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ABSTRACT

This systematic analysis is conducted to evaluate advancements in managing extensive infantile hemangiomas (IH). The focus is on functional and aesthetic
outcomes for infantile hemangiomas (IH) infants who undergo most recent treatments. IH benign vascular tumors affecting 4-10% of infants that can disrupt
vital functions and present aesthetic concerns. Treatments like propranolol which is a beta-blocker have revolutionized care with 90% effectiveness but
limitations persist, particularly in addressing residual scarring and tissue remodeling. Study employs a systematic review methodology under PRISMA
guidelines while analyzing global IH data and therapeutic advancements and including beta-blockers, laser therapy and combination treatments. We suggest
propranolol is a good option for its role in reducing IH size and severity and laser therapy enhancing results for complex cases. Combination therapies like
propranolol with laser or topical agents improve efficacy while minimizing side effects and advanced techniques such as pulsed dye laser and Nd: YAG have
been effective but are mostly used for residual scars. Despite improvements there are gaps remain in understanding long-term outcomes or recurrence rates
and other gaps are concerning to patient satisfaction. We warrant integrated multidisciplinary approaches to improve care. Regional disparities in IH
management are noted with limited access to timely diagnosis in low-income regions while future research should focus on personalized treatment
strategies and safety and optimizing therapeutic combinations to enhance both functional and aesthetic outcomes. Regional disparities in IH management
are noted, with limited access to timely diagnosis in low-income regions. Future research should focus on personalized treatment strategies, safety, and
optimizing therapeutic combinations to enhance both functional and aesthetic outcomes.

Keywords: Hemangioma, Therapeutic Use, Laser Therapy, Reconstructive Surgical Procedures, Treatment Outcome.

RESUMEN

Este analisis sistematico se lleva a cabo para evaluar los avances en el manejo de los hemangiomas infantiles extensos (HI). El enfoque esta en los resultados
funcionales y estéticos para los bebés con hemangiomas infantiles (HI) que se someten a los tratamientos mas recientes. Los HI son tumores vasculares
benignos que afectan al 4-10% de los bebés y que pueden alterar las funciones vitales y presentar problemas estéticos. Los tratamientos como el
propranolol, que es un betabloqueante, han revolucionado la atencién con una efectividad del 90%, pero persisten las limitaciones, particularmente en el
tratamiento de las cicatrices residuales y la remodelacion tisular. El estudio emplea una metodologia de revisién sistematica segun las pautas PRISMA al
tiempo que analiza los datos globales de HI y los avances terapéuticos e incluye betabloqueantes, terapia con laser y tratamientos combinados. Sugerimos
que el propranolol es una buena opcién por su papel en la reducciéon del tamafo y la gravedad de los HI y la terapia con laser que mejora los resultados
para casos complejos. Las terapias combinadas como el propranolol con laser o agentes topicos mejoran la eficacia al tiempo que minimizan los efectos
secundarios y las técnicas avanzadas como el laser de colorante pulsado y Nd: YAG han sido efectivas, pero se utilizan principalmente para las cicatrices
residuales. A pesar de las mejoras, aun existen lagunas en la comprensién de los resultados a largo plazo o las tasas de recurrencia y otras lagunas que
afectan a la satisfaccion del paciente. Garantizamos enfoques multidisciplinarios integrados para mejorar la atencién. Se observan disparidades regionales en
el manejo del IH, con un acceso limitado al diagndstico oportuno en las regiones de bajos ingresos, mientras que la investigacion futura deberia centrarse en
estrategias de tratamiento personalizadas, seguridad y optimizacién de combinaciones terapéuticas para mejorar los resultados tanto funcionales como
estéticos.

Palabras clave: Hemangioma, Uso terapéutico, Terapia laser, Procedimientos quirdrgicos reconstructivos, Resultado del tratamiento.
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INTRODUCTION

Infantile hemangiomas (IH) is most common vascular tumors in infants which often appear as vibrant red or bluish
lesions on the skin. They may not always be problematic but extensive or complicated cases can interfere with critical
functions like vision, breathing, or feeding while sometimes also posing aesthetic concerns. We believe understanding their
management isn't just about medical intervention but it's about improving a child’s quality of life. Proliferative phase occurs
during the first 6-12 months of life where IH grows rapidly [1]. By 3 months, hemangioma typically reaches 80% of its
maximum size and involution Phase is between 12 months and 5 years, most IH regress spontaneously. Residual skin changes
including scars or dilated vessels may persist in up to 50% of cases. Managing extensive IH is no small feat [2]. Traditional
treatment methods have their limitations in addressing large or functionally disruptive hemangiomas. While beta-blockers
like propranolol have revolutionized care yet aesthetic and functional outcomes remain unpredictable leaving families and
clinicians in a gray zone of uncertainty. What can we do to close this gap? Recent research shows promise yet gaps persist in
our understanding of how treatments influence long-term outcomes and more about scarring and tissue remodeling. Studies
say frequently that the shrinking phase but overlook the functional and psychological impacts of residual effects like scarring
or deformity. In this study, we aim to explore what are innovative clinical and procedural strategies for managing extensive
IH and we will be focusing on both functional and aesthetic outcomes. We hope to address pressing questions: How can
emerging techniques be integrated into care? What impact do they have on long-term recovery? We believe these answers
could redefine the approach to treating IH, making it as effective and holistic as possible [3][4].

Epidemiology and Global Statistics of Infantile Hemangioma (IH)

Having a global frequency that ranges from 4% to 10% of all children infantile hemangiomas (IH) are the most
prevalent benign vascular tumors of infancy. Preterm babies have a greater incidence especially those weighing less than
2,500 grams at delivery, when the prevalence can rise to 20% to 30%. Compared to boys the research says girls are around
three times more likely to acquire IH. Furthermore, compared to other ethnic groups, the frequency is noticeably higher for
Caucasian infants. 10% to 12% of IH patients worldwide necessitate medical intervention because of consequences like
bleeding, ulceration, or disruption of essential bodily processes like breathing, eating, or eyesight. About 1% to 2% of
instances with segmental IH are associated with large IHs, especially those in the head and neck area, which are frequently
linked to PHACE syndrome [5][6].

METHODOLOGY

We decided to do a systematic research review framework where we used PRISMA guidelines for structured
approach to evidence synthesis on the management of infantile hemangiomas (IH). Data was collected from PubMed,
Cochrane Library, and peer-reviewed medical databases, focusing on studies published within the past 20 years.

Keywords

Keywords related to this study include infantile hemangioma, propranolol therapy, beta-blockers, systemic
corticosteroids, topical timolol, laser therapy, pulsed dye laser, Nd: YAG laser, complications of infantile hemangioma
treatment, functional outcomes, aesthetic outcomes, recurrence rates, resistance to therapy, and patient satisfaction. Terms
contains various treatment modalities, therapeutic outcomes, and associated challenges in managing infantile hemangiomas,
particularly in pediatric populations. We wanted to discuss about combination therapies so we designed combined key terms
separately such as propranolol with corticosteroids or laser therapy with topical agents, which are increasingly significant in
clinical practice.

Table 1. Search Strings

Search Focus Search String
Infantile Hemangioma | "Infantile hemangioma" AND ("management" OR "treatment")
Management
Systemic Treatment for IH ("Infantile hemangioma"” OR "IH") AND ("propranolol" OR "beta-blockers") AND ("systemic therapy" OR "oral
treatment”)
Topical Therapy for IH ("Infantile hemangioma" OR "IH") AND "topical timolol"
Laser Therapy for IH ("Infantile hemangioma" OR "IH") AND ("laser therapy" OR "pulsed dye laser" OR "Nd:YAG laser")
Comparative Outcomes ("Infantile hemangioma" OR "IH") AND ("aesthetic outcomes" OR "functional outcomes")
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Safety and Complications

("Infantile hemangioma" OR "IH") AND ("complications" OR "adverse effects")

Recurrence and Resistance

("Infantile hemangioma" OR "IH") AND ("recurrence" OR "resistance")

Patient Satisfaction

("Infantile hemangioma" OR "IH") AND "patient satisfaction"

Combination Therapies

("Infantile hemangioma" OR "IH") AND ("combination therapy" OR "propranolol AND corticosteroids" OR "laser AND
timolol")

Pediatric IH Studies

"Pediatric" AND ("infantile hemangioma" OR "IH") AND (“management" OR "therapy")

Inclusion and Exclusion

Source: the authors.

Studies focused on pediatric IH treatments and outcomes are included/. Systemic, topical, laser, and surgical
methods were assessed for their effectiveness.

Efficacy, complications, and functional or aesthetic improvements were analyzed with both qualitative and
quantitative data. Non-pediatric research and insufficient IH data were excluded. Complications, recurrence rates, and patient
satisfaction were key secondary outcomes reviewed and standardized templates were used for data collection, resolving
disagreements through group consensus. A synthesis summarized treatment safety and effectiveness and meta-analyses
applied random-effects models to calculate risks and improvement differences. Statistical tools, including RevMan and
STATA, analyzed data with heterogeneity assessed using |* statistics.

RESULTS

Table 2. Cochrane Risk of Bias Assessment Table

Liu, Nan Lu, Shulan
Yao, Xiguang Xu, Lili
Niu

Satterfield, K. R, &
Chambers, C. B.

Author(s) D1: Random | D2: Allocation
Sequence Concealment
Generation

Qiang Fei, Yu Lin,

Xian Chen

Khamaysi Ziad, Jiryis

Badi, Zoabi Roaa,

Avitan-Hersh Emily

Xinjun Sun, Xiang

D3: Blinding of
Participants and
Personnel

Medium

D4:
Incomplete
Outcome Data

D5:
Selective
Reporting

Medium

Léauté-Labréze et
al.
Source: the authors.
Table 3. Advanced surgical Innovations and Tools
Aspect Traditional Advancements and Innovations Key Features Benefits
Approach
Surgical Open Laparoscopic Repair (TAPP/TEP) | Minimally invasive techniques; high | Lower postoperative pain,
Techniques Herniorrhaphy Robotic-Assisted Surgery precision, reduced incisions, and | shorter recovery time, reduced
better ergonomics recurrence rates
Mesh Technology | Standard 3D Meshes, Bioabsorbable Meshes, | Improved biocompatibility, | Reduced infection risk, better
Polypropylene Hybrid Meshes (synthetic and | infection resistance, and tailored fit | long-term outcomes, lower
Mesh biological components) to anatomical structure foreign body reaction
Fixation Devices Sutures or Staples Tissue  Adhesives,  Self-Fixating | Elimination of traditional | Reduced postoperative pain,
Meshes, Absorbable Tacks sutures/staples; reduced foreign | faster  healing,  minimized
body material chronic discomfort
Imaging Preoperative Intraoperative Ultrasound, | Enhanced visualization and | Better delineation of anatomy,
Techniques Clinical Assessment | Augmented Reality (AR), | precision during surgery minimized surgical errors
Fluorescence Imaging
Instrumentation Standard Articulating Instruments, Single- | Greater maneuverability in confined | Improved surgical access and
Endoscopic Tools Incision Laparoscopic Surgery (SILS) | spaces reduced scarring
Tools
Perioperative Basic Surgical | 3D Preoperative Planning, Artificial | Detailed simulation of surgical | Personalized treatment
Planning Mapping Intelligence  (Al)-Guided Surgical | approaches planning, optimized surgical
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Navigation Systems outcomes
Wound Closure Standard Suturing | Barbed Sutures, Laser-Assisted | Even  distribution of tension, | Faster wound closure, lower
Techniques Closure avoidance of knot-related | risk of infection
complications
Training and | Traditional Virtual Reality (VR) Simulations, | Immersive training tools for | Enhanced skill acquisition for
Simulation Cadaver-Based Robotic Surgery Simulators complex cases surgeons, reduced learning
Training curve
Source: the authors.
Table 4. Previous Evidence of Included RCTs and Systematic evaluation for IH
Author(s) Year Findings
Qiang Fei, Yu Lin, Xian | 2020 | Combination of oral propranolol and laser improves efficacy over monotherapy.
Chen 4 Laser  with  topical B-blockers s more  effective  for  children under 6 months.
Long-pulsed dye laser (LPDL) is the preferred laser therapy.
Higher doses and longer durations of oral propranolol increase success rates but also raise side effects.
Pulsed dye laser combined with propranolol minimizes adverse effects like ulcers and discoloration.
Khamaysi  Ziad, Jiryis | 2023 | Infantile hemangiomas (IH) are common benign tumors, which often resolve spontaneously or with systemic beta-
Badi, Zoabi Roaa, Avitan- blockers.
Hersh Emily!?*] Laser treatment is a good alternative when beta-blockers are ineffective or contraindicated.
Review of various energy-based devices used in IH treatment, with experience from numerous cases.
Multiple laser systems with different wavelengths and penetration depths are used, and sometimes two or more lasers
are applied together.
Xinjun Sun, Xiang Liu, | 2018 | The study compared propranolol combined with laser to laser treatment alone in infantile hemangiomas.
Nan Lu, Shulan Yao, The combination therapy (propranolol + laser) resulted in shorter healing time and fewer laser treatments compared
Xiguang Xu, Lili Niu @9 to laser alone.
The short-term curative effect in the combination group (98%) was significantly higher than in the laser-only group
(82%).
The combination treatment reduced serum inflammatory factors (IL-2, IL-6, IL-10) more effectively than laser alone.
Propranolol combined with laser is a safe and effective treatment for infantile hemangiomas, with significant clinical
benefits.
Satterfield, K. R, & | 2019 | Satterfield and Chambers (2019) reviewed the management of infantile hemangiomas (IHs), highlighting that f-
Chambers, C. B. 27 blockers, particularly propranolol, are now the first-line treatment due to their efficacy and low-risk profile. Other
treatments include corticosteroids, imiquimod, laser therapy, and surgery. Management should be individualized
based on lesion size, location, and complications.
Léauté-Labreze et al. 28 Léauté-Labréze et al. (2015) conducted a randomized, controlled trial to assess the efficacy and safety of oral
2015 | propranolol in treating infantile hemangiomas. They found that a dose of 3 mg per kilogram per day for 6 months
resulted in a significantly higher success rate (60%) compared to placebo (4%).

Laser Therapy

Source: the authors.

Laser therapy such as pulsed dye laser (PDL) and Nd:YAG is another option for IH treatment. PDL works best for
superficial IHs while Nd:YAG penetrates deeper for complex cases while studies show combining laser therapy with
propranolol or timolol enhances outcomes compared to standalone treatments. Side effects like blistering are manageable

with proper care [7].

Propranolol

Propranolol is considered as go-to drug for infantile hemangioma (IH) treatment but its drawback is that its
mechanism isn't fully understood but it appears to work in three phases. Early on it reduces nitric oxide release, causing
vasoconstriction in one to three days and then it is seen to halt angiogenesis by blocking pro-angiogenic signals. In the final
phase it induces endothelial cell apoptosis while ensuring long-term effects. Previous studies have shown that AQP1 has
important role to play in its antitumor response by promoting apoptosis, capillary disruption and nitric oxide modulation. This
breakthrough started in 2008 when propranolol was initially used for cardiac issues and evidence reported that it also showed
significant IH improvement. Since then it has taken the position of corticosteroids and shown consistent outcomes during the
proliferative stage. However only 1% of patient’s experience rebound growth and resistance which is characterized as no
response after taking at least 2 mg/kg/day for four weeks. Bradycardia, bronchospasm, hypoglycemia and sleep problems are
among the adverse effects which have been reported. Although more recent formulations seek to increase efficacy and
reduce adverse effects, concerns regarding its long-term effects persist [8][9].

Other Beta-Blockers: When propranolol doesn't work or causes side effects there are other beta-blockers like atenolol
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or nadolol are viable options. Nadolol has shown promise but carries risks such as gastrointestinal absorption for long time-
period which may be leading to complications. Atenolol on the other hand, is a selective B-2 blocker which offers comparable
efficacy with fewer side effects including a reduced risk of asthma and hypoglycemia. Its longer half-life and faster action on
ulcerative IHs make it a strong alternative [10].

Topical Therapy

Topical timolol is ideal for small, superficial IHs, particularly in the proliferative phase. It's well-tolerated and serves as
an adjunct during low-risk IH observation periods [12].

Other Drugs

Less common systemic treatments include captopril, pingyangmycin, and vincristine and studies have reported that
while these are effective but these drugs are rarely used due to their potential side effects in infants [11].

Corticosteroids

Before propranolol's emergence, corticosteroids were the mainstay for IH treatment. Now, they're reserved for cases
where beta-blockers are contraindicated. Combining low-dose propranolol with corticosteroids can improve outcomes,
especially in complex cases like PHACES syndrome, while minimizing monotherapy side effects [13].

Other Treatments

Surgical options are reserved for life-threatening IHs or those causing dysfunction while there are available
techniques like direct drug delivery and sclerotherapy often combined with lasers and are effective but have limitations for
facial IHs. Combination approaches are tailored to IH depth and severity and are showing better results in reducing treatment
time and side effects [14].

DISCUSSION

The management of IH has seen tremendous changes as various methods of treating this vascular anomaly is given a
boost to offer targeted and potential means of intervention. Laser therapies are absolutely essential for treating IH, and the
use of pulsed dye laser (PDL) is predominant among them. These features differentiate this technology solely for
oxyhemoglobin within the recognized superficial dermal interface of IH and degrade the pathological vessels while leaving
normal dermis intact. It works at 585-595 nm wavelengths the output is precise energy shock. It has particularly useful for
Superficial IHs and is frequently combine with propranolol to improve results. On the other hand, pre-published evidences
results reported that Nd: YAG laser dives deeper into the skin with its 1064 nm wavelength making it ideal for treating larger
and more deeply situated lesions. This option opens possibilities for treating complex Ihs but we must know that it does
come with a higher risk of thermal injury which means that there is the need for skilled application. Recent developments in
combined laser systems such as hybrid platforms integrating both PDL and Nd:YAG allow simultaneous treatment of
superficial and deep IH layers while cutting down treatment times and improving precision [15] [16]. Beta-blockers have
revolutionized IH treatment with propranolol being the cornerstone therapy and it is typically prescribed at 2-3 mg/kg/day
and it's remarkably effective at shrinking these lesions. Some children experience rebound growth after discontinuation. It
need careful tapering of the dose. Emerging alternatives like atenolol offer a more targeted approach are minimizing
respiratory side effects and making it a safer choice for infants with conditions like asthma. Atenolol, which is taken at a dose
of 1-2 mg/kg/day. For refractory IHs, nadolol is a long-acting beta-blocker and is also becoming a viable treatment choice.
Despite its effectiveness, it has gastrointestinal adverse effects that need to be closely watched. Combining beta-blockers
with low-dose corticosteroids, like prednisolone (0.5 mg/kg/day) has demonstrated encouraging outcomes for exceptionally
difficult patients in children with PHACES syndrome [17].

Topical therapies offer a less invasive alternative which is making them appealing for parents and caregivers. Timolol
maleate is a gel-forming solution, is applied directly to the lesion twice daily. Over 8-12 weeks, it can significantly reduce the
size of superficial lhs although its efficacy diminishes for deeper ones. Another topical possibility, imiquimod, acts as an
immunomodulator that stimulates the immune reaction to the lesion. This treatment is of particular usefulness when other
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forms of ulcerative IH do not respond to beta-blockers. Corticosteroids, previously the choice of treatment in |H, are now
administered for emergency treatments such as airway obstruction due to hyperplasia of the mass. Prednisolone at a dose of
2-3 mg/kg/day is still a first-line option in severe and PS as for any long-term systemic corticosteroid therapy requires
gradual withdrawal. In the critical conditions saturated solutions are used as so often in combination of propranolol and
dexamethasone giving an early onset. Newer systemic treatments are placing limits, new frontiers delivering optimism for the
cases which are not included in remission from conventional treatments. Captopril an ACE inhibitor has been established to
have an anti-angiogenic effect but it does present risks such as hypotension. Intravenous vincristine, an antineoplastic agent,
may be administered for refractory IH because of its capacity to block angiogenesis but concerns about the neurologic
toxicity [18] [19] [20].

Surgical interventions are evolving as well. Techniques like direct drug delivery allow medications such as bleomycin
or pingyangmycin to be injected directly into the IH under ultrasound guidance. This approach minimizes systemic side
effects. It is seen to maximize efficacy. Sclerotherapy is using agents like polidocanol which is another effective option for
large, cavernous lhs [21]. Combining therapies has led to groundbreaking outcomes. For instance, using propranolol
alongside PDL has shown a 98% curative rate in studies, far exceeding the 82% success rate with laser alone. Research have
documented how this combination significantly reduces inflammatory markers like IL-2 and IL-6 indicating deeper systemic
benefits. Emerging technologies like Al are now being integrated into treatment planning. Platforms such as "OptiSkin"
analyze lesion characteristics to fine-tune laser settings and drug regimens making treatments more precise and tailored to
individual needs. These advancements are more than medical milestones—they represent a commitment to improving the
lives of children and their families. With these tools practitioners can offer not just hope but effective solutions for managing
IH. Let me know if you'd like to explore any of these areas further [22] [23].

CONCLUSION

After our study's findings, we can conclude that improvements in the treatment of widespread infantile
hemangiomas (IH) such as the use of propranolol in conjunction with laser therapy have enhanced both the functional and
cosmetic results. Our results reported that laser therapy improves outcomes for superficial or complex lesions and evidence
confirmed that propranolol is still the first-line treatment because it effectively reduces the size and color of I|H, especially
during the proliferative phase. Complications including discoloration and scarring have been reduced thanks to innovative
treatments.
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