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ABSTRACT

Aims: Infantile hemangiomas are the most common benign paediatric vascular tumors. In spite of good results in the
management of infantile hemangioma with oral propranolol, it may cause systemic side effects in the long run. The use of
topical timolol can minimize systemic side effects, and it is easy to apply in the paediatric age group. This study aimed to
evaluate a safer, more effective, and more easily applicable drug for the treatment of infantile hemangioma.

Methods: It was a prospective comparative interventional study that was conducted in Dhaka Shishu (Children) Hospital from
May 2018 to September 2020. A total of 89 patients with superficial infantile hemangioma were selected purposively for this
study who completed 6 months of follow-up after the initial treatment. They were randomly assigned to the topical timolol
group (group A=44) and oral propranolol group (group B=45). Regression of size, change of color, adverse effects, and parent
satisfaction regarding the mode of administration of drugs were statistically compared between the two groups.

Results: The age range of the patients was 1 to 12 months, where the majority of the patients were female. Most of the lesions
were in the head and neck region in both groups. In group A 72.7% patients showed excellent response in size regression,
compared to group B 68.9% patients, which showed no statistically significant difference. In group A 75% had an excellent color
regression, compared to group B 68.9% (p=0.0784). Regarding adverse effects in group A, only 3 children (6.8%) developed
adverse effects compared to 12 (26.7%) in group B which was statistically significant (p=0.021). In group A (97.7%) parents were
more satisfied than in group B (80.0%) regarding the mode of administration of two drugs, which was statistically significant
(p=0.015).

Conclusion: Use of topical timolol turns out to be a good choice for the treatment of patients with superficial infantile
hemangioma. It has the same efficacy, but the adverse effect is comparatively less than oral propranolol. Applying topical
timolol is easier for the parents than oral propranolol.
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INTRODUCTION

Infantile hemangiomas (IHs) are the most common benign
vascular tumors in infancy, with an incidence of about 4-5%,
higher in females and premature infants, and lower in dark-
skinned babies."* According to the International Society for
the Study of Vascular Anomalies (ISSVA), benign cutaneous
vascular tumors include IH, congenital hemangioma, tufted
angioma, pyogenic granuloma, and others.* IHs usually
appear shortly after birth and are characterized by rapid
proliferation during the first year of life, followed by gradual
involution.* Most lesions are solitary (80%) and commonly
involve the head and neck (60%), trunk (25%), and limbs
(15%). About 20% of patients may present with multiple

lesions." The life cycle includes proliferative, involuting, and
involuted phases.’ Although many IHs regress spontaneously,
some can cause complications such as hemorrhage, ulceration,
disfigurement, or functional impairment requiring early
intervention.®” Historically, treatment options included
corticosteroids, vincristine, interferon-a, laser therapy, or
surgery, but these were often associated with significant
adverse effects.® In 2008, propranolol—a non-selective
lipophilic B-blocker—was serendipitously found to induce
hemangioma regression.” Subsequent studies confirmed its
high efficacy,'”"® including research conducted locally.'*'?
However, systemic propranolol may cross the blood-brain
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barrier, raising concerns about potential adverse effects such
as bradycardia, hypotension, hypoglycemia, bronchospasm,
and possible neurocognitive effects.’®'* Topical timolol,
another non-selective p-blocker long used for pediatric
glaucoma,”® was first reported effective against superficial
IHs in 2010.*" A large series later demonstrated its efficacy
and safety without cardiovascular adverse effects.”> To
minimize systemic risks of propranolol, topical timolol has
gained increasing acceptance for treating superficial IHs.®*
This study aims to evaluate the efficacy, safety, and parental
satisfaction of topical timolol in treating IHs compared with
oral propranolol under continuous clinical monitoring.

METHODS

The study protocol was reviewed and approved by the
Ethical Review Committee of the Bangladesh Institute of
Child Health and Dhaka Shishu (Children) Hospital (Date:
05.03.2018, Decision No: BICH-ERC-11-01-2018). Written
informed consent was obtained from the parents or legal
guardians of all participating infants prior to enrollment,
following a detailed explanation of the study objectives,
interventions, and potential risks.

This  prospective  comparative interventional study
was conducted in the Division of Paediatric Surgery,
Bangladesh Institute of Child Health and Dhaka Shishu
(Children) Hospital, Dhaka, over two and a half years (May
2018-September 2020).

Patients attending the surgical outpatient department with
clinically diagnosed superficial IH during the study period
were enrolled using a purposive sampling technique until the
desired sample size was achieved.

Inclusion: All patients with superficial IH in the proliferative
phase.

Exclusion: Patients with previously treated or infected
hemangiomas, life-threatening conditions, and cardiovascular
disorders contraindicate propranolol use.

Sample size was calculated using the formula:
n=[(Py(1-P)+P,(1-P,))/(P,-P,) *Ix(Za+Zp)?,

where P;=0.03, P,=0.22, Za=1.96, and Zp=0.85, yielding
44 per group. Considering a 10% dropout rate, 50 patients
were taken per group (total 100). Simple randomization was
utilized to allocate patients into group A (topical timolol)
and group B (oral propranolol). Allocation concealment was
maintained using sequentially numbered, opaque, sealed
envelopes drawn by an independent coordinator.

Information was obtained from parents via interview and
physical examination. Lesion size was measured with a
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soft tape, and color change was analyzed digitally (Adobe
Photoshop) using serial photographs taken with a 13MP
digital camera. To ensure objectivity, these clinical and
photographic evaluations were independently confirmed by
two physicians who were blinded to the group allocation. Vital
parameters (heart rate, blood pressure, and random blood
sugar) were monitored before and after drug administration
at each follow-up. Adverse effects and parental satisfaction
were recorded.

Group A received 0.5% topical timolol maleate solution (2-4
drops twice daily) and group B received oral propranolol
(1-3 mg/kg/day in two doses). Dosage was titrated based on
clinical response and tolerance.

Patients were followed at 2 weeks, 1, 2, 3, 4, 5, and 6 months.
Regression of size and color was calculated as a percentage
of pretreatment values. Responses were graded as excellent
(80-100%), good (50-80%), fair (25-50%), or poor (<25%).

Data were analyzed using SPSS v25. Continuous variables
were assessed by Student’s t-test and categorical variables
by Chi-square/Fisher’s exact test, with p<0.05 considered
significant.

RESULTS

A total of 100 infants aged between 1 to 12 months were
included, and 89 completed the six-month follow-up (44 in
group A: timolol, and 45 in group B: propranolol). The mean
age was 5.39+2.94 months in group A and 6.38+3.17 months
in group B, with no significant difference (p=0.134) (Table 1).
The majority were term babies (95.5% vs 93.3%) and females
(61.4% vs 68.9%), showing no statistical difference between
groups (Table 2, 3). A positive family history of hemangioma
was noted in 4.5% of group A and 8.9% of group B (p>0.05)
(Table 4).

Table 1. Comparison of patients by age

Age (months) Group A (n=44) Group B (n=45) p value
Mean+SD 5.39+2.94 6.38+3.17 0.134
Range 2-12 1-12

Table 2. Comparison by gestational age

Gestational age Group A n (%) Group B n (%) p value
Preterm 2 (4.5) 3(6.7) 1.000
Term 42 (95.5) 42 (93.3)

Table 3. Comparison by gender

Gender Group A n (%) Group B n (%) p value
Male 17 (38.6) 14 (31.1) 0.509
Female 27 (61.4) 31 (68.9)
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Table 4. Family history of hemangioma

Group A n (%) Group B n (%)
Absent 42 (95.5) 41 (91.1) 0.677
Present 2 (4.5) 4(8.9)

Family history p value

Lesion distribution was similar in both groups,
predominantly affecting the head and neck region (65.9% in
group A and 77.8% in group B), followed by lesions on the
chest wall, abdominal wall, and extremities.

The mean pretreatment size of lesions was 4.43+1.78 c¢cm®
in group A and 5.09+1.52 cm” in group B (p=0.062). After  Figure 1. Pretreatment figure
six months, post-treatment size significantly reduced in
both groups (0.74+0.79 cm® and 0.91+0.87 cm?® respectively;
p<0.001 within each group). However, intergroup comparison
showed no significant difference in mean size reduction
(p=0.333) (Table 5).

Table 5. Size regression before and after treatment

Parameter Group A Group B p value
Pre-treatment size (cm?) 4.43+1.78 5.09+1.52 0.062
Post-treatment size (cm?) 0.74+0.79 0.91+0.87 0.333

Regarding categorical response, 72.7% of group A and 68.9%
of group B achieved excellent size regression, while 25.0% =
and 28.9% had good responses respectively (p=0.905) (Table MEL . b i
6). For color regression, excellent response was observed in reatment with tim
75.0% of group A and 68.9% of group B (p=0.0784), with no
significant difference between groups (Table 7). Complete
regression occurred in 29.6% of group A and 17.8% of group
B (p=0.220) (Table 8). Most complete regressions occurred
within 4-5 months of treatment (Figures 1-12).

Figure 2. After 3 months of treatment with timolol

Table 6. Regression of size between two groups

Response Group A n (%) Group B n (%) p value
Excellent 32 (72.7) 31 (68.9) 0.905
Good 11 (25.0) 13 (28.9)

Fair 1(23) 1(22)

Table 7. Regression of color between two groups

Response Group A n (%) Group B n (%) p value
Excellent 33 (75.0) 31 (68.9) 0.0784
Good 10 (22.7) 12 (26.7)

Fair 1(2.3) 2 (4.4)

Table 8. Complete regression of lesions

Complete regression Group A n (%) Group Bn (%) p value
Occurred 13 (29.6) 8(17.8) 0.220
Not occurred 31 (70.5) 37(82.2)

Adverse effects were significantly more frequent in the
propranolol group (26.7%) than in the timolol group (6.8%)
(p=0.021) (Table 9). In group A, 4.5% had local pruritus and -
2.3% had sleep disturbance. In group B, bradycardia and  Figure 4. Pretreatment figure
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Figure 9. After 6 months of treatment with propranolol

Figure 6. After 6 months of treatment with timolol Figure 10. Pretreatment figure

Figure 8. After 3 months of treatment with propranolol Figure 12. After 6 months of treatment with propranolol
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hypoglycemia each occurred in 6.7%, hypotension in 4.4%,
with minor cases of sleep disturbance and diarrhea (4.4%
each).

Table 9. Comparison of adverse effects

Adverse effects Group A n (%) Group B n (%) p value
Absent 41 (93.2) 33 (73.3) 0.021
Present 3 (6.8) 12 (26.7)

Parental satisfaction regarding drug administration was
notably higher in the timolol group (97.7%) than in the
propranolol group (80.0%), which was statistically significant
(p=0.015) (Table 10).

Table 10. Parents’ satisfaction regarding drug administration

Satisfaction Group A n (%) Group B n (%) p value

Satisfied 43 (97.7) 36 (80.0) 0.015

Not satisfied 1(2.3) 9 (20.0)
DISCUSSION

This prospective study compared the clinical outcomes of
topical timolol and oral propranolol in 100 patients with
superficial IHs, randomly divided into two groups. Six
patients in group A and five in group B dropped out due to
difficulty maintaining follow-up. Most lesions presented
in the proliferative phase, which lasts until about 10-12
months of age. The mean age was 5.39+2.94 months in
group A and 6.38+3.17 months in group B, showing no
statistical difference, consistent with Wu et al.>* Although
previous studies suggest a higher incidence of IH in preterm
infants,>* only 5.61% of our patients were preterm. This
variance from the literature may be influenced by our specific
clinical setting as a single-center study, regional variations
in patient presentation, or potentially incomplete gestational
records. Female predominance was observed in both
groups—61.4% in group A and 68.9% in group B—similar to
other reports.** A positive family history was found in 6.7%
of cases, comparable to Kabir.”” Hemangiomas were most
common in the head and neck region—65.9% in group A and
77.8% in group B—likely due to the region’s rich vascularity.
Similar distributions were reported by Weibel et al.* and Yu
etal.® In group A, mean pre-treatment size was 4.43+1.78 cm?,
reducing to 0.74+0.79 cm® post-treatment. Topical timolol
caused vasoconstriction and inhibited angiogenic growth
factors, producing significant regression, as also reported by
Weibel et al.*® In group B, mean lesion size decreased from
5.09+1.52 cm? to 0.91+0.87 cm®. Oral propranolol suppresses
hemangioma proliferation by modulating endothelial cell
activity and pericyte contractility.” There was no significant
difference in regression between groups, consistent with Wu
et al.,** likely due to their similar B-blocking mechanisms.
Excellent size regression (=80%) was observed in 72.7% of
group A and 68.9% of group B. Variation in lesion size may
explain the difference in individual responses. No significant
difference between groups aligns with previous findings.**
Color regression from dark red to lighter or normal skin
tone occurred in 75% of group A and 68.9% of group B.
Topical timolol caused vasoconstriction through nitric oxide
inhibition, while propranolol reduced capillary perfusion via
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B-adrenergic blockade. Our higher excellent regression rate
compared with Wu et al.*” may be due to different evaluation
criteria. Complete regression of both size and color occurred
in 29.6% of group A and 17.8% of group B, with no statistical
significance. Most complete regressions were in small lesions
after six months of therapy. The lower rate compared with
Nagdeve and Saoji*® may be due to our shorter follow-up
duration. Adverse effects occurred in 6.8% of group A—
mainly local pruritus and mild sleep disturbance—and
26.7% of group B, including bradycardia, hypotension,
hypoglycemia, diarrhea, and sleep disturbance. Systemic
absorption of propranolol explains its higher incidence of
side effects.'*'* Adverse effects were significantly fewer in the
topical group, matching Wu et al.>* Parental satisfaction was
significantly higher with topical timolol (97.7%) compared
with oral propranolol (80.0%) because topical administration
was easier and better tolerated. In our study, both topical
timolol and oral propranolol are effective for superficial IH,
showing comparable efficacy. However, topical timolol has
a superior safety profile and higher parental satisfaction,
making it a preferable first-line option for uncomplicated
superficial lesions.

o Considering efficacy and safety, topical timolol could
be the first line of treatment for superficial infantile
hemangioma.

A multi-center study with a large sample size and long
follow-up is recommended.

Future studies incorporating pharmacokinetic profiling
and serum bioavailability assays are recommended to
better elucidate the dose-response relationships and
specific mechanistic differences between these topical and
systemic therapies.

Long-term follow-up could not be possible.

Depth of the hemangioma could not be measured.

This analysis was done in a single center in Bangladesh,
and the sample only represents a small fraction of patients
with hemangioma.

The absence of a comparative pharmacological analysis,
including pharmacokinetics and serum bioavailability,
limits our ability to explain the mechanistic differences
between the evaluated drugs.

This study has certain limitations that should be
acknowledged. First, conducting a direct pharmacological
comparison between the two interventions is inherently
challenging. While oral propranolol was administered using
precise weight-based dosing (mg/kg/day), topical timolol was
applied using a fixed drop count. Consequently, the exact
volume applied and the degree of transdermal systemic
absorption could not be quantified, limiting a strict dose-
response analysis.
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CONCLUSION

Topical timolol is as effective as oral propranolol for the
treatment of superficial IH. It has fewer adverse effects and its
mode of application is more satisfactory to parents compared
to oral propranolol.
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