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Abstract

For deep partial-thickness burns no consensus on the optimal treatment has been reached

due to conflicting study outcomes with low quality evidence. Treatment options in high- and

middle-income countries include conservative treatment with delayed excision and grafting

if needed; and early excision and grafting. The majority of timing of surgery studies focus on

survival rather than on quality of life. This study protocol describes a study that aims to com-

pare long-term scar quality, clinical outcomes, and patient-reported outcomes between the

treatment options. A multicentre prospective study will be conducted in the three Dutch burn

centres (Rotterdam, Beverwijk, and Groningen). All adult patients with acute deep-partial

thickness burns, based on healing potential with Laser Doppler Imaging, are eligible for

inclusion. During a nine-month baseline period, standard practice will be monitored. This

includes conservative treatment with dressings and topical agents, and excision and grafting

of residual defects if needed 14–21 days post-burn. The subsequent nine months, early sur-

gery is advocated, involving excision and grafting in the first week to ten days post-burn.

The primary outcome compared between the two groups is long-term scar quality assessed
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by the Patient and Observer Scar Assessment Scale 3.0 twelve months after discharge.

Secondary outcomes include clinical outcomes and patient-reported outcomes like quality

of life and return to work. The aim of the study is to assess long-term scar quality in deep

partial-thickness burns after conservative treatment with delayed excision and grafting if

needed, compared to early excision and grafting. Adding to the ongoing debate on the opti-

mal treatment of these burns. The broad range of studied outcomes will be used for the

development of a decision aid for deep partial-thickness burns, to fully inform patients at the

point of consent to surgery and support optimal person-centred care.

Introduction

Burns are one of the most common types of trauma worldwide, causing significant disability

[1, 2]. Today, acute burn care in high- and middle-income countries has improved to the

point where the focus has shifted from survival as main outcome to outcomes like quality of

life, leaving room to broaden our view to other challenges [3]. One of these challenges is the

timing of surgery. The severity of a burn, determined primarily by total body surface area

(TBSA) and depth of the injury, influences reparative healing potential, and is a primary indi-

cator of the need for surgery [4–6]. For deep partial-thickness burns, currently no consensus

regarding the optimal treatment has been reached, which remains a topic of debate [7]. Con-

trary to superficial partial-thickness burns and full-thickness burns, where the optimal treat-

ment is evident. Superficial partial-thickness burns affect the epidermal and upper dermal

layers of the skin, heal within 14 days and do not require surgery [8]. Full-thickness burns fully

penetrate all layers of the skin into the subcutis. No spontaneous healing is expected and exci-

sion and grafting are always indicated [8–11].

The healing potential of deep partial-thickness burns varies with the longer time to healing

being associated with increased scar risk. Two main treatment strategies are currently applied

in high- and middle-income countries: 1) conservative treatment with delayed excision and

grafting if needed; 2) early excision and grafting. Conservative treatment involves applying

dressings and topical antimicrobial and antiseptic agents to the burn, after which spontaneous

healing is awaited. If the remaining defects do not heal spontaneously within 14 to 21 days, the

burn specialist can decide to perform excision and grafting. In case of early surgery, excision

and grafting of the burn is performed within the first week to ten days post-burn [9].

Both treatment strategies have advantages and disadvantages. Early excision and grafting of

deep partial-thickness burns is recommended by the International Society for Burn Injury for

faster recovery, less pain, and possibly improved long-term scar outcomes [9]. Conservative

treatment, on the other hand, avoids the mental and physical stress that can be associated with

surgery, particularly for the frail or anxious patient [12]. Moreover, conservative treatment

with dressings and antimicrobial agents does not involve donor site morbidity, which can

result in pain, scarring, and long-term deviant pigmentation [13]. On the other hand, conser-

vative treatment is associated with a longer time to re-epithelialisation and a prolonged length

of hospital stay, which accounts for high costs in burn care [14, 15]. Also, it can be related to

the development of hypertrophic scars and joint contractures due to delayed wound healing

[14]. Additionally, early wound closure is associated with a reduced infection risk and shorter

length of hospital stay, which can contribute to early rehabilitation [16, 17]. However, early

excision and grafting might result in scarring of more superficially burned areas that might

have been able to heal with little scarring if treated conservatively [3].
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Two systematic reviews examined the evidence on the optimal treatment for deep partial-

thickness burns. Ong et al. [14] included six randomized controlled trials on early versus

delayed excision and grafting between 1966 and 2004. Timing of early excision ranged from

less than 24 hours to 144 hours post-burn. Clinical outcomes such as mortality and blood loss

were evaluated, and one of the included studies analysed cosmetics evaluated by healthcare

professionals [18]. The systematic review concluded that early burn excision resulted in lower

mortality and length of hospital stay, as well as increased blood transfusion requirements [14].

Miroshnychenko et al. [19] included nine randomized controlled trials comparing early

burn surgery to late surgical intervention from 1982 to 2019. Early surgery was defined as exci-

sion and grafting within seven days post-burn, and delayed surgery as excision and grafting

after seven days. The authors concluded that early excision and grafting may reduce length of

hospital stay and mortality and might lead to better functional and cosmetic outcomes. How-

ever, the quality of evidence was low and outcomes varied between different studies [20, 21].

Again, the included studies primarily focused on clinical outcomes, and the only study that

included scar quality found no statistically significant difference between both treatment

groups [21].

The quality of evidence of the analysed studies in both systematic reviews is questionable.

The majority of the studies date from the 1980s, which renders them outdated. Furthermore,

the terms ‘excision’ and ‘excision and grafting’ seem to be used and analysed interchangeably.

Therefore, this protocol describes the study that is designed to assess long-term scar quality of

conservative treatment with delayed excision and grafting if needed, compared to early exci-

sion and grafting of deep partial-thickness burns in acute adult burn care. Thereby gaining

more insight into the advantages and disadvantages of the treatment of these burns. In a multi-

centre prospective study, long-term scar quality of both treatment strategies will be analysed,

and clinical and patient-reported outcomes will be examined.

Materials and methods

Study design

A multicentre prospective study with a 12-month follow-up period will be conducted in the

three Dutch burn centres: Maasstad Hospital Rotterdam, Red Cross Hospital Beverwijk, and

Martini Hospital Groningen. Patients with deep partial-thickness burns, scanned as yellow by

Laser Doppler Imaging (LDI), will be monitored during 18 months; two nine-month periods

with either therapy as the treatment of choice in one of the periods. This time period was cho-

sen based on expected numbers and project logistics, such as staffing. Standard care in the

Netherlands for deep partial-thickness burns is predominantly conservative treatment with

delayed excision and grafting if needed. However, early excision and grafting is applied if

deemed more appropriate for a specific patient. The first nine-month period (July 15th 2022 to

April 14th 2023) this strategy is followed. In the following nine-month period (April 15th 2023

to January 14th 2024) clinical practice will be changed: early excision and grafting will be the

primary treatment. However, in specific cases e.g. based on clinical expertise, conservative

treatment can be applied. Depending on the received treatment, patients will be categorized as

either the conservative treatment group with delayed excision and grafting if needed, or the

early excision and grafting group.

Protocol and registration

This protocol is in accordance to the Standard Protocol Items: Recommendations for Inter-

ventional Trials (SPIRIT) guidelines [22]. The SPIRIT Figure and SPIRIT Checklist are given

in Fig 1 and S1 File.
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Participants

Selection. Neither, randomisation nor blinding will take place. The used treatment strat-

egy determines to which group the patient is assigned. The first group represents conservative

treatment with delayed excision and grafting if needed, the second group represents early exci-

sion and grafting. If a patient is eligible for the study, a member of the research team will pro-

vide information about the study. The patient is asked for consent to take additional

measurements 12 months after discharge. After reflection time and written informed consent,

the patient is included.

Fig 1. SPIRIT schedule of enrolments, interventions, and assessments.

https://doi.org/10.1371/journal.pone.0299809.g001
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Anyone using the protocol must consider the ethical implications of the timing of surgery

in their own practice setting. To ensure patient safety, the attending physician is justified in

deciding not to start or discontinue treatment from the allocated treatment, based on sound

medical grounds and after consulting with the health care team. Deviation from the assigned

treatment should be rare, and the reason must be thoroughly documented.

Criteria. Adult (�18 years) patients with acute thermal burns who are admitted for at

least 24 hours or scheduled for surgery are eligible for this study, when the criteria listed below

are met.

Inclusion criteria:

• Burns with a size of>2.5 centimetres diameter;

• LDI scan indicating:

• Deep partial-thickness burn: yellow wound area on LDI with healing potential between 14

and 21 days, or;

• Mixed superficial and deep partial-thickness burn: mixed red and yellow wound area on

LDI, with a demarcated predominantly yellow area of at least 25cm2, or;

• Mixed full-thickness and deep partial-thickness burn: mixed blue and yellow wound area

on LDI, with a demarcated predominantly yellow area of at least 25cm2.

The colour codes representing the perfusion units (PU) and healing potential are as follows

[8, 23]:

• Red/pink: PU 441–2500, healing potential within 14 days;

• Yellow/green: PU 201–440, healing potential about 14 to 21 days;

• Blue: PU 0–200, healing potential more than 21 days.

Exclusion criteria:

• Frostbite injury [24];

• Burns suitable for primary closure;

• Patients unable to complete the Patient and Observer Scar Assessment Scale (POSAS) due to

language restrictions or legal incompetence.

Standard care

Laser Doppler Imaging. The assessment of healing potential is critical for clinical deci-

sion-making [25]. LDI is considered the most accurate method for predicting the burn wound

healing potential [26]. The LDI technique is based on the Doppler principle with a laser beam

that reflects moving objects, such as erythrocytes. The amount of reflection on photodiodes

displays dermal perfusion on a scale, from which the healing potential is derived [27]. LDI

shows an accuracy of more than 95% and is mostly used in combination with bedside clinical

examination [28]. Especially for deep partial-thickness burns clinical assessment of burn depth

can be challenging. Yet, an accurate burn depth assessment is important to determine the

appropriate treatment.

Patients receive an LDI scan upon indication of the attending physician. The moorLDI2--

Burn Imager™ scan (Moor Instruments, Axminster, UK) is conducted between 48 hours and

five days post-burn for optimal accuracy [29]. The LDI scan procedure is standard care in the

Netherlands and performed in daily clinical practice by experienced and trained personnel.
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Burn wound area selection. Based on the healing potential, the attending physician will

determine whether the patient has burns that meet the inclusion criteria. A maximum of two

inclusion criteria-meeting burns per patient are followed for the study.

Surgical technique. Excision and grafting are carried out in accordance with the local

protocol of the operating burn centre. Burns will be tangentially excised using guarded knives

and/or hydrosurgery. Autografts are harvested with an electrical dermatome from a preopera-

tively selected donor site. Autografts will be predominantly meshed. Postoperative care is

equal for both treatment groups.

Procedures

Conservative treatment with delayed excision and grafting if needed. Initial conserva-

tive treatment is one of the strategies used in daily clinical practice to treat deep partial-thick-

ness burns. Patients receive conservative treatment involving the application of dressings and

antimicrobial agents. These include silver sulfadiazine (Flammazine1), cerium nitrate-silver

sulfadiazine (Flammacerium1), enzymatic hydrated alginate polymers (Flaminal1), or other

agents and dressings according to the local protocol of the burn centre. If wound healing is not

achieved after 14 to 21 days, excision and grafting of the residual defects can be performed.

This is decided based on the expert opinion of the burn specialist and in consultation with the

patient.

Early excision and grafting. Patients initially receive abovementioned topical treatment,

followed by excision and grafting of the burn in the first week to ten days post-burn.

Primary outcome

Scar quality. The primary outcome measure of the study is long-term scar quality assessed

with the POSAS (generic version, 3.0) 12 months after discharge. The POSAS is a widely used

scar quality measurement instrument that comprises two separate scales: the Patient Scale and

the Observer Scale [30]. The Patient Scale includes 17 questions about visual, tactile and sen-

sory characteristics, and the overall opinion. The Observer Scale includes eight questions

assessing the scar’s pigmentation, vascularity, surface level, surface texture, firmness, adher-

ence, tension, and overall opinion. Each item is rated on a five-point scale. The lowest score is

‘1’, which corresponds to the situation of normal skin (i.e. normal pigmentation, no itching).

Score ‘5’ equals the largest difference from normal skin (i.e. the worst imaginable scar or sensa-

tion) [30].

The Patient Scale is assessed by the patient, and two independent observers assess the

Observer Scale on the study area(s). The assessment is mostly done during the standard

12-month outpatient appointment by the attending burn physician(s) and/or by members of

the research team. If there is no standard 12-month outpatient appointment planned, the

patient is invited to attend the clinic for the scar quality assessment, for which travel and park-

ing expenses are reimbursed. All members of the research team and the burn physicians are

trained to assess scar quality with the POSAS. Each burn centre’s highly experienced head of

research provides a POSAS training on the latest version: POSAS 3.0 [30].

Secondary outcomes

Clinical outcomes. Time to wound healing of study area(s): this is defined as the number

of days between burn injury and re-epithelialisation of>95% of the wound surface. Progres-

sion of re-epithelialisation is assessed by an experienced burn specialist and reported after

every wound inspection.
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Wound infection of study area(s): the attending physician will document whether a wound

infection has occurred, based on inflammation characteristics (rubor, dolor, calor, tumor,

functio laesa) in combination with a positive wound culture.

As of 2009, patient and clinical characteristics are prospectively registered in the Dutch

Burn Repository (DBR) R3 in the three Dutch burn centres. Clinical outcomes that will be

obtained from DBR R3 are mortality (during admission), time to first excision and grafting,

length of hospital stay, length of ICU stay, readmission, reoperation, blood transfusion

requirements, wound complications (e.g. graft failure), sepsis, shock, reconstructive surgery,

number and timing of outpatient visits. To assess the amount of clinical topical wound treat-

ments, the length of hospital stay will be used as a proxy.

Patient reported outcomes. For Dutch burn care, a patient relevant value based health-

care burn core set was developed and implemented in usual care (Spronk et al, submitted).

Patient reported outcomes of this value based healthcare burn core set are evaluated in the

Burn centres Outcomes Registry the Netherlands (BORN) questionnaires, which are assessed

at discharge (including retrospective questions), 2 weeks, 3 months, and 12 months after dis-

charge, and annually afterwards. For all three participating burn centres, the questionnaires

are implemented as usual care. The BORN questionnaires include the following topics:

• Scar quality of a scar chosen by the patient by POSAS 3.0 patient scale [30];

• Pain measured by the EuroQol 5D-5L (EQ-5D-5L) [31] pain item and the Patient-Reported

Outcomes Measurement Information System (PROMIS) [32] short forms (SF) pain 1a;

• Self-care measured by the EQ-5D-5L self-care item;

• Depressive complaints assessed by the EQ-5D-5L item anxiety/depression and PROMIS SF

depression 4a;

• Quality of life measured by the PROMIS Global01 and Global02;

• Post-traumatic stress symptoms measured by the Impact of Event Scale (IES-6) [33];

• Independence by a self-developed item independence;

• Physical functioning assessed by the PROMIS SF physical function 8b;

• Itching complaints measured by the itch Numeric Rating Scale (itch-NRS) [34];

• Self-management assessed by the Partners in Health (PIH) scale [35];

• Return to work or school assessed by the adjusted International Consortium for Health Out-

comes Measurement (ICHOM) [36] return to work/school;

Patient and treatment characteristics. Demographics, burn characteristics, and treat-

ment characteristics will be obtained from DBR R3.

Demographics: age, gender, medical history, referral, burn centre. Burn characteristics:

TBSA, date of burn injury, burn localisation, burn aetiology, inhalation injury. Treatment

characteristics: date of initial surgical intervention and thereby time till first surgical interven-

tion (in days), admission on Intensive Care Unit (ICU), ventilation, topical wound treatments,

and wound debridement method, type of grafting, other surgical interventions if applicable.

Data management

Coded research data will be collected and managed in Castor Electronic Data Capture (EDC).

Hard copy questionnaires and informed consent files will be maintained within locked cabi-

nets in the burn centre, only accessible to the local research team.
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Sample size

No formal sample size calculation was performed for this prospective study. The sample size

was assessed using data from DBR R3 (unpublished data, 2019) and a randomized controlled

trial on LDI in patients with indeterminate depth burns in Dutch burn centres [37]. Excluding

patients with superficial burns and patients with full-thickness burn injuries, and extrapolating

the data to three burn centres, the expected sample size is a maximum of 204 patients for the

18-month study period.

Statistical analysis

For the statistical analysis descriptive statistics will be used. All parameters will be tested for

normality. Depending on the distribution of the data, a mean and standard deviation (normal)

or a median and interquartile range (skewed) will be displayed. Differences between the two

treatment strategies for the primary outcome measure scar quality and other outcomes will be

analysed using two-sided T-test (normally distributed continuous data) or Mann-Whitney U-

test (skewed continuous data), and two-sided Chi-square test or Fisher’s exact test (categorical

data). Differences between groups in time to event outcomes (i.e. time to surgical intervention

and time to wound healing) will be analysed using Kaplan-Meier regression. To correct for the

possible influence of patient, burn, and burn centre characteristics on the results, multivariate

linear regression (continuous data), multilevel logistic regression (categorical data), and Cox

regression (time to event data) will be used. If possible, exploratory analyses will be done on

the 10–14 day surgery group. Data analysis will be performed using IBM Statistical Package for

the Social Sciences (SPSS) version 26 (SPSS, Chicago, IL, USA) and Python (Python Software

Foundation, Delaware, USA).

Ethical considerations and declarations

In consultation with the medical ethics committee, it was agreed that the treatment strategies

are part of usual care. Therefore, a medical ethics request was made solely for the conduction

of the POSAS 12 months after discharge. The Medical research Ethics Committees United

(MEC-U) has confirmed that the Medical Research Involving Human Subjects Act (WMO)

does not apply to this study (W23.039) on March 14th 2023. The study protocol was approved

by the local review boards of all participating hospitals: Maasstad Hospital Rotterdam

(L2023027), Red Cross Hospital Beverwijk (23.010), and Martini Hospital Groningen (2023–

080).

Study status and timeline

Data collection from DBR R3 and BORN started on July 15th 2022. Inclusion of participants

started after approval of the local review boards of all participating hospitals on June 25th 2023.

The first patient inclusion and 12-month POSAS was conducted on June 30th 2023. Data col-

lection and participant selection is expected to be completed in January 2025.

Discussion

In this protocol we described the aim and specific design attributes of our study to address the

gaps in understanding regarding the timing of surgical intervention after deep partial-thick-

ness burn injury. In particular, we intend to compare long-term scar quality, clinical outcomes,

and patient-reported outcomes evident after conservative treatment with delayed excision and

grafting if needed, and early excision and grafting of deep partial-thickness burns in Dutch
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burn care. While patient-reported outcomes on this topic are scarce, this study focuses on

long-term patient-reported outcomes that will be measured using the POSAS 3.0 and the

BORN [38]. POSAS is a unique scar quality assessment tool, as it not only includes the profes-

sional’s perspective but also incorporates the patient’s view [39]. BORN provides a wide range

of outcomes that were considered important by patients, healthcare professionals, and

researchers (Spronk et al, submitted). This will provide insight into the outcomes related to

timing of surgical intervention to enable healthcare providers to offer patients more in-depth

information when surgery is discussed. The study findings are aimed to support shared deci-

sion making in person-centred burn care.

A strength of this study is the multicentre design which improves generalizability and appli-

cability to similarly resourced burn care facilities. Additionally, the homogeneity of the

included study burn wound areas is another strength of the study. The followed burns are all

deep partial-thickness burns with a comparable healing potential.

A possible limitation might be the absence of donor site quality as an outcome. However, it

was deliberately chosen not to include this, since ample literature regarding this topic is avail-

able and a recent study on long-term patient-reported scar quality of donor sites was con-

ducted in one of the participating burn centres [13].

Regarding considerations for collaborative research: by publishing this study protocol, we

aim to encourage authors from other countries to conduct similar studies. Multisite studies

can enhance the generalisability of findings and improve evidence-based burn care [40].

This study protocol leaves room for translation to a randomized controlled trial (RCT).

However, we decided not to conduct an RCT due to the niche sector of burn care and to

increase the external validity of our results by collecting real-world data. Therefore, we

encourage other authors to use real-world data for answering the optimal surgical timing

research question. The POSAS was chosen for the direct assessment of scar quality because

of its reliability, validity, and feasibility. It is recommended to use the POSAS for long-term

scar quality assessment, provided that personnel are trained in conducting it. One could

choose for standardized images with a ruler as outcome measure, but this was not selected in

this study due to their difficult comparability and the availability of trained POSAS

personnel.

The findings of the described study add to the ongoing worldwide debate on the optimal

treatment strategy for deep partial-thickness burns. Furthermore, the results of this study will

be included in a cost-effectiveness study and in the development of a decision aid for shared

decision making on timing of surgery in acute burns. The decision aid will support the patient

and healthcare provider in the decision for the optimal treatment based on the patients’ goals

and preferences.

Supporting information

S1 File. SPIRIT checklist.

(DOC)

S2 File. Study protocol.

(DOCX)
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