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Abstract: Propranolol, as the first generation of β-blocker family, was initially introduced in 
the clinical application for tachycardia and hypertension in the 1960s. However, the occa-
sional discovery of propranolol in the involution of infantile hemangiomas (IHs) brought us 
a new perspective. IHs are the most common infantile tumor, affecting 4–10% newborns. So 
far, oral propranolol is the first-line medication for IHs treatment. At the same time, local 
injection and topical propranolol are developing. Despite the worldwide application, the 
precise mechanism of propranolol of IHs has not been completely studied. In this article, we 
reviewed and summarized the current information on pharmacology, mechanism, efficacy, 
and adverse effects of propranolol. Novel design of biomaterials and bioactive molecules are 
needed for new treatment and ideal pathway to attain the minimal effective treatment 
concentration and eliminate the adverse effects. 
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Introduction
Propranolol was used for treatment firstly in the 1960s.1 After the serendipitous 
finding that propranolol accelerated the healing of IHs by the French team,2,3 more 
researches proved the efficacy and propranolol is now recognized as the first-line 
medication for IHs.4 In the beginning, oral propranolol starts from 1 mg/kg/day to 
2–3 mg/kg/day for at least 6–12 months.4 For further examination, 1.5–2.0 mg/kg/ 
day is considered as the optimal dosage.5 IHs occur in about 4–10% infants, 
causing them the most common infantile neoplasms.6–9 The pathology of IHs is 
the hyperplasia of the endothelial cells. Distinguished from other vascular anoma-
lies, IHs are expressing glucose transporter-1 protein (GLUT-1).6,7,10,11 There are 
two phases in the progression of IHs, proliferative phase and involution phase. Due 
to the involution, most of the IHs need no intervention and only 10% of the patients 
require medication.12 Though propranolol is the proper choice for IHs, the adverse 
events, for example bradycardia and hypoglycemia are noticeable. Other than the 
medication, surgery and laser management are of great importance. However, along 
with the emergence of the propranolol therapy, those interventions are rarely used.11 

Generally speaking, surgery should not be recommended in the infant period 
because of the high anesthetic risks.13–15 In the following situations, surgery 
intervention could be considered. The first is that the local treatment and medication 
are not working. The second is that the advance surgery will be beneficial for the 
further reconstruction, concerning the ears or the eyelids. The third is that the 
lesions are limited in easily resectable areas. The last is that the surgery must be 
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done and there are of no differences in the surgery 
timing.13–15 Pulsed-dye laser (PDL) has been applied for 
IHs in decades. It is widely accepted that PDL is safe and 
effective in IHs. The related side effects include skin 
atrophy, bleeding, scar, and pigment variations.16 Since 
the advent of propranolol treatment, the practice is less 
common. Some researchers reported that PDL possessed 
a higher incidence of side events in the infant period.15,17 

PDL can only eliminate the superficial lesions and the 
deep tissues are not affects, which leads to the residual 
changes.18,19 The combination of Nd:YAG laser and PDL 
could solve the issue mentioned before.20 Nd:YAG laser is 
able to penetrate 5–6 mm deep in the tissue. Hence, the 
combination is effective and bring a new perspective in the 
laser therapy. In this review, we focus on the role of 
propranolol in IHs. Over the decades of clinical practice, 
the specific mechanism of propranolol action has not been 
fully investigated. We aim to review and update the cur-
rent information on pharmacology, mechanism, efficacy, 
and adverse effect of propranolol.

Pharmacology of Propranolol
Propranolol is a non-selective β-adrenergic receptor 
blocker. Its chemical formula is 1-Isopropylamino- 
3-1-naphthyloxy-2-propanol (C16H21NO2).21 It is pro-
cessed into the hydrochloride salt for application. As 
a cardiovascular β-adrenergic receptor blocker, proprano-
lol is recommended for hypertension, tachycardia, angina 
pectoris, and so on. It is also used to inhibit cardiac 
remodeling. In the hyperthyroidism, anxiety, and tremor, 
propranolol plays an important role in controlling the 
sympathetic overreaction. There are some other indica-
tions like the prophylaxis of migraine, too.22

Propranolol’s chemical structure is similar to catecho-
lamine, so they can compete with the β-adrenergic recep-
tors. Catecholamine works through the forming of 
a hydrogen bond between the hydroxyl group and the 
receptors.1 However, propranolol is lack of hydroxyl 
group, unable to activate the receptors and hold the rela-
tive β-adrenergic activity. Propranolol also possess 
a membrane stabilizing quality by blocking the sodium 
and calcium channels.1 But the phenomenon only happens 
in the extremely high dose, and has no clinical meanings.

The therapeutic effect of propranolol for IHs is via the 
regulation of renin-angiotensin system (RAS).23–28 IHs’ 
endothelium shows an expression of components of 
RAS25 and pro-renin receptor.26 Researchers has found 
that angiotensin II(ATII) promotes the capillary 

proliferation of IHs and in vitro generates a blast-like bio-
logical structure likely to the lining endothelial cells in 
IHs.25 The other opinion about the propranolol mechanism 
is angiogenesis suppression. Upregulation of angiogenesis 
transcription factors like hypoxia-inducible factor (HIF-1α) 
and vascular endothelial growth factor-A (VEGF-A) is 
common in neonates with IHs,29 and when treated with 
propranolol we can observe a remarkable dose-dependent 
reduction in HIF-1α and the VEGF-A.30–32 Overall, propra-
nolol plays a positive role on IHs.

Pharmacokinetically, all of the oral propranolol is 
nearly absorbed from the intestine. But the blood concen-
trations are variable. After oral intake, propranolol can be 
detected within 30 min and reaches peak at about 60 min. 
The common tablet form is propranolol hydrochloride 
which release slowly and peak plasma concentrations are 
attained after about 6h. The liquid form of propranolol 
should be taken right after meals. And the pharmacoki-
netic analysis shows that the highest blood concentration is 
observed at 3 hours after administration.33 There is first 
pass elimination effect of liver, so after oral administration 
the effective circulation propranolol to the lesion area is 
depending.34 Propranolol is extensively distributed in 
many organs and can pass through the blood brain barrier. 
Over 90% of the plasma propranolol is bound to the blood 
protein. Propranolol follows the first order elimination 
rule, independent of blood concentration and intake 
dosage. Propranolol is excreted from the body via kidney, 
so the half-life correlates the renal function.34

Biological Effects of Propranolol
Propranolol has been applied in the treatment of IHs for 
more than ten years. It is widely acknowledged that the 
influence of propranolol on IHs relies on the RAS 
modulation.28 6 months therapy is considered as a better 
duration.35 In thousands of articles, the biological efficacy 
of propranolol to IHs is verified.

As a crucial transcription factor in angiogenesis, HIF- 
1α takes a crucial part in IHs. More and more IHs infants 
are reported suffering from perinatal hypoxia. We could 
deduce that the increase of HIF-1α results from the 
hypoxic events, like prematurity and pre-eclampsia.36,37 

ATII is involved in the procedure of HIF-1α upregulation. 
Thus, the inhibiting ability of propranolol to ATII may 
exert huge effects on prohibiting angiogenesis via down-
regulating the pro-angiogenesis pathway by HIF-1α.37

Propranolol may also function via enhancing capillary 
endothelium apoptosis.38,39 Through the β-adrenergic 
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blockade, propranolol decreases the tumor blood flow by 
enhancing vasoconstriction and inhibiting vasodilation.38

Oral propranolol is made up of two different isomers, 
S-propranolol and R-propranolol.23,40 S-propranolol possess 
the active β-adrenergic blocking capacity, while 
R-propranolol is an inactive isomer. Some scholars believe 
it is the R-propranolol participates in the therapeutic course 
of IHs.23,40 Compared with the control groups, angiopoietin- 
like 4 is significantly lower expressed in the R-propranolol 
treatment group both in vitro and in the murine models. 
Therefore, R-propranolol intervene the IHs via downregulat-
ing angiogenesis factors and then inhibit angiogenesis.23 

R-propranolol eliminates the hemangiomas and activates 
some tumor suppression genes as betaine homocysteine 
methyltransferase and early growth response-1 genes.23 

The above brings us a new perspective of innovating the 
clinical treatment to use the R-propranolol alone to realize 
tumor decrement while avoiding side effects.

As we all know, there are two enantiomers of propra-
nolol, R-propranolol and S-propranolol. Propranolol is 
mainly used in cardiovascular and neural system. 
Nevertheless, the efficacy of propranolol is not propor-
tional to the receptors level.41,42 In the further studies, 
researchers unveil the role of R-propranolol and 
S-propranolol. The researchers proposed that 
R-propranolol showed an influence on the SOX18 tran-
scriptional factor and then played an important role in the 
anti-angiogenic process.40 SOX18 is widely studied and 
function in the neo-vascularization.43,44 This theory also 
supports our ideas the it is the R-propranolol that functions 
as the crucial mediator in IHs.

Even though the large randomized controlled trial 
(RCT) is the gold standard for the effectiveness compar-
ison between propranolol and steroids, it is not practicable 
or ethical. We use other methods to evaluate. In 
a retrospective cohort analysis,45 the researchers compared 
68 neonates treated with propranolol at 2 mg/kg/day, with 
42 infants treated with oral steroids at 4 mg/kg/day. The 
analysis of the results is rectified with matching ages, 
lesion area, sites and lesion type. The neonates treated 
with propranolol shows greater lesion clearance that 
those undergoing steroids therapy. In the cases infants 
need secondary surgery, propranolol is also a better choice 
compared to steroids (12% vs 29%, P< 0.01).45

Use of Propranolol in IHs
After the serendipitous finding, the old drug, propranolol 
has its new application for IHs.3 Nowadays, oral 

propranolol is proven to be the first-line medication in 
IHs.46–48 The exploration of local administration pathway 
as local injection and topical application is in progress.49 

IHs are the most usual infantile soft tissue benign neo-
plasms. IHs are the abnormal vascular hyperplasia and can 
exist nearly everywhere over the body. IHs are generally 
diagnosed from one week to one month, may present 
a rapid progress in one or three months. Approximately, 
90% of IHs slowly involute into fibrous and adipose tissue. 
Most of the tumors are able to resolve and need no inter-
vention, while the problematic ones should be treated. 
Those include IHs that could lead to large scar, disfigura-
tion and dysfunction, airway or hepatic IHs, ulceration, 
and related latent abnormalities.50,51

Diagnosis of most IHs is carried out though the medical 
records and physical examinations. The initial medical his-
tory should contain the birth history, the timing of IHs dis-
covery, the duration of IHs growing, the timing of cessation 
of IHs development, and the complications.11,16,52–56 After 
the first diagnosis, the patients should come for a follow-up 
visit to assess the diseases at 1–3 months. The doctors must 
evaluate the general status and the detailed information about 
the IHs including site, size, color, amount and the indications 
of involution.57,58 At the same time, imaging materials must 
be collected sequentially from each subsequent visit to the 6 
months after intervention.8,59 The treatment outcomes should 
be estimated by visual analog scale (VAS) and are divided 
into four levels, excellent, good, poor and no response.60

IHs should be distinguished from other vascular tumors, 
involving benign neoplasms like congenital hemangiomas 
(CHs), borderline neoplasms like Kaposiform hemangioen-
dothelioma, and malignant neoplasms like epithelioid heman-
gioendothelioma. IHs must be identified from vascular 
malformations, too7,61–63 (Table 1). CHs are completely 
mature at birth. They do not have two different phases like 
IHs.6,61–63 CHs show a pattern like bluish-red mass with 
dilated capillaries on the surface or grey neoplasms with 
a pale halo. Vascular malformations are born abnormal vas-
cular tissues. They are stable after labor and do not have 
accurate proliferating or involution phase. They just develop 
with body growth. The pathogenic stimuli including infection, 
hormone variation, injury and so on can expand the 
malformations.7,10,54

The administration dose is recommended starting from 
1 mg/kg/day to cardiovascular proper 2–3 mg/kg/day in 
many published clinical guidelines8,11,57,64 (Table 2). 
Based on existent articles, the target dosage is using the 
empirical maximal dosage of 2–3 mg/kg/day to treat IHs.65 
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To date, there is lacking of large-scale RCTs to confirm the 
minimal dosage to attain the rapid involution of IHs. The 
American guidelines11 recommend treatment at 2–3 mg/ 
kg/day. The Spanish consensus guidelines66 recommend 
treatment at 3 mg/kg/day, however the Australasian guide-
lines give a maximal dosage of 1–2 mg/kg/day, unless 
a lower dosage is clinically effective.57

The ideal timing of starting intervention is not reported 
in most known guidelines, and there are no related trials 
emphasized on the optimal starting time point and duration 
of treatment. Conventionally, medication ought to be started 
as soon as possible, in the early phase of IHs development, 
before the irreversible damage is initiated.57 The duration of 
propranolol usage is recommended for at least six months, 
usually lasting 12 months or longer.66–68 Some researchers 
recommend the treatment is continued till the involution of 
IHs, and an average of 14 months is suggested.69

After reviewing all the materials, we recommend the 
target propranolol dosage is 2 to 3 mg/kg/d and the 

medication should start from 0.7–1.0 to 2.0–2.5 mg/kg/d 
in three divided doses at an interval of at least 3 days. 
Propranolol has a maximal influence on heart rate and 
blood pressure in three hours after application70 and the 
drug reaction often happens in the initial medication.71 

Therefore, most specialists recommend the blood pressure 
and heart rate ought to be monitored in the first and second 
hour after the initial administration and each increment. If 
there is no obvious variation for these periods, patients are 
supposed to be stable during the propranolol 
intervention.8,70 However, the Australian guidelines sug-
gest those infants without risk factors could start the med-
ication at home and the monitoring process is only for 
those at the risk of hypoglycemia and related medical 
issues.57 In the whole treatment procedure, regular subse-
quent monitoring is of necessity.8,57 The ulceration in IHs 
is regarded as a risk factor. Ulceration can cause bleeding, 
pain, infection and secondary lesions.72,73 The ulcerated 
type needs intervention as soon as possible and the oral 
propranolol is still the first choice at the dose of 2–3 mg/ 
kg/d. In the course of ulcerated IHs, bleeding should be 
taken into consideration. Though bleeding is the major 
concern, the bleeding degree of ulcerated IHs is minor 
and can be easily handled with compression.72,73

Though oral propranolol is well endurable, the medica-
tion is still facing several adverse events,69 which leads to 
more studies about local intervention like topical 
propranolol.74 But in most researches, oral propranolol is 
the best option.74 In a clinical trial, which is about the 
comparison between oral propranolol at 3 mg/kg/d and 1% 
topical propranolol three times a day, the results show 
a faster curative effect in the oral propranolol group. In 
conclusion, topical propranolol therapy is less effective 
and should be considered only when the patients suffer 
from extreme side effects.

In a large meta-analysis of 41 studies, propranolol 
responding rate reaches 82–100%.75 Hermans et al76 find 
the treatment effect starts within 3 days, and after 2.0– 
2.5 mg/kg/day for 12–18 months’ oral propranolol treat-
ment there is obvious improvement in 99% of patients. In 
two placebo controlled RCTs,35,77 anticipated treating out-
comes are observed in five weeks therapy, with persistent 
amelioration in lesions over the process, contrast to the 
controlled placebo groups. In a prospective cohort study, 
50% of all 188 neonates treated with 2 mg/kg/day oral 
propranolol for a median length of 8 months gets a perfect 
response, over 70% lesion deduction. Only 20% infants 
received a less satisfactory outcome, less than 30% 

Table 1 Difference Between Vascular Malformation and Infantile 
Hemangiomas

Features Infantile 
Hemangiomas

Vascular Malformation

Age of 

emergence

Often after birth At birth

Proliferation With a rapid 

proliferation phase

Growth with the body 

development

Involution Yes No

Epidemiology Female domination 

(3:1)

No prevalence

Risk factors 

of expansion

None Hormone changes, trauma, 

infections and so on

Physical 

examination

Palpation of a solid 

mass

Palpation of thrill or 

pulsation, auscultation of 
vascular murmur

Diagnosis Based on medical 
history and clinical 

manifestation

Based on medical history, 
clinical manifestation and 

imaging examination

Treatment Most of the IHs can 

involute before 4 years 

old. The high risk ones 
need oral propranolol 

intervention, laser or 

surgery.

The symptomatic ones 

need treatment such as 

sclerotherapy, surgery or 
laser.

Notes: Data from references.7,61–63 

Abbreviation: IHs, infantile hemangiomas.
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reduction in the lesion size. In this research, a crucial 
relationship between early treatment and increased treat-
ment efficacy, with 45% having bad responses when the 
intervention started in 18–27 months of age, and just 7% 
having bad response when the treatment is between 0–2 
months of age.78

The phenomenon of rebound growth is observed in up 
to 25% in the IHs patients with propranolol 
treatment.75,78–80 In a cohort study, female neonates, 
advanced interruption of medication (prior to 9 months 
of age) and deep IHs are considered as possible pathogenic 
factors. The researchers discover a profound discrepancy 
of rebound growth risk of the infants where the termina-
tion of treatment is before 9 months of age compared to 
after 24 months of age. In further analysis of this research, 
females and deep IHs are increasing the rebounding risk to 
the other factors like the size and location of lesions.79

Most of the researches depend on the clinical doctors 
to measure the morphology of the lesions and subjectively 
evaluate the degree of amelioration. Moreover, some stu-
dies describe the ameliorations with broad categories, 
excellent, moderate, or poor response. These boundaries 
are lack of specific standards to differentiate, only by the 

percentage of lesion reduction after intervention. Due to 
the deficiency of the standardized measurement, the results 
of the studies are still subjective and not convincing. The 
above emphasizes the importance to apply a standardized 
rule to evaluate the clinical manifestation of IHs.81

Adverse Effects
Propranolol has been considered safe with fewer adverse 
effects compared to the general administration of 
steroids.45,82 In a retrospective cohort study about the 
comparison between propranolol and steroids in IHs 
infants, the steroids group present a 100% adverse issues, 
compared to 1% in the propranolol group. The adverse 
event in the propranolol group is hypoglycemia, a rather 
rare complication with few reports. Other common com-
plications include sleeping disorders,83 agitation and gas-
trointestinal disorders are not stated in this article.84 To 
date, there is no large-scale RCT studying on the adverse 
effects of propranolol treatments.

There are various complications rates reported from 
7% to 96%,56,58,76 however, only about 3% of IHs neo-
nates suffer from severe adverse complications and in need 
of propranolol termination.58 Phillips et al found the 

Table 2 Current Clinical Guideline for Infantile Hemangiomas

Indications Administration of Oral Propranolol Course of 
Treatment

America 

(2019)

IHs that could lead permanent scar, disfiguring, 

dysfunction and ulceration, hepatic and airway IHs.

A dose of 2 to 3 mg/kg/d 6 months to 12 

months (occasionally 

longer)

Europe 

(2015)

Obstructive hemangiomas, ulcerated hemangiomas 

and large facial hemangiomas

Start from 1 mg/kg/d until 2 or 3 mg/kg/d 6 months standard

Australia 
(2017)

Life or function-threatening IHs (Airway 
hemangioma, visual impairment, spinal cord 

involvement, high flow hemangioma with cardiac 

compromise, hemangiomas causing hypothyroidism, 
large hemangiomas interfering with physical 

development, systemic hemangiomas), ulcerated 

hemangiomas or IHs at significant risk of ulceration 
(Lip and Perineum) and hemangiomas with significant 

risk of deformity and/or psychosocial impact

Start at a dosage of 1 mg/kg/d, divide the dose into 
twice a day and gradually increase to 2 mg/kg/d 

Divided doses twice daily, unless a lower dosage is 

clinically effective

A variation from 3 to 
24 months.

Japan 

(2020)

Alarming hemangioma/life-threatening hemangioma 

in the proliferating phase and in patients with 

cosmetic problems, such as giant lesions in the face, 
those with ulcerated and hemorrhagic lesions, and 

those who may develop functional impairments.

Start from 0.7–1.0 to 2.0–2.5 mg/kg/d in three 

divided doses at an interval of at least 3 days

The mean duration is 

9.1 months and 

basically up to 12 
months.

Notes: Data from reference8,11,57,64. 
Abbreviations: IHs, infantile hemangiomas; mg/kg/d, (drug) milligram per (bodyweight) kilogram per day.
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adverse effect rate of oral propranolol on IHs infants is 
27%. And the most usual complication is sleep disorder 
(14%). Four percent of the study kids necessitate propra-
nolol cessation.78 There are many possible reasons leading 
to the adverse effects rate. Nevertheless, sleep disorder, 
hypotension, bradycardia and hypoglycemia are of consis-
tence in various articles.85 Only a few other complications 
are diversely reported. Patient demographics and indivi-
dual differences are possible pathogenic factors.

In a multicenter placebo controlled RCT,35 they design 
three studying groups, propranolol 1 mg/kg/day, propranolol 
3 mg/kg/day and a placebo group in a six months course of 
treatment. The rate of adverse effects is 90%, 96% and 76% 
respectively. The reasons why the placebo group reveals 
a relatively high are not discussed. The common adverse 
events are agitation, sleep disturbance, gastrointestinal dis-
turbance including vomiting, diarrhea, constipation, cool 
peripheries, and bronchitis which are similar to other arti-
cles. The other serious outcomes like bradycardia, hypoten-
sion, and hypoglycemia are rare. While in another study, the 
researchers use a low propranolol dose of 1.5–2.0 mg/kg/ 
day.86 They find a rather good outcome with 7% of adverse 
event rate and there is no need to stop the medication.

To sum up, the common adverse events of oral propra-
nolol for IHs are sleeping disorder and agitation, which 
may lead to the interruption of treatment.87,88 Other known 
adverse events incorporate bradycardia, hypotension, 
bronchial disturbance and hypoglycemia. Mild side effects 
are digestive disorder (emesis, diarrhea or astriction) and 
anorexia.89

Although short-term side effects of oral propranolol are 
widely studied, there is no systemic study on the underlying 
impact on the cognitive function. The propranolol is lipophi-
lic and is easily attached to the brain blood barrier (BBB), 
which enable propranolol to cause central nervous system 
(CNS) influence.90 To date, there is a lack of published 
articles to analyze the long-term CNS effects such as cogni-
tive level, memory, sleep, emotions and so on. According to 
a small case control study of 82 children with IHs, they get no 
profound difference of motor function, communication, 
social ability and physical development between the propra-
nolol group and the non-propranolol group at the age of 
four.91 But the above-mentioned study is limited by its 
small scale and the only results at the age of four. On the 
contrary, researches on the CNS function of adult treated 
with propranolol find the distinction on memory, emotion, 
sleep and mental status between propranolol group and the 
placebo group.92 The discrepancy of propranolol adverse 

effects between children and adults may attribute to neural 
plasticity of the infants.

Propranolol is the first-line medication for IHs with 
obvious adverse events. It is of great importance to 
develop a novel biomaterial, bioactive molecules or other 
ideal pathway to attain the minimal effective treatment 
concentration, navigate precise drug delivery and elimi-
nate the adverse effects. The golden-standard of treatment 
guideline has not reached a consensus. This status is 
caused by the absence of large RCTs and there are only 
a few small studies, most of which are cohort studies and 
meta-analysis with no unified criteria to measure clinical 
issues. At present, clinical doctors and researchers should 
depend on the current knowledge, experience and pub-
lished materials to guide treatment and research and do 
more scientific researches to provide better treatment for 
the IHs patients.

Conclusion
After the serendipitous application of propranolol on IHs 
infants,3 the doctors have changed their idea on IHs treat-
ment. To date, propranolol is the first-line agent and pro-
vides remarkable effects to the IHs patients. Based on 
articles’ review and our clinical experience, the recom-
mendatory usage of propranolol to IHs should start from 
0.7–1.0 to 2.0–2.5 mg/kg/d in three divided doses at an 
interval of at least 3 days. And the first medication should 
be performed in hospital to monitor the infants’ general 
status after intervention. Oral propranolol is considered as 
a safe and effective treatment; however, the adverse effects 
cannot be ignored and the additional evidences and 
researches are needed for better clinical outcomes.
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