ontwikkeling van een gevalideerde uitkomstmaat is cruciaal om een 
duidelijke inschatting te kunnen maken van de ernst van de restafwijking van 
een IH op lange termijn. 
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Project Bèta
Wetenschappelijk onderzoek naar de ontwikkeling van kinderen die als baby 
zijn behandeld met bètablokkers (propranolol of atenolol) voor een infantiel 

hemangioom (aardbeivlek)

Waarom dit onderzoek? 

Infantiele hemangiomen (aardbeivlekken) zijn goedaardige vaattumoren die bij 
ongeveer 1 op de 10 baby’s voorkomen. Vaak worden infantiele hemangiomen niet 
behandeld, omdat ze vanzelf weggaan. Maar soms zorgt een infantiel 
hemangioom voor problemen. Een infantiel hemangioom kan op een vervelende 
plek zitten (bijvoorbeeld bij de ogen of op de neus), het leven bedreigen 
(bijvoorbeeld als de ademhaling wordt afgesloten) of een wond veroorzaken. Dan 
is behandeling nodig. 

Sinds 2008 worden over de hele wereld bètablokkers gebruikt om infantiele 
hemangiomen te behandelen. Bètablokkers hebben sneller resultaat en 
veroorzaken minder bijwerkingen dan de medicatie die vroeger werd gebruikt, 
zoals bijvoorbeeld prednison. Toch kunnen ook bètablokkers bijwerkingen 
veroorzaken. Baby’s die bètablokkers krijgen voor een infantiel hemangioom 
kunnen bijvoorbeeld last krijgen van koude handen en voeten, benauwdheid, 
slaapproblemen en/of maag-darmproblemen. 

Propranolol is de meest gebruikte bètablokker voor de behandeling van infantiele 
hemangiomen. Uit steeds meer onderzoek blijkt dat atenolol, een ander soort 
bètablokker, even goed lijkt te werken. Atenolol lijkt ook minder bijwerkingen te
veroorzaken. Daarom schrijven artsen in het UMC Utrecht Wilhelmina 
Kinderziekenhuis sinds 2009 en artsen in het Erasmus MC Sophia Kinderziekenhuis 
sinds 2013 atenolol voor in plaats van propranolol. 

Het wetenschappelijk onderzoek Project Bèta is opgezet omdat we willen weten of 
kinderen die als baby zijn behandeld met propranolol of atenolol, ook op latere 
leeftijd (basisschoolleeftijd) last hebben van bijwerkingen. Twee onderzoeksvragen 
zijn belangrijk: 

1) Zijn er verschillen in de ontwikkeling tussen kinderen die zijn behandeld 
met propranolol en kinderen die zijn behandeld met atenolol?  

2) Zijn er verschillen in de ontwikkeling tussen kinderen die zijn behandeld 
met bètablokkers en andere Nederlandse kinderen van dezelfde leeftijd?
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Alle kinderen die als baby tussen 2008 en 2014 zijn behandeld met propranolol of 
atenolol in het Erasmus MC Sophia Kinderziekenhuis of in het UMC Utrecht 
Wilhelmina Kinderziekenhuis en die in 2019 of 2020 zes jaar of ouder waren, zijn 
uitgenodigd om mee te doen aan Project Bèta. De kinderen, die wilden meedoen, 
kregen afspraken bij de kinderpsycholoog, de kinderarts en de kinderdermatoloog. 
Tijdens de afspraken is gekeken naar vier onderzoeksgebieden (zie onder). 

Wat zijn de resultaten? 

Aan Project Bèta deden 105 kinderen mee. Alle kinderen waren als baby 
behandeld voor een infantiel hemangioom. In totaal waren 36 kinderen behandeld 
met propranolol en 69 kinderen met atenolol. Gemiddeld waren de kinderen 7 jaar 
oud. De groep bestond voor het grootste deel uit meisjes (81%). Dit komt doordat 
infantiele hemangiomen vaker voorkomen bij meisjes dan bij jongens. 

Propranolol of atenolol

Op de vier onderzoeksgebieden vonden we geen verschillen tussen kinderen die 
waren behandeld met propranolol en kinderen die waren behandeld met atenolol. 
Ook als we rekening hielden met de dosering van het medicijn of de duur van de 
behandeling, vonden we geen verschillen. Hoewel atenolol in de babytijd minder 
bijwerkingen lijkt te geven dan propranolol, zijn er geen verschillen in bijwerkingen 
op latere leeftijd. Bovendien werd het litteken van kinderen die waren behandeld 
met propranolol of atenolol even positief beoordeeld door artsen, ouders en de 
kinderen zelf. 

Bètablokkers of geen bètablokkers

Over het algemeen waren de kinderen die hebben meegedaan aan Project Bèta 
gezond. Toch waren er resultaten die in verder onderzoek moeten worden 
uitgezocht. We bespreken de resultaten per onderzoeksgebied. 
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Geheugen, aandacht en leren
De intelligentie, het geheugen, de aandacht en het leren van de kinderen in Project 
Bèta waren gemiddeld niet verschillend van andere kinderen van dezelfde leeftijd. 
Ouders noemden dat er weinig problemen waren met slapen. Ze zagen bij hun 
kind minder problemen met het geheugen en het leren dan ouders van kinderen 
van dezelfde leeftijd. 

Als groep verschilden de kinderen in Project Bèta dus niet van andere kinderen in 
dezelfde leeftijd. Maar als we alleen naar de jongens in Project Bèta keken zagen 
we wel verschillen. Het geheugen, de aandacht en het leren van de jongens was 
minder goed dan dat van meisjes die als baby waren behandeld met bètablokkers 
voor een infantiel hemangioom (10 IQ punten lager). Het was ook minder goed dan 
dat van Nederlandse jongens van dezelfde leeftijd (12 IQ punten lager). Dit kan 
een toevallig resultaat zijn, omdat er maar 20 jongens meededen aan dit 
onderzoek. Daarom willen we dit verder uitzoeken in een grotere groep jongens die 
als baby behandeld zijn met bètablokkers voor een infantiel hemangioom. Op alle 
andere uitkomsten vonden we geen verschillen tussen jongens en meisjes. 

De mentale gezondheid
Tijdens het onderzoek bij de psycholoog is gekeken of de kinderen emoties 
konden herkennen op foto’s van gezichten. 45% van de kinderen in Project Bèta 
waren hier minder goed in dan andere kinderen van dezelfde leeftijd. Daarnaast 
hebben ouders vragenlijsten ingevuld over de emoties, het gedrag en de 
levenskwaliteit van hun kind. Ook gaven ouders antwoord op vragen over hun 
eigen gezondheid en de relatie met hun kind. De totale scores op deze 
vragenlijsten verschilden over het algemeen niet van die van de Nederlandse 
bevolking. 

Wel hadden de kinderen in Project Bèta volgens ouders meer problemen met 
aandacht (concentratie). Ook waren de kinderen volgens ouders minder tevreden 
over hun vrienden en de steun van anderen, vergeleken met kinderen van dezelfde 
leeftijd. Ouders noemden bij zichzelf vaker lichamelijke klachten en een sombere 
stemming dan ouders van kinderen van dezelfde leeftijd. Verder hadden ouders 
meer zorgen over de relatie met hun kind. 

De lichamelijke gezondheid
De kinderarts en de kinderdermatoloog vonden geen grote problemen tijdens het 
lichamelijk onderzoek. De lichamelijke klachten die kinderen volgens ouders 
hadden, kwamen even vaak voor als bij andere Nederlandse kinderen. De lengte 
en het gewicht van de kinderen waren zoals verwacht bij kinderen van deze 
leeftijd.
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De gemiddelde bloeddruk was wel hoger dan bij kinderen van dezelfde leeftijd, 
lengte en geslacht. Ook dit kan een toevallig resultaat zijn. We zien vaker dat 
kinderen het spannend vinden om bij de dokter te komen en daardoor kortdurend 
een hogere bloeddruk hebben. Maar we weten ook dat bètablokkers in de babytijd 
een direct effect op de bloeddruk hebben. We weten niet of dat effect ook zorgt 
voor een hogere bloeddruk op latere leeftijd. Gelukkig zorgt de bloeddruk die we 
hebben gevonden op deze leeftijd niet voor lichamelijke klachten. Toch vinden we 
het belangrijk om de bloeddruk van kinderen die zijn behandeld met bètablokkers 
voor een infantiel hemangioom verder te onderzoeken. 

De beoordeling van het litteken
De artsen hebben foto’s van het infantiele hemangioom vóór de start van de 
behandeling vergeleken met foto’s die zijn gemaakt tijdens Project Bèta. Alle 
infantiele hemangiomen waren enorm verbeterd. De kinderdermatoloog, een ouder 
en het kind hebben het litteken dat was overgebleven beoordeeld tijdens het 
spreekuur. Allen waren tevreden met het litteken, ook al hadden de meeste 
kinderen nog wel een zichtbaar litteken. Infantiele hemangiomen die (deels) op de 
huid groeiden en infantiele hemangiomen met een wond hadden een duidelijker 
litteken op lange termijn. Ook hadden kinderen bij wie op een later moment de 
behandeling met bètablokkers was gestart een duidelijker litteken op lange termijn 
dan kinderen bij wie de behandeling vroeg was gestart. 

Wat betekenen deze resultaten?

 We vinden het belangrijk dat in de richtlijnen voor artsen die infantiele 
hemangiomen behandelen wordt genoemd dat propranolol en atenolol niet 
verschillen in bijwerkingen op latere leeftijd. Ook het uiterlijk van het litteken 
dat op latere leeftijd overblijft verschilt niet tussen de twee middelen.

 In de toekomst moeten artsen samen met de ouders van baby’s met een 
infantiel hemangioom goed afwegen wat de voordelen en de risico’s zijn van 
de behandeling met bètablokkers. De resultaten van dit onderzoek helpen bij 
het maken van deze afweging. 

 We willen graag verder onderzoeken of de resultaten uit dit onderzoek 
(bijvoorbeeld de hogere bloeddruk) komen door de behandeling met 
bètablokkers, doordat het kind een infantiel hemangioom heeft, of door iets 
anders. Ook moet verder worden onderzocht of ouders van baby’s die worden 
behandeld met bètablokkers voor een infantiel hemangioom meer hulp 
zouden willen, en zo ja, welke hulp. We zijn op zoek naar financiering voor dit 
vervolgonderzoek.
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 De resultaten van dit onderzoek gaan over een grote groep kinderen. De 
scores van uw kind kunnen hoger of lager zijn. Als u wil weten wat de scores 
van uw kind zijn, kunt u het verslag lezen dat u na het psychologisch 
onderzoek heeft gekregen. De resultaten uit het onderzoek met de kinderarts 
en de kinderdermatoloog zijn tijdens de afspraak met u besproken. 

 De patiëntenvereniging HEVAS is op de hoogte gebracht van de resultaten 
van dit onderzoek. U kunt contact opnemen met de HEVAS als u vragen 
heeft. U kunt ook contact met ons opnemen via betaproject@erasmusmc.nl.

 De resultaten van dit onderzoek worden in de toekomst gepresenteerd in 
medische tijdschriften en op internationale congressen. We vragen u tot die 
tijd de resultaten niet te delen, omdat dit de publicatie in een medisch 
tijdschrift in de weg kan staan. Pas als de resultaten in een tijdschrift zijn 
gepubliceerd kunnen wij wat er in dit onderzoek is gevonden opnemen in de 
richtlijnen voor de behandeling van infantiele hemangiomen. 

Gestelde vragen

Wat zijn de oorzaken van een infantiel hemangioom? Kan een infantiel 
hemangioom worden veroorzaakt door het gebruik van wee-opwekkende middelen 
tijdens de bevalling? 

We weten niet hoe een infantiel hemangioom wordt veroorzaakt. Er zijn tot nu toe 
geen genen bekend die bepalen dat een baby een infantiel hemangioom krijgt. Het 
gebruik van wee-opwekkende middelen is nog niet onderzocht als oorzaak voor 
een infantiel hemangioom. Dit zou een vraag voor een onderzoek in de toekomst 
kunnen zijn. In ons onderzoek hebben we gekeken naar hoe het gaat met kinderen 
die als baby waren behandeld met bètablokkers voor een infantiel hemangioom. 
We hebben de oorzaken van infantiele hemangiomen dus niet onderzocht. 

Kan een infantiel hemangioom op latere leeftijd teruggroeien of op een andere plek 
terugkomen? 

Een infantiel hemangioom ontwikkelt zich de eerste dagen tot weken na de 
geboorte. Als er daarna een nieuwe plek ontstaat is dat geen infantiel 
hemangioom, maar iets anders. Het kan wel zijn dat een infantiel hemangioom 
gelijk na het stoppen van de behandeling met bètablokkers (even) actiever wordt. 
Het infantiele hemangioom wordt dan bijvoorbeeld duidelijker van kleur, maar 
groeit niet meer.
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Mijn kind heeft problemen met het geheugen, de aandacht en het leren. Komt dit 
door de behandeling met bètablokkers? 

Project Bèta was bedoeld om te kijken of kinderen die zijn behandeld met 
bètablokkers voor een infantiel hemangioom op latere leeftijd problemen hebben. 
Door de manier waarop Project Bèta is ontworpen kunnen we niets zeggen over de 
oorzaken van problemen. Verder gaan de resultaten van het onderzoek over een 
grote groep kinderen. We kunnen daarom niets zeggen over de oorzaak van 
problemen bij één kind. Problemen met het geheugen, de aandacht en het leren 
kunnen veel verschillende oorzaken hebben. Ze komen soms ook vaker in een 
familie voor. We weten dus niet of de problemen van uw kind door de bètablokkers 
komen. 

Is het zorgelijk dat de kinderen die zijn behandeld met bètablokkers voor een 
infantiel hemangioom minder goed emoties konden herkennen? Komt autisme 
vaker voor in deze groep?  

Er zijn geen zorgen over autisme bij kinderen die zijn behandeld met bètablokkers 
voor een infantiel hemangioom. Autisme is breder dan alleen het minder goed 
kunnen herkennen van emoties. Moeite met het herkennen van emoties 
veroorzaakt meestal ook geen problemen. Emotieherkenning kan namelijk 
verbeteren als uw kind ouder wordt. Als uw kind moeite heeft met het herkennen 
van emoties bij zichzelf of anderen kunt u als ouder helpen door de emoties te 
benoemen.

Mijn kind heeft als baby veel pijn gehad door het infantiele hemangioom. Kan het 
zijn dat mijn kind daardoor nu een hogere pijngrens heeft of prikkels anders 
verwerkt? 

We hebben de gevoeligheid voor pijn en het verwerken van prikkels niet 
onderzocht. Bij baby’s met een infantiel hemangioom kan het dat ze na de start 
van de behandeling met bètablokkers trager of juist heftiger reageren op prikkels. 
Meestal gaat dit weg als de behandeling met bètablokkers stopt. 

Is er in het onderzoek ook gekeken naar de oogsterkte van kinderen die als baby 
waren behandeld met bètablokkers voor een infantiel hemangioom? 

We hebben geen oogtest gedaan. Wel is gekeken naar hoe het over het algemeen 
ging met kijken en of de kinderen een bril of lenzen droegen. Er waren in ons 
onderzoek niet meer problemen met kijken dan bij Nederlandse kinderen van 
dezelfde leeftijd. 
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Komen kinderen die zijn behandeld met bètablokkers voor een infantiel 
hemangioom eerder in de puberteit? 

In ons onderzoek zagen we geen vervroegde puberteit bij kinderen die zijn 
behandeld met bètablokkers voor een infantiel hemangioom. Toch blijft deze vraag
moeilijk te beantwoorden. De kinderen die aan ons onderzoek meededen waren 
namelijk gemiddeld 7 jaar oud. De puberteit start vaak op een latere leeftijd. Ook is 
het per kind verschillend wanneer hij of zij in de puberteit komt. We denken niet dat 
bètablokkers zorgen voor een vervroegde puberteit. 

Krijgen baby’s met een infantiel hemangioom op latere leeftijd andere 
huidafwijkingen (bijvoorbeeld: psoriasis of eczeem)? 

In ons onderzoek, bij kinderen die als baby met bètablokkers waren behandeld 
voor een infantiel hemangioom, kwamen huidafwijkingen ongeveer even vaak voor 
als bij andere Nederlandse kinderen. We verwachten dus niet dat huidafwijkingen 
op latere leeftijd door de bètablokkers komen. Vaak hebben kinderen met een 
huidafwijking zoals eczeem ook iemand in de familie met dezelfde huidafwijking. 
Het kind heeft er dan waarschijnlijk aanleg voor. 

We hebben binnenkort een afspraak bij de psycholoog/de kinderarts/een andere 
hulpverlener. Wat kan ik aan deze hulpverlener vertellen over het onderzoek? 

De resultaten van dit onderzoek gaan over een grote groep kinderen. De scores 
van uw kind kunnen hoger of lager zijn. Daarom kunt u het beste het verslag van 
het psychologisch onderzoek aan de psycholoog of kinderarts geven. 

Krijgen we verdere begeleiding als mijn kind last heeft van bijwerkingen op lange 
termijn? 

Wij kunnen u vanuit dit onderzoek geen verdere begeleiding geven. We kunnen u 
wel helpen om de juiste hulpverlener te vinden. Ook kunt u bij zorgen over de 
gezondheid van uw kind contact opnemen met de huisarts.
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III. List of abbreviations

ADHD Attention Deficit/Hyperactivity Disorder
BRIEF Behavioral Rating Inventory of Executive Function
CBCL Child Behavioral Checklist
CL±P Cleft Lip with or without Palate
CNS Central Nervous System
CPI Cognitive Proficiency Index
CSHQ Child Sleep Habits Questionnaire
EMA European Medicines Agency
Erasmus MC Erasmus MC Sophia Children’s Hospital, University 

Medical Center Rotterdam
FDR False Discovery Rate
FSIQ Full-scale Intelligence Quotient
GAI General Abilities Index
HIF Hypoxia-Inducible Factor
HRQoL Health-Related Quality of Life
H2O2 Hydrogen Peroxide
IH Infantile Hemangioma
ISCED International Standard Classification of Education
ISSVA International Society for the Study of Vascular Anomalies
IQ Intelligence Quotient
KIDSCREEN-27 KIDSCREEN Health-Related Quality of Life Questionnaire
LMM Linear Mixed Models
MD Memory for Designs
MDD Memory for Designs Delayed
MICE Multivariate Imputation by Chained Equations
NEPSY-II-NL Developmental Neuropsychological Assessment
NA Negative Affect
NO Nitric Oxide
OBVL Parenting Stress Questionnaire 

(Dutch: Opvoedingsbelastingvragenlijst)
OSAS Observer Scar Assessment Scale
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PA Positive Affect
PANAS Positive and Negative Affect Schedule
POSAS Patient and Observer Scar Assessment Scale
PSAS Patient Scar Assessment Scale
RAAS Renin-Angiotensin-Aldosterone System
RAVLT Rey Auditory Verbal Learning Test
RCT Randomized Controlled Trial
UMC Utrecht Wilhelmina Children’s Hospital, University Medical Center 

Utrecht
VAS Visual Analogue Scale
WISC-V-NL Wechsler Intelligence Scale for Children
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Specific courses
Early programming: how early life shapes human 
development, Radboud Summer School

2019 2.0 ECTS

Mixed models 2020 3.0 ECTS
Advanced analysis of prognosis studies 2021 0.9 ECTS
Qualitative research methods in medicine 2021 1.4 ECTS
Cognitive Behavioral Therapy 2022-2023 100 hours
Dialectical Behavioral Therapy 2022-2023 10 days

Workshops
Vasculaire Anomalieën 2018 0.3 ECTS
Perinatal & Neonatal Pharmacology 2018 0.2 ECTS
Werken met aandacht 2019 0.5 ECTS

206

Appendices

162613 Hermans BNW.indd   206162613 Hermans BNW.indd   206 20-03-2023   11:0220-03-2023   11:02



Training program Year Workload
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VIII. Dankwoord

“If I have seen further, it is by standing on the shoulders of giants.” 
Isaac Newton

Mijn proefschrift is af. Het is gelukt! Een professionele én persoonlijke reis die ik niet 
had kunnen volbrengen zonder de steun van velen. Voor die steun ben ik ontzettend 
dankbaar. 

Natuurlijk wil ik alle kinderen en ouders die hebben deelgenomen aan Project Bèta 
bedanken. Jullie inzet, enthousiasme en betrokkenheid maakte dit werk tot een 
feestje.

Vanaf het begin heb ik het geluk gehad om te mogen werken onder toezicht van drie 
betrokken supervisoren. Ten eerste mijn promotor, prof. dr. Suzanne Pasmans. 
Suzanne, dankjewel voor jouw positiviteit, zorgzaamheid, creativiteit en oprechte 
interesse. Ik waardeer de spontane telefoontjes waarin je vraagt hoe het écht met 
me gaat en ik kijk met plezier terug op ons indrukwekkende bezoek aan het ISSVA 
congres in Vancouver. 

Dan mijn co-promotoren, dr. André Rietman en dr. Renske Schappin. Bedankt voor 
jullie mentorschap. Met ingewikkelde vraagstukken kan ik bij jullie terecht en goed 
nieuws (zoals onze perfecte normaalverdeling) vieren we met elkaar. André, bedankt 
voor jouw geduld en humor. Ik heb op professioneel vlak en op persoonlijk vlak veel 
geleerd van jouw mensenkennis, klinische vaardigheden en gedegen 
onderzoeksmindset. Renske, jouw nuchtere blik geeft mij veel rust. Dankjewel dat jij 
altijd beschikbaar bent voor een kort (of lang) telefoongesprek, waarin we de inhoud 
van het onderzoek, persoonlijke omstandigheden én onze voorliefde voor honden 
kunnen bespreken. 

Naast dit supervisieteam heb ik het Project Bèta onderzoeksteam als een stevige 
basis ervaren. In het bijzonder wil ik bedanken: prof. dr. Corstiaan Breugem, dr. Hans 
Breur, dr. Marlies de Graaf, dr. Peter de Laat, dr. Hester Langeveld, Elodie Mendels, 
dr. Martine Raphael en prof. dr. Saskia de Wildt. Jullie zijn beschikbaar, betrokken 
en gepassioneerd. Ik bewonder jullie expertise en hoop nog veel multidisciplinaire 
discussies met elkaar te kunnen voeren. 

Prof. dr. René Wijnen, prof dr. Irwin Reiss en prof. dr. Hanna Swaab, bedankt voor 
jullie bereidheid om mijn proefschrift te beoordelen. Ik kijk ernaar uit om met jullie 
van gedachten te wisselen over mijn proefschrift tijdens de verdediging. 

Collega’s van NA501, wat heb ik ervan genoten om naast jullie te werken. De 
popcorn borrels, lazergame avonturen, ‘quote of the day’, gewassen varkentjes en 
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kippen in én uit de oven maakten dit PhD traject een vrolijk geheel. Tobias, jouw 
perfect gebalanceerde kopjes filterkoffie en motiverende gesprekken brachten mijn 
productiviteit tot ongekende hoogtes. Selin, van ‘misselijk’ tot ‘gewoon moe’: wij 
hadden alle lichamelijke klachten gemeen en die gedeelde smart heeft mij door mijn 
promotietraject heen gesleept. 

#KinderDermaDreamTeam, thanks for being my DreamTeam! Aviël, van 
masterstudent tot promovendus heb jij meegeleefd met de pieken en dalen van mijn 
promotietraject. Dankjewel voor jouw enthousiasme en voor alles dat je ‘even’ voor 
me hebt uitgezocht. Beth, jij hebt bijna mijn hele proefschrift nauwkeurig 
gecontroleerd op de Engelse taal en daar ben ik je enorm dankbaar voor. Astrid, 
jouw bijdrage aan the DreamTeam is goud waard. Dankjewel voor jouw support! 

Het begeleiden van studenten was ontzettend leerzaam. Ilja, Barry, Laure-Sophie 
en Emma, ik wil jullie bedanken voor jullie onmisbare bijdrage aan Project Bèta. 

Collega’s van Youz, jullie hebben mij met open armen op de afdeling ontvangen en 
daar ben ik jullie enorm dankbaar voor. Ik kijk ernaar uit om verder met elkaar samen 
te werken. 

Elke levensfase heeft mij dierbare vriendschappen gebracht die mij gedurende dit 
promotietraject hebben ondersteund. Nyk, ik ben dankbaar voor de vriendschap die 
we hebben gedeeld en voor jouw steun. 

Gerben, al sinds de middelbare school zorgt jouw droge humor voor een nuchter 
perspectief. Ik bewonder jouw passie voor jouw vak en wil je bedanken voor jouw 
betrokkenheid. 

Many thanks to my American friends, especially Julia, Sarah, Anastasia, and Sam. 
Thank you for welcoming me back to New York and for being my friends, despite the 
many miles between us. Coach Gordon and Jill, thank you for your long-lasting 
support. 

Igor en Laura, ondanks onze tegenslagen denk ik dankzij jullie met plezier terug aan 
onze tijd in Leuven. Ik leer van jullie hoe je het leven kan vieren en wil jullie bedanken 
voor alle vrolijke en zingevende gesprekken. 

Liora, onze waardevolle vriendschap en gemeenschappelijke PhD ervaring heeft mij 
enorm geholpen tijdens dit traject. Het was een onvergetelijke ervaring om jouw 
paranimf te mogen zijn en daar ben ik je erg dankbaar voor. Laten we gauw weer 
eens een avondje boksen1!

1 Lees: videogames & wijn
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Beste Pater Benny, ik wil u bedanken voor alle inspirerende gesprekken en voor uw 
gastvrijheid. Zonder de Abdij van Postel had dit proefschrift letterlijk niet bestaan.  

Lieve Kim, zus en paranimf. Jij en Ray hebben mij in moeilijke tijden opgevangen en 
daar ben ik jullie ongelofelijk dankbaar voor. Dat we onze interesse in 
kindergeneeskunde en taart delen is een gezellige bijkomstigheid. 

Lieve Laura, mijn grote zus tegen wie ik altijd zal blijven opkijken. Ik weet dat ik bij 
jou en Collin terecht kan en dat is een fijn gevoel, dankjewel. 

Noor, Valerie en Florijn, bedankt voor jullie vrolijkheid! Ik kan niet wachten om jullie 
te zien (op)groeien, hoewel jullie best nog even klein mogen blijven. 

Lieve Menno, stiekem toch een plekje voor jou in dit dankwoord. Wat een verrassing 
dat ik jou heb ontmoet! Jouw rust, geduld en creativiteit heeft mij door de laatste 
loodjes gesleept. Ik kijk uit naar alle momenten die wij samen gaan beleven. 

Lieve mama, dankzij jouw sterke ‘kan niet bestaat niet’ mentaliteit ben ik gekomen 
tot waar ik nu ben. Aan jouw moed en doorzettingsvermogen kan ik een voorbeeld 
nemen. Dankjewel voor alles dat je voor me hebt gedaan en nog steeds voor me 
doet.

Tot slot richt ik mij tot mijn vader en paranimf. Papa, samen zijn we deze
bijzondere periode in Katwijk gestart en samen zullen we dit werk in Rotterdam 
voltooien. Er bestaat geen grotere eer dan jou te mogen opvolgen als dr. Hermans.
Dit boekje is voor jou.
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