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The effect of purified 
hemoglobin spray on the 
treatment of pediatric patiens 
with second-degree burns

Erol Can Kulice* 

Department of Pediatric Surgery, Antalya Training and Research Hospital, Antalya, Türkiye

Introduction: Purified hemoglobin spray had emerged as a potential adjunctive 

therapy to accelerate wound healing in pediatric patients with burns. This 

retrospective study aimed to compare the healing process and post-treatment 

outcomes of children with second-degree burns treated with or without purified 

hemoglobin spray in a tertiary burn unit between December 1, 2023, and 

December 1, 2024. Data including demographics, burn characteristics (source, 

percentage, depth), number of dressings, length of hospital stay, and the day of 

complete epithelialization were recorded. Follow-up assessments at 3 and 6 

months post-discharge evaluated the presence of pruritus and epithelialization 

defects, including hypertrophic scarring, pigmentation changes, or contractures.

Methods: Data were collected from pediatric patients with second-degree 

burns treated in a tertiary burn unit between December 1, 2023, and 

December 1, 2024. Variables included demographics, burn characteristics 

(source, percent TBSA, depth), number of dressings, length of hospital stay, 

and day of complete epithelialization. Patients were grouped by receipt of 

99.9% purified hemoglobin spray versus no spray. Follow-up assessments at 3 

and 6 months post-discharge evaluated pruritus and epithelialization defects, 

including hypertrophic scarring, pigmentation changes, or contractures.

Results: Patients treated with 99.9% purified hemoglobin spray had significantly 

shorter hospital stays and epithelialization times (p < 0.001). Post-discharge pruritus 

was also significantly less common in this group (p < 0.001). The risk of developing 

pigmentation defects and epithelialization defects at the third month after discharge 

was reduced by 94.0% and 90.9%, respectively, while at the sixth month the risk of 

pigmentation defects was reduced by 90.9% and the risk of hypertrophic scar 

development during the 6-month follow-up period was reduced by 93.3%.

Discussion: These findings suggested that purified hemoglobin spray might 

enhance wound healing, reduce the need for frequent dressing changes, and 

minimize long-term complications in pediatric burn care.
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1 Introduction

In burned tissue, microvascular perfusion was impaired due to the increase in 

in�ammatory mediators released from the tissue immediately after trauma, and 

correction of this damage was important for the healing of the burn area (1, 2). In 

addition, as the levels of free radicals such as superoxide anion, hydroxyl radical, 

hydrogen peroxide, and peroxynitrite increased in the burned tissue, tissue oxygenation 
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was impaired. Therefore, the healing of the burn area also 

depended on increasing the oxygenation of the damaged tissue 

and removing free radicals from the environment (3).

During the burn healing process, depending on the depth and 

extent of the burn area, patients with burns might have required 

hospitalized and treated in burn units. Burns were among the 

traumas that cause both physical and psychosocial effects and, 

in this respect, the cost of treatment was high (1). Although the 

length of hospital stay of patients admitted to burn units varied, 

studies reported that the mean duration of hospitalization 

ranged between 5 and 17 days (4–7). The variation in this 

period depended on factors such as the depth and extent of the 

burn, infections developing during treatment, the presence of 

comorbidities, and the use of appropriate burn care products.

In recent years, various burn care products were developed to 

accelerate epithelialization in burn treatment. Chlorhexidine- 

impregnated paraffin gauze, silver-containing dressings, and 

biosynthetic products were commonly preferred. With these 

developments, it was reported that inpatients recovered with an 

average of 3–8 dressing changes (8–10).

Closure of the burn area by epithelialization didn’t mean that 

the treatment was complete, because 16% to 46% of treated 

patients might have developed epithelialization defects such as 

hypertrophic scars or contractures. Hypertrophic scars were seen 

in 30% to 90% of the general burn population, and the vast 

majority of these cases occured in pediatric patients with burns. 

The general consensus was that burn areas healed within three 

weeks (9–11). It was known that delayed healing played a role 

in the development of hypertrophic scars (12, 13). However, 

even within this accepted healing period, hypertrophic scars 

occured at a high rate. Studies indicated that the shorter the 

epithelialization period, the lower the risk of hypertrophic scar 

formation (12). It was known that fibroblast density and 

irregular collagen content were increased in hypertrophic scar 

tissue (13–15). Normal collagen synthesis in the damaged tissue 

in an orderly structure was possible through hydroxylation of 

lysine and proline. Thus, the development of hypertrophic scars 

in burned tissues could be prevented, and healthy wound 

healing could be achieved (16).

Although it was thought that the treatment was complete when 

epithelialization was achieved in burns, one of the most common 

complaints of patients after discharge was pruritus. Although it 

was more common in large-area burns, it was also been seen in 

small burns and might have persisted for up to two years. 

Pruritus was generally more frequent in burns that healed with 

epithelialization defects such as hypertrophic scars or grafted 

areas, but it occured in two-thirds of pediatric patients with 

burns. The type of pruritus seen in patients with burns was 

neuropathic pruritus, and its mechanisms of occurrence were 

peripheral sensitization and the intact nociceptor hypothesis (17). 

Multiple methods were used for its treatment. There were studies 

reporting that the severity of pruritus was independent of age, 

sex, burn area, and burn etiology (8, 18–23).

There were several methods to ensure proper and rapid wound 

healing. One of these was the topically applicable 99.9% purified 

hemoglobin spray. Topical 99.9% purified hemoglobin spray 

accelerated the wound-healing process by increasing oxygenation 

on the wound surface through facilitated diffusion. Purified 

hemoglobin spray was used in wounds with prolonged healing 

periods such as burns, venous ulcers, diabetic foot ulcers, 

infected post-traumatic, and postoperative wounds, and there 

were studies showing that it accelerated the healing process (4, 

12, 23, 24). However, studies on the use of 99.9% purified 

hemoglobin spray in patients with burns were quite limited (4).

The aim of this study was to comparatively evaluate the 

healing processes and post-treatment follow-up outcomes of 

pediatric patients in our burn unit who were treated with 

conventional dressings alone and those with superficial 

second-degree burns who received 99.9% purified hemoglobin 

spray in addition to conventional dressings starting from the 

first dressing.

2 Methods

2.1 Study design and ethical approval

This retrospective, single-center case-control study was 

conducted to evaluate the effect of 99.9% purified hemoglobin 

spray in addition to standard burn dressings on wound healing 

outcomes. Pediatric patients under the age of 18 who were 

hospitalized and treated for burn injuries at the Antalya 

Training and Research Hospital Burn Unit between December 1, 

2023, and December 1, 2024, were included. The study was 

approved by the local ethics committee (Approval No: 2024-429).

2.2 Data collection

Data were obtained from the hospital information system and 

included demographic information, burn etiology, burn 

percentage, degree and depth, type and number of dressings, 

surgical interventions (debridement under anesthesia, 

escharotomy, grafting, or �ap procedures), wound culture results, 

length of hospital stay, and day of complete epithelialization.

2.3 Clinical evaluation and patient 
management

The total burn surface area, burn depth, and the need for 

surgical intervention were evaluated by a single-blinded clinician 

through clinical observation. In all pediatric patients with burns 

admitted to the burn unit, daily caloric and protein 

requirements were routinely calculated, and nutritional support 

was provided. In patients with burns involving mobile joint 

areas, a rehabilitation program was initiated based on the 

clinician’s observations.
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2.4 Purified hemoglobin spray 
characteristics and application

The purified hemoglobin spray used in this study was supplied 

to our hospital as a wound and burn spray and was routinely 

available for patient use. No observational or quantitative 

method was used to assess the local increase in tissue 

oxygenation attributed to the purified hemoglobin spray. The 

decision for discharge was made by the clinician following 

direct observation of the burned areas.

2.5 Follow-up and outcome assessment

Post-discharge follow-ups at the early period, and at the 3rd 

and 6th months, were performed by a single-blinded clinician 

through clinical observation, assessing the presence of pruritus 

and epithelialization defects such as hypertrophic scarring, 

pigmentation differences, or contractures in the healed areas 

affected by burns.

2.6 Control group (Group 1)

The control group (Group 1) was composed of patients identified 

through the hospital information system who had superficial second- 

degree burns and received standard wound care using paraffin- 

impregnated gauze only. After cleansing the wounds with 

appropriate antiseptic solutions, all burn surfaces were covered with 

chlorhexidine-impregnated paraffin gauze. Epithelialization status in 

these patients was evaluated by a single-blinded clinician through 

clinical observation during dressing changes performed every two 

days. Routine burn dressings were performed in our unit’s dressing 

rooms, in separate rooms for each patient under hygienic 

conditions, without the need for anesthesia.

2.7 Case group (Group 2)

The case group (Group 2) consisted of patients with superficial 

second-degree burns who received 99.9% purified hemoglobin 

spray in addition to classical burn dressings starting from the first 

dressing. After cleansing the wound with appropriate antiseptic 

solutions, purified hemoglobin spray was applied to all burn 

surfaces, followed by coverage with chlorhexidine-impregnated 

paraffin gauze. The 99.9% purified hemoglobin spray was a 

product manufactured by Mölnlycke Health Care AB® under the 

trade name Granulox®. It contained 10% carbonylated 

hemoglobin, 0.7% phenoxyethanol, 0.9% sodium chloride, 0.05% 

N-acetylcysteine, and water. As written in the product lea�et and 

in the references used in our study, the product was stored under 

cold-chain conditions before the first use and was applied at each 

dressing change, which was done every 3 days. After the first use, 

no special storage conditions were needed. The spray was applied 

as a 1-second puff from a distance of 10 cm to a wound area of 

2.5 cm × 2.5 cm. This use was about 0.4 mL per application. The 

same product was used for each patient during the whole 

treatment period. However, if the first patient was discharged and 

the product was still within its shelf life, it continued to be used, 

because it was stored properly and did not touch the patient 

directly, so sterility was not affected.

2.8 Discontinuation and safety assessment

Once epithelialization was observed based on clinical assessment, 

the application of purified hemoglobin spray was discontinued.

2.9 Patients selection and study population

To ensure homogeneity, both groups were matched based on 

burn etiology, degree, percentage, depth, nutritional support, 

rehabilitation support, and presence of comorbidities. A total of 

77 patients were treated during the study period; however, 11 

patients who did not attend follow-up visits and 7 patients with 

incomplete data were excluded.

2.10 Statistical analysis

For statistical analysis, the Mann–Whitney U test, chi-square 

test, logistic regression, and generalized linear models (GLM) 

were used. The significance level was set at p < 0.05.

3 Results

3.1 Study population and baseline 
characteristics

Statistical analysis of the study was completed with 31 patients 

in Group 1 and 28 patients in Group 2. The demographic and 

clinical characteristics of the patients are presented in Table 1. 

The mean percentage of deep second-degree burns was 

1.71% ± 1.97% in Group 1, whereas it was 2.71% ± 2.16% in 

Group 2. A statistically significant difference was identified 

between the groups with respect to deep second-degree burn 

percentage according to treatment modality (z = 1.981, 

p = 0.048). No statistically significant differences were observed 

between the treatment groups in terms of age, sex, burn 

etiology, total burn surface area (%), burn classification, or 

second-degree burn values (p > 0.05) (Table 1). No bacterial 

growth was detected in the wound culture samples taken before 

each dressing in either group. Review of the patient data 

revealed that none of the patients had malnutrition, inhaled 

oxygen requirement, or comorbidities. No additional disorders 

were identified among the patients in either group. All patients 

included in the study had superficial and deep second-degree 

burns (Figures 1–4).
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A total of 77 patients were treated during the study period; 

however, 11 patients who did not attend follow-up visits and 7 

patients with incomplete data were excluded. Among the 11 

excluded patients, all had second-degree burns and total body 

burn surface area (TBSA) involvement of 10.2%. The mean length 

of hospital stay in this group was 13.6 days. Of these patients, 7 

were treated with 99.9% purified hemoglobin spray in addition to 

paraffin-based wound dressings. Among these 7 patients, 3 had 

scald burns and 4 had burns caused by concentrated liquids. The 

mean discharge time for these patients was 7.8 days.

For the remaining 7 excluded patients, burn characteristics 

were recorded only as second-degree burns in the hospital 

database, and no further detailed clinical information was 

available. Consequently, 59 patients (31 in Group 1 and 28 in 

Group 2) were included in the final analysis.

3.2 Hospitalization duration, 
epithelialization, and dressing frequency

A statistically significant difference was found between the two 

groups regarding the day of discharge and the day of complete 

epithelialization (p < 0.001). The mean total number of dressings 

applied to patients in Group 1 was 5.32 ± 1.99, whereas it was 

2.32 ± 0.55 in Group 2. There was a statistically significant 

difference in the total number of dressings between the two 

groups according to the treatment method (p < 0.001).

In our study, we observed that patients in both groups healed 

without the need for graft or �ap procedures. Debridement under 

anesthesia and escharectomy were required only in cases with 

delayed wound healing.

3.3 Subgroup analysis according to burn 
percentage

Among patients with a burn percentage of less than 10%, 

statistically significant differences were observed between the 

two treatment groups in terms of number of dressings, 

discharge day, and complete epithelialization day (p < 0.05). 

Similarly, among patients with a burn percentage of 10% or 

greater, statistically significant differences were found in the 

total number of dressings, discharge day, and complete 

epithelialization day (p < 0.05) (Table 2). Patients treated with 

hemoglobin spray had an approximately 56% lower number of 

dressing changes compared with those receiving conventional 

dressings. Patients treated with hemoglobin spray had an 

approximately 44% shorter time to discharge compared with 

those receiving conventional dressings. Patients treated with 

hemoglobin spray had an approximately 44% shorter time to 

TABLE 1 Comparison of demographic and clinical characteristics of patients according to treatment modality.

Variables Treatment modality

Group-1 

(n = 31)

Group-2 

(n = 28)

Test statistic

Mean ± SD median (Min–Max) Mean ± SD median (Min–Max) t; z; χ2 p

Age 5,56 ± 3,58 6,57 ± 4,61 z = 0,685 0,494

4,0 (2–13) 5,5 (1–16)

Sex, n (%)

Female 10 (32,3) 13 (46,4) χ2 = 1,242 0,265

Male 21 (67,7) 15 (53,6)

Source, n (%)

Hot water 18 (58,1) 20 (71,4) χ2 = 1,307 0,520

Concentrated liquid 7 (22,6) 5 (17,9)

Flame 6 (19,3) 3 (10,7)

Burn (%) 9,16 ± 2,61 10,14 ± 3,94 t = 1,115 0,270

9,0 (4–16) 9,5 (4–18)

Burn classification, n (%)

<10 18 (58,1) 14 (50,0) χ2 = 0,385 0,535

≥10 13 (41,9) 14 (50,0)

2nd degree 7,45 ± 2,16 7,43 ± 2,62 t = 0,037 0,971

8,0 (2–11) 8,0 (2–14)

2nd degree deep 1,71 ± 1,97 2,71 ± 2,16 z = 1,981 0,048

2,0 (0–8) 3,0 (0–7)

Bold values indicate statistical significance (p < 0.05).
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complete epithelialization compared with those receiving 

conventional dressings (Table 3).

3.4 Post-discharge pruritus

Post-discharge pruritus was observed in 87.1% (n = 27) of 

patients in Group 1 and 14.3% (n = 4) of patients in Group 

FIGURE 1 

Day 1 clinical image of a pediatric flame burn patient (patient 3, 

group 2), prior to hemoglobin spray application.

FIGURE 2 

Day 1 clinical image of a pediatric flame burn patient (Patient 3, 

Group 2), after hemoglobin spray application.

FIGURE 3 

Clinical images on Day 5 post-treatment, showing wound healing 

progression after hemoglobin spray application in the same patient.

FIGURE 4 

Clinical images on Day 7 post-treatment, showing wound healing 

progression after hemoglobin spray application in the same patient.
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2. There was a statistically significant difference in the 

presence of post-discharge pruritus between the two 

treatment methods (p < 0.001) (Table 4). Among patients 

with less than 10% total burn surface area, post-discharge 

pruritus rates differed significantly between the two groups 

(p < 0.001). Similarly, in patients with 10% or greater burn 

surface area, a statistically significant difference was also 

observed in the incidence of pruritus in the healed burn 

area according to treatment method ( p < 0.001) (Table 5).

3.5 Pigmentation defects and hypertrophic 
scar development

At the third month after discharge, there was a statistically 

significant difference between the two groups in terms of 

pigmentation defects and hypertrophic scar development 

(p < 0.05) (Table 4) (Figures 5, 6).

No systemic or local allergic reactions related to the use of 

purified hemoglobin spray were observed during or after the 

treatment period.

3.6 Univariable logistic regression analysis

According to the univariable logistic regression analyses, the use 

of hemoglobin spray was associated with a substantially lower risk 

of several adverse outcomes compared with conventional 

dressings. Specifically, the risk of requiring an additional surgical 

intervention was reduced by 86.3% (1–0.137) in patients treated 

with hemoglobin spray. Similarly, the risk of post-discharge 

pruritus was reduced by 97.5% (1–0.025). The risk of 

pigmentation defects at the third month after discharge was 

reduced by 94.0% (1–0.060), while the risk of epithelialization 

defects at the third month was reduced by 90.9% (1–0.091). At 

the sixth month, the risk of pigmentation defects was reduced by 

90.9% (1–0.091), and the risk of hypertrophic scar development 

during the 6-month follow-up period was reduced by 93.3% (1– 

0.067) in the hemoglobin spray group.

3.7 Multivariable and sensitivity analyses

After adjustment for age, percentage of total body surface area 

burned (%TBSA), and sex, the use of hemoglobin spray remained 

TABLE 2 Comparison of individuals’ parameters before discharge by treatment method with burn percentage classification.

Burn percentage Post-discharge clinical parameter Treatment method

Group-1 Group-2 Test statistics

Mean ± SD 

Median 

(Min-Max)

Mean ± SD 

Median 

(Min-Max)

z p

Burn percentage <10 Total number of dressings applied 4.94 ± 2.13 2.36 ± 0.63 z = 4.492 <0.001

4.0 (3–12) 2.0 (2–4)

Need for additional surgical procedures, n (%)

No 10 (55.6) 12 (85.7) – 0.073*

Yes 8 (44.4) 2 (14.3)

Day of discharge 9.11 ± 2.05 5.57 ± 2.90 z = 3.996 <0.001

8.5 (6–13) 5.0 (3–15)

Day of complete epithelialization 15.39 ± 3.24 8.50 ± 3.13 z = 4.207 <0.001

14.5 (11–24) 8.0 (6–19)

Burn percentage ≥10 Total number of dressings applied 5.85 ± 1.72 2.29 ± 0.47 z = 4.453 <0.001

6.0 (3–9) 2.0 (2–3)

Need for additional surgical procedures, n (%)

No 4 (30.8) 12 (85.7) χ2 = 8.429 0.004

Yes 9 (69.2) 2 (14.3)

Day of discharge 14.23 ± 5.37 7.00 ± 1.75 z = 3.979 <0.001

13.0 (8–26) 7.0 (5–10)

Day of complete epithelialization 19.69 ± 4.91 10.57 ± 2.10 z = 4.329 <0.001

19.0 (13–29) 11.0 (6–14)

Bold values indicate statistical significance (p < 0.05).

z, Mann Whitney U Test; χ2, Chi-square Test.

*Fisher Exact test results are given.

Kulice                                                                                                                                                                     10.3389/fped.2026.1744372

Frontiers in Pediatrics 06 frontiersin.org

https://doi.org/10.3389/fped.2026.1744372


independently associated with a reduced risk of post-discharge 

pruritus, with a 96.5% (1–0.040) lower risk compared with 

conventional dressings. Multivariable Firth penalized logistic 

regression analyses were performed by including potential 

confounders such as age, %TBSA, and sex in the model. This 

method was preferred to account for the small sample size and 

to reduce the risk of separation. In multivariable analyses, post- 

discharge pruritus continued to demonstrate a strong and 

independent association with hemoglobin spray use (Table 6).

Group comparisons were conducted according to the groups 

to which patients were initially assigned, in accordance with the 

intention-to-treat principle. To assess the robustness of the 

findings, sensitivity analyses were performed using alternative 

statistical methods and model assumptions. Across different 

analytical approaches, the direction of the observed effects 

remained unchanged, and the results were consistent with those 

of the primary analysis (Table 7).

4 Discussion

In this study, the effects of using 99.9 percent purified 

hemoglobin spray from the first dressing on burn healing were 

evaluated in patients with burns treated in the pediatric burn 

unit. Since purified hemoglobin spray has only recently begun 

to be applied in pediatric patients during the early phase, the 

number of patients with long-term results remains limited. The 

spray is used in superficial second-degree burns. In third- or 

fourth-degree burns, its effectiveness may be limited due to 

complete damage to the dermis.

Patients with a burn area of less than 30 percent are 

hospitalized and treated in the pediatric burn unit. There is a 

need to evaluate the effectiveness of the treatment in patients 

with higher burn percentages. It was observed that both the 

length of hospital stay and the epithelialization time were 

shorter in Group 2 patients. In the literature, the average length 

of stay for patients with superficial second-degree burns 

reported to range between 10 and 17 days (6, 25, 26). Prolonged 

hospitalization could have cause psychological effects on both 

patients and parents (27, 28). Therefore, burn care performed 

with purified hemoglobin spray may improve quality of life and 

reduce the occurrence of psychiatric disorders in parents.

Although pruritus was known to occur more frequently in 

patients with large burn areas, it is also common in those with 

small burns (20, 29). In our study, regardless of burn 

percentage, pruritus was less frequent in Group 2 patients. This 

may be due to the prevention of tissue hypoxia in the early 

period, allowing more regular nerve regeneration. Purified 

hemoglobin spray increased collagen synthesis by promoting 

hydroxylation of proline and lysine, contributing to the 

formation of a stable collagen structure (16). Thus, it may 

shorten or even prevent the duration of neuropathic pruritus.

Other epithelialization defects observed after burns include 

pigmentation differences and hypertrophic scarring. 

Hypertrophic scar formation occured as a result of irregular 

collagen synthesis and is common in pediatric patients with 

burns. This condition imposes both a physical and psychological 

burden. It was known that rapid epithelialization helps prevent 

hypertrophic scar formation (12). In our study, pigmentation 

TABLE 4 Comparison of post-discharge clinical parameters by treatment method.

Post-discharge 

clinical 

parameter

Treatment method

Group-1 

(n = 31)

Group-2 

(n = 28)

Test statistics

n (%) n (%) χ2 p

Post-discharge pruritus

No 4 (12.9) 24 (85.7) χ2 = 31.279 <0.001

Yes 27 (87.1) 4 (14.3)

Post-discharge 3rd month pigmentation defect

None 1 (3.2) 10 (35.7) χ2 = 10.238 0.001

Present 30 (96.8) 18 (64.3)

Post-discharge 3rd month epithelialization defect

None 22 (71.0) 27 (96.4) – 0.010*

Present 9 (29.0) 1 (3.6)

Was there a pigmentation defect in the 6th month?

None 5 (16.1) 19 (67.9) χ2 = 16.313 <0.001

Present 26 (83.9) 9 (32.1)

Did hypertrophic scar develop during 6-month follow-ups?

No 20 (64.5) 27 (96.4) χ2 = 9.247 0.002

Yes 11 (35.5) 1 (3.6)

Did contracture develop during 6-month follow-ups?

No 27 (87.1) 28 (100.0) – 0.069*

Yes 4 (12.9) 0 (0.0)

χ2, Chi-square Test.

Bold values indicate statistical significance (p < 0.05).

*Fisher Exact test results are given.

TABLE 3 Univariate generalized linear model results for total number of dressing changes, 

day of discharge, and day of complete epithelialization according to treatment method.

Variables β Standard 

error

IRR p

Total number of dressing changes

Intercept 1,672 0,195 e
−0.830 

≈0,44

<0,001

Treatment method 

(Hemoglobin Spray)

−0,830 0,299 0,006

Day of discharge

Intercept 2,421 0,187 e
−0.583 

≈0,56

<0,001

Treatment Method 

(Hemoglobin Spray)

−0,583 0,277 0,035

Day of complete epithelialization

Intercept 2,845 0,184 e
−0.589 

≈0,56

<0,001

Treatment method 

(Hemoglobin Spray)

−0,589 0,271 0,030

Bold values indicate statistical significance (p < 0.05).
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TABLE 5  Comparison of individuals’ parameters after discharge by treatment method in case of burn percentage classification.

Burn percentage Post-discharge clinical parameter Treatment method

Group-1 Group-2 Test statistics

n (%) n (%) χ2 p

Burn percentage <10 Post-discharge pruritus

No 3 (16.7) 12 (85.7) χ2 = 15.077 <0.001

Yes 15 (83.3) 2 (14.3)

Post-discharge 3rd month pigmentation defect

None 1 (5.6) 3 (21.4) – 0.210*

Present 17 (94.4) 11 (78.6)

Post-discharge 3rd month epithelialization defect

None 14 (77.8) 14 (100.0) – 0.085*

Present 4 (22.2) 0 (0.0)

Was there a pigmentation defect in the 6th month?

None 4 (22.2) 10 (71.4) χ2 = 7.748 0.005

Present 14 (77.8) 4 (28.6)

Did hypertrophic scar develop during 6-month follow-ups?

No 12 (66.7) 14 (100.0) – 0.020*

Yes 6 (33.3) 0 (0.0)

Did contracture develop during 6-month follow-ups?

No 15 (83.3) 14 (100.0) – 0.165*

Yes 3 (16.7) 0 (0.0)

Burn percentage ≥10 Post-discharge pruritus

No 1 (7.7) 12 (85.7) χ2 = 16.436 <0.001

Yes 12 (92.3) 2 (14.3)

Post-discharge 3rd month pigmentation defect

None 0 (0.0) 7 (50.0) – 0.004*

Present 13 (100.0) 7 (50.0)

Post-discharge 3rd month epithelialization defect

None 8 (61.5) 13 (92.9) – 0.067*

Present 5 (38.5) 1 (7.1)

Was there a pigmentation defect in the 6th month?

None 1 (7.7) 9 (64.3) – 0.003*

Present 12 (92.3) 5 (35.7)

Did hypertrophic scar develop during 6-month follow-ups?

No 8 (61.5) 13 (92.9) – 0.067*

Yes 5 (38.5) 1 (7.1)

Did contracture develop during 6-month follow-ups?

No 12 (92.3) 14 (100.0) – 0.481*

Yes 1 (7.7) 0 (0.0)

χ, Chi-square Test.

Bold values indicate statistical significance (p < 0.05).

*Fisher Exact test results are given.
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differences and hypertrophic scar rates were significantly lower in 

Group 2 patients at the 3rd- and 6th-month follow-ups. Early 

hypertrophic scarring typically develops between 3 and 6 

months, whereas late hypertrophic scarring occurs between 12 

and 18 months after injury. In our study, we reported the 

outcomes related to early hypertrophic scar formation during 

the follow-up period. However, we haven’t yet analyzed the data 

regarding long-term follow-up outcomes. Therefore, our 

knowledge regarding the effects of purified hemoglobin spray on 

late hypertrophic scar development remained limited (30). 

Silicone sheets or gel-based pressure garments were considered 

first-line prophylactic and therapeutic options for hypertrophic 

scars and keloids (31). However, several validated scar 

assessment scales were available to ensure accurate diagnosis 

and appropriate management. The Seattle Scar Scale was a 

photographic assessment method that compared scar height, 

surface characteristics, color, and thickness with the surrounding 

normal skin and had been validated in the pediatric patients 

with burns population. The Vancouver Scar Scale (VSS) and the 

Patient and Observer Scar Assessment Scale (POSAS) were the 

most commonly used instruments for the physical evaluation of 

burn scars (32). Although these conditions were carefully 

monitored and managed in our patients, we would like to 

emphasize that, beyond the importance of early outcomes such 

as hypertrophic scar and keloid development, long-term follow- 

up using objective and validated scar assessment scales is 

essential to obtain more reliable and consistent data.

Purified hemoglobin spray had been shown to be effective in 

the treatment of chronic wounds; however, data on its use in 

the early phase of burn treatment were limited (4, 12, 24, 33). 

In this respect, our study represents the first conducted in a 

pediatric patients with burns population. Early application of 

purified hemoglobin spray was observed to shorten the 

epithelialization period. The main reason for this may be the 

increase in local oxygen levels in the damaged tissue. Oxygen 

activated growth factors and ensured proper collagen synthesis, 

which in turn might have prevented infection and hypertrophic 

scar formation. It was considered that purified hemoglobin 

spray accelerated healing by increasing oxygenation in the 

damaged tissue, enhancing angiogenesis, and reducing 

the formation of free oxygen radicals when used in addition to 

conventional dressings, thereby shortening the hospital stay.

FIGURE 5 

Clinical image on Day 30 of the same patient, demonstrating 

advanced epithelialization.

FIGURE 6 

Six-month follow-up image of the same patient, showing the final healing status and scar maturation.
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In this study, no visual or quantitative method could be used 

in the laboratory to demonstrate that 99.9 percent purified 

hemoglobin spray increased the local oxygen level in the tissue. 

It was considered that this feature should be supported by 

further clinical trials and experimental studies.

The number of dressings performed for second-degree burns was 

generally known to range between three and eight (11), and the 

number of dressings had been shown to be associated with the 

length of hospital stay (34, 35). In our study, the average number 

of dressings was two in Group 2 and five in Group 1. This result 

suggested that the use of purified hemoglobin spray might 

accelerate epithelialization, reduce the need for dressing changes, 

and decrease the requirement for additional surgical procedures.

5 Limitations

This study had several limitations. The purified 

hemoglobin spray was a commercial product from a single 

manufacturer; although the product name was not 

disclosed, relevant literature using the same product was 

reviewed. In addition, cellular-level differences in burn 

depth and tissue involvement could not be quantitatively 

assessed within the scope of this study.

The study’s retrospective and non-randomized design limited 

causal inference, and selection bias could not be fully excluded. In 

addition, only hospitalized pediatric patients with second-degree 

burns and TBSA <30% were included, which limited the 

generalizability of the findings to outpatient cases, more 

extensive burns, or full-thickness injuries.

Outcome assessment relied on clinical evaluation by a single 

blinded clinician, and the absence of standardized objective tools 

(e.g., scar scales, quantitative pruritus measures, or imaging-based 

assessments) might have affected reproducibility. The proposed 

mechanism of enhanced tissue oxygenation was not directly 

measured, and follow-up was limited to six months, which might 

have been insufficient to capture long-term outcomes.

Cost-effectiveness and patient-reported outcomes could not be 

assessed due to the limitations of retrospective data. Future 

prospective studies with objective measures and longer follow- 

up were needed to better define the clinical impact of purified 

hemoglobin spray.

TABLE 7 Intention-to-treat analysis of dressing frequency, discharge day, and epithelialization time according to treatment method.

Outcomes Treatment method

Group-1 

(n = 31)

Group-2 

(n = 28)

GLM 

(Negative Binominal)

GLM (Poisson)

Mean ± SD 

Median (Min–Max)

Mean ± SD 

Median (Min–Max)

p*

Total number of dressing changes 5.32 ± 1.99 2.32 ± 0.55 <0.001 IRR = 0,56 p = 0,006 IRR = 0,56 p = 0,006

5.0 (3–12) 2.0 (2–4)

Day of discharge 11.26 ± 4.53 6.29 ± 2.46 <0.001 IRR = 0,44 p = 0,035 IRR = 0,56 p = 0,006

10.0 (6–26) 5.5 (3–15)

Day of complete epithelialization 17.19 ± 4.49 9.54 ± 2.82 <0.001 IRR = 0,44 p = 0,030 IRR = 0,56 p = 0,006

16.0 (11–29) 9.0 (6–19)

Bold values indicate statistical significance (p < 0.05).

*p value for the comparison between Group 1 and Group 2.

TABLE 6 Univariable and multivariable firth penalized logistic regression results for post-treatment outcomes according to treatment method.

Outcomes Univariable Multivariable

p OR (%95 CI) p Adj OR (%95 CI)

Need for additional surgical intervention 0,002 0,137 (0,038–0,490) 0,669 0,634 (0,07–5,57)

Post-discharge pruritus <0,001 0,025 (0,006–0,110) 0,002 0,04 (0,001–0,26)

Pigmentation defect at 3 months after discharge 0,010 0,060 (0,007–0,508) 0,215 0,06 (0,001–3,16)

Epithelialization defect at 3 months after discharge 0,028 0,091 (0,011–0,770) 0,833 0,73 (0,007–12,10)

Pigmentation defect at 6 months <0,001 0,091 (0,026–0,316) 0,701 0,69 (0,09–5,00)

Development of hypertrophic scarring during the 6-month follow-up 0,013 0,067 (0,008–0,565) 0,054 0,04 (0,01–1,05)

Development of contracture during the 6-month follow-up 0,998 0,001 (0,001-)

OR, odds ratio.

Bold values indicate statistical significance (p < 0.05).
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Due to the retrospective and single-blinded basic 

randomization, differences in burn depth or clinician decision- 

making between groups might have in�uenced the need for 

additional surgical procedures.

The absence of a prospectively registered study protocol might 

have limited transparency regarding outcome selection.

The assessment of complete epithelialization was based on 

clinical judgment and lacked photographic documentation, 

blinded review, and inter-rater reliability analysis.

6 Conclusion

1. Purified hemoglobin spray used in addition to conventional 

burn dressings was found to enhance tissue oxygenation, 

accelerate epithelialization, reduce the need for dressing 

changes, and shorten the length of hospital stay in 

pediatric patients with burns.

2. In addition, it was associated with a decrease in pruritus 

complaints during and after treatment and a reduced risk 

of hypertrophic scar formation.

3. Because of the retrospective and non-randomized study design, 

a prospective randomized controlled study was needed to 

confirm the independent effect of hemoglobin spray on 

wound healing, length of hospital stay, and scar outcomes.

Data availability statement

The original contributions presented in the study are included 

in the article/Supplementary Material, further inquiries can be 

directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Antalya 

Education and Training Hospital Ethics Committee. The studies 

were conducted in accordance with the local legislation and 

institutional requirements. Written informed consent for 

participation was not required from the participants or the 

participants’ legal guardians/next of kin in accordance with the 

national legislation and institutional requirements.

Author contributions

EK: Conceptualization, Data curation, Formal analysis, 

Funding acquisition, Investigation, Methodology, Project 

administration, Resources, Software, Supervision, Validation, 

Visualization, Writing – original draft, Writing – review & editing.

Funding

The author(s) declared that financial support was not received 

for this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted 

in the absence of any commercial or financial 

relationships that could be construed as a potential con�ict 

of interest.

Generative AI statement

The author(s) declared that generative AI was not used in the 

creation of this manuscript.

Any alternative text (alt text) provided alongside figures 

in this article has been generated by Frontiers with the 

support of artificial intelligence and reasonable efforts have 

been made to ensure accuracy, including review by the 

authors wherever possible. If you identify any issues, please 

contact us.

Publisher’s note

All claims expressed in this article are solely those of the 

authors and do not necessarily represent those of their 

affiliated organizations, or those of the publisher, the 

editors and the reviewers. Any product that may be 

evaluated in this article, or claim that may be made by its 

manufacturer, is not guaranteed or endorsed by 

the publisher.

Supplementary material

The Supplementary Material for this article can be found 

online at: https://www.frontiersin.org/articles/10.3389/fped.2026. 

1744372/full#supplementary-material

References
1. Jeschke MG, Herndon DN. Burns in children: standard and new 
treatments. Lancet. (2014) 383(9923):1168–78. doi: 10.1016/S0140-6736(13) 
61093-4

2. Jeschke MG, van Baar ME, Choudhry MA, Chung KK, Gibran NS, Logsetty S. 
Burn injury. Nat Rev Dis Primers. (2020) 6(1):11. Published 2020 February 13. 
doi: 10.1038/s41572-020-0145-5

Kulice                                                                                                                                                                     10.3389/fped.2026.1744372

Frontiers in Pediatrics 11 frontiersin.org

https://www.frontiersin.org/articles/10.3389/fped.2026.1744372/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2026.1744372/full#supplementary-material
https://doi.org/10.1016/S0140-6736(13)61093-4
https://doi.org/10.1016/S0140-6736(13)61093-4
https://doi.org/10.1038/s41572-020-0145-5
https://doi.org/10.3389/fped.2026.1744372


3. Horton JW. Free radicals and lipid peroxidation mediated injury in burn trauma: 
the role of antioxidant therapy. Toxicology. (2003) 189(1-2):75–88. doi: 10.1016/ 
s0300-483x(03)00154-9

4. Elg F, Hunt S. Hemoglobin spray as adjunct therapy in complex wounds: meta- 
analysis versus standard care alone in pooled data by wound type across three 
retrospective cohort controlled evaluations. SAGE Open Med. (2018) 
6:2050312118784313. Published 2018 June 27. doi: 10.1177/2050312118784313

5. Diler B, Dalgiç N, Karadag ÇA, Dokucu Aİ. Bir pediatrik yanik Ünitesinde 
epidemiyoloji ve enfeksiyonlar: üç yillik deneyimimiz/epidemiology and infections 
in a pediatric burn unit: experience of three years. Çocuk Enfeksiyon Dergisi. 
(2012) 6(2):40.

6. Çinal H, Barin EZ. Bir yanık ünitesinin 5 yıllık deneyimi: 667 yanık olgusunun 
incelenmesi. Van Medicine Journal. (2020) 27(1):56–62.

7. Frugoni B, Gabriel RA, Rafaat K, Abanobi M, Rantael B, Brzenski A. A predictive 
model for prolonged hospital length of stay in surgical burn patients. Burns. (2020) 
46(7):1565–70. doi: 10.1016/j.burns.2020.04.021

8. Tran S, Jacques MA, Holland AJ. Assessment and management of minor burns in 
children. Aust J Gen Pract. (2019) 48(9):590–4. doi: 10.31128/AJGP-04-19-4919

9. Grote AC, Lacey AM, Garner WL, Gillenwater TJ, Maniago E, Yenikomshian HA. 
Small pediatric burns can be safely managed on an outpatient basis. J Burn Care Res. 
(2020) 41(5):1029–32. doi: 10.1093/jbcr/iraa115

10. Hubara E, Berzon B, Nellis ME, Ram R, Kassif Lerner R, Alfandary Many Y, et al. 
Safety of pediatric sedation and analgesia during burn dressing changes by pediatric 
residents. Paediatr Anaesth. (2023) 33(7):546–51. doi: 10.1111/pan.14652

11. Mohammed M, Mekonen Y, Berhe H. Clinical profile of pediatric burn patients in 
burn care unit of halibet hospital in 2018: Asmara, Eritrea. Pediatric Health Med Ther. 
(2021) 12:13–21. Published 2021 January 8. doi: 10.2147/PHMT.S288154

12. Loh C, Tan QY, Eng DLK, Walsh SR, Chong TT, Tang TY. Granulox-the use of 
topical hemoglobin to aid wound healing: a literature review and case series from 
Singapore. Int J Low Extrem Wounds. (2021) 20(2):88–97. doi: 10.1177/ 
1534734620910318

13. Kwan PO, Tredget EE. Biological principles of scar and contracture. Hand Clin. 
(2017) 33(2):277–92. doi: 10.1016/j.hcl.2016.12.004

14. Gabriel V. Hypertrophic scar. Phys Med Rehabil Clin N Am. (2011) 22(2):301–10, 
vi. doi: 10.1016/j.pmr.2011.02.002

15. Jeschke MG, Wood FM, Middelkoop E, Bayat A, Téot L, Ogawa R, et al. Scars. Nat 
Rev Dis Primers. (2023) 9(1):64. doi: 10.1038/s41572-023-00474-x

16. Kimmel HM, Grant A, Ditata J. The presence of oxygen in wound healing. 
Wounds. (2016) 28(8):264–70.

17. Chung BY, Kim HB, Jung MJ, Kang SY, Kwak IS, Park CW, et al. Post-burn 
pruritus. Int J Mol Sci. (2020) 21(11):3880. doi: 10.3390/ijms21113880

18. Schneider JC, Nadler DL, Herndon DN, Przkora R, Meyer WJ, Finnerty CC, et al. 
Pruritus in pediatric burn survivors: defining the clinical course. J Burn Care Res. 
(2015) 36(1):151–8. doi: 10.1097/BCR.0000000000000145

19. Morris V, Murphy LM, Rosenberg M, Rosenberg L, Holzer CE 3rd, Meyer WJ 
3rd. Itch assessment scale for the pediatric burn survivor. J Burn Care Res. (2012) 
33(3):419–24. doi: 10.1097/BCR.0b013e3182372bfa

20. Nedelec B, LaSalle L. Postburn itch: a review of the literature. Wounds. (2018) 
30(1):E118–24.

21. Vinaik R, Fish J, Jeschke MG. Burn hypertrophic scar in pediatric patients: clinical 
case. In: Téot L, Mustoe TA, Middelkoop E, Gauglitz GG, editors. Textbook on Scar 
Management: State of the Art Management and Emerging Technologies. Cham, CH: 
Springer (2020). p. 517–21.

22. Chipp E, Charles L, Thomas C, Whiting K, Moiemen N, Wilson Y. A prospective 
study of time to healing and hypertrophic scarring in paediatric burns: every day 
counts. Burns Trauma. (2017) 5:3. Published 2017 January 19. doi: 10.1186/s41038- 
016-0068-2

23. Nieuwendijk SMP, de Korte IJ, Pursad MM, van Dijk M, Rode H. Post burn 
pruritus in pediatric burn patients. Burns. (2018) 44(5):1151–8. doi: 10.1016/j. 
burns.2018.02.022

24. Hunt SD, Elg F. Clinical effectiveness of hemoglobin spray (granulox®) as 
adjunctive therapy in the treatment of chronic diabetic foot ulcers. Diabet Foot 
Ankle. (2016) 7:33101. Published 2016 November 7. doi: 10.3402/dfa.v7.33101

25. Lee CJ, Mahendraraj K, Houng A, Marano M, Petrone SJ, Chamberlain RS, et al. 
Pediatric burns: a single institution retrospective review of incidence, etiology, and 
outcomes in 2273 burn patients (1995–2013). J Burn Care Res. (2016) 37(6): 
e579–85. doi: 10.1097/BCR.0000000000000362

26. Kazemzadeh J, Vaghardoost R, Dahmardehei M, Joukar F, Mousavi SH, Zangeneh 
A, et al. Retrospective epidemiological study of burn injuries in 1717 pediatric 
patients: 10 years analysis of hospital data in Iran. Iran J Public Health. (2018) 47 
(4):584–90.

27. Kishawi D, Wozniak AW, Mosier MJ. TBSA and length of stay impact quality 
of life following burn injury. Burns. (2020) 46(3):616–20. doi: 10.1016/j.burns.2019. 
09.007

28. Townsend AN, Batra N, Lilenfeld L, Rosenberg L, Ryan CM, Schneider JC, et al. 
Parent traumatic stress after minor pediatric burn injury. J Burn Care Res. (2023) 44 
(2):329–34. doi: 10.1093/jbcr/irac055

29. Stewart D, Caradec J, Ziegfeld S, Reynolds E, Ostrander R, Parrish C. Predictors 
and correlates of pediatric postburn pruritus in preschool children of ages 0 to 4. 
J Burn Care Res. (2019) 40(6):930–5. doi: 10.1093/jbcr/irz125

30. Ball S, Wicks S, Thomas R, Toose C, Gray K, Pacey V. Scar outcomes for 
conservatively managed children post burn injury: a retrospective study. Int 
Wound J. (2024) 21(7):e14959. doi: 10.1111/iwj.14959

31. Monstrey S, Middelkoop E, Vranckx JJ, Bassetto F, Ziegler UE, Meaume S, et al. 
Updated scar management practical guidelines: non-invasive and invasive measures. J 
Plast Reconstr Aesthet Surg. (2014) 67(8):1017–25. doi: 10.1016/j.bjps.2014.04.011

32. Finnerty CC, Jeschke MG, Branski LK, Barret JP, Dziewulski P, Herndon DN. 
Hypertrophic scarring: the greatest unmet challenge after burn injury. Lancet. 
(2016) 388(10052):1427–36. doi: 10.1016/S0140-6736(16)31406-4

33. Njokweni M. Adjunctive topical oxygen therapy in the management of complex 
diabetes-related wounds: a South African case study series. Foot (Edinb). (2023) 
57:101961. doi: 10.1016/j.foot.2023.101961

34. Zens T, Yan A, Lee CW, Schmitz C, Faucher L, Gibson A. A pediatric 
burn outpatient short stay program decreases patient length of stay with equivalent 
burn outcomes. J Burn Care Res. (2018) 39(3):353–62. doi: 10.1097/BCR. 
0000000000000599

35. Coughlin MC, Ridelman E, Ray MA, Klein JD, Shanti CM. Factors associated with 
an extended length of stay in the pediatric burn patient. Surgery. (2023) 
173(3):774–80. doi: 10.1016/j.surg.2022.07.044

Kulice                                                                                                                                                                     10.3389/fped.2026.1744372

Frontiers in Pediatrics 12 frontiersin.org

https://doi.org/10.1016/s0300-483x(03)00154-9
https://doi.org/10.1016/s0300-483x(03)00154-9
https://doi.org/10.1177/2050312118784313
https://doi.org/10.1016/j.burns.2020.04.021
https://doi.org/10.31128/AJGP-04-19-4919
https://doi.org/10.1093/jbcr/iraa115
https://doi.org/10.1111/pan.14652
https://doi.org/10.2147/PHMT.S288154
https://doi.org/10.1177/1534734620910318
https://doi.org/10.1177/1534734620910318
https://doi.org/10.1016/j.hcl.2016.12.004
https://doi.org/10.1016/j.pmr.2011.02.002
https://doi.org/10.1038/s41572-023-00474-x
https://doi.org/10.3390/ijms21113880
https://doi.org/10.1097/BCR.0000000000000145
https://doi.org/10.1097/BCR.0b013e3182372bfa
https://doi.org/10.1186/s41038-016-0068-2
https://doi.org/10.1186/s41038-016-0068-2
https://doi.org/10.1016/j.burns.2018.02.022
https://doi.org/10.1016/j.burns.2018.02.022
https://doi.org/10.3402/dfa.v7.33101
https://doi.org/10.1097/BCR.0000000000000362
https://doi.org/10.1016/j.burns.2019.09.007
https://doi.org/10.1016/j.burns.2019.09.007
https://doi.org/10.1093/jbcr/irac055
https://doi.org/10.1093/jbcr/irz125
https://doi.org/10.1111/iwj.14959
https://doi.org/10.1016/j.bjps.2014.04.011
https://doi.org/10.1016/S0140-6736(16)31406-4
https://doi.org/10.1016/j.foot.2023.101961
https://doi.org/10.1097/BCR.0000000000000599
https://doi.org/10.1097/BCR.0000000000000599
https://doi.org/10.1016/j.surg.2022.07.044
https://doi.org/10.3389/fped.2026.1744372

	The effect of purified hemoglobin spray on the treatment of pediatric patiens with second-degree burns
	Introduction
	Methods
	Study design and ethical approval
	Data collection
	Clinical evaluation and patient management
	Purified hemoglobin spray characteristics and application
	Follow-up and outcome assessment
	Control group (Group 1)
	Case group (Group 2)
	Discontinuation and safety assessment
	Patients selection and study population
	Statistical analysis

	Results
	Study population and baseline characteristics
	Hospitalization duration, epithelialization, and dressing frequency
	Subgroup analysis according to burn percentage
	Post-discharge pruritus
	Pigmentation defects and hypertrophic scar development
	Univariable logistic regression analysis
	Multivariable and sensitivity analyses

	Discussion
	Limitations
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


