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Abstract: Platelet-Rich Plasma (PRP) therapy has become a promising treatment option in pediatric
surgery, offering a novel approach to tissue repair and regeneration. Obtained from the patient’s own
blood or umbilical cord blood (CB), PRP is a concentrated form of plasma enriched with platelets,
growth factors, and cytokines essential for stimulating tissue healing. This systematic review explores
the applications of PRP therapy in pediatric surgical procedures, focusing on its role in promoting
wound healing, reducing postoperative complications, and enhancing patient outcomes. A systematic
literature overview was conducted in accordance with PRISMA guidelines, encompassing studies
published between 2004 and 2024. The research has identified different fields of application for
PRP therapy in pediatric surgery, including treatment of pilonidal sinus and hypospadias repair.
Key findings from clinical studies and randomized controlled trials are summarized, highlighting
the efficacy of PRP therapy in accelerating wound healing, reducing pain, and improving patient
recovery. Despite promising results, challenges and controversies surrounding PRP therapy persist,
including variability in preparation protocols and optimal dosing regimens. The safety of PRP
therapy in pediatric patients is also discussed, emphasizing its autologous nature and minimal
risk of adverse reactions. In summary, this review highlights the role of PRP therapy as a safe and
effective therapeutic approach in pediatric surgery, while further research to standardize protocols
and elucidate optimal treatment strategies are still necessary.

Keywords: Platelet-Rich Plasma (PRP); pediatric surgery; hypospadias; pilonidal sinus; fistula;
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1. Introduction

Platelet-Rich Plasma (PRP) therapy has become a promising treatment in the domain
of regenerative medicine, offering a versatile approach to tissue repair and healing across
various medical disciplines [1]. Extracted from the patient’s own blood (autologous) or
from donated blood (heterologous), PRP is a concentrated form of plasma enriched with
platelets, growth factors, cytokines, and other bioactive molecules essential to stimulate
tissue regeneration, improving wound healing [2]. It delivers a high concentration of
growth factors and cytokines directly to the site of injury, and by such means, accelerates
the healing process, reducing inflammation, and enhancing tissue repair, thereby alleviating
pain and restoring function. In fact, the regenerative properties of PRP stimulate collagen
synthesis, increase dermal thickness, and improve vascularity, leading to smoother, firmer,
and more youthful-looking skin. In recent years, PRP has witnessed a surge in interest and
adoption owing to its favorable safety profile, minimally invasive nature, and promising
clinical outcomes [3]. The autologous nature is pivotal in the production of PRP, as it
eliminates the risk of immune rejection or transmission of infectious agents, and enhances its
safety profile when compared to other allogeneic or xenogeneic therapies [4]. Furthermore,
PRP offers a cost-effective and readily available treatment modality, leveraging the patient’s
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own biological resources to facilitate healing and tissue regeneration [5]. Moreover, the
application of PRP extends beyond traditional medical specialties, finding utility in dental
and maxillofacial surgery. In such fields, PRP has proved to be able to enhance bone
regeneration, accelerate wound healing, and improve outcomes in implant dentistry and
periodontal therapy [1]. Pediatric surgery often involves delicate procedures such as
anatomical reconstruction of congenital malformations, and the healing process in pediatric
patients can be challenging for clinicians. Despite the burgeoning interest and widespread
adoption of PRP therapy, several challenges and controversies persist. Foremost among
these is the lack of standardization in PRP preparation protocols, resulting in variability in
the composition and bioactivity of PRP formulations across studies and clinical settings.
Additionally, the optimal dosing regimens, frequency of administration, and timing of
PRP injections remain topics of debate, necessitating further research to elucidate the most
effective treatment strategies. In this paper, we present a review of PRP applications in
pediatric surgery and introduce a new application of PRP in a pediatric patient.

2. Methods

We conducted a systematic literature review of PubMed, Embase, ICTRP, ClinicalTrials.
gov, CINAHL, and Scopus in February 2024, following the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines (Figure 1). The search was
performed using the term “platelet-rich plasma” in all fields. We included papers published
between January 2004 and January 2024. The research criteria were limited to children,
English language, and studies involving human subjects. All titles and abstracts retrieved
from the initial search were independently evaluated for relevance by two reviewers.
Studies deemed relevant underwent full-text review. All stages of the review process,
including screening, selection, and data extraction, were conducted independently by two
reviewers. Any discrepancies were resolved through discussion and consensus.

Identification of studies via databases and registers ‘
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PUBMED (n = 1227) Records removed before screening:
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Figure 1. PRISMA statement.
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3. Platelet-Rich Plasma Preparation

PRP can be obtained from autologous or heterologous blood or sampled from umbilical
CB. The first step consists of an informational interview with the patient and/or the parents
about PRP application, its benefits, and potential risks. Based on patient characteristics, it’s
possible to choose either autologous or umbilical CB-derived PRP. PRP from autologous
blood is preferred for patients over 12 months of age undergoing surgical procedures under
general anesthesia.

For other conditions, such as postoperative medications or patients under 12 months
of age, the use of PRP derived from umbilical CB is preferred.

PRP processing consists of the following steps:

1. Obtaining informed consent from the patient/parents.

2. Blood collection:

Selecting a suitable vein for venipuncture.

Cleaning the area with an antiseptic solution to reduce the risk of infection.

Using a sterile needle and collection tube to draw a specific volume of blood, typically
between 10 to 20 mL, depending on the intended application and the patient’s needs.

3. Blood processing:

Transferring the collected blood into a sterile, closed-system PRP preparation kit or
centrifuge tubes designed for PRP isolation.

Centrifuging the blood at a specific speed and duration to separate its components
based on their densities.

The centrifugation process typically separates whole blood into three layers: red
blood cells (bottom layer), PRP (middle layer), and platelet-poor plasma (PPP) or plasma
(top layer).

4. PRP extraction:

After centrifugation, the PRP layer is carefully extracted using a sterile syringe or
pipette. The PRP layer is located just above the layer of red blood cells.

It is important to avoid any contact with the interface between the PRP and the
underlying red blood cell layer to prevent contamination with red blood cells.

5. PRP activation:

Some protocols involve the activation of PRP using additives like calcium chloride or
thrombin to release growth factors and enhance its regenerative properties.

Activation can occur either before or after PRP application, depending on the specific
treatment protocol.

6. Applications:

Administering the prepared PRP using appropriate techniques based on the intended
treatment area.

PRP can be injected directly into target tissues, applied topically, or used in conjunction
with other medical procedures like microneedling or surgical procedures.

7. Post-treatment care:

Providing the patient with post-treatment instructions, including information about
potential side effects and activities to avoid.

Scheduling follow-up appointments to monitor the patient’s progress and assess the
effectiveness of PRP therapy.

By following these steps, healthcare providers can prepare and administer autologous
PRP effectively, leveraging its regenerative properties for various therapeutic applications.
It's important to note that specific protocols may vary depending on factors such as the
PRP preparation system used and the intended treatment goals.

PRP from CB is prepared with the CB units collected, after the mothers” informed
consent, into plastic bags containing 25 mL of citrate-phosphate-dextrose anticoagulant by
trained midwives, before and after placental delivery. The units are processed within 48 h
from collection. After two centrifugation steps and the removal of the supernatant PPP,
the platelet concentrate in PRP ranges between 800 x 10% /L and 1200 x 10° /L. The PRP
units are then transferred to a storage bag and cryopreserved in a mechanical freezer at a



Children 2024, 11,971

40f9

temperature below —40 °C. Microbiological control is always performed on the PPP. To
obtain a CB platelet the PRP thaws at 37 °C in a water-bath and is activated with calcium
gluconate with or without thrombin in a 37 °C incubator. The Platelet-Rich Plasma gel
(PRP-G) is then sent to the pediatric surgery department for application.

4. Applications
4.1. Pilonidal Sinus

Literature reports two papers regarding the application of PRP-G as an adjuvant to
improve wound healing after pilonidal sinus surgery.

Mohamadi et al. enrolled 110 patients divided into two groups: a study group (n = 55)
treated with PRP-G and the control group. All the patients were subject to an open surgical
approach involving an elliptical incision performed by an experienced surgeon. Upon
completion of the procedure, autologous PRP-G was applied to patients belonging to the
study group while those in the control group were managed with standard medication,
including absorbent sterile cotton gauze. They chose 9 weeks as the endpoint of the
study and showed a statistically significant improvement in patients treated with PRP-G,
including healing time (p < 0.001), pain duration (p < 0.001), and antibiotic consumption
(p < 0.001). Moreover, 3-5 days before healing they performed a biopsy of the tissue to
analyze the process of angiogenesis, and it showed an improvement in the PRP-G group
(p < 0.001) [6]. A randomized controlled clinical trial by Boztug et al. showed interesting
results applying PRP to heal pilonidal sinus. They collected 49 patients who were divided
into three groups: group A (n = 18) as the control group, including patients treated by open
technique; group B (n = 22), including patients who underwent open surgery followed by
the application of PRP; and group C (n =9), including patients who underwent minimally
invasive curettage of the sinus tract and PRP application. To standardize patients across
different surgical procedures, recovery time based on the cavity extension (day/cc) was
used as a parameter for assessing pilonidal sinus severity. The cavity volume of the sinus
was comparable among groups, but the recovery time per unit of cavity volume was
significantly shorter in group B compared to group A (p < 0.001). Additionally, the need
for painkillers was lower in groups B and C compared to group A (p < 0.001), and both
PRP groups B and C experienced a significantly shorter time to return to normal activities
compared to group A (p = 0.003 and p < 0.001, respectively). The authors concluded that
surgeons should consider PRP application for pilonidal sinus treatment, as it improves
postoperative recovery by accelerating the return to daily activities, reducing pain, and
enhancing overall quality of life [7].

4.2. Hypospadias Repair

We found four papers reporting the use of PRP for hypospadias repair. Eryilmaz et al.
collected 40 patients in a prospective study analyzing the role of PRP to reduce postopera-
tive complications in children who underwent hypospadias repair. All patients underwent
a Snodgrass urethroplasty for mid penile hypospadias, and the authors divided the sample
into two groups: Group A (n = 20), who received the PRP application between the dartos
flap and the skin; and Group B (n = 20), who underwent the standard procedure without
the PRP application. They analyzed two follow-up endpoints: 1 month postoperatively,
showing a rate of fistula for Group A and Group B, respectively, of 10% and 25% and a rate
of stenosis, respectively, of 5% and 20%. The authors also found a significantly lower rate
of infection in patients who were administered PRP (p < 0.05) 5 months postoperatively,
showing no change in urethral fistula, stenosis, and infection rates in the group using PRP
but an increase in urethral stenosis that was observed in the group without PRP. Based on
these results, the authors concluded that PRP has the potential to prevent early and long-
term postoperative complications occurring after hypospadias repair [8]. Another paper
by Guinot et al. analyzed 33 patients who underwent the Tiersch-Duplay procedure for
hypospadias repair. They applied autologous PRP to cover the urethroplasty, suturing the
patch with polyglyconate 7/0. The authors followed the patients for 8 months, comparing
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the complications rate with a control group with the same characteristics. From their results,
they found a lower rate of urethral fistula in the study group, but the differences were not
statistically significant. With the limitation of the sample size, the authors concluded that
PRP could be a useful way to cover the urethroplasty, especially in re-do cases without
suitable foreskin, in circumcised hypospadias, in crippled cases, and in cases without
healthy dartos tissue or when tunica vaginalis is no longer available owing to a previous
testicular operation [9].

Similar results were reported by Mahmoud et al. that compared 90 patients treated for
hypospadias plus application of PRP and 90 patients treated for hypospadias without the
application of PRP.

At the end of the follow-up (6 months), they detected a lower rate of complications
(urethrocutaneous fistula, partial superficial wound infection, partial glans dehiscence,
meatal stenosis, and urethral stricture) in the PRP group (p < 0.05) [10].

4.3. Spontaneous Pneumothorax

Kimura et al., in a retrospective study, investigated the role of PRP from autologous
blood in preventing postoperative recurrences in patients who underwent video-assisted
thoracic surgery for spontaneous pneumothorax. They compared two groups: A (control)
and B (PRP). PRP was applied to cover the staple lines. No report of operative morbidity or
mortality, such as allergic reactions, was found. Comparing the two groups, they showed
that the recurrence rate was significantly lower in Group B (p = 0.02), and the recurrence
rate in patients younger than 25 years in Group A and Group B was significantly different
(26.1 and 0.0%, respectively; p = 0.03) [11].

4.4. Chylothorax

Tashnizi et al. presented an innovative use of Platelet-Rich Plasma fibrin glue (PRP-FG)
to treat the chylothorax in children following cavopulmonary connections. They injected
PRP-FG into the pleural space through the chest tube, defining success as a volume of
effusion below 50 mL/day after 2 days. The PRP-FG injection was repeated with the same
volume if the effusion continued after 1 week. They achieved an incredible result, reaching
a rate of successful treatment of 92%. Based on these results, although the sample was small,
the authors concluded that treating the chylothorax with PRP-FG is safe and feasible [12].

4.5. Enterocutaneous Fistula

We documented the first use of PRP in an infant who developed an esophago-
cutaneous fistula following esophagocoloplasty for esophageal atresia type A (Gross
classification). Due to the significant gap between the upper and lower esophageal
pouches (spanning more than three vertebral bodies), the patient underwent extra-thoracic,
thoracoscopic-assisted elongation of the esophageal stumps using Foker’s technique. Af-
ter 10 days, the anastomosis failed, resulting in a left cervicostomy. At 7 months of age,
the patient underwent a procedure of esophageal replacement with colonic segment. On
the 14th postoperative day, an esophago-cutaneous fistula developed above the proximal
esophagus-colon anastomosis, causing excessive saliva leakage. Despite 2 months of ad-
vanced medication treatment, there was no improvement. Given the patient’s young age,
we opted to use PRP-G derived from umbilical cord blood, prepared at the Emilia Romagna
Cord Blood Bank in S. Orsola Hospital (Bologna, Italy). PRP-G was applied four times,
with renewals every fourth day. This treatment led to complete closure of the fistula after
the third application and also improved the quality of the scar [13].

4.6. Other Clinical Applications

Musculoskeletal Injuries: PRP injections have been explored as a treatment option for
musculoskeletal injuries in children, including juvenile idiopathic arthritis, osteochondral
defects, ligament injuries, and tendonitis. The growth factors and cytokines present in PRP
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are thought to promote tissue repair and regeneration, potentially aiding in the healing
process of these injuries [14-18].

Congenital Anomalies: PRP may be utilized in the management of congenital anoma-
lies, including conditions like spina bifida and congenital heart defects. While more research
is needed in this area, PRP offers a potential adjunctive therapy to traditional management
approaches in these complex conditions [19].

Wound Healing: PRP has been investigated for its role in promoting wound healing
in pediatric patients, particularly in cases of chronic wounds or non-healing ulcers. The
growth factors and stem cells present in PRP may accelerate the wound-healing process by
promoting angiogenesis, collagen synthesis, and tissue regeneration [20-23].

Orthodontics and Dentistry: PRP has been explored in pediatric orthodontics and den-
tistry for its potential role in accelerating tooth movement, enhancing bone regeneration af-
ter tooth extraction, and promoting periodontal tissue regeneration. The growth factors and
stem cells present in CBPRP may improve the outcomes of these dental procedures [24-26].

5. Safety

PRP therapy is widely recognized for its favorable safety profile, making it an attrac-
tive option for clinicians and patients alike. One of the primary advantages of PRP therapy
is its autologous nature, whereby the patient’s own blood is used to prepare the compound.
This feature eliminates the risk of immune rejection or allergic reactions, which are common
concerns associated with allogeneic or xenogeneic therapies. Moreover, the preparation
process of PRP involves centrifugation of the patient’s blood to concentrate platelets and
growth factors, followed by the extraction of the PRP component. This extraction pro-
cess typically excludes red blood cells, white blood cells, and other cellular components,
focusing primarily on isolating platelets and their associated bioactive molecules. As a
result, PRP formulations are relatively free from cellular contaminants, reducing the risk of
immunogenic reactions and infectious transmission. In addition to its autologous nature
and minimal risk of immunogenicity, PRP therapy is associated with a low rate of adverse
events and complications. Clinical studies and systematic reviews evaluating the safety of
PRP across various medical specialties have consistently reported a low incidence of ad-
verse reactions, such as pain at the injection site, transient swelling, bruising, and erythema.
These minor adverse events are typically self-limiting and resolve spontaneously within a
few days following PRP administration. Furthermore, PRP therapy is minimally invasive
and can be performed in an outpatient setting, further mitigating the risks associated
with more invasive surgical procedures. The use of ultrasound or fluoroscopy guidance
during PRP injections allows for precise targeting of the affected tissue, minimizing the
risk of inadvertent injury to surrounding structures and enhancing the safety and efficacy
of the procedure [12]. However, certain precautions should be taken when considering
PRP therapy, particularly in patients with underlying medical conditions or contraindica-
tions. Patients with bleeding disorders, thrombocytopenia, or platelet dysfunction may
not be suitable candidates for PRP therapy, as it can exacerbate bleeding tendencies and
compromise hemostasis. Similarly, individuals with active infections, systemic illnesses,
or malignancies may require careful evaluation and risk assessment before undergoing
PRP treatment. Additionally, while PRP therapy is generally considered safe, its long-term
effects and potential risks warrant further investigation. Longitudinal studies tracking
patients’ outcomes and monitoring for any delayed adverse events or complications are
essential for ensuring the continued safety and efficacy of PRP therapy. In conclusion, PRP
therapy offers a safe and minimally invasive approach to tissue repair and regeneration
across various medical specialties. Its autologous nature, minimal risk of immunogenicity,
and low incidence of adverse events make PRP an attractive option for patients seeking
natural and biocompatible treatments. However, careful patient selection, adherence to
standardized protocols, and ongoing surveillance are imperative to mitigate potential risks
and ensure the safe and effective use of PRP therapy in clinical practice [27,28].
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6. Discussion

This review highlights the applications of PRP therapy in pediatric surgery, emphasiz-
ing its potential benefits across various surgical procedures. The findings from the studies
analyzed indicate that PRP not only accelerates wound healing but also significantly re-
duces postoperative complications.

The evidence suggests that the biological properties of PRP—such as its rich content
of growth factors—play a crucial role in enhancing tissue regeneration and healing [1]. In
fact, Mahmoud et al. showed promising results in terms of reduction of complications rates
in hypospadias repair, such as urethrocutaneous fistula, infection, partial glans dehiscence,
meatal stenosis, and urethral stricture in patients treated by PRP compared with the control
group [10]. According to these results, the study by Guinot showed a lower rate of uretheral
fistula in patients who received PRP applications, emphasizing the role of PRP especially in
patients who do not have enough skin for the urethra reconstruction [9]. Promising results
have also been shown by Eryilmaz et al. that proved a significant lower rate of infection
in patients who were administered PRP (p < 0.05) associated with a decrease of urethral
stenosis [8]. For instance, in the management of pilonidal sinus, Boztug et al. showed an
important role of PRP in reducing the recovery time, the postoperative painkillers needed,
and the time to return to daily activities [7].

According to the results from Botzug et al., Mohamadi et al. showed a statistically
significant improvement in patients with pilonidal sinus treated by PRP-G, including
healing time, pain, and antibiotic consumption. They also showed an improvement in
the angiogenesis on biopsy samples in the PRP-G group [6]. The results show promising
outcomes, particularly in conditions like pilonidal sinus and hypospadias repair, where
PRP applications have led to faster recovery times and improved patient satisfaction [6-10].
However, while the positive results are compelling, it is essential to consider the variability
in PRP preparation protocols, which can affect the consistency and effectiveness of treat-
ment across different clinical settings. Additionally, although the safety profile of PRP is
favorable due to its autologous nature, careful patient selection remains paramount [29].

The absolute contraindications to the use of autologous PRP are related to blood
disorders (platelet dysfunction syndrome, critical thrombocytopenia) and sepsis. In these
cases, it is, however, possible to use PRP derived from heterologous blood [30].

This study would help validate the efficacy of PRP therapy across a broader population
and establish definitive guidelines for its use in pediatric patients.

7. Conclusions

In conclusion, PRP therapy seems to represent a promising adjunctive treatment in
pediatric surgery, offering a natural and biocompatible option for enhancing surgical out-
comes. The clinical applications of PRP in pediatric surgery are diverse and promising.
However, ongoing research is crucial to address existing challenges, standardize practices,
and fully elucidate the optimal conditions under which PRP can be most effective. Careful
patient selection, adherence to standardized protocols, and ongoing surveillance are im-
perative to mitigate potential risks and ensure the safe and effective use of PRP therapy in
clinical practice.

Moreover, while the reviewed studies provide strong evidence for the effectiveness
of PRP in specific pediatric surgical applications, there is a need for larger, multicentric
clinical trials.
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