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Aims: To evaluate the effectiveness and safety of topical β-receptor blocker in

treating superficial infantile haemangiomas (SIH) and compare the effectiveness and

safety of topical β-receptor blocker against other therapies.

Methods: A search of the literature using PubMed, Embase, Cochrane Review data-

base, China National Knowledge Infrastructure and Wanfang were performed to

identify the studies that estimated the effectiveness and safety of topical β-receptor

blocker in treating SIH, the fixed-effect or random-effects meta-analytical techniques

were applied to assess the outcomes.

Results: Twenty studies, involving 2098 patients, were included to conduct this anal-

ysis. Topical propranolol and topical timolol were discovered to be as effective as oral

propranolol in treating SIH (propranolol, odds ratio [OR] = 0.486, 95% confidence

interval [CI] 0.165, 1.426, P = .189; timolol, OR = 0.955; 95%CI 0.700, 1.302; P =

.769), and topical timolol was more effective than topical imiquimod (OR = 2.561;

95%CI 1.182, 5.550; P = .017), observation (OR = 18.458; 95%CI 5.660, 60.191;

P < .001) and topical saline solutions (OR = 19.193; 95%CI 8.837, 41.683; P < .001)

in treating SIH. The comparison between topical propranolol and oral propranolol led

to no discovery of significant difference in the incidence of adverse effects

(OR = 1.258; 95%CI 0.471, 3.358; P = .647). Compared with oral propranolol, topical

timolol was associated with fewer incidences of adverse effects (OR = 0.191; 95%CI

0.043, 0.858; P = .031). No significant difference in the incidence of adverse effects

was found when topical timolol and topical imiquimod were compared (OR = 0.077;

95%CI 0.005, 1.206; P = .068).

Conclusion: This meta-analysis provided evidence that topical β-receptor blockers

(propranolol and timolol), especially timolol, may replace oral propranolol as a first-

line treatment for SIH.
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1 | INTRODUCTION

Infant haemangioma is known as the most commonly seen true

benign vascular neoplasm in infancy, with an incidence of 5–10% in

infants. Infants with premature, low birth weight infants, Caucasian

race and females have demonstrated a higher rate of morbidity.1,2

Although a majority of superficial infantile haemangiomas (SIH) are

self-limited, some SIH have a potential to cause ulcers, bleeding or

cosmetic disfigurement. Therefore, medication treatments are some-

times recommended to prevent the formation of potential scar and

unpredictable permanent disfigurement.

Medication treatments for SIH include propranolol, timolol, gluco-

corticoid and imiquimod. In 2008, Léauté-Labrèze et al.3 made a dis-

covery, when performing propranolol treatment for an infant

haemangioma patient with hypertrophic obstructive cardiomyopathy

and another underage haemangioma patient with increased cardiac

output, that haemangiomas showed a shrinking size, reduced surface

tension, softened texture and lightened colour. Subsequently, they

performed oral propranolol treatment for 9 infants with haemangioma

in the maxillofacial region. The effectiveness was found to be satisfac-

tory in all 9 patients 24 h after the treatment. The report on this

research attracted a great deal of attention from scholars worldwide.3

There has been increasing research supporting oral propranolol as a

first-line treatment for infant haemangiomas, which ensures effective-

ness treatment with a wide margin of safety.2,4,5 While controversy

still exists concerning the safety of systemic propranolol as there have

been some studies reporting the occurrence of such severe adverse

effects as bronchial asthma, hypotension, hyperkalaemia and

hypoglycaemia.6-8 A few reports have demonstrated that topical pro-

pranolol or topical timolol provides an effective and safe alternative to

oral propranolol in the treatment of SIH. In the 2015 recommenda-

tions made by an European expert group, it was stated that topical

β-blockers have the potential to become the first-line treatment for

superficial and small haemangiomas.9 However, due to lack of ade-

quate evidence to prove the effectiveness and safety of topical

β-blockers, they are not suitable for recommendation as a standard

therapy to treat infant haemangiomas.9 Therefore, a thorough review

was conducted in this study of the existing literature focus on the

treatment of SIH, to evaluate how safe oral propranolol would be in

the treatment of SIH. Moreover, a meta-analysis was conducted to

compare the effectiveness and safety of topical β-receptor blockers

with other therapies.

2 | METHODS

2.1 | Literature search

A systematic search of literature (up to October 2019) was conducted

to identify relevant studies on topical β-blockers in the treatment of

SIH by using PubMed, Embase, Cochrane Review database, China

National Knowledge Infrastructure and Wanfang database. The search

was conducted using the search terms: haemangioma and (adrenergic

β-antagonists or propranolol or timolol or metoprolol or atenolol).

Besides, the reference lists of eligible articles were also searched.

2.2 | Study selection

The studies were required to meet the following major criteria:

(i) randomized controlled trial (RCT) or cohort study (CS); (ii) SIH;

(iii) topical β-blocker vs other monotherapy or observation in the treat-

ment of SIH; (iv) the efficacy or safety of propranolol and other treat-

ments were assessed in the treatment of SIH. In cases where the

same study was published multiple times, only 1 study containing the

maximum number of samples and information was included. Abstracts

and unpublished reports were excluded.

2.3 | Data extraction
The following data obtained from studies were extracted by

2 reviewers independently: last name of the first author, year of publi-

cation, design of the study, ages, duration of treatment, regimen and

dose, sample sizes, diseased region, outcome, and adverse events.

Any disagreement of data extraction was discussed and resolved by

consensus.

2.4 | Outcomes of interest

We were interested in performing comparison of the effectiveness

and safety of topical β-blockers with placebo, observation, oral pro-

pranolol or topical imiquimod in the treatment of SIH.

2.5 | Adjudication of outcomes

There are 2 methods to make assessment of medication treatment of

SIH for its effectiveness. These methods are as follows:

What is already known about this subject

• It has been suggested in some reports that topical

β-receptor blocker provides an effective and safe alterna-

tive to oral propranolol for the treatment of superficial

infantile haemangiomas (SIH). However, due to the lack

of adequate evidence on the effectiveness and safety of

topical β-blockers, they cannot be recommended as a

standard therapy to treat SIH.

What this study adds

• This meta-analysis provided evidence to demonstrate

that topical β-receptor blockers (propranolol and timolol),

especially timolol, have a potential to replace oral pro-

pranolol as a first-line treatment for SIH.
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1. Haemangioma regression was evaluated on a 4-point scale as fol-

lows: class IV, reduction in size of 75–100%; class III, reduction in

size of 50– 75%; class II, reduction in size of 25–50%; class I,

reduction in size of <25%. Classes III and IV were considered as

effective treatment, and classes I and II were regarded as ineffec-

tive treatment.

2. Haemangioma response was evaluated based on a classification

system as follows: class 3, the lesion of haemangiomas became

softer, smaller and lighter in colour; class 2, the lesion of

haemangioma stopped growing, with no significant change in col-

our, size or texture; class 1, the lesion of haemangiomas continued

growth. Class 2 and class 1 were considered as ineffective in pro-

moting regression, while class 3 was regarded as effective in pro-

moting regression.

2.6 | Quality assessment

The Cochrane Handbook was used to extract and assess the risk of

bias of RCTs10: (i) The patients were allocated on a random basis;

(ii) concealed allocation to treatment groups at the time of randomiza-

tion; (iii) blind method for participants and personnel; (iv) blinding of

outcome assessment (patient-reported outcomes; detection bias);

(v) blinding of outcome assessment (all-cause mortality; detection

bias); (vi) complete outcome data; and (vii) other bias. Each item was

scored as score = 1 means that the criterion is met or score = 0 means

that it fails to meet the criterion. A quality score from 0 to 7 was

obtained by summing the standards. The Newcastle–Ottawa scale

was applied to assess the quality of CSs, with a quality score ranging

from 0 to 9 stars as obtained by summing the standards; a high-quality

CS was defined as having a minimum of 7 stars.

2.7 | Statistical analysis

The meta-analysis was conducted using Review Manager Software

5.3 (Nordic Cochrane Centre, UK) and Stata 15 (Stata Corporation,

USA). Pooled odds ratios (OR) and 95% confidence interval

(CI) were calculated in the dichotomous outcomes. Random-effec-

t/fixed-effect meta analytical techniques were applied for the analy-

sis. I2 and χ2 tests were conducted to assess heterogeneity.

I2 > 50% was regarded as substantial heterogeneity. The random-

effect model was applied when I2 > 50%; the fixed-effect model

would be used otherwise. A descriptive analysis of adverse drug

reactions was conducted.

3 | RESULTS

3.1 | Study selection

In total, 4730 studies were identified initially after the literature sea-

rch, of which 20 studies met the inclusion criteria in this meta-analysis

(after duplicates removed).11-30 The selection process is shown in

Figure 1, and the characteristics of the included reports are indicated

in Tables 1 and 2.

3.2 | Quality assessment

The quality of RCTs was evaluated by assessing the risk of bias as

summarized in Figure 2. All fully published studies were of comparable

quality with their quality scores ranging from 2 to 6. Most of the

included RCTs demonstrated high and moderate quality with a low

F IGURE 1 Schematic representation
of the selection process for the studies
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risk of bias. The quality of CSs was evaluated as shown in Table 3. All

the included CSs demonstrated the high-quality with a minimum of

7 stars.

4 | POOLED ANALYSES

4.1 | Meta-analysis on the effectiveness of topical
β-blockers vs oral propranolol, topical imiquimod,
topical saline solutions and observation in SIH

4.1.1 | Topical β-blockers vs oral propranolol

Four studies with 91 SIH patients and 89 controls compared the

effectiveness of topical propranolol and oral propranolol in the treat-

ment of SIH. There was substantial heterogeneity among the studies

(I2 = 60.2%, P = .057). As revealed by the combined results, topical

propranolol was as effective as oral propranolol in the treatment of

SIH (OR = 0.486; 95%CI 0.165, 1.426, P = .189; Figure 3). Five studies

with 530 SIH patients and 518 controls compared the effectiveness

of topical timolol with oral propranolol. There was no significant het-

erogeneity among the studies (I2 < 0.1%, P = .721). The combined

results demonstrated that topical timolol was as effective as oral pro-

pranolol in treating SIH (OR = 0.955; 95%CI 0.700, 1.302; P = .769;

Figure 4).

4.1.2 | Topical β-blockers vs topical imiquimod

Three studies involving 99 SIH cases and 99 controls evaluated the

effectiveness of topical timolol and topical imiquimod. There was no

evidence of heterogeneity among the studies (I2 < 0.1%, P = .778). As

demonstrated by the combined results, topical timolol was more

effective than topical imiquimod in the treatment of SIH (OR = 2.561;

95%CI 1.182, 5.550; P = .017).

4.1.3 | Topical timolol vs observation

Two studies involving 45 SIH cases and 35 controls evaluated the

effectiveness of topical timolol and observation. There was no signifi-

cant heterogeneity among the studies (I2 < 0.1%, P = .402). As rev-

ealed by the combined results, topical timolol was more effective than

observation in treating SIH (OR = 18.458; 95%CI 5.660, 60.191;

P < .001).

Four studies involving 371 SIH cases and 81 controls evalu-

ated the regression rate of topical timolol and observation. There

was no significant heterogeneity discovered among the studies

(I2 < 0.1%, P = .751). The combined results demonstrated that topi-

cal timolol achieved a higher regression rate compared to observa-

tion in the treatment of SIH (OR = 16.195; 95%CI 7.006, 37.435;

P < .001).T
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4.1.4 | Topical timolol vs topical saline solutions

Three studies involving 105 SIH cases and 98 controls evaluated the

effectiveness of topical timolol and topical saline solutions. There

might be moderate heterogeneity among the studies (I2 = 61.8%,

P = .073). As demonstrated by the combined results, topical timolol

was more effective than topical saline solutions in the treatment of

SIH (OR = 19.193; 95%CI 8.837, 41.683; P < .001).

4.2 | Meta-analysis on the safety of topical
β-blockers vs oral propranolol, and topical imiquimod
in SIH

The most common adverse effects caused by oral propranolol include

stomach and intestinal disorders, night-time crying, cyanotic lips and

descent of heart rate, most of which are classed as systemic adverse

reactions (Table 4). The adverse effects caused by topical propranolol

F IGURE 2 Summary table of review
authors' judgements for each risk of bias
item for each randomized controlled trial

TABLE 3 The quality of cohort studies

Studies NOS Selection (stars) Comparability (stars) Outcome (stars) Literature quality (stars)

Chambers 201216 4 2 2 8

Wu 201820 4 2 3 9

Zhao 201621 4 2 1 7

Zhang 201722 4 2 3 9

Hu 201326 4 2 2 8

Qiu 201327 4 2 1 7

Luo 201328 4 2 2 8

Yu 201529 4 2 3 9

Yu 201330 4 2 3 9

F IGURE 3 Forest plot of the
efficacy of topical propranolol
compared with oral propranolol in
the treatment of superficial
infantile haemangioma
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include eczema, ulcer and skin rash, most of which fall into the cate-

gory of localized adverse reactions. The adverse effects caused by

localized treatment with topical timolol include desquamation, noctur-

nal crying and Erythema, and most of which are classed as localized

adverse reactions (Table 5). It is possible that the localized treatment

with imiquimod could cause different adverse effects at the same

time, with such common complications as eczema, peeling and ulcer,

and most of them are classed into localized adverse reaction.

Four studies with 91 SIH patients and 89 controls evaluated topi-

cal propranolol and oral propranolol for their safety. Heterogeneity

among the studies was not remarkable (I2 = 23.1%, P = .272). As dem-

onstrated by the combined results, there was no significant difference

in the incidence of adverse effects when topical propranolol was com-

pared against the oral propranolol in the treatment of SIH

(OR = 1.258; 95%CI 0.471, 3.358; P = .647; Figure 5).

Five studies with 530 SIH patients and 518 controls evaluated

the safety of topical timolol and oral propranolol. It was speculated

that there was substantial heterogeneity among the studies

(I2 = 81.5%, P = .001). The combined results demonstrated that topical

timolol led to fewer incidence of adverse effects when compared with

oral propranolol in treating SIH (OR = 0.191; 95%CI 0.043, 0.858;

P = .031; Figure 6).

Three studies involving 99 SIH cases and 99 controls evaluated

the safety of topical timolol and topical imiquimod. It was speculated

that there was substantial heterogeneity among the studies

(I2 = 70.8%, P = .064). No significant difference in the incidence of

adverse effects was found when topical timolol and topical imiquimod

were compared (OR = 0.077; 95%CI 0.005, 1.206; P = .068). This was

probably performed by the use of random-effects model, which added

to the difficulty in identifying significant differences in safety between

topical timolol and topical imiquimod.

5 | DISCUSSION

Propranolol therapy is considered the first-line treatment for infantile

haemangiomas in recent years; it is an effective treatment with fewer

adverse effects.2,4,5 However, some serious adverse events have been

reported, such as bronchial asthma, severe hypotension and

hypoglycaemia. Therefore, alternative topical β-blocker treatments are

being explored for SIH. However, to date, there is no report on large

multicentre, double-blind, randomized trials to validate the effective-

ness and safety of β-receptor blockers in the treatment of SIH. In

F IGURE 4 Forest plot of the
efficacy of topical timolol
compared with oral propranolol in
the treatment of superficial
infantile haemangioma

TABLE 4 Adverse reactions of oral propranolol

Adverse reaction No. cases (n = 365)

Nocturnal crying 25 (6.79%)

Gastrointestinal disturbance 24 (6.58%)

Cyanosis around the mouth 9 (2.47%)

Heart rate reduction or hypotension 7 (1.92%)

Sleep disorder 5 (1.37%)

Lethargy and loss of appetite 2 (0.55%)

Hypoglycaemia 1 (0.27%)

Wheeze 1 (0.27%)

TABLE 5 Adverse reactions of topical timolol

Adverse reaction No. cases (n = 765)

Desquamation 10 (1.31%)

Nocturnal crying 9 (1.18%)

Erythema 7 (0.92%)

Diarrhoea 6 (0.78%)

Eczema 3 (0.39)

Cyanosis around the mouth 1 (0.13%)

Ulcer 1 (0.13%)

Skin redness 1 (0.13%)

Crusting 1 (0.13%)
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consideration of this, we compared the effectiveness and safety of

topical β-receptor blockers against other therapies by conducting a

meta-analysis. The major finding was that topical timolol was as effec-

tive as oral propranolol and more effective than imiquimod by com-

paring the response rate in the treatment of SIH, and topical timolol

resulted in lower incidence of adverse events when compared with

oral propranolol.

Infant haemangiomas show a well-known natural history that can

be separated histologically and clinically into at least 2 dynamic evolu-

tionary phases: proliferation and involution. Localized blanching or

localized macular telangiectatic erythema is regarded as the precursor

of proliferating phase.1,31 As the proliferation of haemangioma endo-

thelial cells continues, the infant haemangioma becomes more ele-

vated, which leads to a rubbery consistency.1,31 As time passes,

haemangiomas will come into involution, the infantile haemangioma

softens, shrinks from the centre outward, and changes to less red in

colour. The involution has a possibility to end up causing residual skin

changes, including anetoderma, and redundant and fibrofatty skin.1,31

Propranolol and timolol are classed as non-selective receptors

suspected to have a similar mechanism in the treatment of infantile

haemangioma. The antihypertensive timolol was approximately 4 times

as effective as propranolol,32 and the duration of cardiac effects was

roughly 10 times as effective as propranolol.33 The exact mechanism

of β-receptor blocker therapy of infant haemangiomas is not fully

understood so far. Timolol and propranolol are speculated to have a

similar mechanism in the treatment of infantile haemangioma. The

potential mechanisms are as follows: propranolol may cause blood

vessels of infant haemangioma to contract by blocking adrenergic

receptor and inhibiting the activity of endothelial nitric oxide

synthase; propranolol may inhibit the angiogenesis of haemangioma

by inhibiting the activity of vascular endothelial growth factor, matrix

metalloproteinase-9 and hypoxia inducible factor-1α34-39; Propranolol

has a potential to promote the apoptosis of haemangioma cells by

inhibiting Renin Angiotensin System Activation and activating the

F IGURE 5 Forest plot of the
safety of topical propranolol
compared with oral propranolol in
the treatment of superficial
infantile haemangioma

F IGURE 6 Forest plot of the
safety of topical timolol
compared with oral propranolol in
the treatment of superficial
infantile haemangioma
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expression of cysteine aspartate protease 3 (Caspase 3) and Caspase

9.40,41

Imiquimod is a nucleoside analogue of imidazoquinoline family

that plays an important role in the induction of chemokines,

proinflammatory cytokines and other mediators by inhibiting activity

towards toll-like receptors 7 and 8, and imiquimod has important anti-

tumour activity. In some studies, the use of imiquimod usually pro-

duces satisfactory outcomes in the treatment of SIH. However, in our

meta-analysis, topical timolol was found to be more effective than

topical imiquimod (OR = 2.561; 95%CI 1.182, 5.550; P = .017) in

treating SIH.

In general, the frequency of timolol treatment varies from 1 to

3 times per day. Qiu et al.42 suggested that performing timolol treat-

ment 5 or 6 times per day may produce a more desirable effect than if

it is carried out 3 times on a daily basis, without any exacerbation of

the adverse effects. It is also believed that the dosage of timolol bears

no association with the effectiveness of treatment. However, due to a

small number of research samples (n = 107),42 this remains to be con-

firmed. To our knowledge, a comparison of the effectiveness and

safety of different timolol formulations has not been previously

reported, and there is still no unified standard for the dosage and

application rates of timolol treatment. Formulations, dose concentra-

tions and application rates of timolol were not considered in the

research due to the small number of related studies, which might give

rise to a potential bias. In addition, dosage was not considered either,

since the most appropriate dosage of oral propranolol varied from

1 population to another, which might also result in a potential bias.

Moreover, most of the included studies did not indicate the use of the

blind method, which might give rise to a potential bias. By contrast,

limited related studies and cases were included, so these observations

should be further confirmed in the double-blinded, multicentre and

RCTs.

In conclusion, this meta-analysis provided evidence that topical

β-receptor blocker (propranolol and timolol), especially timolol, may

replace oral propranolol as a first-line treatment for SIH.
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