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ABSTRACT

Background: Hypertrophic scars and keloids, common complications following median sternotomy for cardiac
surgery, significantly impact patient quality of life due to their aesthetic and symptomatic burden. Recent
advancements in laser therapy have made it a prominent option for managing these complex scars, yet a com-
prehensive understanding of its efficacy is lacking. The aim of this scoping review is to explore the effects of laser
therapy in managing hypertrophic scars and keloids after median sternotomy. Methods: This scoping review ana-
lyzed studies up to February 2024 from databases including PubMed, EMBASE, CINAHL, Scopus, Web of
Science, and the Cochrane Library. We included any study that assessed laser therapy’s effects on hypertrophic
scars and keloids following median sternotomy. Studies were selected based on predefined inclusion criteria with-
out publication year, design, or origin restrictions. Results: Six studies met the inclusion criteria, involving a total
of five RCT's and one review. These studies primarily tested 585 and 595-nm pulsed dye laser (PDL) treatments,
focusing on scar appearance, patient symptoms, and treatment satisfaction. Most studies reported significant
improvements in scar height reduction and patient symptom relief after treatment, with mixed results for scar
erythema and elasticity. Adverse events were generally mild and transient. Conclusions: Laser therapy offers a
beneficial approach for improving the appearance and symptoms of hypertrophic scars and keloids post-median
sternotomy. However, further research is necessary to optimize treatment parameters and explore the long-term
psychosocial impacts of this therapy. This review highlights the need for more comprehensive studies to establish
standardized treatment protocols and evaluate their effectiveness.
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1 Introduction

Patients undergoing cardiac surgery may develop post-operative complications, which can significantly
impact their quality of life [1]. Post-operative adverse events have been associated with negative mental
health outcomes, including delirium, anxiety, and depression [2]. In this context, the development of
abnormal sternotomy scars following open-heart surgery may contribute to long-term patient morbidity
[3]. Abnormal scars may range from hypertrophic to keloid and are reported to occur in 32% to 72% of
patients [4].

A study in Europe involving Caucasian patients undergoing major cardiac surgery with median
sternotomy and cardiopulmonary bypass reported an incidence of hypertrophic scar formation of about
30%, with an increased risk observed in young patients [5]. Conversely, keloids, though rarer, exhibit a
higher prevalence in people of African and Asian descent, with rates varying from 0.09% in Europeans to
16% among the African population [6]. Hypertrophic scars result from an exaggerated inflammatory
response in the healing process, characterized by rapid fibroblast growth, new blood vessel formation,
and substantial collagen deposition. These scars may develop from various types of injuries, including
burns, surgical wounds, and dermatitis, with surgeries being one of the leading causes [6]. While most
post-surgical scars are deemed aesthetically and functionally acceptable, hypertrophic or keloidal scars
may lead to significant aesthetic, psychological, and social distress [7].

Patients with complex sternotomy scars frequently report issues such as unsightliness, pain, itching, and
restricted movement [8]. Moreover, these scars can have adverse effects on mental and social well-being,
significantly impacting body image and influencing various aspects of daily life [9]. For instance, a
substantial number of individuals with sternotomy scars have indicated that the scars negatively affect
their self-esteem and self-confidence [10]. Women are more likely than men to express dislike or hatred
towards their sternotomy or thoracotomy scars [11]. This observation is supported by literature describing
that women with sternal scars reported that the scars made them feel less attractive despite reassurances
from their partners [12,13]. Studies suggest that women may be more concerned about body image than
men due to the significant societal pressure regarding their appearance [12,13].

The profound impact of sternotomy scars on both patients and their families underscores the urgent need
for effective clinical interventions to enhance their quality of life. Despite the plethora of treatment options
available, none currently offer definitive results for hypertrophic scars and keloids, creating a complex
landscape for treatment selection [6,13]. This variability in outcomes and the significant costs associated
with these therapies place a substantial financial burden on both government healthcare systems and
patient families [14]. Meanwhile, laser technology has emerged as a leading treatment for various scar
types, including those from extensive burns, due to its ability to coagulate microvasculature up to a depth
of 1.2 mm in the dermis [15]. This technological advancement, while promising, highlights a critical gap
in the current understanding and application of scar treatment—particularly, the effects of laser therapy on
sternotomy-related scars have not been thoroughly evaluated [16]. This gap drives the necessity for a
focused review of the literature, aiming to consolidate current knowledge on laser treatment outcomes for
these specific scars and to identify areas lacking robust evidence. This scoping review intends to
systematically explore the impact of laser therapy in managing hypertrophic scars and keloids following
median sternotomy, aiming to summarize effective practices and pinpoint ongoing deficiencies in the field.

2 Methods

2.1 Design

This study utilized a scoping review methodology conducted in accordance with Joanna Briggs Institute
(JBI) manual [17]. Scoping reviews are particularly useful when the objective is to map the existing literature
on a broad topic to identify key concepts, types of evidence, and gaps in research [18]. This approach is
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appropriate when investigating laser therapy for sternotomy scars because the topic is complex and
multifaceted, potentially involving diverse intervention models, outcomes, and patient populations.
Therefore, we conducted a scoping review to synthesize the existing literature on using laser therapy for
treating sternotomy scars in patients who have undergone cardiac surgical procedures. We structured our
research reporting and the presentation of results according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis, specifically the extension for Scoping Reviews (PRISMA-
ScR) [19].

2.2 Review Question

The “Population, Concept, Context” (PCC) framework guided our search strategy [18]. This scheme
defined our population as patients of any age who have undergone median sternotomy, the concept of
various laser modalities used for scar treatment, and the context of any clinical setting or geographical
location.

We focused on patients of all ages who have undergone a median sternotomy, a common surgical
procedure used primarily in major heart surgeries. This demographic was chosen to explore the broad
implications of post-operative sternal scar treatment, covering a wide age range, to understand potential
variations in treatment outcomes across different life stages.

The concept central to our review is the application of various laser modalities for the treatment of scars.
This concept includes, but is not limited to, different types of laser technologies, such as ablative lasers,
which remove layers of skin; non-ablative lasers, which stimulate collagen production and skin
rejuvenation without damaging the skin surface; and fractional lasers, which create microthermal
treatment zones to induce tissue repair. The aim was to evaluate these diverse technologies’ effects,
safety, and patient outcomes in managing sternotomy scars.

Our review was not limited to any specific clinical setting or geographical location. This broad context
allowed us to capture a wide array of clinical applications and healthcare environments, from advanced
tertiary hospitals in urban areas to smaller clinics in rural settings across different countries. This
inclusiveness helped us understand how different healthcare infrastructures and local practices can
influence the effectiveness and accessibility of laser treatments for sternotomy scars.

2.3 Eligibility Criteria

The selection of studies for this review was based on specific eligibility criteria designed to encompass a
comprehensive range of literature. We included studies written in either English or Italian and focused on the
effects of laser therapy on median sternotomy scars in patients of any age. To ensure a thorough exploration
of the topic, we did not impose any restrictions regarding the year of publication, study design, or country of
origin. This broad approach allowed us to capture the full spectrum of existing research related to our topic of
interest. However, we excluded studies that investigated the effects of laser treatments on sternotomy scars in
conjunction with other types of scars, such as those resulting from burns or other surgical procedures, to
maintain a clear focus on the specific impacts of laser therapy on sternotomy scars alone.

2.4 Databases and Other Sources

Our literature review, comprehensive up to February 2024, encompassed several key databases and
alternative sources. We searched PubMed, Embase, the Cumulative Index to Nursing and Allied Health
Literature (CINAHL), Scopus, Web of Science (WoS), and the Cochrane Library. Additionally, we
explored the grey literature through electronic platforms such as ResearchGate and Google Scholar to
capture non-peer-reviewed studies and ongoing research. This multi-source strategy ensured a broad and
inclusive collection of relevant data on the effects of laser therapy on median sternotomy scars.
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2.5 Search Strategy

Our search strategy was crafted based on the PCC framework. We customized the search terms for each
electronic database consulted to align our queries with each database’s unique syntax and capabilities. We
used the Boolean operator AND to combine the PCC criteria—ensuring that all elements were addressed
in each search—while the OR operator was employed to enhance the sensitivity of the search within each
individual criterion. Additionally, Medical Subject Headings (MeSH) terms were strategically utilized to
further refine the search queries, allowing for more precise retrieval of relevant literature. The final
versions of these search queries were executed on the 6th of February 2024, ensuring that our data was as
current as possible.

The query used in PubMed was: (“Sternotomy”’[MeSH Terms] OR “Cardiac Surgical
Procedures”[MeSH Terms] OR “Sternotom*”’[TW] OR “Cardiac Surgical Procedur*”[TW]) AND
((“Laser Therapy”[Mesh] OR “Laser*”[TW]) AND ((“Cicatrix, Hypertrophic”’[Mesh]) OR
(“Cicatrix”’[Mesh]) OR (“Cicatrix*”[TW]))). In Embase: (Sternotomy/exp OR ‘Cardiac Surgical
Procedures’/exp OR Sternotom* OR ‘Cardiac Surgical Procedur*’) AND ((‘Laser Therapy’/exp OR
Laser*) AND ((‘Cicatrix, Hypertrophic’/exp) OR (Cicatrix/exp) OR (Cicatrix*))). In CINAHL:
(INDEXTERMS(Sternotomy) OR INDEXTERMS(“Cardiac Surgical Procedures”) OR TITLE-ABS-KEY
(Sternotom*) OR TITLE-ABS-KEY(“Cardiac Surgical Procedur*”)) AND ((INDEXTERMS(“Laser
Therapy”) OR TITLE-ABS-KEY(Laser*)) AND ((INDEXTERMS(“Cicatrix, Hypertrophic”)) OR
(INDEXTERMS(Cicatrix)) OR (TITLE-ABS-KEY(Cicatrix*)))). In WoS: (ALL = Sternotomy OR
ALL = “Cardiac Surgical Procedures” OR ALL = Sternotom* OR ALL = “Cardiac Surgical Procedur*”)
AND ((ALL = “Laser Therapy” OR ALL = Laser*) AND ((ALL = “Cicatrix, Hypertrophic”) OR
(ALL = Cicatrix) OR (ALL = Cicatrix*))). In Cochrane Library: ([mh Sternotomy] OR [mh “Cardiac
Surgical Procedures”] OR Sternotom™*:ti,ab,kw OR (“Cardiac Surgical” NEXT Procedur*):ti,ab,kw) AND
((flmh “Laser Therapy”] OR Laser*:ti,ab,kw) AND (([mh “Cicatrix, Hypertrophic’]) OR ([mh Cicatrix])
OR (Cicatrix*:ti,ab,kw))).

2.6 Selection Process

The records retrieved from various electronic databases were initially imported into the reference
management software. The first step in processing these records involved removing any duplicate entries.
Subsequently, the titles and abstracts were screened to determine their relevance based on the review’s
inclusion and exclusion criteria. Studies that appeared to meet these criteria were then subjected to a
thorough full-text review to confirm their suitability for inclusion in this scoping review.

A second author independently performed the same selection process to maintain objectivity and
reliability in the study selection. This dual-review approach ensured the consistency and accuracy of the
study’s inclusion. Discrepancies between reviewers regarding the eligibility of certain studies were
resolved through discussion. In cases where consensus could not be reached, a third reviewer was
consulted to provide an additional opinion and resolve any conflicts.

The outcomes of the search and the selection process were meticulously documented and organized
following the guidelines of the PRISMA-ScR [19]. This structured approach facilitated transparency and
comprehensiveness in reporting the review findings.

For an in-depth overview of the study selection process, please refer to the PRISMA flowchart illustrated
in Fig. 1. The process began with identifying 74 records from the databases specified in our search strategy.
The search did not yield additional studies from the grey literature. From these initial findings, 20 duplicate
records were removed, leaving 54 titles and abstracts to be screened for relevance based on our inclusion
criteria. Subsequent to this initial screening, 47 records were deemed ineligible and thus excluded from
further consideration. The remaining 7 full-text articles were then carefully evaluated for eligibility. Of
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these, one article was excluded because its full text could not be retrieved online. Ultimately, 6 studies met all
the pre-established eligibility criteria and were included in our scoping review.
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Figure 1: Flow diagram of the study selection process

2.7 Data Charting Process

A preliminary charting form was developed and tailored to align with the objectives of this scoping
review to facilitate the data charting process. This form was designed to systematically capture essential
information from the included studies. Key data points recorded included the outcomes identified in the
reviewed literature, the intervention techniques employed, and the geographical diversity of the research.
Additionally, significant findings regarding the effects of laser therapy were detailed in a narrative format,
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emphasizing the various outcome measures. Important aspects, such as the timing of treatments and any
reported adverse events, were also documented. To ensure the accuracy and consistency of the data
extracted, two authors independently charted the data. Subsequently, a third author reviewed the
completed dataset to validate the findings and ensure that the charting adhered to the review’s stringent
quality standards. This multi-author approach helped mitigate bias and reinforced the reliability of the
data compilation process.

3 Results

3.1 Study Characteristics

As shown in Table 1, this scoping review incorporated five randomized controlled trials (RCTs) and one
review article, spanning publications from 1995 to 2011 [20-25]. The studies primarily involved adult
participants with median sternotomy scars that were at least six months old and perceived by the patients
as not healing well without any prior treatment. Geographically, only one RCT [22] and the review [20]
were conducted in Europe, while the remaining studies originated from the USA [21,23-25].

Table 1: Summary of findings from included studies

Study Year Location Study Laser type Outcomes Key findings
type assessed
Pai et al. 2011 Eu Review Various Clinical and Laser therapy showed efficacy
[20] histological in improving scar appearance
features and reducing symptoms, with
mild adverse events.
Alster et al. 1995 USA RCT  585-nm PDL Erythema, Significant reduction in
[21] pliability, scar erythema and improved
volume pliability after one and two
treatments.
Verna et al. 2003 USA RCT  595-nm PDL Scar volume, Improvements in scar height
[22] height, erythema, and patient symptoms, mixed
pliability results for erythema and
pliability.
Manuskiatti 2002 USA RCT  585-nm PDL Scar volume, Significant reductions in
et al. [23] erythema, erythema and improved
pliability, patient pliability at various follow-up
symptoms stages.
Manuskiatti 2007 USA RCT  595-nm PDL Erythema, No significant changes in
et al. [24] pliability, scar erythema, improved scar
elasticity elasticity with specific

treatment parameters.
Manuskiatti 2001 USA RCT  585-nm PDL Energy density,  Significant reduction in scar

et al. [25] scar volume, height, erythema, and patient
erythema, symptoms with different
pliability, energy densities.
Ssymptoms

Note: RCT: Randomized Controlled Trial; 585-nm PDL: 585-nanometer Pulsed Dye Laser; 595-nm PDL: 595-nanometer Pulsed Dye Laser. All the
studies included adults with median sternotomy scars.
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The interventions evaluated mainly involved two types of laser treatments: the 585-nm Pulsed Dye
Laser (PDL) [25] and the 595-nm PDL [21,24]. The 595-nm PDL, which utilizes a longer wavelength, is
considered a better option for patients with darker skin because it minimizes nonspecific damage to the
pigmented epidermis compared to the 585-nm PDL. One of the RCTs, conducted by Manuskiatti et al. in
2001, specifically investigated the efficacy of the 585-nm PDL at varying energy densities (3, 5, and
7 J/em?®) [25]. Another study in 2007 explored the effects of the 595-nm PDL using different pulse
widths (0.45 and 40 ms) [24].

Additionally, comparisons were made between laser radiation therapy and various other treatments,
including intralesional triamcinolone acetonide (TAC), intralesional 5-fluorouracil (5-FU), combinations
of TAC and 5-FU, silicone gel sheeting, and cryotherapy, as detailed in studies by Verna et al. in
2002 [22] and Manuskiatti et al. in 2003 [23]. These studies explored treating persistent sternotomy scars,
highlighting the treatment’s relative efficacy and suitability for different skin types.

3.2 Investigated Outcomes

The included studies assessed several clinical and histological features of scars (see Table 1). Clinical
features such as scar volume, height, erythema, and pliability were prominently evaluated, providing a
quantitative basis for comparing treatment efficacy [21-25]. Histological analysis extended to examining
changes in the epidermis, dermal sclerosis, and the presence of fibroblasts and mast cells, offering
insights into the microscopic effects of the treatments [20-25]. Patient-reported symptoms, including
pain, pruritus, tenderness, and burning sensations, were also frequently assessed, highlighting the
subjective experiences related to scar treatment. Furthermore, immediate reactions to treatments and long-
term adverse events were documented extensively in half of the studies, underscoring the safety profiles
of the interventions.

3.3 Effects of Laser Therapy on Sternotomy Scar Clinical Features

The accumulated evidence from the included studies supports the efficacy of laser therapy in enhancing
the clinical appearance of sternotomy scars (see Table 1). Notably, a significant reduction in scar height
following laser treatment compared to baseline has been consistently reported across various studies
[20,21,23-25]. However, results for erythema and pliability have been more variable, depending on the
specific laser treatment parameters used [21-25].

For instance, Alster et al. observed a significant reduction in erythema after one and two treatments with
a 585-nm PDL almost three decades ago, using a 450-ms pulse duration, a 5 mm spot size, and a fluence per
pulse of 6.5-7.25 J/em? [21]. This study also noted improved pliability ratings after these treatments.
Manuskiatti et al. further explored the 585-nm PDL with different energy densities over six treatment
sessions, showing significant reductions in erythema by the 24th week and improved pliability in certain
segments at various follow-up stages [25].

Another RCT indicated no significant differences in scar erythema between treated and untreated areas at
any follow-up period. However, there were notable improvements in scar softness in treated segments at
specific follow-ups [25]. A subsequent study by the same group found a significant reduction in erythema
at week 32 with the 585-nm PDL, although no notable changes in softness were observed [24].

In a different setting, Manuskiatti et al. used the 595-nm PDL and did not observe any significant
changes in scar erythema from the baseline up to 24 weeks, irrespective of the treatment settings [23].
However, this study reported significant improvements in the elasticity of scars treated with a 0.45-ms
pulse width after three sessions, demonstrating that specific treatment parameters can influence the
effectiveness of laser interventions on scar characteristics.
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3.4 Effects of Laser Therapy on Patients’ Symptoms and Scar Perception

Laser therapy has shown considerable efficacy in alleviating pruritic or irritative sensations and reducing
tenderness or burning after just one treatment session. This has led to high patient satisfaction with the
therapy, as reported in studies by Alster et al. [21], Manuskiatti et al. [22], and Verna et al. [25].
Specifically, in the trial by Manuskiatti et al., patients experienced significant improvements in their
symptoms, with 80% of participants (8 out of 10) in both the 3 and 5 J/em? irradiated segments reporting
at least a 50% improvement [25]. In the 7 J/em?® irradiated segments, 70% (7 out of 10) of patients
reported similar levels of improvement.

Interestingly, even in non-laser-irradiated segments, 40% (4 out of 10) of the patients noted a 50% or
greater improvement, suggesting some degree of placebo effect or systemic benefit from the treatment.
However, it is important to note that most patients (60%, 6 out of 10) perceived little to no improvement
in these untreated areas, rating them at either 0% or 25% improved. These findings underscore the
potential of laser therapy not only in treating the physical aspects of sternotomy scars but also in
enhancing patient perceptions and experiences related to scar symptoms.

3.5 Adverse Events

The adverse events associated with laser therapy for sternotomy scars were generally mild and transient.
During the laser treatment, approximately 90% of patients (9 out of 10) experienced a mild to moderate level
of discomfort or pain, which they described as similar to the sensation of a rubber band snapping against the
skin [24]. Additionally, purpuric discoloration and erosions secondary to blistering in the laser-treated areas
were observed in two studies [24,25]. These side effects, however, were short-lived and resolved within a
week with the application of a simple occlusive dressing using mupirocin ointment [25].

4 Discussion

This scoping review aimed to explore the existing evidence on the effects of laser therapy for treating
hypertrophic scars and keloids following median sternotomy in cardiac surgery patients [20-25]. We chose
this study design due to the scarcity of comprehensive reviews and the limited published literature on the
topic, which is crucial for assessing the feasibility of future primary studies. The review included six
studies published over a span of 16 years, which collectively suggest that laser therapy is a viable
treatment option for managing complicated sternotomy scars. This therapy improves scar appearance and
alleviates patients’ symptoms with minimal and transient adverse events.

The main results indicate that laser therapy significantly improves scar appearance, with consistent reports
of reductions in scar height and improvements in pliability and erythema [20,21,23-25]. Patient symptoms
such as pain, pruritus, tenderness, and burning sensations were effectively alleviated, leading to high
patient satisfaction. The adverse events associated with laser therapy were generally mild and transient,
including discomfort during treatment and temporary purpuric discoloration and blistering, which resolved
within a week. The review primarily evaluated the 585 and 595-nm PDL, finding the 595-nm PDL to be
more suitable for patients with darker skin due to reduced nonspecific damage to the pigmented epidermis.
Studies also explored different energy densities, pulse widths, and treatment sessions, indicating that
specific parameters could influence the effects of laser therapy on scar characteristics.

This scoping review highlights several key differences between the patients, treatments used, and their
efficacies across the included studies. These differences provide valuable insights into the factors that may
influence the outcomes of laser therapy for hypertrophic scars and keloids following median sternotomy
[20,21,23-25]. The studies primarily involved adult patients with median sternotomy scars that were at
least six months old and perceived by the patients as not healing well without any prior treatment. While
the majority of the studies were conducted in the USA, one study and a review were conducted in
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Europe. The patient populations varied slightly in terms of age and baseline scar characteristics, but all shared
the common factor of having undergone cardiac surgery requiring a median sternotomy. This variability in
patient demographics underscores the need to consider individual patient factors when assessing the efficacy
of laser treatments in future research.

The 585-nm PDL was used in several studies and was effective in reducing erythema and improving scar
pliability and height. The 595-nm PDL, which has a longer wavelength, was noted to be more suitable for
patients with darker skin due to its reduced risk of nonspecific damage to the pigmented epidermis. Different
studies explored various treatment parameters such as energy densities, pulse widths, and the number of
treatment sessions. For instance, one study by Manuskiatti et al. investigated the efficacy of the 585-nm
PDL at energy densities of 3, 5, and 7 J/em?, demonstrating that higher energy densities were associated
with greater improvements in scar characteristics [25]. Another study by the same group in
2007 examined the effects of different pulse widths (0.45 and 40 ms) using the 595-nm PDL, indicating
that specific treatment settings can significantly influence treatment outcomes [24].

The described findings are supported by a recent systematic review of RCTs conducted over the past two
decades, which examined the mitigation of post-surgical scars using various laser modalities and treatment
protocols [26]. Most of these trials, which included the use of Diode, PDL, and CO, lasers, demonstrated
statistically significant improvements in scars managed with laser compared to control treatments.
However, it is important to note that this review focused on general post-surgical scars, not specifically
on scars resulting from cardiac surgery [26].

Regarding scar appearance, 5 out of 6 studies reported a statistically significant flattening of laser-treated
segments compared to baseline [20,21,23-25]. This specific result is supported by recent research on burn
scars, which found that various laser modalities effectively reduced scar thickness, particularly in thicker
scars [27]. PDL has been shown to inhibit cell proliferation and reduce angiogenesis, both critical factors
in abnormal scarring [26].

The results regarding erythema and pliability were mixed in the included literature. While one trial
encompassed in our review indicated limited improvement over time with laser treatments [25], other
recent studies have found that PDL lasers are particularly effective in reducing the erythema associated
with vascular post-surgical scars [26]. A trial assessing the effectiveness of combined PDL and Non-
ablative Fractional Laser (NAFL) treatment found significant improvements in scar thickness and stiffness
as assessed by both patients and blinded physicians using the Patient and Observer Scar Assessment
Scale (POSAS) [28].

In this scoping review, patients’ symptoms improved significantly after just one laser session, with high
satisfaction levels reported in multiple trials [21,22,25]. It should be noted that these outcomes were not
measured using validated tools, likely due to the age of the trials. The POSAS now appears to be the
most appropriate tool for assessing the effects of laser treatment on all types of scars [26]. Consequently,
there is a strong recommendation for more well-designed RCTs that include validated self-report scales to
ensure reliable and accurate measurement of patient outcomes.

In addition, recent evidence highlights the advantages of early laser treatment for surgical scars
[16,26,27]. Laser interventions are most beneficial when delivered within a month post-surgery [29], and
this could also be true following median sternotomy, even if this aspect still requires testing. Best
outcomes are typically seen after three sessions of PDL treatment, spaced between 2 to 10 weeks,
beginning from the day sutures are removed [26]. This evidence suggests a critical window immediately
after surgery where laser treatments could be most effective.

The decision to conduct a scoping review rather than a systematic review with meta-analysis was
informed by the need first to map the research landscape’s breadth and depth. Such an approach is critical
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before undertaking a meta-analysis, as it helps to identify the range of available evidence, assess the
consistency of study methodologies, and highlight areas requiring further investigation. Considering our
findings, we also provided information to plan how to organize a priori hypotheses to explain the
potential heterogeneity in a future meta-analysis by designing a priori meta-regression models and/or
subgroup analysis based on several key factors that our study showed as possible sources of true
differences between effects across studies: type of laser modality (e.g., 585, 595-nm PDL, ablative, non-
ablative, fractional), treatment parameters (e.g., energy density, pulse duration, and number of treatment
sessions), patient demographics, scar characteristics (hypertrophic vs. keloid), age of the scars, study
design and quality scores,, and geographical areas. Therefore, this scoping review is a foundational step,
encouraging more detailed and larger-scale studies that could support a comprehensive meta-analysis,
providing clearer, evidence-based guidelines for treating scars in sensitive populations such as that of
patients with congenital heart disease [30]. In this regard, future perspectives in the field of post-cardiac
surgery, especially concerning patients with congenital heart disaese, highlight the critical need for
tailored scar management strategies. As these patients often undergo multiple surgeries from a young age,
minimizing and managing scarring is crucial for both physiological and psychological outcomes [31].
Advancements in laser therapy could be particularly transformative, focusing on early intervention
protocols to optimize healing shortly after surgery. Further research should prioritize developing specific
laser treatment guidelines. These initiatives should be supported by robust, well-designed clinical trials
specifically targeting the population with congenital heart disease to refine current treatments and
innovate new solutions that could significantly improve the patients’ quality of life.

Limitations

This scoping review has several limitations that warrant discussion. First, the specificity of the patient
population (those undergoing median sternotomy) and the variability in scar types (hypertrophic and
keloidal) may limit the generalizability of the findings to broader surgical contexts or other types of scars.
Secondly, the small number of studies included and their potential methodological differences could
impact the consistency and reliability of the aggregated results. Thirdly, the absence of validated
measurement tools in most studies raises concerns about the accuracy of reported patient outcomes,
emphasizing the need for updated research methodologies in future studies. Additionally, acknowledging
the exploratory nature of the review, no quality assessment was conducted. This decision aligns with the
scoping review methodology, which aims to map the existing literature rather than critically appraise the
quality of individual studies. This approach, while providing a broad overview, limits the ability to assess
the robustness of the findings comprehensively.

5 Conclusions

This scoping review has elucidated the potential benefits of laser therapy for treating hypertrophic scars
and keloids following median sternotomy, particularly in post-cardiac surgery patients. The summarized
evidence indicates that laser therapy could significantly improve scar appearance and alleviate symptoms
with minimal adverse effects, supporting its viability as a therapeutic option. The limited scope and
variability of the studies highlights the need for expanded research to ensure broader applicability and
solidify laser therapy as a cornerstone in post-surgical scar management. The findings advocate for more
comprehensive future research, particularly through well-designed randomized controlled trials
incorporating validated measurement tools like the POSAS. Such studies should aim to refine treatment
protocols to optimize patient outcomes, especially for early intervention. Furthermore, evidence is needed
to support patients with CHD, who require a specific focus because they often endure multiple surgeries
from an early age, leading to complex scarring issues.
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