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GENERAL INTRODUCTION
In the past decades, specialized burn care greatly improved as a result of major 
progress in knowledge and expertise of acute burn care and advancement in 
healthcare in general. As a result, survival rates became substantially higher, even in 
the most severely burned patients1-5. However, morbidity in these non-fatal injuries is 
high. Consequently, it is a great challenge for present day burn care to provide these 
survivors an optimal post-burn quality of life. Along with this development, research 
outcomes are shifting from acute burn care parameters to long term outcomes 
by reducing burn sequelae. Quality of life in post-burn patients is multifactorial 
but primarily determined by functional, aesthetic and psychological outcomes6-8. 
Optimizing scar quality is a crucial part as it affects all these three areas to some 
extent. In the past decades, several new diagnostic and therapeutic interventions 
were developed to promote selective debridement, timely wound healing and 
herewith good scar quality outcomes. However, evidence on these new techniques 
is still limited and study results are difficult to compare due to non-uniform 
outcome measurement. As a result, implementation of these new interventions 
may not always be evidence-based and additional costs to burn care not justified.  

MODERN BURN CARE
The title of this thesis starts with the adjective ‘Modern’. With modern burn care 
we mean burn care that is provided by professional burn centres in high-income 
countries and that is characterized by a wide variety in relative new and innovative 
diagnostic and therapeutic options to optimize burn treatment. Nowadays, burn 
physicians have numerous possibilities to choose from when it comes to conservative 
topical treatment and wound dressings, burn wound assessment tools, debridement 
techniques and post-debridement wound coverage, especially in comparison with 
developing countries. In modern burn care there is more room for refined and 
tailor-made burn wound treatment. Despite the emerging of these diagnostic and 
therapeutic techniques, still some fundamental questions in burn care (research) 
remain unanswered. The best example is timing of surgery. Which still is a point of 
discussion in burn care (research). In our opinion, conclusive evidence on the optimal 
timing of surgery, especially with regard to modern burn outcomes, is still lacking. 
Modern, is also applicable on the outcome assessment in the thesis as we focussed 
on outcomes beyond the traditional mortality, sepsis and length of stay. Outcomes 
in this thesis are more a reflection of quality of life (scar quality) and functional 
recovery (return to work) assessed with patient-reported outcomes measurements 
(PROMs). In this thesis, we want to provide evidence on some of these new 
techniques and outcomes and show how these are used in our daily practise, without 
the pretence of providing a complete overview of modern Western burn care. 
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BURN EPIDEMIOLOGY AND DUTCH BURN CARE
Annually, an estimated 11 million people worldwide require medical care for burn-
related injuries9. Although, the vast majority of these injuries are non-fatal, still 
an estimated 180.000 deaths occur each year. This is predominately in low- and 
middle-income countries, where acute burn care is falling short and prevention is 
not well-established9. Fortunately, this number has decreased over the last years9.  
Similar to most Western countries, Dutch specialized burn care is centralized in  
burn centres. The three  centres are part of non-university, teaching hospitals 
and localized in the cities Rotterdam, Beverwijk and Groningen. Collectively, 
750 patients are treated as inpatients each year. This number has increased 
significantly in the last decades2. For referral to specialized burn care, the 
widely accepted criteria of the Emergency Management of the Severe Burns 
(EMSB) are applied10. In order to continuously improve the standard of care, 
the three burn centres closely work together on research, education and 
the development of uniform guidelines. Since 2003, this collaboration is 
formalized by the Association of Dutch Burn Centres (ADBC) (www.adbc.com). 
In general, treatment and outcome are well documented for specialized burn care due 
to frequent participation in the various clinical trials that are continuously conducted 
in Dutch Burn Centres and/or by registration in the Dutch Burn Repository R3 (NBR 
R3).  In this uniform national registration, key information on patient, burn and 
treatment characteristics are systematically recorded from 2009 onwards. The NBR 
R3 starts with data from the injury and prehospital phase and ends with discharge 
disposition and possible secondary reconstructions in the outpatient setting. 
However, little is known about burn care in the elderly, a growing population in 
our society. Therefore, we evaluated burn care and outcome in a nationwide study.  
The number of patients requiring specialized burn care however, is well 
exceeded by the approximately 6100 patients per year that are treated at Dutch 
Emergency Departments for (minor) burn injuries11.  At this point, too little is 
known about the epidemiology, treatment, costs and most importantly, clinical 
outcomes of this specific burn population. To obtain such data, questionnaire 
studies with an adequate response rate are imperative. However, it is known 
that these patients are difficult to recruit for participation in clinical studies12 for 
numerous reasons such as heterogeneity in severity, the hectic of Emergency 
Departments with shortfall in medical staffing, small time windows for recruitment 
and ambulatory care with little affiliation to the departments12. In addition, also 
flaws in recruitment strategies contribute to poor response rates12. In this thesis, 
a quasi-randomized pilot study is included in which a standard recruitment 
strategy was compared to an optimized strategy. The optimized strategy 
was complemented by measures associated with higher response rates.  
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BURN DIAGNOSIS AND TREATMENT

BURN WOUND ASSESSMENT
Burn wound assessment mainly consists of the estimation of Total Body Surface 
Area (TBSA) burned and burn depth. Accurate diagnosis is essential to initiate 
appropriate treatment with regard to resuscitation, acute escharotomy in case 
of circumferential burns and the decision for conservative or surgical wound 
treatment. TBSA burned also has an important prognostic value in predicting 
burn-related mortality as is reflected in various burn mortality prediction models13.  
The most widely used classification for (thermal) burn injuries divides burns into 
three categories of increasing depth as follows: superficial partial-thickness, 
deep partial-thickness, and full-thickness burns14. Superficial partial-thickness 
burns involve only the epidermal layer and the superficial part of the dermis. In 
deep partial-thickness burns, the epidermis and the majority of the dermis are 
destroyed, with damage to deeper skin structures such as blood vessels, nerves, 
and hair follicles15. In full-thickness burns, all layers of the skin are destroyed, and 
there may also be damage to subdermal structures, such as muscle, cartilage, or 
bone. In these wounds, no viable epidermal appendages remain in the bottom of 
the wound, which makes spontaneous healing from the wound bed impossible. 
Several techniques are available for the objective measurement of TBSA (e.g. 
three-dimensional imaging16) and the estimation of burn depth (e.g. Laser Doppler 
Imaging17 (LDI, thermography or thermal imaging, photoacoustic imaging).
Especially LDI has been well studied and appears to be a value add-on test for 
accurate and reliable estimation of burn depth. However, in daily practice, estimation 
of burn depth is still predominately performed clinically by physicians. For research 
purposes reliable and valid measurement tools are essential to objectively compare 
treatments. After assessment, general treatment is topical treatment followed by 
surgical treatment depending on the burn depth and local burn care practise.
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Figure 1. Example of a LDI-scan with corresponding clinical photograph.

CONSERVATIVE TREATMENT
Wound care depends on several factors such as burn depth, TBSA burned, affected 
body region, planned re-assessments of burn depth and scheduled surgery. 
Silversulfadiazine has been there cornerstone in conservative burn treatment for 
many decades but nowadays numerous alternatives with assumingly better healing 
and more patient friendly properties are available. Roughly, conservative treatment 
consists of topical treatment with silversulfadiazine (Flammazine®), Flammacerium® 
(face) or non-adherent wound dressings, sometimes combined with topical 
antimicrobials such as Povidone iodine or Fucidin®. Overall, conservative treatment 
in modern burn care is well advanced which gives burn physicians the time for 
optimal and tailor-made burn treatment. 

SURGICAL TREATMENT
Before Zora Janzekovic introduced the early surgical removal of eschar in 196018, 
burns were treated by awaiting spontaneous separation from the underlying layer 
of viable tissue19. This was associated with septic complications, prolonged length 
of stay and high mortality. In present-day burn care, excision and grafting of deep 
dermal and full-thickness burns is the cornerstone in burn treatment. Next to 
advancements in sepsis control, management of inhalation injury, silver-containing 
topical treatment and nutritional support, this early burn eschar excision contributed 
largely to major improvements in survival and length of stay in the past decades20, 21.  
Debridement is defined as the removal of all lacerated, devitalized, or contaminated 
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tissue, also called eschar that is incompatible with healing22. Debridement includes 
both surgical and non-surgical techniques. In a recent Cochrane review of Gethin et 
al., six different debridement techniques for venous leg ulcers were distinguished, 
including sharp, mechanical, autolytic, enzymatic and (bio)surgical debridement23. To 
a greater or lesser degree, these six debridement techniques are also applied in burn 
wound debridement. However, debridement of burn eschar is primarily performed 
surgically with hand-held sharp instruments such as the Rosenberg knife, Humby 
knive, Goulian knife or the most commonly used Watson knife24,25. This method is 
generally referred to as tangential excision and mostly it is followed by autografting24.  
This method is considered the standard of care for nearly half a century as it is 
an effective method. However it is often also a non-selective method for eschar 
removal, which can result in unnecessary loss of viable dermis and subsequent scar 
morbidity. The last two decades, presumably more selective burn debridement 
techniques, such as hydrosurgery26-30 and enzymatic debridement31-36 have
been introduced in (Western) burn care. In this thesis, we will summarize the 
evidence on all available burn debridement techniques for thermal burns.  
Especially hydrosurgery is being frequently used in Dutch burn care. Despite its 
higher instrument costs there is little or no evidence on beneficial effects on related 
outcomes such as scar quality. Unpublished data derived from the Dutch Burn 
Repository R3 showed that between 2009-2015 hydrosurgery was used in 52.2% of 
the patients (23.9% as monotherapy and 28.3% in combination with conventional 
sharp debridement). Randomized clinical trials are mandatory to establish the 
added value of the new techniques, preferably with cost-effectiveness analysis to 
justify the additional costs to healthcare, since burn care is traditionally considered 
as very costly37. Presently, a randomized intra-patient controlled clinical trial is 
conducted in all three Dutch burn centres to compare long-term scar quality after 
hydrosurgical versus conventional tangential excision of deep dermal burns (HyCon 
trial, NL58875.101.16). The primary outcome of this RCT is scar quality measured by 
the Observer score of the Patient and Observer Scar Assessment Scale (POSAS)38, 39. 
Secondary outcomes include objective scar measurements of colour and elasticity 
and dermal preservation assessed with biopsies pre-and post-debridement.  
As mentioned before, there is no consensus on the optimal timing of surgery. 
Moreover, there is no uniform definition of early or delayed surgery15. In patients 
with minor to moderate burn severity, early surgery is not imperative for survival 
anymore and conservative treatment has become substantially better. Surgical 
intervention at an early stage in these patients will always lead to visible scars 
and possible morbidity of donor sites while some of these burns might be of 
superficial partial-thickness and will heal spontaneously with minimal scarring. 
Awaiting demarcation of burn depth could be beneficial in these cases. However, 
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postponing surgery too long can result in a delayed healing time with an increased 
risk of wound infection, hypertrophic scarring and prolonged hospitalization with 
subsequent higher psychological stress and medical costs.

BURN OUTCOME ASSESSMENT
Mortality and length of stay are relevant outcomes of burn care, particularly in the 
severely burned, elderly 40, 43 and burn victims in low- and middle-income countries9. 
However, with major improvements in acute burn care in recent decades, the 
majority of the burn patients will survive. New and more relevant measures are 
necessary to evaluate the quality of burn care beyond mortality and hospital stay. 
Burn survivors are faced with emotional, functional and aesthetic sequelae and 
need extensive rehabilitation to return to society. Optimizing post-burn scar quality 
contributes greatly to this rehabilitation process as it affects patients’ emotional, 
functional and aesthetic outcomes. Therefore, (improving) scar quality has a central 
role in this thesis. From patients’ perspective scar quality depends on the presence 
or absence of several visual, tactile, and sensational features44 and thus is difficult to 
define and measure. The use of Patient Reported Outcomes Measurements (PROMs) 
to measure the construct of scar quality are therefore indispensable. In this thesis, the 
Patient and Observer Scar Assessment Scale (POSAS)38, 39 was used in combination 
with objective scar measurement tools for scar colour and scar elasticity45, 39 
to define scar quality with a combination of subjective and objective methods. 
Another highly relevant outcome for burn survivors is return to work (RTW). As 
work is a important source of income and moreover it is beneficial for many health-
related, social and societal aspects for post-burn patients46. Hence, one chapter of 
this thesis is completely characterized by RTW and the consequences of failing to 
do so in a Dutch burn population.

AIMS OF THIS THESIS
The main aim of this thesis was to improve surgical care for burn patients by 
examining the relationship between surgical care and (modern) burn outcome. 
In particular, selective burn debridement was examined. This was done both 
by determining which specific burns require surgery and by choosing the right 
instrument (both surgical and non-surgical) for debridement. Furthermore, we 
aimed to optimize and modernize burn outcome assessment and follow-up after 
specialized burn care. We aimed to achieve this by evaluating and predicting long 
term scar quality, assessing return to work and by optimizing recruitment strategies 
for study participation in the outpatient setting.
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THESIS OUTLINE
Part I of this thesis focuses on the surgical management of burn injuries. Part 1 
starts with a systematic review on all surgical and non-surgical debridement 
techniques in order to find the best available evidence with regard to efficiency 
and safety outcomes in burn patients with thermal injuries (chapter 2). Considering 
the knowledge on burn debridement that was obtained while conducting this 
systematic review, a study protocol was designed to compare two frequently used 
debridement techniques (conventional and hydrosurgical tangential excision) on 
long term scar quality. The publication of the protocol of this ongoing randomized 
intra-patient controlled clinical trial can be found in chapter 3. Anticipating a 
dramatic increase in elderly burn patients, in chapter 4, differences in surgical 
management and subsequent clinical outcomes between adults and elderly 
were compared in a six year nationwide retrospective study. In chapter 5, the 
long term scar quality was determined in burns with distinct healing potentials 
as assessed with Laser Doppler Imaging (LDI), with a special focus on comparing 
conservative versus surgical treatment in burn wounds with an intermediate 
healing potential and timing of surgery in wounds with a low healing potential.  
Part two of this thesis addresses modern burn outcome assessment. 
Early recognition of scar morbidity is important to personalize scar management 
and make outpatient burn care more effective. At this point, no feasible predictors 
for long-term scar quality are available. In chapter 6, the predictive validity of the 
POSAS was assessed to determine whether this scar assessment scale can be used 
at 3 months to predict final long-term scar quality in an outpatient burn population. 
As a parameter of functional and psychological recovery, return to work was assessed in a 
two-year prospective follow-up study. The results of this study are presented in chapter 
7. In addition, predictors and related costs of absenteeism are described in this chapter.  
In chapter 8, efforts were made to improve recruitment for study participation in an 
Emergency Department burn population by comparing a standard to an optimized 
recruitment strategy. This should be considered as a first step in obtaining knowledge 
on epidemiology, treatment and outcomes of this specific burn population. 
In the last chapter (9), all study results that deemed relevant are summarized and 
discussed together with recommendations for future burn research, burn practice 
and burn outcome assessment. 
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ABSTRACT
Objective: to provide a complete overview of all burn debridement techniques studied 
in recent literature and to find the best evidence with regard to efficiency and safety.  
Methods: a systematic review was performed. Electronic databases searches 
included: Pubmed, Embase, Cochrane, CINAHL, Web of Science and Academic 
Search Premier. All studies from 1990 onwards, on the efficiency and/or safety 
of burn debridement techniques in patients with thermal burn injuries of any 
age, were included. Primary outcomes were time to complete wound healing 
and time to complete debridement. Randomized trials were critically appraised. 
Results: twenty-seven studies, including four randomized clinical trials, were 
included. Time to wound healing in the conventional tangential excision (seven 
studies), hydrosurgery (eight studies), enzymatic debridement (eleven studies) 
and shock waves group (one study) ranged from respectively 13-30 , 11-13 , 19-
33 and 16 days. Time to complete debridement ranged from respectively 5-10, 
4-23 and 1-9 days. Furthermore, secondary outcomes (including grafting, 
mortality, scar quality) were compared between the debridement categories. 
Conclusion: convincing evidence in favor of any of these techniques is currently 
lacking. Future studies regarding (new) debridement techniques need to use 
standardized and validated outcome measurement tools to allow improved 
standardization and comparisons across studies.
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INTRODUCTION
In present day burn care, excision and grafting is the cornerstone in the treatment of 
large deep dermal and full-thickness burns. Debridement is defined as the (surgical) 
removal of all lacerated, devitalized, or contaminated tissue, also called eschar, 
that is incompatible with healing1. In traditional burn care, eschar was treated by 
awaiting spontaneous separation from the underlying layer of viable tissue2. In 1970, 
Zora Janzekovic introduced the early removal of eschar by tangential excision3.  
Major advancements in burn care, with regard to significant reduction in mortality 
and a shorter hospital stay are linked to early excision of burn wounds4, 5. According 
to Herndon, nutritional support, sepsis control and management of inhalation 
injury also contributed, but to a lesser degree2. Nowadays, excision is applied in 
virtually every full-thickness or deep dermal burn wound that is unlikely to heal 
within 14-21 days post-burn to shorten wound healing time, thereby reducing 
length of hospital stay and infection rate, and improving functional outcome and 
scar quality2. Burn wound excision is primarily performed with sharp instruments2. 
In recent decades various alternative methods for the excision of eschar have 
been proposed to improve selective debridement and minimize blood loss. These 
include surgical and non-surgical techniques. In a recent Cochrane review, Gethin 
et al. described several techniques for the debridement of venous leg ulcers6. They 
distinguished six different forms of debridement, including sharp, mechanical, 
autolytic, enzymatic, biosurgical and surgical debridement. This subdivision can 
also apply to the different debridement techniques of burn wounds. The choice 
of the debridement technique depends on the burn center, the expertise and 
availability of professionals and the type of burn wound, but techniques are often 
interchangeably used. It is not known if this choice is of influence on the final result 
of the wound healing. Two reviews on debridement techniques of burn wounds 
were previously published7, 8. Both reviews were narrative reviews and limited to 
non-surgical debridement techniques. Makepeace et al. described case-reports of 
patients who were exclusively treated with enzymatic debridement8. The review 
of Klasen et al. described several techniques but did not systematically report 
outcomes7. Since the publication of these reviews, several new commercially 
available debridement techniques came onto the market9, 10. 
A comprehensive systematic review in which all the available burn wound 
debridement techniques are discussed is lacking. More specifically, the efficiency 
and safety of the various methods is not well established. The objective of this 
paper was to conduct a systematic search to provide a complete overview of all 
surgical and non-surgical debridement techniques described in the recent literature 
(≥1990) and to find the best available evidence with regard to efficiency and safety 
outcomes in burn patients with thermal injuries.  
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METHODS
Protocol
This systematic review is protocol-driven according to the Preferred Reporting 
Items for Systematic Reviews and Meta-analysis (PRISMA) statement11. Our protocol 
was developed and registered in PROSPERO (CRD42016039301), the international 
prospective register of systematic reviews12.

Selection criteria
All studies that provide empirical evidence on the efficiency and/or safety of 
surgical or non-surgical burn wound excision techniques were considered for this 
review. The following criteria were met when conducting the search: 
• Type of patients:
 - No age limit
 - Burn etiology of thermal origin                                                             
• Study design: 
 - Regarding outcome efficiency: all studies, excluding case-reports (<5   
 patients)
 - Regarding outcome safety: all studies
• Publication date was restricted to articles published from 1990 onwards
• Language restriction: articles not written in English were taken into
 account only for randomized controlled clinical trials (RCT) and    
 controlled clinical trials (CCT)

Search strategy
The following electronic databases were searched May 8th 2017: Pubmed, Embase, 
Cochrane, CINAHL, Web of Science and Academic Search Premier. The search terms 
included burn*, debridement, excision and surgery. For the complete electronic 
search strategy see appendix 1.
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Selection procedure
The selection procedure was carried out by two reviewers (KK and HG). 
Disagreement between the reviewers about eligibility was solved through discussion 
and in case of consistent disagreement by a third reviewer (MB). Relevant papers 
were selected by screening the titles (first step), abstracts (second step) and full 
articles (third step). During each step respectively the title, abstract or entire article 
was screened to ensure that it met the selection criteria. Studies excluded from 
the review are listed in the ‘excluded studies’ section together with the reason for 
exclusion (Figure 1). This screening process was conducted with the use of the 
web-based software platform Covidence (www.covidence.org), which has been 
selected as a preferred tool by the Cochrane Collaboration.
Data-extraction 
Data was extracted independently by the reviewers (KK and HG) using a standardized 
data-extraction form that included study characteristics (study design, sample 
size per group, study setting, type of debridement), patient characteristics (age, 
gender, burn depth, median burned TBSA, etiology) and our outcome parameters. 
Our primary outcome parameters were time to complete wound healing and time 
to complete debridement, which are both parameters regarding efficiency. Our 
secondary outcome parameters regarding efficiency included excision procedure 
time, time from accident to start debridement, need for grafting, precision of 
debridement (assessed by any available method), graft take, re-operations, length 
of hospital stay, scar quality, reconstructions and costs. Our secondary outcome 
parameters regarding safety included mortality and adverse events. 

Risk of bias (quality) assessment
The “Risk of bias tool” from the Cochrane Handbook for Systematic Reviews of 
Interventions was used to assess the quality in the included RCTs 13.  The criteria were 
assessed independently by the two review authors.

Strategy for data synthesis
Taking into account the probable differences in reporting outcomes amongst 
studies, we anticipated to be restricted to a narrative description of outcomes. 
When possible, data were pooled to perform quantitative analysis.
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RESULTS
Literature search
The literature search yielded 4213 records. After removal of duplicates a number 
of 2254 articles remained. After title screening a total of 145 articles were left to be 
screened by abstract, which resulted in 41 articles that were eligible to read full text 
of which 14 papers were excluded (see fl owchart fi gure 1). The search resulted in a 
total of 27 articles that were used for data extraction. 

 

After initial  Search N= 4213

Pubmed : n= 1248

Embase: n= 1411

Cochrane: n= 138

CINAHL: n= 368

Web of Science n= 735

Academic Search Premier n= 313

After removal of duplicates, 

n= 2254

After title screening

N= 145

After abstract screening

N= 41

Final data extraction

N= 27

Confl icts to be solved between 
reviewers, n= 5
By third reviewer, n= 0
No data extraction possible:
- Foreign language
  (no RCT/CCT) n= 4
- Conference paper n= 2
- Review n=2
- Full text unavailable n= 2
- Duplicates n=2
- No outcome data n=2

Exclusion based on:
- Wrong setting/study 
design: n= 40
- No abstract available: n= 7
- Wrong intervention: n= 17
- Animal study: n= 3
- Conference paper: n= 37

Confl icts to be solved 

between reviewers, n= 154

By third reviewer, n= 0
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DESCRIPTION OF DEBRIDEMENT TECHNIQUES
The debridement techniques used in the full text analysis (n=27) covered four out 
of the six debridement techniques described in the literature6. We subdivided the 
debridement techniques into four categories: 1. conventional tangential excision 
(CTE)3, 2. hydrosurgery (HS)14, 3. enzymatic debridement(ED)10 and 4. shock waves 
(SW)15. No studies were included in the debridement categories autolytic and 
biosurgical (i.e. maggots). CTE consists of sharp tangential excision with the use 
of hand-held knives. HS is a debridement tool that produces a high-pressure jet of 
water across an aperture in an angled handpiece with a vacuum that removes surface 
debris that is sucked into the machine. ED in our review consisted of debridement 
with either collagenase, Bromelain [NEXOBRID®, Mediwound Ltd., Yavne, Israel] 
or Papain. SW therapy is thought to work by producing an acoustic energy that 
optimizes cellular and molecular microenvironments. Tangential excision (TE) refers 
to any form of tangential excision which includes sharp excision, hydrosurgery or 
dermabrasion.  

Strategy for data synthesis
The outcome parameters were differently defined between studies. For example: 
our primary outcome ‘time to wound healing’, had several definitions including 
>95% re-epithelialization or last wound dressing. We aimed to use the most widely 
accepted definition. 

Study characteristics
Table 1 provides an overview of the study characteristics of the included articles. 
The study designs mostly consisted of cohort studies (22/27) with four randomized 
controlled studies and one case-series (<10 participants). Studies involving the more 
recent debridement techniques, including HS, ED, and SW, were predominantly 
published from 2005 onwards (17/20) whereas the CTE studies were mostly 
published before 2005 (4/7). The burn severity had a wide range, except in the CTE 
group, in which all seven studies included patients with a mean TBSA burned of 
over 20%. Age categories varied greatly, but consisted predominantly of adults or 
participants of all ages. The number of participants was less than 30 in a substantial 
part of the studies (11/27), with only six studies including more than 100 participants. 
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Table 1. Overview study characteristics

CTE = conventional tangential excision. HS= hydrosurgery. ED= enzymatic 
debridement. SW= shock wave therapy. TBSA = total body surface area.
* RCT’s comparing either HS versus CTE or ED versus CTE were classifi ed in 
respectively HS or ED category.

PRIMARY OUTCOMES
Table 2 presents the primary outcomes. The data on time to complete wound 
healing were available in 12/27 of the studies. The defi nition of time to complete 
wound healing was described in 8/14 studies and usually defi ned as ‘complete 
epithelialization’ or ‘re-epithelialization of more than 90-95% of the wound’. The 
time to complete wound healing in the CTE-group had a range of 13-30 days. In the 
HS-group 4/5 studies had a range of 11-13 days, while the fi fth study had a range 
of 18-64 days9. The ED group had a range of 19-33 days. There was no signifi cant 
diff erence in time to wound healing in the two RCTs in the HS group and the one 
RCT in the ED group, that compared their technique to (C)TE. The data on time 
to complete debridement were available in 10/27 studies. The ED group had the 
shortest time to complete debridement with a range of 1-9 days. The HS group 
had a range of 4-23 days and the CTE-group had a range of 5-10 days. There was 

 
1
6

4
3

7

2
4
1

1
4
2

 

1

1

1

1

1

 
4
22
1

7
20

6
8
12
1

3
11
10
3

11
10
6

1
10

3
8

2
6
2
1

1
3
5
2

4
3
4

 
2
5
1

8

3
2
3

2
5
1

5
3

Study design
Randomized controlled trial*
Cohort study
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a signifi cantly shorter time to complete debridement in the ED patients in the RCT 
comparing ED to TE, while the RCT in the HS group showed no diff erence. Pooling 
of the data was not possible due to heterogeneity of the data. For the a detailed 
overview of the primary outcomes per study, we refer to appendix 2.1.

Table 2. Primary outcomes

*These studies (n=3) are mentioned twice, because they compared two diff erent 
debridement techniques. RCT = randomized clinical trial.
NS = None Signifi cant; SG = Skin Graft; n.r. = not reported

(Early) conventional tangential excision (CTE) vs. 
conservative treatment (C)1 RCT
Conventional tangential excision vs. 
hydrosurgery2 –RCT *
Conventional tangential excision vs. 
hydrosurgery3 – RCT*
(Early) conventional tangential excision vs. 
collagenase4*
Hydrosurgery (HS) vs. conventional tangential 
excision2 – RCT*
Hydrosurgery vs. conventional tangential 
excision3 – RCT*
Hydrosurgery5
Hydrosurgery6
Hydrosurgery7
Hydrosurgery8
Hydrosurgery9
Hydrosurgery10
Bromelain (B) vs. tangential excision (TE)11 –RCT

Collagenase (Col) vs. silver sulfadiazine (SSD)12
Collagenase vs. (early) conventional 
tangentia excision4*
Bromelain13

Collagenase14
Bromelain15
Bromelain vs. conventional tangential excision16

Bromelain17
Shock waves (SW)18

- 

CTE: 13 (2), HS: 11 (2), NS

CTE: 30.4 (16-70), HS: 32.6 

(18-64), NS 

-

HS: 11 (2), CTE: 13 (2), NS

HS: 32.6 (18-64), CTE: 30.4 

(16-70), NS

13.4 (3.2, 8-19)

- 

13.4 (2.1, 10-18)

- 

- 

11.8 (8.1, 5-21)

B: 32.8 (17), TE: 29.2 (16.1), 

NS

Col: 19.0, SSD: 22.1, NS

- 

B: 23 (15.8, 4-60), SG-pa-

tients: 17 (13.1, 0-40), n.r.

22.3

29.2 (12.2, 11-54)

B: 19.9 (6.0), CTE: 42.2 

(18.7),  p=0.002

28 (9-49)

15.6 (5.1, 10-29)

CTE: 4.8, C: 18.3, n.r.

CTE: 10 (3), HS: 9 (3), NS

- 

Col: 7.8 (2.8), Col+CTE: 8 

(3.6), CTE: 7 (2.9), NS

HS: 9 (3), CTE: 10 (3), NS

- 

-

23 (5-78)

7.6 (1.7, 5-11)

8.4 (8.5, 1-32)

4.4 (7.6, 1-25)

- 

B: 2.2 (1.4), TE: 8.7 (5.7), 

p<0.0001

Col: 9.3, SSD: 11.6, NS

Col: 7.8 (2.8), Col+CTE: 8 

(3.6), CTE: 7 (2.9), NS

- 

- 

1.7 (2.5, 1-12)

B: 0.9 (0.3, 0-1), CTE: 4.9 

(6.2, 0-18), NS

- 

- 

(Early) conventional tangential excision (CTE) vs. - CTE: 4.8, C: 18.3, n.r.

hydrosurgery2 –RCT *
Conventional tangential excision vs. CTE: 13 (2), HS: 11 (2), NS CTE: 10 (3), HS: 9 (3), NS

hydrosurgery3 – RCT* (18-64), NS 

excision2 – RCT*

Hydrosurgery6 - 23 (5-78)

collagenase4* (3.6), CTE: 7 (2.9), NS

excision3 – RCT* (16-70), NS

NS p<0.0001

Hydrosurgery8 - 8.4 (8.5, 1-32)

Hydrosurgery10 11.8 (8.1, 5-21) - 

conservative treatment (C)1 RCT

Conventional tangential excision vs. CTE: 30.4 (16-70), HS: 32.6 - 

Hydrosurgery (HS) vs. conventional tangential HS: 11 (2), CTE: 13 (2), NS HS: 9 (3), CTE: 10 (3), NS

Hydrosurgery5 13.4 (3.2, 8-19) -

Collagenase (Col) vs. silver sulfadiazine (SSD)12 Col: 19.0, SSD: 22.1, NS Col: 9.3, SSD: 11.6, NS

(Early) conventional tangential excision vs. - Col: 7.8 (2.8), Col+CTE: 8 

Hydrosurgery vs. conventional tangential HS: 32.6 (18-64), CTE: 30.4 - 

Bromelain (B) vs. tangential excision (TE)11 –RCT B: 32.8 (17), TE: 29.2 (16.1), B: 2.2 (1.4), TE: 8.7 (5.7), 

Hydrosurgery7 13.4 (2.1, 10-18) 7.6 (1.7, 5-11)

Hydrosurgery9 - 4.4 (7.6, 1-25)

Collagenase vs. (early) conventional - Col: 7.8 (2.8), Col+CTE: 8 

tients: 17 (13.1, 0-40), n.r.

(18.7),  p=0.002 (6.2, 0-18), NS

tangentia excision4* (3.6), CTE: 7 (2.9), NS

Collagenase14 22.3 - 

Bromelain17 28 (9-49) - 

Bromelain13 B: 23 (15.8, 4-60), SG-pa- - 

Bromelain vs. conventional tangential excision16 B: 19.9 (6.0), CTE: 42.2 B: 0.9 (0.3, 0-1), CTE: 4.9 
Bromelain15 29.2 (12.2, 11-54) 1.7 (2.5, 1-12)

Shock waves (SW)18 15.6 (5.1, 10-29) - 

Debridement technique Time to complete
wound healing, days 
(SD, range)

Time to complete
debridement, days 
(SD, range)
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SECONDARY OUTCOMES
Table 3 presents an overview of the secondary outcomes in each debridement 
category, from top down most reported to least reported. Table 4 presents the 
results of the most reported (>40%) secondary outcomes, except adverse events 
(AE) which is presented in appendix 2.2 due to the heterogeneity of the assessments. 
Need for grafting: the need for grafting was 100% in all five CTE studies that reported 
the need for grafting and lowest in the ED group with a range of 2-60% of the 
patients. Three studies in the ED group, including one RCT, showed a significantly 
lower need for grafting in ED patients compared to CTE. 
Adverse events: adverse events were frequently reported (14/27 studies), but 
the reported AE’s varied greatly. AE’s were reported in 5/7 studies in the CTE 
group and mainly consisted of infections/positive wound cultures. There was no 
difference between postoperative pain (one study) or infection (one study) when 
comparing HS to CTE. In the ED group the most frequently described AEs were 
pain (two studies), fever (two studies) and infection (two studies). The SW study 
had no adverse events. 
Mortality: the mortality was highest in the CTE group with a range of 2-57%. 
One cohort study showed no difference in mortality when comparing CTE to 
conservative treatment16. Another cohort study showed that early (48-72 hours) 
compared to delayed excision (7-10 days) led to a significantly lower mortality17. In 
6/7 HS and ED studies the mortality was 5% or lower. 
The time from accident to first debridement: this was reported in 12/27 studies. It 
was generally shortest in the ED group which ranged from 1-2 days and highest 
in the HS group with a range of 3-23 days. However, there was no significant 
difference in the cohort study which compared ED (Bromelain) to CTE18.
Scar quality: the definition of scar quality differed between the studies, see table 
5. Scar quality was described in three studies in the CTE group where it appears 
that early CTE prevented scar problems (e.g. contractures, impairment) compared 
to late CTE and scars after CTE were rated poorer compared to conservative 
treatment. Furthermore, three studies found no difference of which two compared 
HS to (C)TE and one compared ED to CTE.

The following secondary outcomes were reported in less than 40% of the studies.
Re-operations: ten studies reported either the average number of operations 
per patient, how many patients required an additional operation or how many 
operations it took to reach complete debridement. One of the two CTE studies 
found the number of operations needed until complete debridement higher in the 
staged excision group versus excision and immediate autografting group19. One out 
of four ED studies showed a significantly higher number of operations was needed 
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in the CTE group compared to ED (Bromelain)18. 
Length of hospital stay (LOHS): LOHS was reported in all the CTE studies but only 
in two ED studies and not reported in the HS or SW group. In 2/3 CTE studies, in 
which CTE was compared to conservative treatment, the LOHS was signifi cantly 
shorter in the CTE group. 
Excision time: this entails the time it takes to debride a burn wound in a debridement 
session that leads to complete eschar removal (e.g. in the operating theater). It is 
not applicable in the ED group, because the ED has a fi xed duration of application. 
In the HS group, one of the three studies showed a signifi cantly shorter excision 
time when debriding particular areas (e.g. hands), but a longer excision time in 
larger areas (e.g. limbs, trunk) when compared to CTE20.
Graft take: graft take ranged between 85-100% in the CTE and HS studies, with the 
exception of one CTE study with a range of 40-100%21. 
Reconstructions: the number of reconstructions was only reported in three studies. 
The RCT (between ED and TE) showed no diff erence10. 
Precision of debridement: one HS study used biopsies to determine the precision 
of debridement and showed that the CTE group lost more viable dermal tissue 
compared to the HS group9. Two ED studies used a visual assessment classifi cation 
system. 
Costs: costs were compared in one ED study which was in favor of the ED compared 
to TE22. 
For the detailed overview of all the secondary outcomes per study see appendix 
2.2.  

Table 3. Overview of incidence of reports on secondary outcomes

CTE = conventional tangential excision. HS= hydrosurgery. ED= enzymatic debridement. SW= shock wave therapy.  

The number of studies which report a specifi c outcome parameter is indicated by the number of grey boxes, e.g. the need 

for grafting was reported in 5 out of 7 CTE studies, 6 out of 8 HS studies, 8 out of 11 ED studies and in 1 out of 1 SW study

Need for grafting
Adverse events
Mortality
Time accident – 1st debridement
Scar quality
Re-operation
Length of hospital stay
Excision time
Graft take
Reconstructions
Precision of debridement
CostsCosts

Secondary outcomes CTE (n=7) HS (n=8) ED (n=11) SW
n=1
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Table 4. Secondary outcomes (reported >40%): grafting, mortality, time to fi rst 
debridement

*Not percentage of the cases, but the number of wounds. NS = None Signifi cant; n.r. 

(Early) conventional tangential 
excision (CTE) vs. conservative 
treatment (C)19 –RCT
(Early) conventional tangential ex-
cision vs. conservative treatment1
(Early) conventional tangential: 
early admittance <1 week (E) and 
later admittance (L)20
(Early) conventional tangential21
Ultra-early conventional tangential 
excision (UECTE) vs. early conven-
tional tangential excision (ECTE)22
(Early) conventional tangential 
excision <5 days vs. 
start conservative treatment + later 
SG23
Excision with direct autograft (EA) 
vs. staged excision group (SEG)24
Hydrosurgery vs. conventional 
tangential excision3 –RCT
Hydrosurgery5
Hydrosurgery6
Hydrosurgery7
Hydrosurgery8
Hydrosurgery9
Hydrosurgery10
Bromelain (B) vs. 
tangential excision (TE)11 –RCT
Collagenase (Col) vs. 
silver sulfadiazine (SSD)12
Collagenase vs. (early) 
conventional tangential excision4

Bromelain13
Bromelain15
Bromelain vs. conventional 
tangential excision16

Bromelain17
Bromelain vs. tangential excision 
(TE)25
Shock waves (SW)18

CTE: 100, C: 44, 
n.r.

CTE: 100, C: 82, 
n.r.
E: 100, L:100, n.r.

- 
100

100

- 

HS: 100, CTE: 100, 
n.r.
15.4
60
15
64.7
- 
71.4
B: 17.9, TE: 34,1 
p=0.01
21

Col: 2, Col+C-
TE: 97, CTE: 80, 
p<0.01 (Col vs. 
Col+CTE)
36.2
0.3 (0-1, 0.5)*
B: 15 (0.38) vs. 
CTE: 77 (0.44), 
p=0.002
46.2
B: 60, TE: 10, n.r.

13.3

CTE: 4, C: 12, n.r.

CTE: 57.1, C: 41, NS

E: 18.8, L: 38.5, n.r.

12.8
UECTE: 1.8, ECTE: 
7.8, p=0.027

- 

-

0

-
4.3
5
-
-
-
-

0

0

-
0
-

18.8
-

-

-

-

-

-
-

-

EA: 1 (0-5), SEG: 2 
(0-7), NS
-

-
23 (5-78)
7.6 (1.7, 5-11)
8.4 (8.5, 1-32)
4.4 (7.6, 1-25)
2.8 (1.8, 1-6)
-

1.9

-

0.9
1.0 (1.2, 0-3)
B: 0.9 (0-1), CTE: 
4.9 (0-18), NS

24.4 hours
-

SW on 3rd and 
5th days 
post-injury

Collagenase vs. (early) Col: 2, Col+C- 0 -

(Early) conventional tangential CTE: 100, C: 44, CTE: 4, C: 12, n.r. -

(Early) conventional tangential ex- CTE: 100, C: 82, CTE: 57.1, C: 41, NS-
treatment (C)19 –RCT

(Early) conventional tangential: E: 100, L:100, n.r. E: 18.8, L: 38.5, n.r. -

Ultra-early conventional tangential 100 UECTE: 1.8, ECTE: -

excision <5 days vs. 

later admittance (L)20

tional tangential excision (ECTE)22

tangential excision3 –RCT n.r.

SG23

vs. staged excision group (SEG)24 (0-7), NS

excision (CTE) vs. conservative n.r.

cision vs. conservative treatment1 n.r.

(Early) conventional tangential21 - 12.8 -

(Early) conventional tangential 100 - -

Hydrosurgery5 15.4 - -

early admittance <1 week (E) and 

excision (UECTE) vs. early conven- 7.8, p=0.027

Hydrosurgery vs. conventional HS: 100, CTE: 100, 0 -

start conservative treatment + later 

Excision with direct autograft (EA) - - EA: 1 (0-5), SEG: 2 

Hydrosurgery6 60 4.3 23 (5-78)

Hydrosurgery9 - - 4.4 (7.6, 1-25)

Collagenase (Col) vs. 21 0 1.9

Hydrosurgery7 15 5 7.6 (1.7, 5-11)

Hydrosurgery10 71.4 - 2.8 (1.8, 1-6)

silver sulfadiazine (SSD)12

Hydrosurgery8 64.7 - 8.4 (8.5, 1-32)

tangential excision (TE)11 –RCT p=0.01
Bromelain (B) vs. B: 17.9, TE: 34,1 - -

Debridement technique Mortality
(% of the cases)

Need for grafting 
(% of the cases)

Time from accident to 
fi rst debridement 
in days (SD, rannge)

conventional tangential excision4 TE: 97, CTE: 80, 

Bromelain15 0.3 (0-1, 0.5)* 0 1.0 (1.2, 0-3)

Shock waves (SW)18 13.3 - SW on 3rd and 

Col+CTE)

Bromelain vs. tangential excision B: 60, TE: 10, n.r. - -

tangential excision16 CTE: 77 (0.44), 4.9 (0-18), NS

post-injury

p<0.01 (Col vs. 

Bromelain17 46.2 18.8 24.4 hours

Bromelain vs. conventional B: 15 (0.38) vs. - B: 0.9 (0-1), CTE: 

5th days 

Bromelain13 36.2 - 0.9

(TE)25

p=0.002
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(Early) conventional tangential 
excision (CTE) vs. conservative 
treatment (C)19
(Early) conventional tangential: 
early admittance <1 week (E) and 
later admittance (L)20
(Early) conventional tangential 
excision <5 days vs. 
start conservative treatment + later 
SG (C)23
Hydrosurgery (HS) vs. conventional 
tangential excision2
Hydrosurgery vs. conventional 
tangential excision3

Hydrosurgery7

Hydrosurgery10

Bromelain (B) vs. tangential 
excision (TE)11

Bromelain15

Bromelain vs. conventional 
tangential excision15

Bromelain16

Shock waves (SW)18

3 point scale

3 point scale

Hypertrophy and 
contracture

Contractures 6 
months postburn 
Vancouver Scar 
Scale (VSS) at 3 
and 6 months
Grading satisfacti-
on scale (0 -  10)
Hypertrophy

Modifi ed Vancou-
ver Scar Scale 
(0-13)
Limiting range of 
motion, VSS
POSAS (Patient 
and Observer Scar 
Assessment Scale) 
and VSS
Vancouver Scar 
Scale (VSS) at 3 
months
Hypertrophy

No

No

No

No

Yes

No

No

Yes

Yes

No

Yes

No

CTE: 8 excellent, 14 good, 2 fair. 

C: 12 excellent/good, p<0.01

Major problems: E: 2, L: 4. Mode-

rate problems: E: 6, L: 8. Minor 

problems: E: 18, L: 4, n.r.

CTE group: hypertrophy 3/7, 

minor contractures 3/7; C: no 

follow up patients

HS: 33.3%, C: 35.6%, NS

At 6 months: mean scores HS 1.7, 

CTE: 2.1: NS

7.8 (range 5-9, SD 1.0)

In 4/7 patients it was specifi cally 

mentioned that they did not 

develop hypertrophy, 3/7 no 

data mentioned

B: 3.1 (SD 2.6), TE: 3.4 (SD 2.6), 

NS

5% (N=1)

Several POSAS items were 

superior in ED group or not 

signifi cant compared to TE. VSS: 

no diff erences

8 patients left for follow-up, 

average score: 6/14 (4-8) points

5% of the patients

Bromelain16 Vancouver Scar Yes 8 patients left for follow-up, 

(Early) conventional tangential 3 point scale No CTE: 8 excellent, 14 good, 2 fair. 

(Early) conventional tangential: 3 point scale No Major problems: E: 2, L: 4. Mode-
treatment (C)19

later admittance (L)20 problems: E: 18, L: 4, n.r.

SG (C)23

tangential excision3 Scale (VSS) at 3 

excision <5 days vs. contracture minor contractures 3/7; C: no 

tangential excision2 months postburn At 6 months: mean scores HS 1.7, 

develop hypertrophy, 3/7 no 

Hydrosurgery7 Grading satisfacti- No 7.8 (range 5-9, SD 1.0)

Hydrosurgery10 Hypertrophy No In 4/7 patients it was specifi cally 

excision (CTE) vs. conservative C: 12 excellent/good, p<0.01

early admittance <1 week (E) and rate problems: E: 6, L: 8. Minor 

start conservative treatment + later follow up patients

Hydrosurgery vs. conventional Vancouver Scar Yes CTE: 2.1: NS

data mentioned

(Early) conventional tangential Hypertrophy and No CTE group: hypertrophy 3/7, 

Hydrosurgery (HS) vs. conventional Contractures 6 No HS: 33.3%, C: 35.6%, NS

mentioned that they did not 

and 6 months

on scale (0 -  10)

Bromelain (B) vs. tangential Modifi ed Vancou- Yes B: 3.1 (SD 2.6), TE: 3.4 (SD 2.6), 

Bromelain15 Limiting range of Yes 5% (N=1)

Assessment Scale) signifi cant compared to TE. VSS: 

excision (TE)11 ver Scar Scale NS

motion, VSS

and VSS no diff erences

(0-13)

tangential excision15 and Observer Scar superior in ED group or not 
Bromelain vs. conventional POSAS (Patient No Several POSAS items were 

Table 5. Scar quality outcomes

NS = None Signifi cant; n.r. = not reported

Debridement technique Validated 
scale

Scar quality as-
sessment method

Results

Scale (VSS) at 3 average score: 6/14 (4-8) points

months
Shock waves (SW)18 Hypertrophy No 5% of the patients

190409_BINNENWERK_HAROLDV3.indd   35 09-04-19   20:54



Chapter 2

36

Risk of bias was assessed in four included RCT’s 

Allocation (selection bias): in 3/4 RCT’s, randomization was adequately described 
and performed using computer generated closed envelopes9, 20 or constrained block 
allocation10.  One study reported that patients were randomly assigned to either of the 
intervention groups but did not specify the method used21.
Blinding (performance and detection bias): performance: in all four RCT’s, blinding 
of the surgeons performing the procedure was not possible given the nature of the 
intervention. 
Detection: none of the studies explicitly reported blinding of the primary outcomes. In 
the Bromelain RCT10, long term outcomes (such as scar quality and quality of life) were 
assessed by blinded assessors. In one hydrosurgery RCT9 some secondary outcomes 
(graft take) were assessed by a blinded assessor. 
Incomplete outcome data (attrition bias): one of the hydrosurgery RCT’s primary 
outcome was dermal preservation as determined by biopsies9. These biopsies were 
not available in 8/30 cases in the hydrosurgery group and 7/31 cases in the control 
group. In the other hydrosurgery RCT20, no lost to follow up was reported. 
In the Bromelain study10 one patient in the Bromelain group was withdrawn from 
the study due to non-compliance in the early phase of the study.  In CTE study21 no 
patients were lost to follow-up. However, one patient died in the CTE group and 3 
patients died in the group treated with honey dressing. 
Other potential bias (conflicts of interests): in the two hydrosurgery RCT’s9, 20, the 
authors declared no conflict of interest or financial affiliation with the manufacturer 
of the hydrosurgical instrument [VERSAJET, Smith and Nephew plc, London, UK]. 
The Bromelain RCT was funded by Mediwound, the manufacturer of NEXOBRID® 
(Bromelain)10. Thus, potential conflict of interest cannot be excluded for this study. 
In the CTE study of Subrahmanyam21 there was no mention of possible conflicts of 
interest.
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DISCUSSION
Our study shows that evidence regarding the efficiency and safety of burn 
wound debridement techniques is scarce. Twenty-seven studies met our inclusion 
criteria and addressed four out of six debridement categories. Four studies had 
a randomized controlled study design, addressing three debridement categories. 
Risk of bias in these RCT’s was limited, mainly related to absent or unclear blinding 
of surgeons and outcomes assessors.  
Due to heterogeneity in primary outcome parameter definition and patient groups, 
we were unable to conduct a meta-analysis of the primary outcomes, i.e. time to 
wound healing and time to complete debridement data. Furthermore, comparative 
studies were only conducted between HS or ED in comparison to CTE. For these 
reasons, no definitive conclusions could be drawn regarding outcomes between HS 
and ED. Nevertheless, some trends can be noted. 
The time to complete wound healing tended to be longer in the ED group compared 
to the HS group. An explanation can be that the use of autograft, which facilitates 
wound healing, was postponed in the treatment trajectory in the ED studies in 
order to reduce the eventual need for grafting. A longer time to wound healing 
is associated with a decline in scar quality23, 24. Although ED is associated with a 
longer time to wound healing, we hypothesize that this may not necessarily lead 
to lower scar quality. Eschar maintains an ongoing acute inflammation locally in 
the burn wound that can lead to poorer outcome of wound healing and thus, an 
earlier and more selective removal of eschar might improve wound healing and 
allow spontaneous healing25.
Time to complete debridement seemed to be shortest in the ED group. This is often 
inherent to the way enzymatic debridement is performed, namely rapidly after 
admission. Early complete eschar removal with enzymes is associated with increased 
spontaneous healing due to preservation of dermis and herewith a reduced need 
for excision and autografting10. A shorter time to complete debridement could allow 
spontaneous healing of a vital dermal wound bed and is thought to decrease the 
inflammatory response accompanied by the presence of eschar26. It may therefore 
be desirable to achieve complete debridement as soon as possible.
The content of our secondary study outcomes might reflect a general shift 
in focus from survival to quality of life in burn patients. The older studies using 
conservative treatment and CTE primarily focused on mortality and length of 
hospital stay, whereas nowadays, outcomes with regard to time to wound healing, 
need for grafting and scar quality are considered to be of equal or even higher 
importance. The evolution of burn care, which entailed the control of infection, 
early excision and improvement of intensive care support, has caused a decrease 
in mortality2, 27. This decrease is noted when comparing earlier studies using CTE 

190409_BINNENWERK_HAROLDV3.indd   37 09-04-19   20:54



Chapter 2

38

to more recent studies using HS or ED. However, this higher mortality in the CTE 
group can be partly attributed to the more severely burned patients in this group 
as reflected by the higher TBSA burned. The decrease in need for grafting, seen 
in the HS and ED group, can be explained by the more precise and controlled 
manner of debridement with these tools which leads to dermis preservation and 
more spontaneous epithelialization. 
Adverse events were reported relatively frequently, but the type of events differed 
considerably between studies. The most frequently described AE’s included 
infection, pain and blood loss, though none of the studies describe all these AE’s 
together. Thus, there is no agreement between which type of AE’s are considered 
most relevant. Length of hospital stay was reported in all of the CTE studies, but in 
the studies involving modern debridement techniques it was fairly underreported. 
An explanation might be that the parameter LOHS is not predictive of final outcome 
in terms of scar quality and quality of life and therefore deemed less relevant 
nowadays. Another remarkable finding is the limited attention for costs. Although 
burn care is known as an expensive type of care28, only one study compared costs 
between two debridement techniques22.
Although most of our outcome parameters were described by more than one 
study, the definition of certain parameters, including time to complete wound 
healing and precision of debridement, remained either unclear or differed between 
studies. This also applied to the definition of scar quality. Some studies used a very 
narrow definition of scar quality as just the presence of hypertrophy, contractures 
or (dis)satisfaction with the scar at follow-up15, 29-31. Other studies used a validated 
scar assessment scale (Vancouver Scar Scale) but did not include the patients’ 
perspective or objective scar measurement tools9, 10, 32. Due to the use of non-
validated tools and the heterogeneity of assessments, it was not possible to 
compare the outcomes between studies or to draw definite conclusions regarding 
scar quality. 
The strength of this review was the systematic method we used during the entire 
process, which conforms to established guidelines on the conduct and reporting 
of systematic reviews11. Moreover, our literature search was performed in all major 
databases and was updated (until May 8th 2017) during the writing of this review 
to ensure the inclusion of the most recent studies. This update resulted in seven 
new eligible studies which were included in our analysis. This emphasizes the 
relevance of this review topic in present day burn care research. Furthermore, we 
included parameters without predefined definitions (e.g. scar quality) to formulate 
comprehensive definitions of our outcomes on efficiency and safety. This enabled 
us to include more studies to extract data from than would have been the case 
when more narrow definitions were used. 
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Our study has some limitations. Firstly, no meta-analysis was performed due to 
limited available data: only four studies, including two RCT’s, provided data on 
a two group comparison including an estimate of variance. Secondly, we did not 
include studies before 1990. We choose this strategy because we anticipated to find 
no or only few appropriate studies for the purpose of this review as the emphasis of 
burn care research was different before this time. Thirdly, we chose not to score the 
quality of the observational studies as we did with the RCTs. However, their level 
of evidence is limited due to their study design and lack of comparison between 
treatments. Lastly, not all debridement techniques can or will be universally applied 
to wounds of every burn depth. For instance, hydrosurgery cannot debride full 
thickness burn wounds. This makes it impossible to make a universal claim as to 
which debridement technique is “best” for every burn wound.  More data in different 
burn depth categories would be necessary to perform stratification in the analysis.
We recommend that future studies regarding (new) debridement techniques use 
the design of a randomized clinical trial or high quality prospective cohort study. 
Recently, Beks et al. underscored the added value of non-randomized studies 
especially in the field of surgery33. Observational studies revealed similar estimates 
of treatment effects compares to the RCT’s34. Thus, high quality observational 
studies on excision techniques in burns can contribute to the evidence of these 
techniques. Moreover, uniform definitions of outcome parameters, either frequently 
described or clinically most relevant, and validated measurement tools should be 
used. Such measurement tools are available and often validated specifically in 
burn wound patients. These include tools for scar assessment35, quality of life36 and 
functioning37. It is important to keep in mind the more clinical relevant outcome 
assessments of modern day burn care with a special focus on scar quality and 
(subsequent) quality of life after burns. Furthermore, we recommend a follow-up 
period of at least one year, to approach final scar results.
Recently, a systematic review focusing on burn excision tools of randomized and 
non-randomized trials has been published38. This search differed from ours in 
that it had not registered a protocol beforehand and did not follow the Preferred 
Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) statement, 
which is essential for a transparent critical appraisal of the included studies. There 
are a few differences in inclusion criteria compared to our inclusion criteria. The 
authors did not impose a limitation on date and did not screen for non-English 
articles. Most importantly, they did not predefine outcome measures and, though 
very thoroughly, presented only extensive summaries of the individual studies. 
However, we do agree with the conclusion of these authors that modern techniques 
are upcoming and, importantly, may lead to better long term scar quality and 
quality of life. 
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In conclusion, to our knowledge this is the first comprehensive review that, following 
the PRISMA statement, systematically included all available literature from 1990 
onwards of both surgical and non-surgical debridement techniques of thermal 
burn injuries. Although conventional tangential excision is considered the gold 
standard for burn debridement, we found limited evidence on efficiency and safety 
of this technique. More recently, several relatively new debridement techniques 
(hydrosurgery and enzymatic debridement) have been described in studies of 
increasingly methodological quality. These studies show promising results with 
regard to relevant modern burn wound outcomes such as need for grafting and 
scar quality. At this point convincing evidence on efficiency and safety in favor of 
any of these techniques for any particular burn wound is lacking. Unfortunately, we 
only found studies that compared these more selective debridement techniques to 
conventional tangential excision, while it seems more relevant to compare these 
modern debridement techniques to each other.
In the future, studies regarding (new) debridement techniques need to use 
standardized and validated outcomes measurement tools to allow improved 
standardization and comparisons across studies.
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Appendix 1. complete electronic search strategy
((((“Burns”[majr:noexp] AND (“Debridement”[majr] OR “debridement”[ti] OR debride*[ti] OR 
“operation”[ti] OR operation*[ti] OR “excision”[ti] OR excision*[ti] OR hydrosurg*[ti] OR hydro 
surg*[ti] OR “grafting”[ti] OR grafting*[ti] OR “surgery”[ti] OR “Skin Transplantation”[majr] OR 
“skin transplantation”[ti] OR skin transplant*[ti] OR skin graft*[ti] OR “surgical procedure”[ti] 
OR surgical procedure*[ti] OR “versajet”[ti] OR “enzymatic debridement”[ti] OR scalpel*[ti] 
OR “autolytic debridement”[ti] OR “mechanical debridement”[ti] OR “necrotomy”[ti] OR 
necrotom*[ti] OR “escharotomy”[ti] OR escharotom*[ti] OR “nettoyage”[ti] OR nettoyag*[ti] 
OR “Surgical Procedures, Operative”[majr:noexp] OR surg*[ti])) OR ((“burn”[ti] OR 
“burns”[ti] OR “burned”[ti] OR thermal injur*[ti] OR scald*[ti] OR burn*[ti]) NOT (Chemical 
Burn*[ti] OR Electric Burn*[ti] OR Inhalation Burn*[ti] OR “Smoke Inhalation”[ti] OR Eye 
Burn*[ti] OR Sunburn*[ti] OR burnout*[ti]) AND (“Debridement”[majr] OR “debridement”[ti] 
OR debride*[ti] OR “operation”[ti] OR operation*[ti] OR “excision”[ti] OR excision*[ti] 
OR hydrosurg*[ti] OR hydro surg*[ti] OR “grafting”[ti] OR grafting*[ti] OR “surgery”[ti] 
OR “Skin Transplantation”[majr] OR “skin transplantation”[ti] OR skin transplant*[ti] OR 
skin graft*[ti] OR “surgical procedure”[ti] OR surgical procedure*[ti] OR “versajet”[ti] 
OR “enzymatic debridement”[ti] OR scalpel*[ti] OR “autolytic debridement”[ti] OR 
“mechanical debridement”[ti] OR “necrotomy”[ti] OR necrotom*[ti] OR “escharotomy”[ti] 
OR escharotom*[ti] OR “nettoyage”[ti] OR nettoyag*[ti] OR “Surgical Procedures, 
Operative”[majr:noexp] OR surg*[ti]))) NOT (“Animals”[mesh] NOT “Humans”[mesh]) NOT 
(“comment”[ptyp] OR (“case reports”[ptyp] NOT “case series”[tw])) AND english[la]) OR 
(((“Burns”[majr:noexp] AND (“Debridement”[majr] OR “debridement”[ti] OR debride*[ti] OR 
“operation”[ti] OR operation*[ti] OR “excision”[ti] OR excision*[ti] OR hydrosurg*[ti] OR hydro 
surg*[ti] OR “grafting”[ti] OR grafting*[ti] OR “surgery”[ti] OR “Skin Transplantation”[majr] OR 
“skin transplantation”[ti] OR skin transplant*[ti] OR skin graft*[ti] OR “surgical procedure”[ti] 
OR surgical procedure*[ti] OR “versajet”[ti] OR “enzymatic debridement”[ti] OR scalpel*[ti] 
OR “autolytic debridement”[ti] OR “mechanical debridement”[ti] OR “necrotomy”[ti] OR 
necrotom*[ti] OR “escharotomy”[ti] OR escharotom*[ti] OR “nettoyage”[ti] OR nettoyag*[ti] 
OR “Surgical Procedures, Operative”[majr:noexp] OR surg*[ti])) OR ((“burn”[ti] OR 
“burns”[ti] OR “burned”[ti] OR thermal injur*[ti] OR scald*[ti] OR burn*[ti]) NOT (Chemical 
Burn*[ti] OR Electric Burn*[ti] OR Inhalation Burn*[ti] OR “Smoke Inhalation”[ti] OR Eye 
Burn*[ti] OR Sunburn*[ti] OR burnout*[ti]) AND (“Debridement”[majr] OR “debridement”[ti] 
OR debride*[ti] OR “operation”[ti] OR operation*[ti] OR “excision”[ti] OR excision*[ti] 
OR hydrosurg*[ti] OR hydro surg*[ti] OR “grafting”[ti] OR grafting*[ti] OR “surgery”[ti] 
OR “Skin Transplantation”[majr] OR “skin transplantation”[ti] OR skin transplant*[ti] OR 
skin graft*[ti] OR “surgical procedure”[ti] OR surgical procedure*[ti] OR “versajet”[ti] 
OR “enzymatic debridement”[ti] OR scalpel*[ti] OR “autolytic debridement”[ti] OR 
“mechanical debridement”[ti] OR “necrotomy”[ti] OR necrotom*[ti] OR “escharotomy”[ti] 
OR escharotom*[ti] OR “nettoyage”[ti] OR nettoyag*[ti] OR “Surgical Procedures, 
Operative”[majr:noexp] OR surg*[ti]))) NOT (“Animals”[mesh] NOT “Humans”[mesh]) NOT 
(“comment”[ptyp] OR (“case reports”[ptyp] NOT “case series”[tw])) NOT english[la] AND 
(“Epidemiologic Studies”[Mesh] OR “Clinical Trial”[Publication Type] OR “Trial”[tw] OR 

“RCT”[tw] OR random*[tw] OR “study”[tw])))
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ABSTRACT
Background: Deep dermal burns require tangential excision of non-viable tissue and 
skin grafting to improve wound healing and burn scar quality. Tangential excision 
is conventionally performed with a knife, but during the last decade hydrosurgery 
has become popular as a new tool for tangential excision. Hydrosurgery is generally 
thought to be a more precise and controlled manner of burn debridement leading 
to preservation of viable tissue and therefore better scar quality. Although scar 
quality is considered to be one of the most important outcomes in burn surgery 
today, no randomized controlled study compared the effect of these two common 
treatment modalities with scar quality as a primary outcome. The aim of this 
study is therefore, to compare long-term scar quality after hydrosurgical versus 
conventional tangential excision in deep dermal burns.
Methods/Design: A multicentre, randomized, intra-patient, controlled trial will be 
conducted in the Dutch burn centers of Rotterdam, Beverwijk, and Groningen. All 
patients with deep dermal burns that require excision and grafting are eligible. 
Exclusion criteria are: a burn wound <50cm2, total body surface area (TBSA) 
burned > 30%, full thickness burns, chemical or electrical burns, infected wounds 
(clinical symptoms in combination with positive wound swabs), insufficient 
knowledge of the Dutch or English language, patients that are unlikely to 
comply with requirements of the study protocol and follow-up, and patients 
that are (temporary) incompetent because of sedation and/or intubation. A 
total of 137 patients will be included. Comparable wound areas A and B will be 
appointed, randomized and either excised conventionally with a knife or with 
the hydrosurgery system. The primary outcome is scar quality measured by the 
Observer score of the Patient and Observer Scar Assessment Scale (POSAS); 
a subjective scar assessment instrument, consisting of two separate six-item 
scales (observer and patient) that are both scored on a 10-point rating scale. 
Discussion: This study will contribute to the optimal surgical treatment of patients 
with deep dermal burn wounds. 
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BACKGROUND
Surgical debridement is an important step in the treatment of patients with deep 
dermal burns. The purpose is to remove necrotic and infectious materials and to 
prepare tissue for skin grafting and definitive wound closure1. Conventional surgical 
debridement of acute burn wounds consists of sharp tangential excision of non-
viable tissue with hand-held knives such as the Goulian or Weck knife2. Adequate 
debridement with these knives is determined by the presence of punctuate bleeding 
and viable dermis. This procedure is not only associated with substantial blood loss, 
but also with the unnecessary removal of viable dermis2,3. Loss of dermis has been 
considered one of the main factors determining the quality of the scar and the 
degree of contraction of the healing wound4-6. Therefore, methods which maximally 
preserve dermis are essential. During the last decade, hydrosurgery has become 
popular in burn surgery as a new option for excision of non-viable tissue prior to skin 
grafting7-9. The Versajet™ hydrosurgery system (Smith and Nephew, St. Petersburg, 
FL, USA) was developed in 1997 for the purpose of debriding various types of 
wounds, including burn wounds, and is superseded by the Versajet II™ (Smith and 
Nephew) in 20118. The Versajet II™ system works by producing a high-pressure jet 
of water across an aperture in an angled handpiece. The Venturi effect creates a 
vacuum that removes surface debris, which is sucked into the machine together 
with the irrigation fluid. The cutting and aspiration effects can be controlled by 
adjusting console power settings, handpiece orientation, and handpiece pressure. 
The vacuum that is created by the speed of the jet aims to lift only non-viable tissue 
and thus maximal dermal preservation. For this reason, hydrosurgical debridement 
of burns might lead to a better scar outcome compared to conventional sharp 
debridement. 
Although burn specialists widely use hydosurgery as an alternative for conventional 
tangential debridement6,7 only a limited number of studies is available on the effects 
of hydrosurgery in burn patients10-12. A guideline from the National Institute for Health 
and Care Excellence (NICE) recently reported that the Versajet™ is an efficient and 
safe wound debridement tool in both adults and children with acute and chronic 
wounds8. Up to now, two randomized controlled trials comparing hydrosurgical 
and conventional debridement in patients with burns have been published13,14. 
Gravante et al. described that adequate debridement of the wound bed was 
possible in all patients treated with the Versajet™ system13. The authors suggested 
that hydrosurgical excision was more precise in obtaining the correct dermal 
plane, but did not confirm this with objective measurements. Hyland et al. studied 
children under the age of 16 and histologically confirmed that significantly more 
viable dermis was preserved in the group of patients treated with hydrosurgery 
compared to the conventionally treated group of patients14. However, they did 
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not observe significant differences in scar quality measured with the Vancouver 
scar scale (VSS) at 3 and 6 months post burn. Furthermore, they did not use any 
objective scar measurement tools and the study was limited by a relatively short 
follow-up period as scars mature over a period of at least one year15,16. Also, the VSS 
was formally not designed to indicate burn scar severity, has a moderate reliability 
and does not include the opinion of the patient17. Hence, it remains unclear whether 
hydrosurgery for the routine debridement of deep dermal burns prior to skin 
grafting leads to increased dermal preservation and better scar quality outcomes.
The aim of this study therefore, is to assess the effectiveness of hydrosurgical 
compared to conventional debridement in deep dermal burns. Long-term scar 
quality after hydrosurgical and conventional debridement of deep dermal burns in 
relation to histologically measured dermal preservation will be analyzed. 

METHODS

Protocol and registration
The study was approved by the medical ethics committee (NL58875.101.16) and 
by the institutional review boards of each participating burn center. The methods 
applied were specified in advance, documented in a protocol, and registered (http://
www.trialregister.nl, NTR6232). The protocol has been designed in accordance with 
the SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) 
guidelines for interventional trials18. The SPIRIT checklist and figure are given in 
Additional file 1 and Figure 2, respectively.

Study design
A multicentre, randomized controlled trial with an intra-patient comparison of 
hydrosurgical and conventional debridement will be conducted in the three Dutch 
burn centers: Rotterdam, Beverwijk, and Groningen. As the healing process of burn 
wounds and scar formation differs between patients we chose an intra-patient 
design to provide representative outcomes and to limit inter-patient bias.

Participants
Patients of all ages with deep dermal burns and an indication for tangential 
excision and skin grafting are eligible for this trial, either hospitalized or under 
treatment in the outpatient clinic of one of the participating burns centers. 
Exclusion criteria are as follows: a burn wound <50cm2, total body surface area 
(TBSA) burned > 30%, full thickness burns, chemical or electrical burns, infected 
wounds (clinical symptoms in combination with positive wound swabs), patients 
with insufficient knowledge of the Dutch or English language, patients that are 
unlikely to comply with requirement of the study protocol and follow-up, and 
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patients that are (temporary) incompetent because of sedation and/or intubation. 
Patients are included after full, understandable and neutral explanation of the study 
by a member of the research team and after having given written informed consent. 

Interventions 

Conventional tangential excision
Tangential excision with guarded knifes relies on the stepwise excision of a layer of 
tissue using a flat blade. The addition of a guard prevents the removal of excessive 
amounts of tissue, and most of these knives allow adjustment of the width of 
the gap between the blade and the guard. However, if the gap is too narrow the 
instrument will glide off the burn without any debridement taking place2. 

Hydrosurgical tangential excision
The Versajet™ II hydrosurgery system (Smith and Nephew. St. Petersburg, FL, USA) 
was CE marked in 2011 and was launched in 20128. It uses a high-pressure jet of 
sterile saline to debride wounds. It is attached to a console, which is then operated 
by a foot pedal. The saline is forced out of a narrow nozzle and functions like a knife 
which allows debridement and aspiration of debris to occur simultaneously. Pressure 
can be adjusted (power setting 1-10) to facilitate the desired depth of debridement. 
As a result, the correct level might be reached more accurately, preserving as much 
dermis as possible. Hydrosurgery is preferentially suited to debride softer necrotic 
tissues, and cannot be used to debride full thickness burns as it doesn’t cut through 
hard eschar. Versajet™ is reported to be used routinely in multiple centers around 
the world these days8. Nevertheless, a clear algorithm for its use is lacking, and burn 
specialists may choose individually whether hydrosurgery can be applied or not4.

Surgical procedure  
Prior to surgery, the surgeon divides the study area into two adjacent parts of 
equal size and burn depth (part A and part B). These parts are randomly allocated 
to either conventional or hydrosurgical (Versajet™) tangential debridement. Two 
3-mm punch biopsies of both intervention areas will be collected before and 
after debridement, according to a standardized method (Figure 1), to determine 
the amount of viable dermis before and after excision. Type of mesh graft and 
expansion will also be standardized per patient to ensure an equal mesh cover of 
the two intervention areas. Before and after surgery, standard wound care is given. 
After discharge, patients will be treated in an outpatient setting according to the 
local protocol.
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Figure 1. Location of punch biopsies.

A - Biopsy part A, before debridement             
B - Biopsy part B, before debridement
C - Biopsy part A, after debridement
D - Biopsy part B, after debridement

Study outcomes

Primary outcome measure
Our primary outcome measure is scar quality assessed by the items of the observer 
scale of the Patient and Observer Scar Assessment Scale (POSAS) at 12 months 
post-surgery. The POSAS is recognized as a highly reliable scar rating scale, and 
consists of two numeric scales: the Patient Scar Assessment Scale (patient scale) 
and the Observer Scar Assessment Scale (observer scale) 19,20. The observer scale 
contains the items vascularization, pliability, pigmentation, thickness, and relief. 
All items will be measured for part A and B of the study wound on a 10-point 
rating scale by two experienced, trained and independent observers to improve the 
reliability of the assessment. The average of the observers’ scores will range from 
1, which corresponds to the situation of normal skin, to 10, indicating the ‘worst’ 
imaginable scar.

Secondary outcome measures

Subjective scar assessment
Scar quality of part A and B of the study area will be measured at 3, 6 and 12 months 
post-surgery using the POSAS. Although the total score of the observer scale at 
12 months is our primary outcome, the items of the patient scale of the POSAS 
will also be measured and analyzed separately. The patient scale of the POSAS 
contains the items color, pliability, thickness, relief, itching, and pain. These items 
will be scored on a 10-point rating scale and added to form the total patient score. 
In addition, patients and observers will score their overall opinion on the scar (1-10, 
numeric scale), and total scores of the patient and observers will be added to form 
a total score.
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Scar elasticity
Scar elasticity will be measured with the Cutometer® (Courage-Khazaka electronic 
GmbH Cologne, Germany). The Cutometer® is a validated instrument to measures 
the viscoelasticity of the skin by analyzing its maximal extension (Uf in mm) in 
response to negative pressure21. 

Scar color and pigmentation
Scar color and pigmentation will be measured with the Dermaspectrometer® (Cortex 
Technology ApS Hadsund, Denmark), which is a reliable narrowband spectrometer 
that computes an erythema and melanin index19. 

Measurements with the Cutometer® and Dermaspectrometer® are performed at 3 
and 12 months post burn on both parts (A and B) of the study area, and adjacent 
normal skin. For objective data collection, measurements will be performed 
following a fixed protocol.  

Dermal preservation
During surgery, two punch biopsies will be taken out of both parts (A and B) of 
the study area, pre- and post-debridement, using a 3mm punch. The biopsies will 
be fixed in kryofix and processed into 3-5-μm histological slides. Sections will then 
be stained with hematoxylin and eosin (H&E) or picosirrius red. To determine the 
amount of dermal preservation and hence precision of debridement, the amount of 
viable tissue on pre- and post-debridement specimens will be recorded using light 
microscopy.

Baseline characteristics
Data registration will start on the day of randomization. Data regarding patients’ 
baseline characteristics will be obtained from patients’ medical records.

• Demographics: age, gender

• Burn characteristics: % total body surface area (TBSA) burned, affected   
anatomical site(s), wound etiology, time to surgery and burn depth of the study 
area. If possible, burn depth will accurately be determined on day 2–5 post burn by 
clinical evaluation and Laser Doppler Imaging (LDI) scan using the moorLDI2-Burn 
Imager™ (Moor Instruments, Axminster, UK) or similar22. 

• Clinical characteristics: skin type according to the Fitzpatrick skin type scale; 
wound healing time (measured in days till 95% re-epithelization); comorbidity; 
Weck knife, Versajet™ and dermatome settings; expansion of skin graft; adverse 
events (graft loss, wound infection) and need for reconstructive surgery.  
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Figure 2. Schedule of enrolments, interventions and assessments

Sample size 
Power calculation is based on the results obtained by an unpublished 
retrospective study on scar quality after hydrosurgery versus guarded knife 
excision in the Martini hospital in Groninge9. The primary outcome measure 
was scar quality assessed from photographs, and expressed in the total score 
of the observer part of the POSAS. Because scar quality was assessed from 
photographs, pliability was not taken into account23. Therefore, scar assessment 
contained the four items vascularization, pigmentation, thickness, and relief.  
The lowest sum score, reflecting normal skin, was four and the highest score, 
reflecting the worst imaginable scar, was forty. In this study, the Observer Score 
of the POSAS questionnaire 12 months post-surgery was 14.7 in the hydrosurgery 
groups versus 16.7, with a pooled SD of 6.53. This results in an effect size of 0.3. 
Because of the within-subject design, a correction for correlated samples was 
included, assuming a correlation of 0.4 between POSAS Observer Score within one 
patient. Given a power of 0.8 and a level of significance of 0.05 a number of 105 
patients is needed. Assuming a 30% drop out, 137 patients need to be recruited.
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Randomization
Randomization will occur in the operating theater after the wound is divided into 
two comparable study areas, defined as part A and part B. These areas are randomly 
assigned to receive either hydrosurgical or conventional debridement. Allocation of 
the treatment will be stratified per institute in blocks using the online randomisation 
program CASTOR, https://data.castoredc.com. The outcome will be displayed on 
the website, only visible for the person who performed the randomisation and the 
principal investigator. After randomization, the central trial coordinator will receive 
instructions with the inclusion number.

Blinding
Patients are blinded as they are sedated during surgery and will not be aware which 
treatment they received on which part of the wound. Blinding surgical treatment is 
not possible, as the burn surgeon knows which part of the wound received which 
surgical treatment. Outcome assessment is blinded as the member of the research 
team who performs the follow-up measurements is unaware of the technique used 
for debridement of part A or part B. In case of randomisation related difficulties, the 
central trial coordinator can be contacted.

Statistical analysis
Data analysis will be performed using SPSS PASW Statistics 23.0 (IBM, New York 
City).
 
Primary outcome
Differences in scar quality 12 months post-surgery assessed as the total score of the 
observer scale of the POSAS will be analyzed using the paired student-t test (in case 
of normal distribution) or the Wilcoxon signed-rank test (non-normal distribution).
 
Secondary outcomes
Differences in 12-month outcomes of the patient scar assessment, the observer scar 
assessment, scar elasticity (measured by the Cutometer®), scar color (measured by 
the DermaSpectrometer®) and differences in viable dermis after excision (measured 
by histopathology) will be analyzed using the Wilcoxon signed-rank test in case 
of non-normal distribution, or paired student t-test in case of normal distribution. 
Because of repeated measurements within patients and loss to follow-up, overall 
differences of scar quality measurements will be analyzed using generalized 
estimating equations, with unstructured working correlation matrix structure.
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DISCUSSION
In this paper, we described the design of our study into long-term scar quality after 
hydrosurgical and conventional tangential excision of deep dermal burns. This will 
be the first study that assesses differences 
in scar quality between both treatment modalities at 12 months post-surgery 
in both adults and children with subjective and objective measurement tools.  
Subjective scar quality will be assessed using the POSAS. 
The POSAS is unique as it takes the opinion of 
the patients into account which is mandatory for a clinically relevant scar evaluation24. 
Scar quality will not only be measured subjectively, 
but also with objective measurement tools concerning scar pigmentation, 
vascularity and pliability. Aside these evaluations, we want to support our 
results via quantitative analysis of the histological specimens. For a reliable 
follow-up, documentation of which area of the wound is part A, and which 
area is part B needs to be specific, to allow accurate assessment of the correct 
areas, as it is possible that there might be no differences visible at follow-up. 
In this study, an accurate diagnosis of wound depth is essential to determine the 
indication for surgery. Therefore, all three burn centers are in possession of an LDI 
scan to assess burn wound depth, which has an accuracy of 95% in combination 
with a clinical evaluation of the wound22,25,26. Moreover, it can be used to make sure 
that part A and part B of the study area are of equal burn depth. To enhance the 
applicability and generalizability of this trial, we chose a multicentre trial design 
and will recruit patients treated in one of the three national Dutch burn centres. To 
increase generalizability, and because of the intra-patient design, we are forbearing 
regarding local clinical care; for example, timing of surgery and type of wound 
dressings. This study will contribute to the optimal surgical treatment of patients 
with deep dermal burn wounds and the results will be of high international value, as 
hydrosurgery is used worldwide.

Trial status
This manuscript is a restructured and edited version of the REC approved protocol 
(version 3.2, 6 February 2017) to comply with the SPIRIT guidelines. The first 
patient was recruited into the trial on 20 January 2017. As of 27 December 2017, 41 
participants had been recruited. Recruitment is expected to end be complete for 
the end of July 2018. 
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ABSTRACT

The laser Doppler imager is used in cases of indeterminate burn depth to 
accurately predict wound healing time at an early stage. The laser Doppler imager 
classifies burns into three estimated healing potentials as follows: high, <14 days; 
intermediate, 14-21 days; and low, >21 days. At this time, the relationship between 
these healing potentials and long-term scar quality is unknown. The objective of 
this study was to determine the long-term scar quality of burns with three distinct 
healing potentials. The secondary objectives were to compare treatment strategies 
in intermediate wounds, to study the effect of the timing of surgery on low healing 
potential wounds and to identify predictors of reduced scar quality. Hence, in a 
prospective cohort study, scar quality was determined in patients whose burns were 
assessed with laser Doppler imaging. Scar Quality was assessed with objective and 
subjective measurement tools, including overall scar quality (Patient Observer Scar 
Assessment Scale) as a primary outcome and color and elasticity parameters.  A 
total of 141 patients (>19 months post-burn) with 216 scars were included. Wounds 
with high and intermediate healing potential did not significantly differ regarding 
scar quality. Wounds with a low healing potential had a significantly lower scar 
quality. Analysis of 76 surgically-treated low healing potential wounds showed no 
significant differences in the primary outcome regarding the timing of surgery (≤14 
days versus >14). Predictors of reduced long term scar quality were darker skin 
type and multiple surgeries. In conclusion, scar quality was strongly related to the 
healing potential category. Scar quality was very similar in high and intermediate 
healing potential wounds. No positive effects were found on scar quality or on 
healing time in surgically-treated wounds with intermediate healing potential, 
advocating a conservative approach. Further studies should focus on the optimal 
timing of surgery in low healing potential wounds.
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INTRODUCTION

Quality of life (QOL) after burns is a multifactorial process and depends on 
functional, aesthetic and psychological outcomes1-3. For favorable outcomes, 
good scar quality is crucial. Acute burn care has improved rapidly in recent 
decades, with better survival and improved clinical outcomes4. Hence, research 
priorities are shifting from research in the field of acute burn care to studies 
aiming to examine and improve QOL for severe burn survivors5.  Scar quality, 
in particular, has become increasingly important; currently, many clinical 
(intervention) trials include scar quality as an important outcome of burn care. 
Scar quality from a patient perspective depends on the presence or absence 
of several visual, tactile and sensational features6. In daily practice, the patient 
opinion influences clinician treatment strategies. Therefore, patient reported 
outcome measurements (PROMs) are highly relevant. For research purposes, 
however, an ideal scar evaluation should include both subjective and objective 
measurements6. Several scar measurement scales and objective tools have been 
developed in recent years6-10. These scar assessment tools enable clinicians and 
researchers to systematically assess and measure different scar characteristics. 
Previously, poor scar quality was often defined as the presence of hypertrophy 
and contractures (pathological scarring). Currently, other clinically-relevant scar 
characteristics, including color (vascularization and pigmentation), thickness, 
relief, pliability, pain and pruritus, can also be assessed. The Patient Observer 
Scar Assessment Scale (POSAS), for example, consists of the following two 
6-item numeric scales: the Patient Scar Assessment Scale and the Observer 
Scar Assessment Scale. In contrast to another frequently used scale, the 
Vancouver Scare Scale (VSS), the POSAS also includes the patient assessment, 
which makes it a complete and reliable scale for scar evaluation after burns11-13.  
The most widely used classification for (thermal) burn injuries divides burns 
into 3 categories of increasing depth as follows:  superficial partial-thickness, 
deep partial-thickness and full-thickness burns14. Superficial partial-thickness 
burns involve only the epidermal layer and the superficial part of the dermis. 
When healing occurs within two weeks, usually little or no scarring is noticed. In 
deep partial-thickness burns, the epidermis and the majority of the dermis are 
destroyed, with damage to deeper skin structures such as blood vessels, nerves 
and hair follicles15. If re-epithelialization does not occur within 14-21 days, then 
(hypertrophic) scarring may occur16,17. In full-thickness burns, all layers of the skin 
are destroyed, and there may also be damage to subdermal structures, such as 
muscle, cartilage or bone. Because no viable epidermal appendages remain 
in the bottom of the wound, spontaneous healing will take place only from the 
wound margins. These wounds, whether they are treated conservatively or 
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surgically, will always result in scarring, and often, in hypertrophic scarring (HTS).  
Early accurate diagnosis of burn depth is essential to enable the most appropriate 
treatment18,19. It is generally accepted that superficial dermal burns, with an expected 
wound healing of less than 14 days, require no surgical intervention (excision and 
grafting) and that deep partial-thickness and full-thickness burns, with an HP of 
more than 21 days, require surgical intervention. Hence, clinical decision-making 
for wounds with high and low HP is relatively easy. However, clinical decision-
making in burns of intermediate depth with an HP within 14-21 days is less straight 
forward16. Wounds of intermediate HP can heal with or without scarring. A surgical 
intervention in these wounds will always result in visible scars and possible morbidity 
at donor sites. In addition, burns are often of mixed depth, with both superficial and 
deep partial-thickness areas. In these wounds especially, the decision of whether 
or not to perform surgery at an early stage is difficult, as early excision can cause 
scarring in areas that would have been able to heal without scarring if treated 
conservatively. On the other hand, postponing surgery too long could lead to a delay 
in healing time and, thus, an increased risk of HTS16, wound infection and prolonged 
hospitalization with subsequent increase in psychological stress and medical costs.  
Hence, clinical decision-making is unclear in wounds with an intermediate HP 
(14 to 21 days) as clinical assessments can be inaccurate. Evidence in patients 
with these wounds regarding the eventual outcome of scar quality is absent.  
Regarding burn depth and wound healing time, demographic and burn-
related risk factors for scarring have been described and include female sex, 
young age20, skin type21, burn site(s) on the neck or upper limb, and type and 
number of surgeries20. Although, the literature is ambiguous, time to wound 
healing, representing burn depth, seems to be the most important factor17,22,23. 
Currently, laser Doppler imaging (LDI) is the only technique that has been shown 
by significant evidence to accurately predict wound healing24. LDI combines 
the advantages of laser-Doppler and scanning techniques in that the entire 
burn can be sampled, and no direct contact with the burn surface is necessary. 
As a result, LDI is able to classify wounds according to their estimated healing 
potential (low HP, >21 days; intermediate HP, 14-21 days; and high HP, <14 days)25,26.  
A few years ago, our team conducted a multicenter, randomized, controlled trial to 
determine the cost-effectiveness of LDI within the three Dutch burn centers27. Over 
200 patients with wounds of indeterminate depth and a maximum TBSA burned 
of 20%,  were scanned using LDI, and wound depth and wound healing time were 
documented. At the beginning of this study, all participants were at least 19 months 
post-burn. Using this population, the primary objective of this current study was to 
determine long-term scar quality from burns with three distinct HPs. Our secondary 
objectives were to compare treatment strategies in intermediate wounds, to 
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determine the influence of the timing of surgery on scar quality in wounds with low 
HP and to determine the effect of several patient and burn characteristics on scar 
quality.

METHODS 

Participants and recruitment

All consecutive patients of any age with burns of indeterminate depth at the time of 
presentation in one of three Dutch burn centers who participated in the LDI trial27 

were eligible for the study and asked to participate in the follow-up study. The 
inclusion criteria were as follows: 1) complete LDI data on wound HP and wound 
healing time and 2) informed consent.  The exclusion criteria for this follow-up 
study were as follows: 1) reconstructive surgery performed on all study wounds, 
2) withdrawn informed consent or formally ended participation in the LDI study or 
3) missing contact details. Approval from the Ethics Committee of the Maasstad 
Hospital  Rotterdam under the registration number NL48539 was obtained to 
contact patients from the previously-mentioned LDI trial27. All eligible patients 
were sent an invitation letter to participate in the study. Patients gave consent 
to participate by returning the signed informed consent form. For patients <18 
years old, written consent was given by at least one parent/caregiver, if possible. 
Children from age 12 up to and including age 17 were also asked to sign the informed 
consent. Patients who did not respond to the mailing were called to answer any 
questions and to discuss participation. Patients or parents/caregivers who agreed 
to participate were then called to make an appointment for a single outpatient visit 
to the burn center. If patients were willing to participate but unable to travel, they 
were visited at home by two members of the research team. 

Laser Doppler imager

In the LDI study, a laser Doppler imager LDI2-B (Moor Instruments Ltd, Millwey, 
UK) was used. The accuracy of the LDI scan was verified, and the performance was 
good, with a sensitivity of 93.5% and a specificity of 88.6%27.

Study procedures and measurements

Before each study visit, patient study wounds were located using the LDI database. 
Wounds were categorized clinically by trained members of the research team, 
based on the dominant color of the LDI-scan, into three different HP categories 
(<14 days (red), 14-21 days (yellow) and >21 days(blue))26.  The dominant colors 
red, yellow and blue corresponded to a healing potential color palette. If wounds 

190409_BINNENWERK_HAROLDV3.indd   65 09-04-19   20:54



Chapter 4

66

were of mixed depth, the wound was categorized by the lowest HP (longest 
estimated healing time) that was present in the wound if this represented at 
least 10% of the surface area. If not, the dominant color present in the wound 
was chosen to determine the healing potential. For the exact location and 
extent of the acute burn wounds, the study LDI images were examined. Study 
wounds were then drawn on a chart (Lund and Browder) in the case record.  
Scar quality was assessed using the POSAS, the Dermaspectrometer® and the 
Cutometer®. The primary outcome was the total score of the Observer scale of the 
POSAS. 

Scar Quality

Overall scar quality was assessed with the Patient and Observer Scar Assessment 
Scale (POSAS). This validated questionnaire12,13 enables both the patient and two 
observers to assess the same scar on six different scar characteristics, with an overlap 
of roughly four characteristics (see table 4). Both use a numerical 10-point scale, 
in which 1 represents a scar comparable with ‘normal skin’, whereas 10 represents 
the ‘worst scar imaginable’. Both the patient and observers independently assess 
the same scar13,28. The observer assessment was performed independently by two 
experienced and trained observers, a physician, a research nurse or a researcher. 
In young children, the patient assessment was performed by or with the guidance 
of a parent.  

Scar Color

Scar color was measured using the Dermaspectrometer® (Cortex Technology 
ApS Hadsund, Denmark), which was used to characterize vascularity (erythema) 
and pigmentation (melanin)29. For the scar measurement, the spot that was most 
representative of the entire scar was chosen. To analyze the indices for erythema 
and melanin, the absolute values of the difference between the scar and the normal 
skin were used.

Scar elasticity

The Cutometer® Skin Elasticity Meter 575 (Courage-Khazaka Electronic GmbH 
Cologne, Germany) is a non-invasive suction device that has been applied for 
the objective and quantitative measurement of skin elasticity30. It measures the 
viscoelasticity of the skin by analyzing its vertical deformation in response to 
negative pressure9. Scars were measured following a standardized method, 
including 5 scar and 2 control measurements. Scars were divided by two imagined 
lines from the widest length and width through the center of the scar30(diamond 
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shape). The 5 points were then chosen halfway between these lines and in the 
center. Elasticity was analyzed using the ratio of scarring to normal skin.

Control measurements 

For both measurement tools, the first option for the control measurement was 
always the patient’s contralateral site. In cases where the contralateral site was also 
affected, the most comparable and unaffected spot near the scar was used. 

Other study parameters

For all patients included in the LDI trial, data were available regarding the following: 
demographics (age and sex), burn characteristics (% total burned body surface 
area burned (TBSA), % superficial partial-thickness, % deep partial-thickness 
and % full-thickness burns as assessed clinically upon admission, anatomical 
site(s) affected, etiology, and clinical characteristics (date of injury, date of 
first clinical assessment, date of LDI, wound HP, wound colonization, wound 
infection, date of adverse events, date of surgery, number and characteristics 
of surgery (type of excision, use of mesh graft), date/time of wound healing). 
The time to wound healing was assessed by experienced burn specialists and 
defined as >95% re-epithelialization, which is a reliable and valid method31.  
During the follow-up visit, skin type was assessed with the Fitzpatrick skin type 
scale32. Patients were also asked whether reconstructive surgery had been 
performed on (parts of) the study wounds. If reconstructive surgery had indeed 
been performed, additional data on the date, indications, technique and number 
of operations were collected from the Dutch Burn Repository (R3). Reconstructive 
surgery was defined by consensus to be any operation on a wound after initial 
wound closure.

Statistical analysis

A Chi-square test for categorical data and the non-parametric Mann Whitney 
test for continuous data were used to perform a nonresponse analysis (per 
subgroup) by comparing patient, burn and treatment characteristics (sex, age, 
% TBSA burned, etiology, burn depth and location, length of stay (LOS) and 
surgery and reconstructive procedures) of responders versus non-responders.  
Differences in scar quality among groups with distinct HPs (<14, 14-21 and >21 
days) were tested. As burn centers have different treatment strategies, and several 
patients had more than one wound, multilevel regression analyses were conducted 
to account for correlated samples.  A variance components correlation structure 
was used to model the within-subjects correlation. On the basis of the likelihood 
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ratio tests, a two-level regression model with random intercept and a variance 
components covariance structure for random effects was selected. The two 
levels were patients and burn wounds; the third level, burn centers, was excluded.  
Differences in mean scar quality scores and specific scar dimensions among the 
three HP groups were assessed post-hoc using the Sidak comparison of means 
with different variances. In addition, to explore determinants of long term scar 
quality, demographic and clinical characteristics, such as skin type, sex, influence 
of >1 surgery in the same area and wound healing time (<21 days or >21 days), were 
included as independent variables in a multilevel regression analysis.
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RESULTS

Patients

From 1 July 2014 until 1 July 2015, a total of 141 patients (77.5%) of the initial cohort 
of 182 eligible patients were included in the study (see fi gure 1). The most frequent 
reasons for non-participation/exclusion were no informed consent (n=21) and 
missing contact details (n=18). Furthermore, two patients died (not burn-related) 
before the start of the study. The mean age of the participants was 31.9 years 
(0-87, ±23.5), and the majority were male (61.0%) (table 1). The most frequent 
causes of burn injury were fl ames (42.6%) and scalds (33.3%) which, together 
with other causes (24.1%), infl icted burns with a mean TBSA of 5.4% (0-20, 
±4.2). A total of 60 patients (42.6%) underwent surgery for their burns (table 1).
A non-response analysis on key patient, burn and treatment characteristics showed 
an overrepresentation of males in the non-participants group (61.3% vs. 77.8%, 
p<0.05) and more burns to the head, face and neck in the participant group (8.8% 
vs. 0.0%, p<0.05). Furthermore, there was a trend toward an older age in the non-
participant group (31.9 vs. 39.2 years, p=0.078) due to decreased participation of 
patients in the oldest age category (>65 years) (table 1).

Figure 1. Eligibility and patient inclusion fl ow chart

LDI study cohort

n=202

Eligible patients for further 

follow-up n=182 with 309 wounds

Assessment long-term scar quality 

n=141 patients

n=216 wounds

Exclusion n=41, including

- no informed consent n=21

- missing contact details n=18

- deceased n=2

Drop outs before 3 month 

follow-up 

n=20
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4 (9.8)

3 (7.3)

27(65.9)

7 (17.1)

 

8 (19.5)

24(58.5)

9 (22.0)

6.5 (0.3-16, 4.7)

 

0 (0.0)

7 (17.1)

31 (75.6) 

20 (48.8) 

18 (43.9)

1 (2.4)

 

17

30

47

9.0 (0-38, 8.6)

18 (43.9)

 unknown

119 (65.4)

33.6 (0-89, 23.4)

 

31 (17)

21 (11.5)

114 (62.6) 

16 (8.8)

 

55 (30.2)

84 (46.2)

43 (23.6)

5.7 (0.3-20, 4.3)

 

12 (3.9)

47 (15.2)

100 (32.4)

71 (23)

62 (20.1)

17 (5.5)

 

74

78

157

10.1 (0-43, 10.1)

78 (42.9)

Table 1. Patient, burn and treatment characteristics eligible patients and by response

* Multiple locations per patient is possible
** Multiple categories per patient is possible

86 (61.0)

31.9 (0-87, 23.5)

 

27 (19.1)

18 (12.8)

87 (61.7)

9 (6.4)

 

47 (33.3)

60 (42.6)

34 (24.1)
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12 (8.5)
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44 (31.2)

16 (11.3)
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48

110

10.4(0-43, 10.5)

60 (42.6)

5 (3.5)

0.025

0.078

0.083

0.147

0.155

0.011

0.114

0.419

0.655

Sex: male (%)
Mean age (range, SD)
Age Category (%)

0-4
5-17

18-65
>65

Etiology (%)
Scald

Flame
Other

Mean TBSA burned (range, 
SD)
Body regions aff ected* 
n=309

Head/Face/Neck
Trunk

Arm
Hand
Legs
Feet

Healing potential wound**
HP 0-13 days

HP 14-12 days
HP >21 days

LOS in days (range, SD)
Surgery (%)
Reconstructive surgery (%)

119 (65.4) 33 (80.5)86 (61.0) 0.025Sex: male (%)

31 (17) 4 (9.8)27 (19.1)0-4
0.083Age Category (%)
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84 (46.2) 24(58.5)60 (42.6)Flame

0.011Body regions aff ected* 
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157 47110HP >21 days

33.6 (0-89, 23.4) 39.2 (0-89, 22.7)31.9 (0-87, 23.5) 0.078Mean age (range, SD)

21 (11.5) 3 (7.3)18 (12.8)5-17

55 (30.2) 8 (19.5)47 (33.3)Scald

SD)

17 (5.5) 1 (2.4)16 (11.3)Feet

 unknown5 (3.5)Reconstructive surgery (%)

16 (8.8) 7 (17.1)9 (6.4)>65

43 (23.6) 9 (22.0)34 (24.1)Other

71 (23) 20 (48.8) 51 (36.2)Hand

10.1 (0-43, 10.1) 9.0 (0-38, 8.6)10.4(0-43, 10.5) 0.419LOS in days (range, SD)
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0.114Healing potential wound**
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78 3048HP 14-12 days
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Scars

A total of 216 scars (1.53 scar per patient) were measured to determine long term 
scar quality, of which 50.9% of scars had low HP, 22.2% an intermediate HP and 
26.8% high HP. The mean time to 95% re-epithelialization was significantly different 
among the three HPs (p<0.001): wounds with high HP healed within 12.6 days (7-
23, ±2.93), whereas wounds with an intermediate HP healed within 18.4 days (10-41, 
±4.81), and wounds with low HP healed in 23.9 days (10-57, ±8.83). The mean time 
post-burn at the time of the measurements was 28.2 months (19-36, ±3.05).

High vs. Intermediate vs. Low healing potential wounds

Primary outcome: Mean total POSAS observer scores were not significantly 
(p=0.142) different between wounds with high or intermediate HP. Wounds with 
low HP had significantly higher mean total scores (p<0.001), representing a poorer 
scar quality, than high and intermediate HP wounds (figure 2).

Figure 2. Scar quality per healing potential: mean total POSAS observer and patient 
score

 

** p<0.001

Secondary outcomes: Scar quality from the patient perspective, which 
was assessed with the patient part of the POSAS, showed no significant 
differences (p=0.975) between wounds with high or intermediate HP. Again, 
wounds with low HP had a significantly (p<0.001) higher mean total patient 
score, corresponding to a poorer self-reported scar quality (figure 2). 
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Scar color, which was represented as erythema and melanin indices, showed an 
increase in absolute differences from high to low HP on both indices, indicating 
worse scar quality. However, the only significant difference (p=0.022) was the 
mean absolute difference in melanin between high and low HP wounds (figure 3).

Figure 3. Scar colour per healing potential: absolute difference in erythema and 
melanin 

* p<0.05

The elasticity results showed a significantly (p=0.022) lower maximal skin extension 
(Uf) between wounds with a high and low HP, indicating worse scar quality. No 
differences were shown between high and intermediate or intermediate and low HP. 
Other visco-elasticity parameters of the Cutometer® showed similar results (figure 4). 

Figure 4. Scar elasticity per healing potential

* p<0.05, ** p<0.001
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Consistent with the mean total POSAS scores, the 6 specifi c dimension scores of 
both the observer and patient part also showed no signifi cant diff erences between 
high and intermediate wounds and signifi cantly (p≤0.001) higher scores for all 
dimensions in low HP wounds compared with high and intermediate HP wounds 
(see appendix). Furthermore, no pain was reported in high and intermediate 
wounds, and pruritus seemed to be a minor long term problem (see appendix).

Intermediate wounds

Forty-eight out of the 216 scars (22%) resulted from burn wounds with intermediate 
HP. Most of these wounds were treated conservatively (n=34, 70.8%). In 29.2% of 
the wounds, the burn staff  decided to perform surgery. Surgery had no signifi cant 
eff ect on the mean total POSAS observer or patient scores, the absolute diff erences 
in erythema and melanin indices (table 2) or the elasticity ratios (data not shown). 
The surgically treated wounds did, however, show a trend toward a longer wound 
healing time than those that were treated conservatively (17.3 vs. 20.4, p=0.063). 
TBSA burned  was similar (5.3% vs. 6.0%, p=0.529).

Table 2. Scar quality in wounds with an intermediate healing potential

* in days, defi ned as > 95% re-epithelialisation

Number of wounds (%)
Mean POSAS observer score 
(95% CI)
Mean POSAS patient score 
(95% CI)
Mean diff erence in erythema 
index (95% CI)
Mean diff erence in melanin 
index (95% CI)
Mean time to wound healing 
*(95% CI)
Mean TBSA burned (95% CI)

34 (70.8%)
1.59 (1.37-1.82)

1.72 (1.39-2.05)

4.47 (3.07-5.87)

2.97 (2.08-3.85)

17.3 (15.4-19.3)

5.3 (0.8-12.5, 3.3)

14 (29.2%)
1.82 (1.52-2.20)

2.06 (1.61-2.51)

3.55 (1.64-5.47)

3.54 (2.35-4.74)

20.4 (17.8-23.1)

6.0 (1.2-18, 4.5)

 
0.244

0.228

0.439

0.437

0.063

0.529

Mean POSAS patient score 1.72 (1.39-2.05) 2.06 (1.61-2.51) 0.228
(95% CI)

Mean diff erence in erythema 4.47 (3.07-5.87) 3.55 (1.64-5.47) 0.439

Mean time to wound healing 17.3 (15.4-19.3) 20.4 (17.8-23.1) 0.063

Mean diff erence in melanin 2.97 (2.08-3.85) 3.54 (2.35-4.74) 0.437

Mean TBSA burned (95% CI) 5.3 (0.8-12.5, 3.3) 6.0 (1.2-18, 4.5) 0.529

Mean POSAS observer score 1.59 (1.37-1.82) 1.82 (1.52-2.20) 0.244

(95% CI)

index (95% CI)

index (95% CI)

*(95% CI)

No surgery Surgery P-values
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Timing of surgery in wounds with low healing potential

In this cohort, 76/110 (69.1%) low HP wounds were treated surgically. A comparison 
between wounds that were operated on within, versus after, 14 days post-
burn suggested poorer scar quality in wounds that were operated on after 14 
days (table 3, data elasticity ratios not shown). However, the only signifi cant 
diff erence was a higher melanin index, indicating poorer scar quality, in wounds 
operated on after 14 days (3.2 vs. 5.7, p=0.012). Overall, wound healing time 
was not signifi cantly diff erent between the two categories, although the time 
to 95% re-epithelialization from surgery onwards was signifi cantly shorter in 
wounds that underwent surgery after 14 days (12.4 vs. 6.1, p=0.001) (table 3).  
A total of 34 (30.9%) low HP wounds were not treated surgically. These wounds 
had a signifi cantly lower mean total POSAS observer score, indicating an improved 
scar quality,    compared with wounds that underwent surgery after 14 days. Wound 
healing time, on the other hand, was signifi cantly longer in these wounds than in 
low HP wounds that were operated on within 14 days (table 3).

Table 3. Eff ect of timing of surgery on wound healing and scar quality in low HP 
wounds

* in days, defi ned as > 95% re-epithelialisation

43 (39.1%)
2.37 (2.06-2.67)

2.90 (2.35-3.46)

4.52 (3.15-5.90)

3.16 (1.92-4.40)

21.9 (19.3-24.5)

12.4 (9.9-14.9)

6.67 (5.33-8.00)

33 (30.0%)
2.56 (2.23-2.91)

3.17 (2.54-3.80)

6.11(4.56-7.66)

5.68 (4.29-7.08)

23.4 (20.4-26.3)

6.1 (3.2-8.9)

8.14 (5.33-9.73)

34 (30.9%)
1.96 (1.67-2.25)

2.59 (2.11-3.07)

4.36 (2.91-5.81)

3.85 (2.63-5.06)

27.1 (24.1-30.2)

n/a

5.73 (3.97-7.48)

 
0.712
0.016
0.129
0.943
0.347
0.637
0.428
0.316
0.994
0.012
0.124
0.772
0.859
0.253
0.036
0.001

0.428
0.990
0.756

43 (39.1%) 33 (30.0%) 34 (30.9%)Number of wounds (%)
Mean POSAS observer score 
(95% CI)

Mean POSAS patient score 
(95% CI)

Mean diff erence in erythema 
index (95% CI)

Mean diff erence in melanin 
index (95% CI)

Mean time to wound healing 
(95% CI)* 

Mean time to wound healing  
post-operative (95% CI)

Mean TBSA burned (95% CI)

0.129
0.016(95% CI)

0.347(95% CI)

0.994

21.9 (19.3-24.5) 23.4 (20.4-26.3) 27.1 (24.1-30.2) 0.859Mean time to wound healing 

4.52 (3.15-5.90) 6.11(4.56-7.66) 4.36 (2.91-5.81) 0.428Mean diff erence in erythema 

0.124index (95% CI)

6.67 (5.33-8.00) 8.14 (5.33-9.73) 5.73 (3.97-7.48) 0.428Mean TBSA burned (95% CI)

0.036

post-operative (95% CI)

2.37 (2.06-2.67) 2.56 (2.23-2.91) 1.96 (1.67-2.25) 0.712Mean POSAS observer score 

2.90 (2.35-3.46) 3.17 (2.54-3.80) 2.59 (2.11-3.07) 0.943Mean POSAS patient score 

0.316index (95% CI)

0.772

0.990

0.637

3.16 (1.92-4.40) 5.68 (4.29-7.08) 3.85 (2.63-5.06) 0.012Mean diff erence in melanin 

0.253(95% CI)* 

12.4 (9.9-14.9) 6.1 (3.2-8.9) n/a 0.001Mean time to wound healing  

Surgery within 
14 days

Surgery after
14 days

No surgery P-values
within 14/after 14

after 14/no surgery       
within 14/no surgery
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Predictors of reduced long term scar quality

Several patient-, burn- and treatment-related characteristics were found to aff ect 
long term scar quality. Dark skin (Fitzpatrick type V-VI), wound healing time 
exceeding 21 days and more than one operation (in the acute phase) on the same 
wound area resulted in signifi cantly higher POSAS observer and patient scores. 
Females had signifi cantly higher mean score than males on the observer part of 
the POSAS, but not on the patient part. In multivariate analysis, however, only dark 
skin and more than one operation on the same wound area remained independent 
predictors of reduced long term scar quality (table 4). 

Table 4. Risk factors for reduced long term Scar Quality assessed with POSAS 
(multivariable multilevel regression analysis)

* < 0.05,  ** <0.01 

Fitzpatrick skin type
I-II

III-IV
V-VI

Number of operations
1

More than 1

 
79
100
10

84
19

 
2.50 (2.16-2.84)
2.30 (2.04-2.56)

3.66 (3.06-4.27)**

2.48 (2.22-2.73)
3.16 (2.75-3.58)**

 
2.80 (2.24-3.35)
2.84 (2.43-3.26)

3.99 (2.99-5.00)*

2.85 (2.42-3.27)
3.58 (2.91-4.24)*

V-VI 10 3.66 (3.06-4.27)** 3.99 (2.99-5.00)*
III-IV 100 2.30 (2.04-2.56) 2.84 (2.43-3.26)

1 84 2.48 (2.22-2.73) 2.85 (2.42-3.27)

I-II 79 2.50 (2.16-2.84) 2.80 (2.24-3.35)

Number of operations

More than 1 19 3.16 (2.75-3.58)** 3.58 (2.91-4.24)*

Number of wounds Mean Total Observer
Score (95% CI)

Mean Total Patient
Score (95% CI)
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DISCUSSION 

This was the first prospective study that assessed long-term scar quality in relation 
to estimated HP using an LDI scan in a large cohort at the wound level. The available 
LDI data, in combination with the short prospective follow-up measurement, 
enabled us to draw meaningful conclusions on long term scar quality of burns with 
three distinct HPs. This information may be helpful in the decision process for 
optimal treatment with regard to long term scar quality, and it will also provide 
burn patients with an early and more accurate prognosis on long term scar quality 
once an LDI scan is performed. Scar quality in burn wounds with intermediate HP 
did not significantly differ from those with high HP. Wounds with low HP, on the 
other hand, scored significantly more poorly on the primary outcome (observer 
score of the POSAS) and most other measured outcomes. Except for the absolute 
difference in melanin index, there were no significant differences in long term scar 
quality in low HP wounds regarding timing of surgery. Fitzpatrick skin type IV-V 
(dark skin) and more than 1 operation in the same area were identified as risk factors 
for reduced long term scar quality. These risk factors are mostly consistent with 
those identified in previous studies16,20,21, except for (young) age, which was not 
identified as a risk factor for poor scar quality in this cohort or in other studies17,23 
However, due to differences in the assessment of scars among studies, the effect 
on long term scar quality in these studies could not be compared with our results.  
In this study, special attention was paid to burns with an intermediate HP because, 
unlike wounds with high or low HP, there is no consensus on the optimal treatment 
of these wounds. The majority of the wounds with intermediate HP were treated 
conservatively (70.8%). Intermediate wounds healed with a mean healing time of 
18.4 days and with very similar long term scar quality as that of wounds with high 
HP. Healing time was comparable with that of a recent study of Kishikova et al., 
who found a wound healing time for intermediate wounds of 15.6 days in wounds 
with <4% TBSA burned and 20.4 days for wounds with ≥4% TBSA19. Additionally, in 
the above study, different treatment strategies were applied for intermediate 
wounds, conservative treatment (different forms) vs. surgical treatment. Although 
the exact data were not provided, the treatment also seemed to be predominately 
conservative for intermediate wounds. In our study, 29.2% of the intermediate HP 
wounds was treated surgically and this decision was predominately based on lack 
of clinical signs of healing at wound inspection at day 12-16 post-burn.  No significant 
differences were found in long term scar quality between conservatively or 
surgically treated intermediate wounds. Nevertheless, a trend toward faster wound 
healing was observed in conservatively treated wounds (17.3 vs. 20.4 days, 
p=0.063). These results may suggest that a conservative approach for burns with 
intermediate HP is justified. Furthermore, it seems that long term scar quality is 
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primarily determined by the remaining viable dermal tissue in the wound, rather 
than the applied treatment, which in cases of intermediate wounds, seems to be 
sufficient for satisfactory outcomes with respect to long term scar quality. This is 
generally supported by the findings of Cubison et al. In their study, intermediate 
wounds were treated conservatively in one hospital and surgically in another 
hospital. The HTS rate was similar for both treatment strategies, with 20% in 
conservatively treated and 19% in surgically treated wounds16. To our knowledge, 
no other studies have examined the long term (mean time post-burn >2 years) scar 
quality of wounds with distinct HPs, which is assessed using LDI. Thus, a comparison 
of our results with those of previous literature is not possible. However, over the 
past few years, the relationship between healing time/burn depth and scar quality 
has been studied more frequently. The available studies16,17,19,23, unfortunately, all 
have some methodological limitations, including a limited definition of scar 
quality16,17,19 (confined to the presence of hypertrophy), a retrospective study-
design16,19 or a short follow-up period16. To our knowledge, Deitch et al. was one of 
the first to identify wound healing time as the most important indicator for the 
development of HTS. This prospective follow-up study included only conservatively 
treated patients with large mean TBSA burned (children 14%  and adults 21%), 
which could have biased the effect of wound depth on healing time as larger 
wounds are associated with longer healing times19. The study by Cubison et al. 
found a strong link between healing time and the development of HTS, but this 
retrospective study was predominantly based on clinical notes in medical records, 
was limited to children, and also had a relatively short follow-up period in most 
patients. Van der Wal et al. assessed scar quality at 3, 6 and 12 months post-burn23. 
This study retrospectively divided burns into either partial thickness or full-thickness 
burn categories and found that full-thickness wounds resulted in significantly 
higher POSAS scores (poorer scar quality). These findings are in line with our results 
as in our study, low HP wounds, as well as a wound healing time exceeding 21 days, 
were both associated with reduced scar quality. The effect of the timing of surgery 
on scar quality has been examined before in a recent Cochrane review of Hoogewerf 
et al.15. This review included only 2 studies that reported on scar quality. In agreement 
with our findings, no conclusive evidence in favor of early or delayed surgery was 
found on scar quality. It must be mentioned, however, that at present, a uniform 
definition of early and delayed surgery is lacking. In our study, a cut-off point of 14 
days was chosen because in Dutch burn care, there is a reluctance toward surgery 
within the first 14 days post-burn. Usually, the decision for surgery is postponed 
until there is clear demarcation of the wound to avoid unnecessary surgery in 
wounds or wound areas that are able to re-epithelialize spontaneously and thus 
with little scarring. Therefore, in our population, surgery prior to 14 days post-burn 
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is considered early. Next to timing of surgery, the type of meshed grafts influences 
scar quality. We use meshed grafts with a ratio of 1:1 to 1:1.5 for burns on functional 
or aesthetic important body regions and meshed grafts with a ratio of 1:3 for larger 
burns.  The strength of this study was its design, in which detailed information on 
individual burns in the acute phase, such as burn depth and wound healing time 
(both estimated as observed), was combined with a single scar measurement with 
both subjective and objective tools. Furthermore, the LDI study included burns of 
indeterminate depth, which resulted in the inclusion of burns from the entire 
spectrum of depths. Along with the inclusion of patients of all ages, the study 
cohort was representative of a Dutch burn center population. Additionally, our 
response rate was high (77.5%), especially given the long period until the follow-up 
measurement. The option of a home visit for those who were unable to come to the 
burn center contributed 6.4% to the overall response rate but was time consuming. 
To conclude, the high response rate, the minor differences in the non-response 
analysis and the representative cohort all contributed to a representative study 
sample of a Dutch specialized burn population. Notwithstanding the above, this 
study also had some limitations. Most importantly, the categorization of the LDI 
scans into three distinct HPs was not applicable to all wounds in this study as the 
depths of some burns were heterogeneous. To overcome this issue, we categorized 
these heterogeneous wounds into the lowest HP category (high, intermediate or 
low) present for at least 10% of the total surface area in that wound. This was 
decided because we assumed that the area with the lowest HP (the longest 
estimated healing time) within a burn is decisive for over 95% wound healing and 
the final scar quality. An alternative approach was to calculate the mean perfusion 
units (PU) of each LDI scan and use the threshold values provided by Pape et al. 
and Monstrey et al. 25,26 to categorize the wounds into three healing potentials. We 
did not choose this option because burn physicians in daily practice clinically assess 
LDI scans rather than work with PUs, and we intended to write this article from a 
clinical perspective. As a consequence of our categorization, 30.9% of all low HP 
burns were not treated surgically. These burns most likely had a relatively small 
wound area with low HP and were therefore given the time to heal from the wound 
margins. Low HP wounds without surgery had better scar quality, as indicated by 
the lower mean total POSAS observer score compared with those that were 
operated on within 14 days. However, this was also probably the result of a smaller 
wound size rather than result of the treatment strategy itself. Of all low HP wounds, 
wound healing time was the longest in the group without surgery (27.1 days), which 
confirms that these wounds were categorized correctly into the low HP category. 
An explanation for delayed surgery in 30% of the low HP wounds is probably the 
result  of randomization in the LDI-study, because of this therapeutic decisions in 
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our cohort were only partially based on the LDI-results, i.e. in about half of the 
cases. This study cohort consisted of burns from a broad spectrum of depths. As a 
downside, a relatively small proportion of intermediate HP burns were included and 
analyzed to compare conservative vs. surgical treatment in these wounds. The 
trend toward reduced scar quality outcomes in surgically treated wounds was 
subtle and consistent but was statistically non-significant. A larger number of 
intermediate wounds would possibly have resulted in a significant effect.  
Furthermore, our results with regard to scar quality apply to relatively small burns 
in patients with a maximum TBSA burned of 20% and thus a limited systemic 
inflammatory response. It has yet to be determined whether scar quality outcomes 
are similar in patients with larger TBSAs burned. Finally, it is unclear to what extent 
the results of the Dermaspectrometer® and Cutometer® are representative of the 
entire scar, particularly in large scars with substantial heterogeneity within the scar. 
Despite multiple and standardized measurements in these scars, only a relatively 
small area of the scar is measured due to the small aperture size of both tools (resp. 
2 mm and 7 mm). With the POSAS, on the other hand, the total scar is assessed as 
observers and patients come to a weighted average on each dimension while 
observing the entire scar. Unfortunately, data on the minimally clinically important 
difference of the POSAS are lacking. Therefore, is it difficult to interpret the 
statistically significant differences found in this study and translate these differences 
into clinically important and relevant differences for patients. Future studies should 
address this problem as this interpretation is necessary for clinical trials with scar 
quality as a primary outcome. In conclusion, long term scar quality is strongly 
related to estimated HP using LDI scans. Although the three healing potentials are 
distinctive for healing time, this does not apply for long term scar quality in high 
and intermediate HP wounds, which exhibit very similar and acceptable scarring. 
Burn wounds with low HP have poorer scar quality, regardless of the timing of 
surgery. Recently, the value of the LDI scan in predicting the necessity of surgery 
was confirmed by Stetinksy et al.33. Further research should focus on the optimal 
timing of surgery regarding scar quality in wounds with a low healing potential, 
ideally in a randomized controlled trial. This study, in turn, may contribute to a 
therapeutic approach in which the LDI scan plays a key role in the decision of 
whether or not to perform surgery and, moreover, which specific areas of the burn 
wound require excision and skin grafting with regard to optimal outcomes in long 
term scar quality. This approach may result in decreased surgeries for wounds that 
are able to re-epithelialize spontaneously (high and intermediate HPs) without time 
loss due to lengthy demarcation periods in low HP wounds.
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ABSTRACT

Objective: Despite major advancements in burn care, age is still among the 
most significant predictors of mortality after burns. The objective of this 
study was to compare management (including prehospital and surgical 
treatment) and clinical outcomes between an elderly and adult burn population.  
Methods: Data for the nationwide study were retrieved from the Dutch Burn 
Repository, a uniform national registration for Dutch specialised burn care. All 
patients from 18 years of age and older admitted in the period from 2009 to 2015 
were included. Elderly were defined as 65 years of age and older and subdivided 
into the three following age categories: 65-74 years, 75-85 and 85 years and above. 
Adults (18-64) were used as reference group. Surgical management encompassed 
decisions regarding the timing of surgery, numbers of procedures and surgical 
technique (debridement technique and grafting). The following parameters were 
assessed as clinical outcomes: mortality, wound infections, length of stay/TBSA 
(Total Body Surface Area) burned, discharge disposition and reconstructions.  
Results: A total of 3155 adult burn patients were eligible for analysis (elderly n=505). 
Median TBSA varied between 3.2-4.0% and was comparable, but aetiology and 
prehospital care were different between elderly and the adult reference group. Time 
to first surgical procedure was shorter in the elderly (p<0.001). Hydrosurgery was 
performed significantly less frequent in the eldest two age categories (42.0% vs. 
23.5-22.6%), whereas avulsion (5.3% vs. 7.3-17.6%) and primary wound closure (6.7 
vs. 24.5%) were more frequent with increasing age. The majority in all age categories 
received meshed skin grafts (79.2-88.6%). Mortality jumped with increasing 
age, especially in the 85 years and over category (23.8%). Furthermore, a major 
difference was found in hospital discharge disposition between adults and elderly.  
Discussion/conclusion: Elderly constitute a vulnerable, growing and medically 
challenging group for specialised burn care. Differences in aetiology, comorbidity, 
physiological differences and pre-hospital care possibly affect initial surgical 
management and result in poorer clinical outcomes in the elderly. Elderly need 
optimal, timely and specialised burn care to optimize survival after burn injuries.
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INTRODUCTION

The elderly burn population constitutes a vulnerable and often challenging group 
for specialized burn care. Despite major advances in burn care, age is still among 
the most significant predictors of mortality after burns1. Although  several studies 
demonstrate a significant reduction in mortality in elderly in recent decades2,3, 
other studies emphasise that elderly still lag behind on mortality and other relevant 
outcomes in comparison to younger burn patients1,4,5. 

The WHO predicts that worldwide the population aged 60 or older will increase from 
12% to 22% in the period between 2015 and 2050 and that countries will be faced 
with major challenges to ensure their health and social systems6. These estimations 
are similar for high income countries1,7. As a consequence of this global ageing, the 
proportion elderly in specialized burn care is expected to increase accordingly. On 
top of this demographic shift, in the Netherlands the community-dwelling elderly 
population is growing relatively fast due to prolonged independent living as a 
result of government policy. These community-dwelling elderly are particularly 
prone to severe burn injuries due to impaired vision, age-related deterioration in 
judgement and coordination, lower mobility, and slower response to danger1,8. All 
this makes daily activities such as cooking and bathing more hazardous for elderly9. 
In recent years, burn care research focussed increasingly on the elderly burn population 
with studies regarding epidemiology and prevention7, aetiology10, and outcomes 
measures such as mortality1,11, discharge disposition and functional outcomes1,12-15. 
These studies contributed to the body of knowledge of the elderly burn population 
and created awareness of this future issue and the pitfalls that might be encountered 
when caring for this population. However, only few studies focussed on treatment 
and, more specifically, on surgical strategy and surgical techniques applied in elderly.  
Early excision and grafting in elderly has been studied before but five retrospective 
studies showed inconclusive results on mortality , length of stay (LOS) and 
infection2,10,16-18. Significant physiological differences exist between elderly and other 
adult burn patients that negatively affect burn severity, treatment and outcomes in 
elderly. An illustrative example is the atrophic skin in elderly, with thinning of dermis 
and a decrease in epidermal appendages19. This initially leads to deeper burns in 
elderly, i.e. higher ratio full-thickness TBSA/TBSA burned (Total Body Surface Area), 
compared to younger patients20 but also to impaired healing of burns and donor sites. 
Other clinical relevant factors such as more extensive co-morbidity and associated 
poly-pharmacy12, less physiological reserves21 and malnutrition4 are all described to 
impair recovery after burns in elderly. Although these factors have been well studied, it 
is unclear how (burn) physicians deal with this in their decision for surgical treatment.  
The primary objective of this study was to compare medical management (including 
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prehospital management and surgical treatment) and clinical outcomes between 
an elderly and adult burn population. We expect to find significant differences in 
specialized burn treatment between adult and elderly burn patients. In particular, 
we hypothesize that surgical procedures are more frequent and also more timely in 
the elderly compared to younger burn patients. Furthermore, we anticipate poorer 
outcomes in the elderly and a higher burden of care.  The aim of this study is to 
provide useful insights in the specific  needs of the elderly burn patient and make a 
contribution in optimizing burn care for this vulnerable burn population.
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METHODS

Design and study population
In this nationwide observational study, medical and surgical management 
applied in an elderly and reference adult burn population were compared.  
Data were retrieved from the Dutch Burn Repository R3, a uniform national 
registration for Dutch specialized burn care. This database includes key information 
on all patients admitted to one of the three Dutch Burn Centres from 2009 onwards. 
Data extraction was performed in May 2016.

Patients
All patients aged 18 years and older with a burn-related admission from 2009 up to 
and including 2015 were eligible. Patients who only received end-of-life care upon 
admission were excluded in the analysis of treatment and clinical outcomes. Elderly 
were, in compliance with the definition of elderly of the World Health Organisation 
(WHO), defined as 65 years of age and older. Because there is no consensus on 
an exact cut-off point in age from which elderly are particularly susceptible for 
the negative consequences of burns5,  elderly were subdivided into  three age 
categories: 65-74 years, 75-85 and 85 years and over. Adults were defined as 
patients aged between 18 and 64 years and used as a reference group.

Standard of burn care
In the study period, no major alterations in the referral criteria and management of 
severe burn patients were implemented in Dutch burn care. From 1998 onwards, the 
Emergency Management of the Severe Burns (EMSB) criteria for referral to a Dutch 
Burn Centre applied (appendix). Assessment of all acute patients was conducted 
according to the EMSB protocol. Adult patients with a TBSA burned exceeding 15%, 
unstable patients or patients with a high suspicion of inhalation injury were admitted 
to the burn centre intensive care unit for resuscitation ( if TBSA>15%) according to 
the Parkland formula and/or airway and hemodynamic observation. Wound care 
varied and depended on factors such as burn depth, TBSA, affected body region, 
planned re-assessments of burn depth and scheduled surgery, but mainly consisted 
of topical treatment with silversulfadiazine (Flammazine®), Flammacerium® (face) 
or non-adherent wound dressings combined with topical antimicrobials such as 
povidone iodine or Fucidin®.
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Data collection
Surgical management encompassed all decisions that were made around whether 
or not to perform surgery (% conservative/surgical treatment), single-step versus 
stepwise approach (TBSA excised per surgical procedure) and aspects of timing 
including time to first surgery which was divided into early (<7 days post-burn) 
and delayed (>7 days post-burn). Applied surgical technique was divided into the 
technique for excision of eschar and the type of graft that was applied. Additionally, 
the use of allografts, for temporarily wound closure and/or wound bed preparation 
before autologous grafting, was included. Clinical outcomes included: mortality, 
wound infection, total LOS, LOS/TBSA, re-admissions, discharge destination and 
secondary reconstructions. Wound infection was defined as the combination of 
clinical symptoms, positive wound swabs and antibiotic treatment. TBSA was 
defined as the sum of all dermal and full-thickness burns within a patient. Burn 
severity was estimated using the revised Baux score22. Inhalation injury was 
diagnosed clinically and mostly confirmed by bronchoscopy. 

 

Data analysis and statistical analysis
Socio-economic status was assessed as an aggregate proxy based on income, 
education and work participation in patients’ postal code area, according to the 
method of The Netherlands Institute for Social Research23. The socio-economic 
status scores were graded into quintiles and the lowest quintile was considered 
as a low socio-economic status. Differences in patient, burn and treatment 
characteristics between the four age categories were tested with the Chi-square for 
categorical data and the non-parametric Mann Whitney test for continuous data. 
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RESULTS

Patients
During the six-year study period (2009-2015), a total of 5339 patients were 
admitted to one of the three Dutch burn centres. A total of 3155 adult burn patients 
were eligible. Upon admission, 34 (1.1%) adult burn patients only received end-
of-life care because of burn severities incompatible with life. These patients were 
excluded from the analysis of treatment and clinical outcomes (fi gure 1).

Figure 1. Flowchart patient inclusion

The proportion of elderly requiring specialized burn care annually increased in the 
period studied from 53 (14.5%) to 94 patients (18.9%). Overall, males outnumbered 
females (66.4% vs. 33.6%), however, in the oldest age category (85+), the ratio 
completely reversed and females were overrepresented (30.6 vs. 69.4) (table 
1). A trend was seen towards a lower socio-economic status (SES) in the oldest 
age category (85+) (p=0.08). Comorbidity in major organ systems signifi cantly 
increased (p<0.001) with higher age. Accordingly, the number of organs systems 
aff ected per patient was signifi cantly higher (p<0.001) in the older age categories 
(table 1).

Admitted patients in Dutch Burn 

Centres between 2009-2015

n=5339

Eligible patients for 

epidemiological analysis, 

n=3155

65-74 yrs.
n=255
(8.2%)

85+ yrs.
n=82 (2.4%)

Excluded from analysis:
- Due to end-of-life care 
on admission, n=34 (1.1%)

Excluded from cohort (40.9%)
- Age <18 years, n=1938 (36.3%)
- Non-burn related, n=246 (4.6%)

18-64 yrs.
n=2616 (83.9%)

Patients for analysis of treatment 

and outcomes, 

n=3121

75-84 yrs.
n=168
(5.3%)
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65-74
n=255

159 (60.7)
69 (5) 

 
28.2

 
100 (38.2)
26 (9.9)
55 (21.0)
19 (7.3)
17 (6.5)

91 (34.7)
 

105 (40.1)
87 (33.2)
70 (26.7)

65-74
Table 1. Patient characteristics stratifi ed per age category

* Inter-quartile range (IQR) 
** including digestive system, musculoskeletal, nervous system and urinary system

Burn characteristics
The majority of the burns were caused by fl ame (57.7%) or scald (16.8%). Yet, aetiology 
signifi cantly diff ered (p<0.001) by age, with an increase in contact burns (4.9 vs. 
9.9/11.2/21.2%) and more frequently clothes on fi re with higher age (table 2). Burn size 
was similar between age categories. However, the proportion full-thickness TBSA/
TBSA doubled from the youngest to the eldest age category (from 0.30 to 0.59, 
p<0.001).  The presence of inhalation injury was generally low with approximately 1.5-
2%, but signifi cantly increased in the oldest two age categories (5.2%-6.9%, p=0.001).
Burn severity, estimated with the Revised Baux score equally increased with age. 

18-64
n=2616

1813 (68.9)
40 (22)

 
34.8

 
175 (6.6)
82 (3.1)

199 (7.6)
270 (10.3)
155 (5.9)

274 (10.4)
 

2002 (76.1)
470 (17.9)
160 (6.1)

75-84
n=168

92 (54.4)
79 (4)

 
31.7

 
87 (51.5)
33 (19.5)
52 (30.8)
15 (8.9)
5 (3.0)

86 (50.9)
 

38 (22.5)
48 (28.4)
83 (49.1)

85+
n=82

26 (30.6)
88 (5)

 
41.0

 
54 (63.5)
15 (17.6)

30 (35.3)
8 (9.4)

0.0
53 (62.4)

 
9 (10.6)
29 (34.1)
47 (55.3)

p-value
 

<0.001
 
 

0.077
 

<0.001
<0.001
<0.001
0.448
0.045
<0.001

 
<0.001

Age categories
Number of patients
Sex: male (%)
Median age (IQR)*
Socio-economic status (%)

Lowest quintile                      
Comorbidity (%)

Circulatory system
Respiratory system

Endocrine system
Psychiatry

Substance abuse
Other**

Organ systems aff ected (%)
0
1

2 or more

69 (5) 40 (22) 79 (4) 88 (5)Median age (IQR)*
159 (60.7)1813 (68.9) 92 (54.4) 26 (30.6) <0.001Sex: male (%)

28.234.8 31.7 41.0 0.077Lowest quintile                      

55 (21.0)199 (7.6) 52 (30.8) 30 (35.3) <0.001Endocrine system

Organ systems aff ected (%)

100 (38.2)175 (6.6) 87 (51.5) 54 (63.5) <0.001Circulatory system

17 (6.5)155 (5.9) 5 (3.0) 0.0 0.045Substance abuse

87 (33.2)470 (17.9) 48 (28.4) 29 (34.1)1

n=255n=2616 n=168 n=82Number of patients

Socio-economic status (%)

26 (9.9)82 (3.1) 33 (19.5) 15 (17.6) <0.001Respiratory system

91 (34.7)274 (10.4) 86 (50.9) 53 (62.4) <0.001Other**

Comorbidity (%)

19 (7.3)270 (10.3) 15 (8.9) 8 (9.4) 0.448Psychiatry

105 (40.1)2002 (76.1) 38 (22.5) 9 (10.6) <0.0010

70 (26.7)160 (6.1) 83 (49.1) 47 (55.3)2 or more
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75-84
n=168

 
51.5
26.0
11.2
5.3
5.9
39.6

 
30.2
55.0
44.4
32.5
16.0
36.7
8.9
 5.2

4 (6.8)
0.58
 84

18-64
n=2616

 
58.4
15.7
4.9
8.3
12.6
26.7

 
45.9
35.2
45.0
46.9
11.0
34.0
13.9
 2.0

3.2 (7)
0.30
46 

p-value

<0.001
 
 
 
 
 

<0.001
 

<0.001
<0.001
0.644
0.001
0.180
0.896
0.283
0.001 
0.634
<0.001
<0.001 

Table 2. Burn- and accident characteristics stratifi ed per age category

* Missing data in n=78 (2.5% of the cases)

** More than aff ected body region per patient is possible 
*** Inter-quartile range (IQR)

Prehospital management
The prehospital trajectory of elderly burns patients was signifi cantly diff erent 
from that of the reference adult burn population (18-64). Especially adequate burn 
cooling deteriorated in higher age categories, in the eldest age category 40.0% 
of the patients did not cool at all (see table 3). Furthermore, elderly were twice as 
likely to be referred to the burn centre by a general practitioner (10.9% vs. 21.9-
24.7%) and presentation at the burn centre was more often delayed for more than 
48 hours (11.9% vs. 17.6-22.9%) (table 3).

18-64

3.2 (7) 4 (6.8)

75-84 p-value65-74
n=255

 
57.3
19.8
9.9
4.6
8.4
32.8

 
42.4
41.6
44.1
47.5
10.3
33.3
14.9
1.5 

3.5 (7.3)
0.42
 74

85+
n=82

 
50.6
23.5
21.2
1.1
3.5
41.2
 

36.5
50.6
51.8
34.9
14.1

34.9
14.5
6.9 

4.0 (8.5)
0.59
94 

Age categories
Number of patients
Aetiology (%)

Flame
Scald

Contact
Hot fat
Other

Clothes on fi re (%)*
Body region aff ected** (%)

Head/Face/Neck
Trunk
Arm

Hand
Buttocks/Genitals

Legs
Feet

Inhalation injury (%)
Median TBSA burned (IQR)***
Ratio TBSA FT/TBSA 
Median Revised Baux score 

58.4 51.557.3 50.6Flame
<0.001Aetiology (%)

4.9 11.29.9 21.2Contact

Body region aff ected** (%)

46.9 32.5 0.00147.5 34.9Hand

3.2 (7) 4 (6.8) 0.6343.5 (7.3) 4.0 (8.5)Median TBSA burned (IQR)***

12.6 5.98.4 3.5Other

35.2 55.0 <0.00141.6 50.6Trunk

34.0 36.7 0.89633.3 34.9Legs

46  84 <0.001 74 94 Median Revised Baux score 

n=2616 n=168n=255 n=82Number of patients

15.7 26.019.8 23.5Scald

26.7 39.6 <0.00132.8 41.2Clothes on fi re (%)*

45.0 44.4 0.64444.1 51.8Arm

 2.0  5.2 0.001 1.5 6.9 Inhalation injury (%)

8.3 5.34.6 1.1Hot fat

45.9 30.2 <0.00142.4 36.5Head/Face/Neck

11.0 16.0 0.18010.3 14.1Buttocks/Genitals

0.30 0.58 <0.0010.42 0.59Ratio TBSA FT/TBSA 

13.9 8.9 0.28314.9 14.5Feet
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Table 3. Prehospital care stratifi ed per age category

* After 10 minutes
** Including self-referral
*** Patient with day-care admission for surgery excluded

General in-hospital care
In-hospital care mainly diff ered among age categories on length of stay and surgical
treatment for wound closure. LOS signifi cantly increased from a median of 5 days
(IQR 16) in the 18-64 category to a median of 13 days (IQR 25) in the eldest category
(85+)(table 4). ICU admission, ICU stay and mechanical ventilation including 
ventilation days did not signifi cantly diff er among the age categories (table 4).
Surgical treatment increased from 47.5% in the youngest adults (18-64) to 63.5% 
in the eldest category, but was highest in the age category 75-84 with 70.4%. 

Table 4. In-hospital treatment characteristics stratifi ed per age category

75-84
n=168

 

54.4
14.8
29.6

21.9
54.4
18.3
5.3
21.9

2.4

18-64
n=2616

 
70.6
10.6
17.7

10.9
62.1
19.1
7.9
11.9

0.7

n=2598
5 (16)

19.0
12.2 

(1-205, 18.4)
71.8
11.2

 (1-157, 16.7)
47.5

n=249
11 (22.3)

17.8
11.8 

(1-66, 15.5)
55.4
11,5 

(1-54, 13.9)
63.7

n=164
15 (23)

24.5
12.5 

(1-58,13.4)
67.9
10.8

 (1-36, 10.4)
70.4

n=77
13 (25)

24.2
7.8

 (1-35, 8.7)
66.7
4.9 

(1-18, 4.9)
63.5

p-value
<0.001

0.256
0.552

0.079
0.389

<0.001

p-value

 
<0.001

 
 
 

<0.001
 
 
 
 

<0.001

0.019

18-64

n=2598

75-84

n=164

p-value

p-value

65-74
n=255

 

59.2
11.8
28.6

22.1
59.5
13.4
5.0
22.9

2.3

85+
n=82

 

36.5
22.4
40.0

24.7
51.8
22.4
1.2
17.6

5.9
 

Age categories
Number of patients
Prehospital care
Burn cooling (%)
(missing value n=33)

Direct
Delayed*

None
Referrer

General Practitioner
Other hospital

Emergency services
Other**

Delay in presentation Burn 
centre of >48 hours***
Comfort care upon admission 
(%)

In-hospital care
Median length of stay
 in days (IQR)
ICU admission (%)
Mean ICU stay in days 
(range, sd)
Mechanical Ventilation (%)
Mean ventilation in days 
(range, sd)
Surgical treatment for 
wound closure (%)

<0.001Burn cooling (%)

24.217.819.0 24.5 0.256ICU admission (%)

Prehospital care

 in days (IQR)

70.6 54.459.2 36.5Direct

(1-66, 15.5)  (1-35, 8.7)(1-205, 18.4) (1-58,13.4)(range, sd)

10.9 21.922.1 24.7General Practitioner

63.7 63.547.5 70.4 <0.001Surgical treatment for 

11.9 21.9 <0.00122.9 17.6Delay in presentation Burn 

17.7 29.628.6 40.0None

11,5 4.9 11.2 10.8 0.389Mean ventilation in days 

19.1 18.313.4 22.4Emergency services

0.7 2.4 0.0192.3 5.9Comfort care upon admission 

n=2616 n=168n=255 n=82Number of patients

11 (22.3) 13 (25)5 (16) 15 (23) <0.001Median length of stay

(missing value n=33)

11.8 7.812.2 12.5 0.552Mean ICU stay in days 

<0.001Referrer

(1-54, 13.9) (1-18, 4.9) (1-157, 16.7)  (1-36, 10.4)(range, sd)

7.9 5.35.0 1.2Other**

10.6 14.811.8 22.4Delayed*

55.4 66.771.8 67.9 0.079Mechanical Ventilation (%)

62.1 54.459.5 51.8Other hospital

wound closure (%)

centre of >48 hours***

(%)
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Surgical treatment
 Time to surgery diff ered signifi cantly among the age categories. The median time from 
injury to the fi rst surgical procedure was lowest within the 85+ category (10.0 days (IQ 
11), table 4). The median time from burn centre admission to fi rst surgical procedure, 
was even lower with a median 6.5 days (IQR 6.5) in the eldest category (table 5).
Both the number of surgical procedures and the percentage TBSA excised 
per surgical procedure were comparable among the age categories.
The applied surgical techniques for burn wound excision diff ered among the 
age categories. The majority of the burns were excised by tangential excision 
(66.5%), mostly with the use of hydrosurgery (40.0%), except in the eldest two 
age categories (75-84 and 85+). In these elderly hydrosurgery was only used in 
respectively 23.5% and 22.6% of the cases (p<0.001), whereas avulsion and primary 
wound closure were more frequent (p<0.001). The most applied grafting technique 
was meshed graft in all age categories.

Table 5. Comparison of surgical treatment stratifi ed per age category

* More than one surgical technique in the same patient is possible

75-84
n=115

11.0 (10.3)

7.0 (7.3)

1.7 (1-8, 1.5)

2.7

74.8
23.5

17.6
13.4

89.1
11.8
7.6

18-64
n=1234

13.0 (8)

10.0 (10)

1.8 (1-23, 
2.2)
3.1

65.6
42.0

5.3
6.7

88.6
6.8
4.4

p-value
 

0.037

<0.001

0.827

0.61

0.184
<0.001

<0.001
<0.001

0.216
0.208
0.374

 

18-64

1.8 (1-23, 

4.4

1.7 (1-8, 1.5)

7.6

75-84 p-value

0.374

65-74
n=159

14.0 (9)

9.0 (9.0)

1.7 (1-10, 1.5)

2.6

67.3
43.0

7.3
14.5

89.1
6.1
6.1

85+
n=49

10 (11)

6.5 (6.5)

1.5 (1-7, 1.1)

3.1

71.7
22.6

15.1
24.5

79.2
5.7
3.8

Age categories
Number of patients
Surgical management
Median time to fi rst surgery 
from injury (IQR)
Median time to fi rst surgery 
from admission (IQR)
Mean number of surgical pro-
cedures (range. sd)
Mean TBSA per surgery
Surgical technique- excision*
Tangential (%)
Tangential with hydrosurgery 
(%)
Avulsion (%)
Primary wound closure (%)
Surgical technique- grafting*
Meshed graft (%)
Meek Wall (%)
Allografts (%)

13.0 (8) 11.0 (10.3) 0.03714.0 (9) 10 (11)Median time to fi rst surgery 
Surgical management

10.0 (10) 7.0 (7.3) <0.0019.0 (9.0) 6.5 (6.5)Median time to fi rst surgery 

3.1 2.7 0.612.6 3.1Mean TBSA per surgery

(%)

6.8 11.8 0.2086.1 5.7Meek Wall (%)

1.8 (1-23, 1.7 (1-8, 1.5) 0.8271.7 (1-10, 1.5) 1.5 (1-7, 1.1)Mean number of surgical pro-

65.6 74.8 0.18467.3 71.7Tangential (%)

6.7 13.4 <0.00114.5 24.5Primary wound closure (%)

n=1234 n=115n=159 n=49Number of patients

from injury (IQR)

2.2)cedures (range. sd)

42.0 23.5 <0.00143.0 22.6Tangential with hydrosurgery 

88.6 89.1 0.21689.1 79.2Meshed graft (%)

from admission (IQR)

Surgical technique- excision*

5.3 17.6 <0.0017.3 15.1Avulsion (%)

Surgical technique- grafting*

190409_BINNENWERK_HAROLDV3.indd   95 09-04-19   20:54



Chapter 5

96

Early versus delayed surgery in the elderly
The majority (72.3%) of the elderly burn patients underwent their first surgical 
procedure after 7 days post-burn (delayed excision). Patients who received early 
excision before 7 days post-burn (27.7%) had a significant higher burn severity than 
the delayed excision group, based on TBSA burned (12.5 vs. 3.0, p=0.002), TBSA 
burned full-thickness (6.0 vs. 2.0, p<0.001) and ICU admissions (50% vs. 16.2%, 
p=0.002). However, the two groups did not significantly differ in median age (77 vs. 72, 
p=0.070) and comorbidity (mean major organ systems affected; 1.4 vs. 1.1, p=0.641).

 

Clinical outcomes
Overall mortality jumped from 1.3% and 3.1% in the first two age categories (18-
64 and 65-74) to 9.1% and 23.8% in the last two age categories (75-84 and 85+).  
Wound healing was complicated by infection in 2.9% of the cases, however 
in the 65-74 category this percentage was significantly higher with 7.0%.  
The burden of care, represented as the median LOS per % TBSA, almost tripled 
(p<0.001)  from 1.3 days per % TBSA (IQR 2.3) in the adults (18-64) to 3.5 (IQR 
6.1) in the eldest age category. The frequency of readmissions and reconstructions 
did not differ significantly by age. It is of note however, that reconstructions seem 
to decrease by age, with 4.7% in adults and young elderly (65-74), 3.0% in the 
age category 75-84 years to null in patients in the category 85+. Evaluation of 
disposition, as a measure of functional outcome, showed a significant decrease 
(p<0.001) in patients who were discharged to home with increasing age, instead, 
these elderly patients were primarily discharged to a skilled nursing facility or died 
(table 6).
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Table 6. Comparison of clinical outcome stratifi ed per age category

Age categories
Number of patients
Mortality (%)
Wound infection (%)
Median length of stay/% 
TBSA (IQR)
Re-admission (%)
Reconstructions (%)
Discharge destination 
survivors (%)

Home
Rehabilitation

Skilled nursing facility
Mental institution

Other

75-84
n=164

9.1
1.8

3.5 (5.2)

6.7
3.0

53.9
0.6
21.8
1.8
12.7

Age categories 18-64
n=2598

1.3
2.4

1.3 (2.3)

8.5
4.7

85.8
1.8
1.0
4.7
5.5

p-value
 

<0.001
<0.001
<0.001

0.808
0.185

<0.001

 

 
 

18-64 75-84 p-value65-74
n=249

3.1
7.0

2.5 (4.6)

8.2
4.7

77.3
1.2
8.2
3.1
7.0

85+
n=77
23.8
5.0

3.5 (6.1)

10.0
0.0

41.3
0.0
22.5
1.3
11.3

Wound infection (%) 2.4 1.8 <0.0017.0 5.0
Mortality (%) 1.3 9.1 <0.0013.1 23.8

TBSA (IQR)

survivors (%)

Mental institution 4.7 1.83.1 1.3

Reconstructions (%) 4.7 3.0 0.1854.7 0.0

Rehabilitation 1.8 0.61.2 0.0

Number of patients n=2598 n=164n=249 n=77

Median length of stay/% 1.3 (2.3) 3.5 (5.2) <0.0012.5 (4.6) 3.5 (6.1)

Discharge destination 

Skilled nursing facility 1.0 21.88.2 22.5

Re-admission (%) 8.5 6.7 0.8088.2 10.0

Home 85.8 53.9 <0.00177.3 41.3

Other 5.5 12.77.0 11.3
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DISCUSSION

The study clearly demonstrates major differences in burn severity, prehospital 
management, in-hospital specialized burn care including surgical management and 
clinical outcomes between an elderly and adult burn population. In all age categories, 
burn size was comparable, but gender, aetiology and prehospital care were 
different. In the elderly, females were overrepresented, scalds and contact burns 
were more frequent, cooling less adequate and there was more often a delayed 
presentation to the burn centre. Treatment in elderly showed a shorter time to first 
surgical procedure, less hydrosurgery and more avulsion and primary wound 
closure. Mortality jumped with increasing age, especially in the oldest patients. 
Furthermore, a major difference was observed in discharge disposition between 
adults and elderly. The data provides useful insights in the specific needs of elderly 
burn patients as well as starting points to optimize care for this vulnerable burn 
population. Our main objective was to compare surgical treatment and clinical 
outcomes between an elderly and adult burn population. Surgical management 
was indeed significantly different in these two populations. In the first place, time 
to first surgery from admission, and to a lesser extent from injury onwards, was 
considerably shorter in the elderly. In most elderly excision and grafting was 
performed around day 7 after admission, probably because of more rapid burn 
demarcation of deeper burns and partially because of a delay in admission. 
Compared to other studies; surgical treatment in our cohort started relatively late. 
This is in line with the more conservative approach as is traditionally followed in 
several European burn centres. In case of early surgery before 7 days in our cohort, 
this decision seemed based on burn severity and not on patient-related factors 
such as age and comorbidity. Consequently, we were unable to examine the effect 
of early versus delayed surgery on clinical outcomes as the two groups were 
significantly different on burn severity. This is unfortunate since there is no 
consensus in the burn literature on this topic. Previously, five retrospective studies 
examined the effect of early excision and grafting in elderly but found inconsistent 
results on mortality and LOS2,10,16-18. Three studies demonstrated no improvement in 
mortality2,10,16, one study indicated an improvement in mortality17 and another study 
showed an increased mortality18. The impact of early excision on LOS was also 
ambiguous in one study indicating a shortened LOS16 and another study indicating 
no impact on hospital stay10. Infection rate was only described in one study and was 
reduced in the early excision group16. Moreover, these studies were predominately 
out of date (1985-1998) thus may not apply to modern burn care. A Cochrane 
review on the effectiveness of early excision and grafting for burns in all ages 
concluded that the methodological quality of the included studies does not allow 
to make conclusive judgements24. The extensiveness of excision seemed not 
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affected by limitations related to age and secondary comorbidity as both the 
number of surgical procedures as well as the TBSA excised per procedure did not 
differ between elderly and adults. However, eschar excision was often performed 
with less selective excision methods in the elderly (less hydrosurgery, more primary 
wound closure and avulsion). Presumably, this is related to deeper burns in the 
elderly and less priority to the preservation of viable dermis.Clinical outcomes were 
substantially poorer in elderly. In particular, mortality dramatically increased with 
age up to 23.8% in the 85+ category, considering these were all patients with an 
intention to treat upon admission and generally moderate burn severity with a 
mean TBSA of 7.9% (±12). Mortality in our cohort was lower compared to several 
international studies in the elderly in a similar period (>2005)2,20,25 which reported a 
mortality of about 48%. These studies included patients with a higher mean TBSA 
burned (13-23%) but on the other hand, mortality was calculated in younger age 
categories of 65+ 2,20,25  or 75+20 compared to the mortality in our 85+ category. 
Chang et al. also found a mortality of 23% (TBSA 15.5%), LOS/ % TBSA in this study 
was, in line with our results, also increased in the elderly (2.1 day/TBSA)26. Ideally, 
clinical outcome includes functional outcomes, next to mortality. Our data were 
limited to discharge destination, giving a gross indication of functional status after 
discharge. In the near future the Dutch burn centres will implement routine outcome 
measurement in daily practice of burn care. This Burn centre Outcomes Registry 
Netherlands aims to gain insight in patient reported outcomes after specialized 
burn care27. Overall, the burden of inpatient care in the elderly was significantly 
higher compared to adults, as indicated by longer median LOS, more ICU admissions 
and more frequent surgical treatment. With increasing age, burn severity increased 
in our cohort. This was characterized by higher ratios full-thickness TBSA/TBSA 
burned (doubled from 0.30 to 0.59) and more frequent inhalation injury in the 
elderly. These results are comparable to the study of Albarnoz et al., who also 
observed proportions deep TBSA/TBSA nearly twice as high in the elderly (23.3 % 
<65 yrs. vs. 41.0% >65 yrs)20. Logically, Revised Baux scores increased significantly 
with age, as age is an important part of the score. Inhalation injury also contributed 
to higher revised Baux scores as it was more present in the elderly. This might be 
related to elderly having a slower response to danger in case of (house) fire8. On 
the other hand, the Revised Baux score does not account for the higher proportion 
deeper burns in the elderly. Although the revised Baux score adequately predicts 
mortality, it does not reflect the burden of care (in this case need for surgery) in the 
elderly nor accounts for comorbidity as was suggested recently by Heng et al28.  
Besides the atrophic skin in the elderly19 burns might also be deeper in the elderly 
because of differences in the prehospital phase. Recently, Wood et al. emphasized 
the beneficial effect of cooling on burn severity29. In our cohort, adequate burn 
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cooling rapidly declined with age. Elderly often did not cool their burns at all (28.6-
40.0%) and if performed, it was more often delayed with more than 10 minutes. In 
line with previous studies, presentation to the burn centre was more frequently 
delayed with more than 48 hours7, which might lead to inadequate or delayed 
specialized care in this already frail population. Again, educational campaigns to 
improve burn knowledge and home fire safety as proposed in the studies of Tan et 
al. and Lehna et al., might be an effective intervention strategy30,31. Next to treatment 
and outcome, some population differences were noticed. The higher proportion 
elderly female burn patients might be explained by the higher life expectancy of 
women compared to men and herewith changes in population composition at 
higher ages. This study has some strengths and limitations. First, our study results 
may only apply to countries similar to the Netherlands with accessible high quality 
burn care at dedicated burn facilities. As previously mentioned, we were not able 
to compare early vs. delayed excision and grafting because of significant differences 
in burn severity in the two groups. In addition, due our retrospective study design 
we were only able to examine a limited number of clinical outcomes. The absence 
of functional outcomes in particular, is a major limitation of this study. Because, 
next to mortality, functional outcomes such as returning to home and the degree 
of functional independence after discharge might be the most relevant outcome in 
the elderly burn population. In addition, our database did not include a frailty scale 
to categorize our cohort of elderly in more detail apart from age alone.  
Other limitations were the limited period of follow-up on reconstructions in patients 
admitted in 2014-2015 and the fact that the Dutch Burn Repository R3 database 
does not account for only temporary changes in discharge destinations. Thus, the 
number of patients that were permanently discharged to a skilled nursing facility 
might be overestimated. Overall, our study results did not allow us to suggest 
specific alterations to directly  improve medical treatment in the elderly burn 
patient. Strengths of this study are its nationwide cohort including all three Dutch 
Burn Centres, the large cohort of elderly and the completeness of the data which 
enabled us to map the entire burn care process. Above all, we believe it is important 
to share data on treatment and outcome to enable burn centres worldwide to 
compare and evaluate their medical practise. In our view, opportunities for 
improvement in burn outcome in the elderly can be realised at several levels. First, 
prevention and education should be targeted to the community-dwelling elderly, 
particular to those in neighbourhoods of low economic status30,31. Education should 
focus on burn cooling and adequate and timely presentation to health services to 
prevent unnecessary delay in specialized burn care, despite the unclear effect of 
geriatric consultations teams on outcome in trauma patients32,33. In specialized burn 
care, we would recommend the use of geriatric consultations in the inpatient phase, 
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to encounter preventable complications34,35 as was suggested in American College 
of Surgeons Trauma Quality Improvement Program guidelines Geriatric Trauma 
Management. Finally, future studies should aim to explore the possible beneficial 
effect of early surgery on mortality and other hospital-related complications such 
as pneumonia, delirium and pressure sores. Early surgery is already extensively 
examined in the field of traumatic hip surgery in the elderly and showed distinctly 
better outcomes36,37. This fast track principle might be particularly beneficial for 
elderly burn patients with moderate burns and limited need for resuscitation to 
facilitate early mobilization and reduce LOS. In general, in order to be able to draw 
meaningful conclusions on outcome in the elderly, a frailty scale must be included 
as a baseline characteristic to account for the substantial heterogeneity between 
elderly. In conclusion, elderly constitute a vulnerable, growing and medically 
challenging group for specialized burn care. Aetiology, comorbidity, physiological 
differences and pre-hospital care all affect the surgical management in the elderly 
and result in poorer clinical outcomes. Opportunities for outcome improvement 
are in finding the right timing of surgery and optimizing the prehospital phase. 
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APPENDIX 

Period 1998 onwards: EMSB Criteria for referral to a Dutch Burn Centre 

 • Burns greater than 10% Total Body Surface Area (TBSA) in adults.

 • Burns greater than 5% TBSA in children.

 • Burns of special areas–face, hands, feet, perineum, genitalia and major joints.

 • Full thickness burns greater than 5% TBSA.

 • Electrical burns.

 • Chemical burns.

 • Burns with associated inhalation injury.

 • Circumferential burns of the limbs or chest.

 • Burns at the extremes of age – children and the elderly.

 • Burn in patients with pre-existing medical disorders which could complicate 

management and prolong recovery or effect mortality.

 • Any burn patient with associated trauma.
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ABSTRACT

Background: The aim of this study was to assess the predictive validity of the 
Patient and Observer Assessment Scale (POSAS), in order to determine whether it 
can be used to predict final scar quality.
Methods: Patients with a maximum TBSA burned of 20% who were treated in a 
Dutch burn centre and participated in two scar assessments at 3 months and >18 
month post-burn were included. Scar quality assessment consisted of the POSAS, 
Dermaspectrometer® (color) and Cutometer® (elasticity). Predictive validity was 
determined in three ways: 1) the discriminative ability to distinguish good from 
reduced long term scar quality, 2) correlations between POSAS items score at the 
two subsequent assessments and 3) linear regression was conducted to identify 
POSAS items as independent predictors. Additionally, reliability, construct validity 
and interpretability were assessed.
Results: A total of 141 patients were included with a mean TBSA burned of 5.2% 
(±4.5). The ability of the Patient scale to discriminate between good and reduced 
long term scar quality was adequate with an area under the curve (AUC) of 0.728 
(CI 0.640-0.804), the ability of the Observer scale was good with an AUC of 
0.854 (CI 0.781-0.911). Correlations between items scored T3 and T>18 were at 
least adequate. On item level, pain and stiffness (Patient) and pliability and relief 
(Observer) were identified as significant predictors for reduced long term scar 
quality. The POSAS was reliable, construct validity was adequate at three months 
but declined at >18 months.
Conclusion: This study found that final scar quality can be adequately predicted by 
an early POSAS assessment at three months.
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INTRODUCTION

Early recognition of burn patients who are prone to develop scar morbidity is 
important to promptly initiate tailored scar management (i.e. pressure garments, 
silicon gels, skin therapy, etc.)1,2 and continue or prolong outpatient follow-up. In 
patients who are unlikely to be faced with problems of (pathological) scarring, 
follow-up can be reduced to avoid unnecessary visits. This concept will contribute 
to a more personalized and efficient outpatient burn care3. Thus, outpatient burn 
care would benefit from an accurate and feasible predictor for final scar quality. 
This parameter should be able to predict the future direction of scar formation 
early in the scarring process, preferably in a heterogeneous burn population, 
in order to be widely applicable. A long wound healing time (i.e. more than 21 
days)4,5 is described to predict pathological scarring in burns but this information 
is not always readily available for specific burn sites. Furthermore, a dark skin 
(Fitzpatrick skin type V and VI), more than one operation in the same wound 
area6, a young age and burn sites on the neck or upper limb7 are identified as 
risk factors for (pathological) scarring. Although this clinical information is easily 
obtained, it only classifies a limited number of patients in our burn centres.  
In the assessment of scar quality, Patient Reported Outcome Measurements 
(PROMs) are essential to include the patients’ perspective on their scar8,9. The 
Patient Observer Scar Assessment Scale (v2.0/ NL, www.POSAS.org) is a validated 
scar scale that enables both patient and observers to assess the same scar on 
six scar characteristics10. Response options are scored on a numerical 10-point 
scale, in which 1 represent a scar comparable with ‘normal skin’, whereas 10 
represents the ‘worst scar imaginable’10. Since the introduction in 2004, the POSAS 
has become widely used as it proved to be a reliable, comprehensive scale, and 
more importantly, one of the only scales including the patients’ perspective9,11-13. 
In this study, the predictive validity of the POSAS is examined to determine 
whether its short-term scar quality assessment can be used to predict final scar 
quality. Next, we will address other measurement properties of the POSAS in both 
active and matured scars, including reliability, construct validity and aspects of 
interpretability. Based on previous studies14,15, we anticipated to find an adequate 
relationship between the POSAS items and the objective comparator instruments 
measuring similar constructs.
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METHODS

Participants

Patients who participated in an earlier trial (LDI-trial)16 and its follow-up study 
on long term scar quality6 were eligible. The LDI study included patients who 
were treated in Dutch burn centres between December 2011 and March 2013 for 
burns of indeterminate depth with a maximum Total Body Surface Area (TBSA) 
burned of 20%16. In the successor study6, long term scar quality was assessed 
in these patients in relation to the estimated healing potential, as assessed with 
the LDI. The inclusion criteria for this study were: 1) informed consent and 2) 
participation in scar assessment of both studies. The exclusion criteria were as 
follows: 1) reconstructive procedures performed on all study wounds, 2) formally 
ended participation and 3) mismatch in scars assessed at subsequent follow-ups. 

Ethics

For both studies6,16, approval from the Ethics Committee of the Maasstad Hospital 
was obtained (NL3784410111 and NL48539). Written informed consent was 
obtained from all participants.

Scar assessment  and measurement tools

Scars assessment consisted of objective and subjective measures, including the 
POSAS10 for subjective scar assessment by patient and observers and objective 
assessment of color with the Dermaspectrometer®(Cortex Technology ApS 
Hadsund, Denmark)14 and elasticity with the Cutometer®(Courage-Khazaka 
Electronic GmbH Cologne, Germany)15. The Dermaspectrometer® measures 
vascularity (erythema) and pigmentation (melanin)14. To analyze the indices 
for erythema and melanin, the absolute values of the difference between the 
scar and the normal skin were used. The Cutometer® Skin Elasticity Meter 575 
(was used for the objective and quantitative measurement of skin elasticity15. 
Scars were measured following a standardized method, including five scar 
(diamond shape plus centre) and two control measurements. Elasticity was 
analysed using the ratio of the respective values of the scar to normal skin. 
The first scar assessment was performed 3 months post-burn (T3)16 and final scar 
quality was not assessed until at least 18 months post-burn (T>18)6 to ensure fully 
matured scars17. Scar assessments were performed in the outpatient clinic of the 
treating burn centre. In case patients were willing to participate but unable to 
travel,  two 
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members of the research team visited these patients at home. All scar assessments 
were performed by trained and experienced members (burn physician, registered 
clinical research nurse or researcher) of the research team. Two members of the 
research team completed independently the Observer scale of the POSAS.  In young 
children, the patient scale was performed by or with the guidance of a parent. 
 
Predictive validity of the POSAS on long term scar quality

Predictive validity refers to the ability of a scale to predict a future state or outcome18. 
In this study the predictive validity of the POSAS completed at three months on 
long term scar quality (T>18) was assessed, for both the Patient and Observer scale.  
Predictive validity was determined in three ways. Primarily, the predictive validity 
was assessed by determining the discriminative ability, i.e. the ability to distinguish 
good versus reduced long term scar quality. This was expressed as the area under 
the curve (AUC) of the Receiver Operating Curve (ROC) of the POSAS T3 scores 
on the dichotomous outcome ‘good’ or ‘reduced’ long term scar quality. In the 
absence of an accepted classification for good or reduced long term scar quality, 
the median-split method was applied on the long term POSAS scores (T >18).  
Predictive validity was considered excellent with a AUC of ≥0.9, good 
from 0.8 to 0.899, adequate from 0.7 to 0.799 and poor when <0.719.  
Secondly, to monitor the development of specific scar characteristics over 
time, correlations between short term and long term scar quality were 
calculated using Spearman’s rho test. A correlation coefficient of >0.6 
was considered excellent, from 0.31 to 0.59 adequate and <0.30 poor20.  
Thirdly, to identify specific items as independent predictors of reduced long term 
scar quality, the items of the Patient and Observer scale (T3) were tested using 
linear regression, with a backward model. For this analysis, long term scar quality 
was represented as mean Patient and Observer scores and the score on the item 
‘overall opinion’.

Reliability of the POSAS

The following two reliability measures were assessed: internal consistency with the 
Cronbach’s alfa and inter-observer reliability by calculating intraclass correlations 
coefficients (ICCs) using the Two-Way-Random-effect model (consistency). Inter-
observer reliability was tested for two individual observers as well as between 
observers and patients. A scale is considered internally consistent with a Cronbach’s 
alpha from 0.70-0.9021. For ICCs a minimum value of 0.70 was considered as an 
acceptable reliable result18. 
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Construct validity of the POSAS T>18

Construct validity was assessed for specific dimensions of the POSAS and 
objective instruments (comparator instruments) measuring similar (sub)constructs. 
Correlations were calculated for the following parameters color (Patient scale) with 
the erythema index and melanin index (Dermaspectrometer®), stiffness (Patient 
scale) with five elasticity parameters (Cutometer®), vascularity and pigmentation 
(Observer scale) with erythema index and melanin index (Dermaspectrometer®) 
and pliability (Observer scale) also with five elasticity parameters measured with 
the Cutometer®(see table 4). Construct validity was determined by calculating ICCs 
using the Spearman’s rho, two-tailed test. Again, a correlation coefficient of >0.6 
was considered excellent, from 0.31 to 0.59 adequate and <0.30 poor.

Interpretability

Interpretability is the degree to which one can assign qualitative meaning 
to an instrument’s quantitative scores18 and comprised of the assessment of 
distribution of scores, floor- and ceiling effects, the relationship with change 
scores of other instruments and the smallest detectable change (SDC).  
Floor and/or ceiling effects may occur when a scale is used in a less or more 
severely diseased or injured population than in the population for which the scale 
was originally developed18 and was considered present if scores consisted of 
more than 15% of scores in the highest (10) or lowest possible category (1)22. The 
relationship with change scores of other instruments was determined by calculating 
ICCs (Spearman’s rho, two-tailed test) for change scores of the POSAS and 
simultaneously measured related objective parameters of color and elasticity. The 
SDC is the change beyond measurement error and was calculated by multiplying 
the standard deviation of the difference in score by 1.96 (SDC=1.96 X SDdifference)

18. 
This could only be calculated for the Observer scale as patients only complete the 
scale once at each follow-up. 

Statistical analysis

Data analyses were performed with SPSS Statistics 23 and MedCalc Statistical 
Software version 14.12.0 (Receiver Operating Curves). 
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RESULTS 

Patients

180 patients participated in the 3-month follow-up scar assessment and 141 patients 
participated in the assessment of long term scar quality. In 130 patients, identical 
scar areas were assessed at both subsequent follow-ups. Thus, these patients could 
be analyzed (see fi gure 1, fl owchart). The injuries had a mean TBSA burned of 5.2% 
(0.2-20, ±4.5) and were mainly caused by fl ame (43.1%) or scald (31.5%). Of all 
patients, 42.3% (n=55) underwent surgery for wound closure (see table 1). 

Figure 1. Patient inclusion fl owchart

LDI study

participants n=202

Follow-up Scar measurement three 

months

n=180

Follow-up scar measurement after 

18 months

n=141

Patients with identical scar areas 

measured

n=130

Exclusion
N=11, including

reconstructive surgery n=5
mismatch in region of 
interest assessed n=6

Lost to follow-up
n=39, including

no informed consent n=21
outdated contact details 

n=18
deceased n=2

Lost to follow-up

n=20, including

Dropped out n=19

Departure abroad n=1
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Table 1. Baseline patient, burn and treatment characteristics

*n=56 patient with full-thickness burns in cohort

Short term and long term scar quality

Scar quality improved signifi cantly between 3 and 18 months, as demonstrated by 
highly signifi cant (p<0.001) diff erences in mean POSAS scores, item scores and 
results of objective measurement tools (table 2). 

Sex: male (%)
Mean age at time of injury (range, SD)
Age Category (%)

0-4
5-17

18-65
>65

Etiology (%)
Scald

Flame
Other

Mean TBSA (range, SD)
Mean TBSA full-thickness (range, SD)*
Scar location

Head/Face/Neck
Trunk
Arm

Hand
Legs
Feet

Mean LOS in days (range, SD)
Surgery (%)
Reconstructive surgery (%)

n=130
87 (66.9)

32.0 (0-89, 22.6)
 

20 (15.4)
17 (13.1)

83 (63.8)
10 (7.7)

 
41 (31.5)
56 (43.1)
33 (25.4)

5.2 (0.2-20, 4.5)
3.2 (0-11. 2.5)

 
5 (3.8)

22 (16.9) 
45 (34.6)
27 (20.8)
22 (16.9)
9(6.9)

9.0(0-42, 9.7)
55 (42.3)

5 (3.8)

Participants

Mean age at time of injury (range, SD) 32.0 (0-89, 22.6)
Sex: male (%) 87 (66.9)

0-4 20 (15.4)

Scar location
Head/Face/Neck 5 (3.8)

Etiology (%)

Hand 27 (20.8)

Mean TBSA (range, SD) 5.2 (0.2-20, 4.5)

Surgery (%) 55 (42.3)

18-65 83 (63.8)

Trunk 22 (16.9) 

Flame 56 (43.1)

Feet 9(6.9)

n=130

Age Category (%)

>65 10 (7.7)

Arm 45 (34.6)

Other 33 (25.4)

Mean LOS in days (range, SD) 9.0(0-42, 9.7)

41 (31.5)Scald

22 (16.9)Legs

3.2 (0-11. 2.5)Mean TBSA full-thickness (range, SD)*

5 (3.8)Reconstructive surgery (%)
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Table 2. Scar quality evaluated with mean POSAS and item scores at 3 and after 18 
months post-burn

All changes over time were statistically signifi cant at the <0.001 

Patient scale
Mean Patient score
Pain
Pruritus
Color
Pliability
Thickness
Relief
Overall opinion
 
Observer scale
Mean Observer score
Vascularization
Pigmentation
Thickness
Relief
Pliability
Surface area
Overall opinion
 
Objective color
Erythema index
Melanin index
 
Objective elasticity
Max. extension (Uf)
Pliability (Ua)
Elasticity (Ue)
Retraction (Ur)
Visco-elasticity (Uv)

Mean

4.10
2.18
3.14
6.32
4.59
4.26
4.10
4.32
 
 
3.42
4.43
3.92
3.31
3.02
3.64
2.17
4.07
 
 
9.21
7.28
 
 
0.68
0.53
0.67
0.78
0.73

Std dev.

1.90
1.96
2.42
2.43
2.65
2.68
2.81
2.32
 
 
1.31
1.72
1.56
1.66
1.62
1.95
1.37
1.65
 
 
6.99
5.66
 
 
0.37
0.29
0.42
0.43
0.42

Median

3.75
1.00
2.00
7.00
5.00
4.00
3.00
4.00
 
 
3.17
4.00
4.00
3.00
2.50
3.50
2.00
4.00
 
 
8.10
6.30
 
 
0.64
0.50
0.64
0.70
0.66

2.50
1.00
1.00
5.00
2.00
2.00
2.00
2.00
 
 
2.33
3.00
3.00
2.00
2.00
2.00
1.00
3.00
 
 
3.40
2.60
 
 
0.42
0.35
0.38
0.50
0.46

5.33
3.00
5.00
8.00
7.00
6.00
6.00
6.00
 
 
4.42
5.63
5.00
4.50
4.00
5.00
3.00
5.50
 
 
12.25
10.15
 
 
0.86
0.65
0.87
0.98
0.89

Mean

2.44
1.18
1.68
3.50
2.71
2.74
2.76
3.23
 
 
1.94
1.84
2.46
1.91
1.99
1.95
1.56
2.34
 
 
4.12
3.48
 
 
0.83
0.88
0.80
0.78
0.93

Std. dev.

1.31
0.88
1.54
1.82
2.07
2.08
2.06
2.09
 
 
0.78
0.82
1.02
1.03
1.16
1.07
0.84
1.04
 
 
3.59
3.08
 
 
0.32
0.39
0.38
1.45
0.47

Median

2.17
1.00
1.00
3.00
2.00
2.00
2.00
2.00
 
 
1.75
2.00
2.00
2.00
1.50
1.50
1.00
2.00
 
 
2.90
2.70
 
 
0.84
0.85
0.81
0.85
0.93

1.33
1.00
1.00
2.00
1.00
1.00
1.00
2.00
 
 
1.31
1.00
2.00
1.00
1.00
1.00
1.00
1.63
 
 
1.03
1.13
 
 
0.59
0.57
0.53
0.56
0.74

3.00
1.00
1.00
5.00
4.00
4.00
4.00
5.00
 
 
2.42
2.00
3.00
2.50
2.50
2.50
2.00
3.00
 
 
6.88
5.08
 
 
1.03
1.15
1.02
1.17
1.10

After 18 months3 months

25-75 25-75

1.000.881.001.96Pain
1.331.312.501.90Mean Patient score

2.001.825.002.43Color

1.001.032.001.66Thickness
1.001.162.001.62Relief

2.002.092.002.32Overall opinion

1.631.043.001.65Overall opinion

Objective elasticity

1.000.823.001.72Vascularization

1.133.082.605.66Melanin index

0.561.450.500.43Retraction (Ur)

1.002.082.002.68Thickness

1.001.072.001.95Pliability

Observer scale

Objective color

0.570.390.350.29Pliability (Ua)

1.001.541.002.42Pruritus

1.002.062.002.81Relief

1.000.841.001.37Surface area

1.310.782.331.31Mean Observer score

1.033.593.406.99Erythema index

0.530.380.380.42Elasticity (Ue)

0.740.470.460.42Visco-elasticity (Uv)

0.590.320.420.37Max. extension (Uf)

2.001.023.001.56Pigmentation

Mean

2.18
4.10

4.59
6.32

4.26

4.32

3.14

4.10

4.43
3.42

3.31
3.02
3.64

4.07
2.17

7.28
9.21

3.92

0.53

0.78
0.67

0.73

0.68

Median

5.00

1.00
3.75

7.00

3.00
2.50

4.00

4.00

4.00

6.30

0.70

4.00

3.50

0.50

2.00

3.00

2.00

3.17

8.10

0.64

0.66

0.64

4.00

7.00

3.00
5.33

8.00

4.50
4.00

6.00

5.50

5.63

10.15

0.98

6.00

5.00

0.65

5.00

6.00

3.00

4.42

12.25

0.87

0.89

0.86

5.00

Mean

2.71

1.18
2.44

3.50

1.91
1.99

3.23

2.34

1.84

3.48

0.78

2.74

1.95

0.88

1.68

2.76

1.56

1.94

4.12

0.80

0.93

0.83

2.46

Median

2.00

1.00
2.17

3.00

2.00
1.50

2.00

2.00

2.00

2.70

0.85

2.00

1.50

0.85

1.00

2.00

1.00

1.75

2.90

0.81

0.93

0.84

2.00

4.00

1.00
3.00

5.00

2.50
2.50

5.00

3.00

2.00

5.08

1.17

4.00

2.50

1.15

1.00

4.00

2.00

2.42

6.88

1.02

1.10

1.03

3.00
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Predictive validity: prediction good versus reduced long term scar quality by 
mean POSAS scores at 3 months
 
The median-split method resulted in a cut-off score for ‘good’ or ‘reduced’ long 
term scar quality of 2.17 for the Patient scale scores and 1.75 for the Observer 
scale scores (see table 3). The Patient scale at three months had an adequate 
discriminative ability to discriminate between good and reduced long terms scar 
quality ( AUC of 0.728;  95%CI 0.640-0.804, p-value<0.001). The Observer scale 
performed significantly better (p-value=0.0259) than the Patient scale and had a 
good discriminative ability (AUC of 0.854; 95%CI 0.781-0.911, p-value<0.001).

Figure 2. Discriminative ability of the POSAS completed atthree months to 
discriminate between good and reduced long term scar quality. 
(a) Discriminative ability Patient scale. 
(b) Discriminative ability Observer scale. 
  

 

190409_BINNENWERK_HAROLDV3.indd   116 09-04-19   20:54



Predictive validity POSAS

117

Figure 3. Histograms mean Patient (a) and Observer (b) scale score >18 months.

Predictive validity: item correlations

In general, correlations between Patient items scored at 3 months and 18 months 
were predominately adequate with six out of seven items with a correlation 
between 0.323-0.459. The item color showed a poor correlation (0.148) (table 3a). 

Table 3. Long term scar quality outcome divided by the median split method into a 
‘good’ and ‘reduced’ long term scar quality groups

Overall, correlations between Observer items were higher than those of the 
Patient scale. Two out seven items had an excellent correlation, these were relief 
(0.605) and pliability (0.617), four items had an adequate correlation (0.320-
0.559) (vascularization, thickness, surface area and overall opinion) and one item 
(pigmentation) had a poor correlation (0.262) (table 4b). The Observer scale also 
showed adequate correlations between several pairs of items in most cases (19/21), 
contrary to the Patient scale (7/21) (4a & 4b).

Mean
1.49
3.57

 
1.33
2.58

1.40
3.27

 
1.27
2.42

1.00
2.33

 
1.00
1.83

1.57
3.86

 
1.38
2.74

2.17
6.67

 
1.75
5.17

Std. Dev.
0.35
1.11
 

0.23
0.63

Patient scale, median=2.17
Good long term scar quality
Reduced long term scar quality
Observer scale, median=1.75
Good long term scar quality
Reduced long term scar quality

Observer scale, median=1.75
6.671.113.27Reduced long term scar quality

5.170.632.42Reduced long term scar quality

1.40 2.170.35Good long term scar quality

1.750.231.27Good long term scar quality

95% CI RangeMean

3.57
1.49

2.58
1.33

3.86

2.74

1.57

1.38

2.33

1.83

1.00

1.00
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Table 4. Correlations between POSAS items scored at 3 months and after 18 months

4a. POSAS Patient scale items

All correlations signifi cant at the <0.05 level, except for correlations marked with *
Maximum missing values per correlation: n=6

4b. POSAS Observer scale items (mean scores of two Observers)

All correlations signifi cant at the <0.001 level, except for correlation marked with *
Maximum missing values per correlation: n=6

Pain
0.341
0.223
 0.123*
 0.099*
 0.105*
 0.081*
 0.072*

0.341
Pruritus

 
0.323
0.290
0.344
0.377
0.276
0.255

Thickness
 
 
 
 

0.366
0.405
0.274

Color
 
 

0.148*
0.258
0.089*
0.215
0.221

Irregularity
 
 
 
 
 

0.428
0.403

Overall 
opinion

 
 
 
 
 
 

0.459

Stiff ness
 
 
 

0.451
0.374
0.359
0.350

Pain
Pruritus
Color
Stiff ness
Thickness
Irregularity
Overall opinion

 0.123* 0.290Color
0.223 0.323Pruritus

0.374 0.105* 0.377Thickness

 0.072* 0.255 0.4030.350Overall opinion

0.451 0.099* 0.344Stiff ness

0.4280.359 0.081* 0.276Irregularity

0.148*

0.089*

0.221

0.258

0.215
0.366

0.274
0.405

0.459

              >18 months 
3 months

Vascularity
0.320
0.145*
0.326
0.364
0.424
0.283
0.336

0.320
Pigmentation

 
0.262
0.310
0.326
0.303
0.301
0.366

Pliability
 
 
 
 

0.617
0.440
0.570

Thickness
 
 

0.559
0.493
0.581
0.398
0.481

Surface 
area

 
 
 
 
 

0.397
0.511

Overall 
opinion

 
 
 
 
 
 

0.521

Relief
 
 
 

0.605
0.631
0.514
0.549

Vascularity
Pigmentation
Thickness
Relief
Pliability
Surface area
Overall opinion

0.326 0.310Thickness
0.145* 0.262Pigmentation

0.424 0.303 0.631Pliability

0.5110.5490.336 0.366Overall opinion

0.6050.364 0.326Relief

0.3970.5140.283 0.301Surface area

0.559

0.581

0.481

0.493

0.398
0.617

0.570
0.440

0.521

        >18 months 
3 months 
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0.34  0.16  0.52
0.21  0.07  0.34
     

Observer overall opinion
0.16  0.01  0.31
0.18  0.06  0.31

0.34  0.16  0.52

Predictive validity: predictors of reduced long term scar quality

The Patient scale items pain and stiff ness at three months were signifi cant predictors 
of reduced long term scar quality, represented as higher mean item scores as well as 
higher score on the item ‘overall opinion’ at T>18. Thickness was also an independent 
predictor of mean Patient scores, but this relation was non-signifi cant (p-value 0.087). 
The Observer scale items relief and pliability were independent predictors of 
reduced long term scar quality (table 5).

Table 5. Signifi cant predictors of reduced long term scar quality

Reliability

 The Patient scale showed good internal consistency (Cronbach’s alpha of 0.846 (T3) 
and 0.818 (T>18). The Observer scale completed at T3 and T>18 showed excellent 
and good internal consistency ( Cronbach’s alpha of respectively 0.916 and 0.871).  
Inter-observer reliability of patients versus observers was considered reliable at 
T>18 ( ICC= 0.759; 95%CI 0.657-0.831, p-value<0.001), but was only borderline 
reliable at three months (ICC 0.689; 95%CI 0.557-0.781, p-value<0.001). The 
opposite was observed for inter-observer reliability between two individual 
observers, which showed an excellent reliability at T3 (ICC of 0.950; 95%CI 0.921-
0.969, p-value<0.001), but only approached reliability at T>18 (ICC of 0.687;  95%CI 
0.558-0.779, p-value<0.001).

0.23   0.12   0.34
0.12               0.02  0.21
0.08              -0.01  0.17

Mean Observer scale score
0.18  0.08  0.29
0.12               0.03  0.21

0.23   0.12   0.34
Patients items
Pain
Stiff ness
Thickness
Observer items
Relief
Pliability

0.21  0.07  0.340.12               0.02  0.210.12               0.02  0.210.12               0.02  0.21Stiff ness

Observer overall opinionMean Observer scale scoreObserver items

0.18  0.06  0.310.12               0.03  0.210.12               0.03  0.21Pliability

     0.08              -0.01  0.170.08              -0.01  0.170.08              -0.01  0.17Thickness

0.16  0.01  0.310.18  0.08  0.290.18  0.08  0.29Relief

0.23   0.12   0.34
0.12               0.02  0.21
0.08              -0.01  0.17

0.12               0.03  0.21
0.18  0.08  0.29

0.34  0.16  0.52
0.21  0.07  0.34
     

0.18  0.06  0.31
0.16  0.01  0.31

0.34  0.16  0.52
0.21  0.07  0.34
     

0.18  0.06  0.31
0.16  0.01  0.31

              >18 months 
3 months

Linear regression

Mean Patient scale score
Coeffi  cients Coeffi  cients95% CI 95% CI

Patient overall opinion
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Construct validity

Construct validity was fairly consistent at three months between the POSAS items and 
the results of the two objective measurement tools. The Patient scale item color had 
adequate correlations with  erythema and melanin indices of the Dermaspectrometer® 
(0.279-0.462, p-value <0.05) at three months but this declined considerably at 18 
months to poor correlations (0.118, non-signifi cant and 0.229, p-value<0.05). The 
Observer scale items vascularity and pigmentation had an adequate correlation 
with respectively the Dermaspectrometer® erythema (0.403-0.319, p-value<0.001) 
and melanin indices (0.412-0.302, p-value<0.001) at both assessments (Table 6). 
The correlation between the POSAS items stiff ness and pliability and the fi ve 
Cutometer® parameters was adequate to good at three months but also declined 
considerably over time.

Table 6. Construct validity: correlations between subjective (POSAS) vs. objective 
measurement tools including change scores (within the context of interpretability)

A. Assessment color

Spearman’s Rho correlations
Color= Patient scale item, Vascularity and Pigmentation= Observer scale items

* correlations signifi cant at the <0.001 level
** correlations signifi cant at the <0.05 level

Color

0.462*
0.279*

Vascul.

0.403*

Vascul.

0.319*

Pigment

0.412*

Pigment

0.302*

Pigment

0.308*

Color

0.165
0.173

Vascul.

0.338*

Color

0.118
0.229**

Dermaspectrometer®
Erythema index
Melanin index

Dermaspectrometer®
Vascul. Pigment Vascul.Color

0.302*0.229**Melanin index
0.403* 0.338*0.118Erythema index

POSAS items T3 POSAS items T>18 Change scores
Color Vascul

0.279*
0.462* 0.403*

Pigment

0.412*

Vascul.

0.319*

Color

0.173
0.165

PigmentPigment

0.308*
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B. Assessment elasticity 

Spearman’s Rho correlations
* correlations signifi cant at the <0.001 level
** correlations signifi cant at the <0.05 level

Interpretability

Distribution of scores: At three months scar quality in the study cohort was 
heterogeneous with mean Patient scale scores of 4.10 (±1.90, median 3.75 and IQR 
of 2.83) and mean Observer scale scores of 3.42 (±1.31, median 3.17 and IQR of 2.09)  
(table 2).  After 18 months scars had improved signifi cantly and the distribution of 
scores was more narrow with mean Patient scale score of 2.44 (±1.31, median 2.17 and 
IQR 0.83) and mean Observer scale score of 1.94 (±0.78, median 1.75 and IQR of 1.11) 
(table 2). Floor and ceiling eff ects: No ceiling eff ects were observed. Relationship 
with change scores of other instruments: Correlations of change scores of the 
POSAS and the objective measurement tools were lower than the ICCs found for 
construct validity at three months, but substantially higher than those found at T>18. 
Smallest detectable change: the SDC of the Observer scale T3 was 1.80 and 1.33 for 
the T>18 assessment.

Stiff ness 
 

-0.479*
-0.417*
-0.534*
-0.331*
-0.318*

Pliability 
 

-0.580*
-0.530*
-0.620*
-0.429*
-0.453*

Pliability
 

-0.171
-0.164
-0.153
-0.159

-0.284**

Pliability 
 

-0.340*
-0.242**
-0.405*
-0.199**
-0.334**

Stiff ness 
 

-0.152
-0.195

-0.330*
-0.105
-0.044

Stiff ness 
 

-0.072
-0.124
-0.068
-0.137

-0.198**

Cutometer parameters®

Max. extension (Uf)
Pliability (Ua)
Elasticity (Ue)
Retraction (Ur)
Visco-elasticity (Uv)

Cutometer parameters®

Pliability PliabilityStiff ness Stiff ness Pliability Stiff ness 

-0.242**-0.164-0.530*Pliability (Ua)

-0.199**-0.159-0.429*Retraction (Ur)
-0.453* -0.284** -0.334**Visco-elasticity (Uv)

-0.340*-0.171-0.580*Max. extension (Uf)

-0.405*-0.153-0.620*Elasticity (Ue)

POSAS items T3 POSAS items T>18 Change scores
Stiff ness 

-0.417*
-0.479*

-0.331*
-0.318*

-0.534*

Stiff ness 

-0.124

-0.137
-0.198**

-0.072

-0.068

Stiff ness 

-0.195

-0.105
-0.044

-0.152

-0.330*
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DISCUSSION

This study assessed the predictive validity of the POSAS and showed evidence 
that final scar quality outcomes can be predicted by an early POSAS assessment 
at three months. The ability to discriminate good from reduced long term scar 
quality as assessed by the patient, using three months results was adequate 
while the observers’ ability was good. The superior performance of the Observer 
scale compared to the Patient scale, is probably caused by observers being 
more familiar with scar assessments than patients, two independent assessments 
by observers  instead of one assessment by  patients and less personal 
involvement of observers. Notwithstanding the more accurate performance 
of the Observer scale, in our opinion, the Patient scale remains the most 
relevant criterion in daily practise, as is reflects the patients’ perspective on 
their scar quality and thus the demand for follow-up or tailored scar treatment. 
Overall, the relationship between short term and long term scar quality was 
adequate. Items regarding more tactile scars features, such as thickness, relief 
and pliability/stiffness, demonstrated higher correlations than the solely visible 
items regarding color (vascularity and pigmentation). This can be explained by 
the normal pattern of scar maturation, in which erythema is mostly present in 
the early active phase and deviation in pigmentation becomes more prominently 
present (and visible) later in the maturation process as erythema diminishes23,24.  
Furthermore, this study identified pain and stiffness (Patient scale) and relief and 
pliability (Observer scale) as the most significant predictors for reduced long 
term scar quality. We hypothesise, that the predictive value of pain (discomfort) 
reflects an early pathophysiologic expression of tissue injury doomed to 
pathologic sequelae, as in general, pain in closed wounds is limited three months 
post-burn. Further research, is necessary to elucidate this relationship.  Eskes et 
al. reported somewhat deviant results in a cross-sectional study that used the 3 
months POSAS scores to determine cosmetic satisfaction of donor sites25. In their 
study, itching and relief of the Patient scale and pigmentation and pliability of 
the Observer scale were found to be the most predictive items. This difference 
is due to the differences in study design and the different nature of the scars. 
Next to predictive validity, we assessed the reliability of the POSAS. We 
found good to excellent reliability regarding internal consistency compared 
to the original POSAS article of Draaijers et al10. Inter-observer reliability of 
the Observer scale scored significantly better at T3 (ICC of 0.950) than at 
T>18 (0.687), most likely due to the smaller variation in scar quality at T>1826. 
The opposite was observed for the inter-observer reliability between patient 
and observers with an ICC of 0.689 for T3 and 0.759 for the T>18 assessment, 
however this difference was non-significant (>moderate overlap of CIs)27.  
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Finally, construct validity was assessed and was found only partly consistent with 
the hypotheses as construct validity was only adequate at T3 but declined at T>18. 
Again, this might be explained mathematically, as Spearman’s Rho correlations 
decrease significantly in homogeneous study samples. After 18 months, the majority 
of the scars in our study sample were matured and asymptomatic and probably also 
more accepted by patients than at three months (see table 2).  Construct validity 
at three months was comparable to two studies of Draaijers et al.14,15. However, in 
our study only two instead of four observers were needed to obtain these results.  
Recently Kishikova et al, published a flowchart with a protocol for patient selection 
for outpatient follow-up following initial treatment after burns28. This flowchart 
was solely based on the healing time of the burn wound. We propose that our 
method using a PROM as a screenings instrument is preferable. Because all relevant 
patient, burn and treatment related factors on scar quality, and most importantly 
the patients’ perspective, are included in the first POSAS assessment at three 
months. Further analysis of the ROC curves revealed an optimal score of >2.83 
at three months (maximum sensitivity + specificity) for predicting an increased 
risk of reduced long term scar quality. Further studies are needed to validate this 
cut-off point, with special focus on the items pain, stiffness/pliability and relief, 
to determine whether the POSAS is suitable as a screenings instrument. Finlay et 
al recently published a comparable study with a similar goal, namely predicting 
post-burn quality of life, another important outcome of modern burn care and 
found a high overall accuracy in predicting good post-burn quality of life29. 
The strength of this study was its design, in which two identical scar assessments 
of predefined scars were combined to assess the predictive validity of the POSAS. 
Also, the median-split method did seem to adequately distinct two separate 
groups as visualized by the histograms of mean POSAS scores. This distinction 
resulted in a group of patients with scars almost non-deviant from normal skin 
and a group of patients whose scar severity varied from moderate to severe. 
Despite the exclusion of severe burns (TBSA burned>20%), the study cohort was 
representative for a Dutch specialised burn population regarding characteristics of 
epidemiology, TBSA, aetiology etc.30. A limitation of our study is that we did not 
take into account the effect of conservative scar treatment in the analysis of scar 
quality. In Dutch burn centres, patients who underwent excision and grafting are 
offered pressure garments. Regardless of the fact that there is almost no conclusive 
evidence that supports beneficial effects on scar quality1,31. The main purpose of this 
conduct is to reduce or shorten symptoms of active scarring such as pruritus and 
pain. Pressure garments therapy also did not interfere with the status of the scars 
during study assessments as pressure garments therapy generally commenced 
after three months post-burn and already ended after the first year post-burn.  
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Future studies should focus on validating the cut-off point in POSAS 
scores of >2.83 found in this study, in order to determine the suitability 
of the POSAS as a screenings instrument in outpatient follow-up. 
In conclusion, long term scar quality after burns can be predicted by an early POSAS 
assessment at three months. The results of this study might be helpful in the decision-
making of selecting patients for outpatient follow-up for specialised burn care. 
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ABSTRACT

Background: Burn injuries may cause long term disability and work absence, and 
therefore result in high healthcare and productivity costs. Up to now, detailed 
information on return to work (RTW) and productivity costs after burns is lacking. 
Aims: The aim of this study was to accurately assess RTW after burn injuries, to 
identify predictors of absenteeism and to calculate healthcare and productivity 
costs from a societal perspective.
Methods: A prospective cohort study was conducted in the burn centre of 
Rotterdam, the Netherlands, including all admitted working-age patients from 1 
August 2011 until 31 July 2012. At 3, 12 and 24 months post-burn, patients were sent 
a questionnaire: including the Work and Medical Consumption questionnaire for 
the assessment of work absence and  medical consumption and the EQ-5D-3L plus 
a cognitive dimension to assess post-burn and pre-burn quality of life (QOL). Costs 
analysis were from a societal perspective according the micro-costing method 
and the friction cost method was applied for the calculation of productivity loss. 
Univariate logistic regression was used to identify predictors of absenteeism at 
three months.

Results: A total of 104 patients were included in the study with a mean total 
body surface area (TBSA) burned of 8% (median 4%). 66 respondents were pre-
employed, at 3 months 70% was back at work, at 12 months 92% and 8% had not 
returned to work at time of final follow-up at 24 months. Predictors of absenteeism 
at 3 months were: TBSA, length of stay, ICU-admission and surgery. Mean costs 
related to loss in productivity were €11.916 [95% CI 8.930-14.902] and accounted 
for 30% of total costs in pre-employed respondents in the first two years.

 

Conclusion: This two year follow-up study demonstrates that burn injuries cause 
substantial and prolonged productivity loss amongst burn survivors with mixed 
burn severity. This absenteeism contributes to already high societal costs of burn 
injuries. Predictors of absenteeism found in this study were primarily fixed patient 
and treatment related factors, future studies should focus on modifiable factors, 
in order to improve RTW outcomes. Also, more attention in the rehabilitation 
trajectory is needed to optimally support RTW in burn survivors.
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BACKGROUND

Severely injured burn victims nowadays have an increased chance of survival as a 
result of major improvements in burn care. The reduction in overall mortality leads to 
a greater proportion of burn survivors in Western society1-4. Patients with extensive 
burns are particularly prone to serious morbidity (e.g. scar formation, contractures, 
pain, psychological stress, weakness) which makes  return to work and society 
challenging5-7. Considerable effort is put into the development of multidisciplinary 
and early rehabilitation programs for this specific patient population. Studies on the 
(final) outcome of the programs mainly focus on measurements during the clinical 
period such as length of stay efficiency, functional independence measurement (FIM) 
scores, and discharge destinations8. More recently return to work (RTW) has gained 
interest as an important outcome after burn care9. Work is an important source 
of income and also beneficial for many health-related, social and societal aspects 
for individuals10. Two recent systematic reviews showed that 28.0-33.6 % of burn 
victims had not returned to any form of work at time of final follow-up (1-24 months), 
emphasizing the need for attention to this consequence of burn care11, 12. These data 
were often based on study populations of severe burns in specialised burn care. It is 
unclear whether these figures apply to the Dutch population of patients with burns 
receiving specialised burn care, which includes patients with less severe burns as 
well. A recent study on the epidemiology of severe burns in the Netherlands, showed 
that 54% of the burn injuries affect the working-age population. In this working-
age population, i.e. 18 to 65 years of age, 1 in 5 injuries was sustained at work4. 
Recently, a guideline was developed for the work (vocational) evaluation following 
burn injuries13. The International Classification of Functioning (ICF) is the core set, used 
to identify key factors and processes relevant to an employment evaluation, including 
individual body structures and functions, activity limitations and participation 
restrictions and personal and environmental supports to successful return to work.   
Several reviews identified factors that play an important role in RTW after 
burns: including age, comorbidity, psychological/psychiatric factors, pre-
burn employment status (employed or self-employed) and other job-related 
factors, insurance status, total body surface area (TBSA) of partial (PTB) 
and full thickness burns (FTBS), burn location (hand and facial involvement), 
pain and several treatment characteristics, as a proxy of severity (surgical 
procedures, the use of skin grafts and length of hospital stay (LOS))11-13. 
Specialised burn care in high income countries is known to be an expensive type 
of care. Costs include direct medical costs as well as costs related to productivity 
loss and informal care.  Factors that contribute particularly to high direct medical 
costs are burn centre stay (ICU and non-ICU) and surgery14, 15. Studies on costs 
related to productivity loss and informal care are limited and show mixed results. 
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Sanchez et al. estimated that the majority of the total burn care cost to society 
was related to these costs;  the direct medical costs represented only 19.6% of the 
total costs of burn care in Spain16. In a study on Dutch specialised burn care, the 
costs related to direct medical costs were an estimated 80% of the total societal 
costs, costs of informal care however were not included17. In the present economic 
climate healthcare costs are a heavy burden on national budgets, therefore it 
is important to gain insight in costs to society of specific patient populations. 

The aim of this study was to provide more detailed information on the prevalence of 
absenteeism after burns in a Western European country and to identify predictors 
of absenteeism after specialised inpatient burn care. In addition, we will calculate 
healthcare and productivity costs of burn injuries in a working age population.
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PATIENTS AND METHODS

Study design and clinical setting
This study was part of a larger prospective cohort study with a two year follow-
up on economic burden of burn injuries17. This study was conducted in the Burn 
Centre of the Maasstad Hospital Rotterdam, one of the three Dutch specialised 
burn centres. Which has the southern and southern-east part of the country as 
referral region and is responsible for 40% of all admissions in specialised burn care 
in the Netherlands. 

Ethics
The study was approved by the Ethics Committee of the Maasstad Hospital 
Rotterdam, the Netherlands under the registration number METC 2011-34.

Study population
From 1 August 2011 until 31 July 2012,  patients admitted with a burn-related injury 
were asked to participate. All admitted patients consented to participate in the 
study. For this study patients in the working age, defined as 18 to 65 years of 
age, were selected. Patients with insufficient knowledge of the Dutch language or 
otherwise unable to answer the questionnaire were excluded from the questionnaire 
study. 

Outcome assessment
Return to work was defined, by consensus by members of the research team, 
as return to the same employer. RTW was assessed with the Work and Medical 
Consumption questionnaire, a 25-item generic questionnaire that aims to cover all 
absenteeism, and indirect and direct non-medical costs in the intervening periods 
between two subsequent follow-up assessments. This questionnaire is based 
on a validated questionnaire developed by the Institute for Medical Technology 
Assessment (http://www.imta.nl/questionnaires/) and originally developed to 
assess productivity loss and medical consumption in a population with psychiatric 
illness18. For the purpose of this study, the questionnaire was minimally adjusted 
in order to include all relevant healthcare professionals of burn patients. The 
questionnaire includes the pre-burn employment status in full-time equivalent 
(fte) and the level of education of both the burn victims as well as their partners.  
Health-related QOL was measured both pre- and post-burn, with the Dutch version 
of the EQ-5D-3L plus a cognitive dimension19. QOL was reported dichotomous as 
optimal or suboptimal. Suboptimal was defined as at least some problems on at 
least one dimension of the EQ-5D-3L plus cognitive dimension descriptive system. 
Pre-burn QOL was assessed within the first week of admission, or as soon as 
possible afterwards.
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Data collection
At three months, one year and two years post-burn patients were sent postal 
questionnaires on RTW, medical consumption, non-healthcare costs and quality of 
life of the intervening periods between two subsequent follow-up assessments17. Non-
responders at any previous follow-up moment were addressed again at subsequent 
follow-ups. For the assessment of RTW of both patients and partners an algorithm 
was used to combine the data on RTW at three different follow-up moments.  
For the calculation of the mean absent days a maximum amount of working 
days per period was determined: 64 days at three months, 260 days at 1 
year and 520 days at two years. In case of missing data on the time to return 
to work in respondents with reported absenteeism, the number of working 
days during the length of stay was used as a proxy. In case of inconsistency or 
ambiguities in the responses, patients were contacted by phone for clarification. 
Data on several patient, burn and treatment characteristics such as gender, 
age, postal code area, aetiology, % TBSA burned, burn location, LOS and 
surgery  (see table 1) were obtained from the Dutch Burn Repository R3, a 
uniform national registration for Dutch specialised burn care. Additional detailed 
data on treatment were obtained from the electronic medical record system.  
Socio-economic status was an aggregate proxy based on income, 
education and work participation in patients’ postal code area, according 
to the method of The Netherlands Institute for Social Research (2014)20. 
 
Data analysis
Response rates were calculated for each follow-up period separately as the 
percentage of respondents from all eligible patients at the start of the study. 
Additionally, an overall response rate (i.e. patients who returned at least one 
questionnaire) was calculated.
 
Cost-analysis
The cost analysis was performed in accordance with the Dutch guidelines21. 

Costs were calculated from a societal perspective including direct healthcare 
costs,  direct non-healthcare costs (travel costs) and indirect non-healthcare costs 
(productivity loss). Real medical costs were calculated by multiplying 
the volumes of healthcare use with the corresponding unit prices. Cost prices were 
derived from our financial department and Dutch guidelines21 and were presented 
before in a recent study by Hop et al17. A bottom up approach was applied (following 
the micro-costing method of Gold et al.)22. The costs applied to the financial year 2012. 
Costs from loss of economic productivity due to absenteeism or premature 
mortality were calculated using the friction cost method. This method accounts 
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for the fact that everybody is replaceable within a certain period of time, which is 
related to the unemployment rate and mobility of the labour market (friction period 
of 160 days)21, 23, 24. Total costs due to productivity loss of patients and their partners 
were calculated using standardised sex-specific hourly wages which were derived 
from the Dutch Guidelines21. The friction cost method is not related to the workers 
compensation in the Netherlands, as workers compensation includes 100% refund 
within the first year.

Statistical analysis

The non-response analysis was conducted with the Chi-square for categorical data 
and the non-parametric Mann Whitney U test for continuous data. An univariate 
logistic analysis was conducted to identify patient, treatment and burn-related 
predictors of absenteeism at three months.  Bootstrapping (1000 times) was 
used to estimate mean costs and to calculate 95% confidence intervals (CI). Data 
analyses were performed with SPSS Statistics 20 and 22 (bootstrap).
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RESULTS
Patient, burn and treatment characteristics
During the study period of one year, 249 patients were admitted to our burn centre of 
the Maasstad Hospital. From this initial cohort, 140 patients (56%) were in the working-
age (18-65 years) at time of admission. The mean age of the working-age cohort 
was 38.4 years, male patients were overrepresented (66%). The mean TBSA was 8% 
(median 4%). In one out of four cases the burn injury was directly work-related. (table 1). 
From the working-age cohort 104 patient (74%) could be included for further follow-
up (see fi gure 1). The most frequent reasons for exclusion were language barrier (n=16) 
and otherwise unable (e.g. ongoing psychiatric disorder) to participate (n=12)(fi gure 1). 
In 92 out of 104 patients (88%) data on employment, RTW and duration of 
absenteeism were available. A total of 66/92 patients (72%) was employed 
pre-burn with a mean of 36 hours/week (1 fte). Unemployed respondents were 
signifi cantly older (44.1 vs. 37,2, p-value 0.027), had a lower self-reported pre-
burn health-related QOL (74.5 vs. 88.9, p-value<0.001), were less likely to have 
a partner (46%, vs. 77%, p-value 0.004) and had more often a (history of a) 
psychiatric condition (27%, vs. 0%, p-value <0.001) than employed respondents.

Figure 1. Flowchart of patient inclusion

Patients admitted during study

period n=249

Included in prospective cohort

n=140

Eligible for questionnaire study

n=104

One year follow-up questionnaires 

n=69 (66%)

-lost to follow-up n=4

-Deceased n=1

Two year follow-up
questionnaires n=74 (71%)

- Lost to follow-up n=8
-Deceased n=1

Excluded from questionnaires 
study n=36:

- Language barrier n=16 (44%)
- Psychiatric/unable n=12 (33%)

- Untraceable n=8 (22%)

Excluded from prospective

cohort:

-Age <18 or >65 n=105

- Patients died n=4

Respondents at >1

questionnaire

n=92 (88%)

Three months follow-up
questionnaires n=72 (69%)
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Table 1. Patient, burn and treatment characteristics of working age population by response

* Missing values n=2 
** Missing values n=6 in non-response group
*** More than one body region aff ected per patient is possible
† Signifi cant diff erence between responders and non-responders at 5% level

94 (67)
37.4 (27.7-48.5)

 
45 (32)
50 (36)
45 (32)

 
49 (37)
24 (18)
23 (17)
22 (16)
16 (12)
17 (12)

 

31 (22)
72 (51)
37 (26)
35 (25)

4.3 (1.0-10.0)
 

67 (48)
48 (34)
58 (41)
75 (54)
17 (12)

49 (35)
18 (13)

 8.0 (1.3-20.8)

37 (26)
 

74 (53)
37 (26)
29 (21)
5 (4)
10 (7)

 
116 (83)

6 (4)
8 (6)
4 (3)
6 (4)

29 (60)
37.4 (28.2-

43.0)
 

16 (33)
22 (46)
10 (21)

 21 (50)
6 (14)
7 (17)
7 (17)
1 (2)

10 (21)
 

13 (27)
21 (44)
14 (30)
12 (25)

2.3 (1.0-8.8)
 

19 (40)
14 (29)
15 (31)

29 (60)
6 (13)

16 (33)
7 (15)

3.0 (1.0-17.0)

15 (31)
 

29 (60)
10 (21)
9 (19)

0
2 (4)

 
35 (73)
2 (4)
5 (10)
4 (8)
2 (4)

Sex: male (%)
Median age (25th-75th)
Age Category (%)

18-30
31-44
45-65

Educational level (%)*
low

high
Socio-economic status (%)**
lowest                                     1.

                                            2.
                                            3.
                                            4.

highest                                  5.
(History of) 
psychiatric conditon (%) †
Aetiology (%)

Scald
Flame
Other

Work related (%)
Median TBSA (25th-75th)
Body region aff ected***

Head/Face/Neck
Trunk
Arm

Hand
Buttocks/Genitals

Legs
Feet

Median hospital days 
(25th-75th) †
IC admission (%)
Surgery (%)

0
1

2 or more
Re-admission (%)
Reconstructive surgery (%)
Discharge destination (%)

Home
Rehabilitation

Mental Health Care
Hospital/Burn center

Other 

Work related (%)

0

24 (18)
23 (17)
22 (16)
16 (12)
17 (12)

72 (51)

94 (67)

35 (25)
4.3 (1.0-10.0)

67 (48)
48 (34)

75 (54)

18 (13)

37 (26)

74 (53)
37 (26)
29 (21)
5 (4)
10 (7)

116 (83)
6 (4)
8 (6)
4 (3)
6 (4)

35 (25)

74 (53)

6 (14)
7 (17)
7 (17)
1 (2)

10 (21)

21 (44)

29 (60)

12 (25)
2.3 (1.0-8.8)

19 (40)
14 (29)

29 (60)

7 (15)

15 (31)

29 (60)
10 (21)
9 (19)

0
2 (4)

35 (73)
2 (4)
5 (10)
4 (8)
2 (4)

12 (25)

29 (60)

65 (71)
37.5 (25.8-51.3)

 
29 (32)
28 (30)
35 (38)

22 (24)
68 (66)

 
28 (30)
18 (20)
16 (17)
15 (16)
15 (16)
7 (8)

 

18 (20)
51 (55)
23 (25)
23 (25)

5.0 (1.5-10.0)
 

48 (53)
34 (37)
43 (47)
46 (50)
11 (12)

33 (36)
11 (12)

 10.5 (2.3-23.0)

22 (24)
 

45 (49)
27 (29)
20 (22)

5 (5)
8 (9)

 
81 (88)
4 (4)
3 (3)
0 (0)
4 (4)

0.301
0.345
0.081

0.086

0.045

0.397

1.00
0.213

0.216
0.463
0.113

0.320
1.00
0.911
0.861

0.024

0.176
0.408

0.671
0.045

18-30 45 (32) 29 (32)
Age Category (%) 43.0) 0.081

45-65 45 (32) 22 (46)35 (38)

Socio-economic status (%)** 0.086

                                            4. 22 (16) 7 (17)15 (16)

Head/Face/Neck 67 (48) 19 (40)48 (53) 0.216

Re-admission (%) 5 (4) 05 (5)

low 22 (24)

                                            2. 24 (18) 6 (14)18 (20)

Median TBSA (25th-75th) 4.3 (1.0-10.0) 2.3 (1.0-8.8)5.0 (1.5-10.0) 0.213

1 37 (26) 10 (21)27 (29)

Flame 72 (51) 21 (44)51 (55)

IC admission (%) 37 (26) 15 (31)22 (24) 0.176

Feet 18 (13) 7 (15)11 (12) 0.861

Hospital/Burn center 4 (3) 4 (8)0 (0)

(History of) 17 (12) 10 (21)7 (8) 0.045

Arm 58 (41) 15 (31)43 (47) 0.113

Discharge destination (%) 0.045

Aetiology (%) 0.397

Buttocks/Genitals 17 (12) 6 (13)11 (12) 1.00

Rehabilitation 6 (4) 2 (4)4 (4)

Median age (25th-75th) 37.4 (27.7-48.5) 37.4 (28.2-37.5 (25.8-51.3) 0.345

31-44 50 (36) 16 (33)28 (30)

high 68 (66)

                                            3. 23 (17) 7 (17)16 (17)

Body region aff ected***

2 or more 29 (21) 9 (19)20 (22)

Other 37 (26) 14 (30)23 (25)

Surgery (%) 0.408

8.0 (1.3-20.8) 3.0 (1.0-17.0) 10.5 (2.3-23.0)

Other 6 (4) 2 (4)4 (4)

Educational level (%)* 10 (21)

lowest                                     1. 49 (37)  21 (50)28 (30)

Scald 31 (22) 13 (27)18 (20)

(25th-75th) †

Legs 49 (35) 16 (33)33 (36) 0.911

Mental Health Care 8 (6) 5 (10)3 (3)

highest                                  5. 16 (12) 1 (2)15 (16)

Trunk 48 (34) 14 (29)34 (37) 0.463

Reconstructive surgery (%) 10 (7) 2 (4)8 (9) 0.671

psychiatric conditon (%) †

Hand 75 (54) 29 (60)46 (50) 0.320

Home 116 (83) 35 (73)81 (88)

Total cohort
n=140

Response
n=92

Non response
n=48

P-values
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Response rate 
Response rates were 69% (72/104) at 3 months, 66% (69/104) at 12 months and 
71% (74/104) at 24 months (figure 1). At one year and two year respectively 3 
and 7 questionnaires were undeliverable due to outdated contact information. The 
non-response analysis revealed that a psychiatric condition and a short LOS were 
significantly related to non-response at three months follow-up (table 1).
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Return to Work
After three months, 70% (46/66) had returned to work. Between three months and 
one year post-burn, another 15 patients returned to work (RTW at 12 months: 92% 
(61/66) ), and the remaining 5 patients had still not returned to work at 24 months 
post-burn. The mean time to RTW at two years was 59.3 (median 30.0) working 
days (see table 2). In three respondents after minor burns and with reported 
absenteeism but missing data on time to work, the total LOS was used as proxy.
From the 92 respondents 45 (49%) had an employed partner. Partners had a mean 
reported absenteeism of 11.2 days. Two partners had more extensive absenteeism due 
to their partners burns which ended between one year and two years post-burn (table 2). 
Analysis of the 5 patients that had not returned to work at fi nal follow-up revealed 
two patients with severe burn injuries sustained at work (TBSA burned 12% and 
75.5%) and an extensive course of treatment (LOS 69 and 77 days). However, 
3/5 patients had minor burn injuries with a TBSA ranging from 3-5%, treated 
conservatively during a relatively short LOS (3-16 days). Full details of these 5 
patients are shown in table 3.

Table 2. Return to Work and days absent in pre-employed respondents (n=66) and 
partners (n=45)

Pre-employed patients
at 3 months (%)
at 12 months (%)
at 24 months (%)
 
Pre-employed partners
at 3 months (%)
at 12 months (%)
at 24 months (%)

n=66
20 (30)

5 (8)
5 (8)

 
n=45
4 (9)
2 (3)
0 (0)

 
27.0 (0-64, 23.6)
49.1 (0-260, 62.7)
59.3 (0-520, 109.1)

 
 

5.4 (0-36, 9.3)
9.2 (0-138, 24.2)
11.2 (0-207, 35.3)

at 24 months (%) 5 (8) 59.3 (0-520, 109.1)
at 12 months (%) 5 (8) 49.1 (0-260, 62.7)

Pre-employed partners n=45

at 12 months (%) 2 (3) 9.2 (0-138, 24.2)

at 3 months (%) 20 (30) 27.0 (0-64, 23.6)

at 3 months (%) 4 (9) 5.4 (0-36, 9.3)

at 24 months (%) 0 (0) 11.2 (0-207, 35.3)

Continued
Absenteeism

Cumulative mean absent days
(range, SD) 
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Table 3. Overview of patient, burn and treatment characteristics of patients (n=5) 
with continued absenteeism at 24 months

* based on electronic medical record system and questionnaires

Gender 
Age
Partner
Pre-burn employment
Aetiology
Work-related
TBSA (%)
TBSA FT (%)
Facial involvement 
Hand involvement
Inhalation injury
Number of operations
Length of stay (days)
Number of ICU-days
Outpatient visits after 3 
months
Number of reconstructive 
procedures
Hr-QOL (EQ-5D VAS score)

Pre-burn
24 months post-burn

Possible explanation*

3
Male
32
Yes

Full-time
Flame

No
3
0

Yes
Yes
No
0
8
0
3

0

85
25

Signs of 
PTSD

1
Male
37
Yes

Full-time
Flame

No
5
0

Yes
Yes
No
0
16
0
0  

0

100
85

None

5
Male
45
Yes

Full-time
Flash burn

Yes
3
0

Yes
No
No
0
4
0
1

0

80
80

Signs of 
PTSD

1

Signs of 

3 5

Signs of 

2
Male
54
Yes

Full-time
Flame

Yes
12
3

Yes
Yes
No
3

30
12
54

1

85
70

Functional 
impairment

4
Male

51
No

Full-time
Flash burn

Yes
75.5
50
Yes
Yes
No
6

69
39
13

0

90
75

Functional 
impairment

Partner Yes Yes YesYes No
Age 37 32 4554 51

Aetiology Flame Flame Flash burnFlame Flash burn

Outpatient visits after 3 0  3 154 13

Facial involvement Yes Yes YesYes Yes

Hr-QOL (EQ-5D VAS score)

Length of stay (days) 16 8 430 69

PTSD PTSDimpairment impairment

TBSA (%) 5 3 312 75.5

Number of reconstructive 0 0 01 0

Inhalation injury No No NoNo No

24 months post-burn 85 25 8070 75

Gender Male Male MaleMale Male

Pre-burn employment Full-time Full-time Full-timeFull-time Full-time

TBSA FT (%) 0 0 03 50

procedures

Number of operations 0 0 03 6

Possible explanation* None Signs of Signs of Functional Functional 

Work-related No No YesYes Yes

months

Hand involvement Yes Yes NoYes Yes

Pre-burn 100 85 8085 90

Number of ICU-days 0 0 012 39
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Predictors of absenteeism at three months
Signifi cant predictors of absenteeism at 3 months post-burn were TBSA per extra 
percent (OR=1.11, 95% CI 1.02-1.21), length of stay per extra day (OR 1.08, 95% CI 
1.02-1.14), any surgical procedure (OR 4.82, 95% CI 1.55-15.5) and admission at the 
intensive care unit (OR 4.44, 95% CI 1.29-15.35)(table 4). Trends (p<0.10) were seen 
towards predictors related to lower socio-economic status (OR 2.6, 95% CI 0.86-7.9) 
and the presence of facial burns (OR 3.0, 95% CI 0.94-9.62). Pre-burn health-related 
QOL was not a signifi cant predictor for absenteeism at three months, however, 
patients who did not RTW at three months more often reported a suboptimal QOL 
compared with patients who did RTW (75% vs. 33%, p-value 0.008).

Table 4. Predictors for absenteeism at 3 months (n=66)

* at least some problems on at least one dimension of the EQ-5D-3L plus 
cognitive dimension descriptive system .

Gender male (%)
Median age (25th-75th)
Age Category

18-30
31-44
45-65

Pre-burn hr-QOL*
suboptimal

Socio-economic status 
(%)

low
Educational level (%)

low
Relationship (%)
Work related (%)
Median TBSA (25th-75th)
Hand burns (%)
Facial burns (%)
ICU admission (%)
Median LOS (25th-75th)
Surgical procedure (%)

OR
 

1.06
1.01

 
0.67
0.67

1.42
 

2.60
 

1.58
1.06
1.52
1.11
1.74
3.00
4.44
1.08
4.82

RTW
n=46

34 (74)
35.8 (23.2-46.3)

18 (39)
14 (30)
14 (30)

9 (20)
 

11 (24)
 

8 (17)
34 (74)
14 (30)

3.2  (1.0-7.0)
19 (41)
23 (50)
6 (13)

6.5 (1.0-11.3)
15 (33)

p-value
 

0.925
0.783

 
0.539
0.539

0.633
 

0.092
 

0.477
0.926
0.45

0.023
0.307
0.065
0.018
0.005
0.007

RTW

14 (30)

9 (20)

11 (24)

8 (17)

23 (50)

6.5 (1.0-11.3)
15 (33)

OR p-valueNot RTW
n=20

15 (75)
37.9 (28.1-50.0)

6 (30)
7 (40)
7 (40)

3 (15)
 

9 (45)
 

5 (25)
15 (75)
8 (40)

8.0 (5.1-13.6)
11 (55)
15 (75)
8 (40)

21.0 (9.8-30.5)
14 (70)

95% Cl
 

0.39-2.79
0.96-1.04

 
0.18-2.43
0.18-2.43

0.34-5.91
 

0.86-7.9
 

0.45- 5.62
0.32-3.54
0.51-4.55
1.02-1.21

0.60-5.01
0.94-9.62
1.29-15.35
1.02-1,14
1.55-15.5

Median age (25th-75th) 35.8 (23.2-46.3) 1.01 0.78337.9 (28.1-50.0) 0.96-1.04
Gender male (%) 34 (74) 1.06 0.92515 (75) 0.39-2.79

18-30 18 (39) 6 (30)

Relationship (%) 34 (74) 1.06 0.92615 (75) 0.32-3.54

suboptimal 9 (20) 1.42 0.6333 (15) 0.34-5.91

Facial burns (%) 23 (50) 3.00 0.06515 (75) 0.94-9.62

Educational level (%)

45-65 14 (30) 0.67 0.5397 (40) 0.18-2.43

Median TBSA (25th-75th) 3.2  (1.0-7.0) 1.11 0.0238.0 (5.1-13.6) 1.02-1.21

(%)

Median LOS (25th-75th) 6.5 (1.0-11.3) 1.08 0.00521.0 (9.8-30.5) 1.02-1,14

n=46 n=20

Age Category

Pre-burn hr-QOL*

Hand burns (%) 19 (41) 1.74 0.30711 (55) 0.60-5.01

low 11 (24) 2.60 0.0929 (45) 0.86-7.9

Surgical procedure (%) 15 (33) 4.82 0.00714 (70) 1.55-15.5

31-44 14 (30) 0.67 0.5397 (40) 0.18-2.43

Work related (%) 14 (30) 1.52 0.458 (40) 0.51-4.55

Socio-economic status 

ICU admission (%) 6 (13) 4.44 0.0188 (40) 1.29-15.35

low 8 (17) 1.58 0.4775 (25) 0.45- 5.62
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Costs of burn injuries in a working age population
Mean costs for specialised burn care were €27.147 per patient in the working age 
population  (table 5). In the subgroup of respondents the mean costs for specialised 
burn care were higher with €31.027, in line with the longer LOS of respondents.  
Data on costs related to patients costs (productivity and travel costs) and other 
healthcare costs (non-specialised burn care) were available in respondents 
only. Patients costs were €9.841 and almost entirely consisted of productivity 
loss of €8.549. The mean costs due to loss of productivity in pre-employed 
patients were €11.916 and accounted for 30% of total costs during the two 
year follow-up. Mean costs due to loss of productivity of partners were €891.  
Comparison of costs between employed and unemployed patients showed no 
significant difference in mean total costs. However, two cost categories differed 
significantly: patients costs (including productivity costs) were tenfold higher 
(€13.212 vs. €1.279, p-value=0.001) and other healthcare costs were substantially 
lower (€797 vs. €5.980) (p-value<0.001) in employed respondents (table 5). 
In addition there was a trend towards higher costs for specialised burn care in 
unemployed patients (p-value=0.084).
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Table 5. Economic burden of burn injuries in working age population until 2 years 
post-injury in € in 2012

* detailed information about the composite of cost categories can be found
 in Hop et al17 
** burn injury related costs not provided by the specialised burn centre, for 
example outpatient physiotherapy 

Cost Category*
Burn care stay 
Diagnostic procedures 
Treatment including 
surgery
Clinical consultations 
Outpatient burn care 
Total specialised burn 
care [95% CI]
Other healthcare costs 
[95% CI]**
Productivity loss patient
Productivity loss partner
Travel costs 
Total patients costs                           
[95% CI]                      
Total cost per patient
 [95% CI]

Employed      
 n=66

 
20,019

755
3,637

327
996

25,735     

 [16,628-37,962]

797                

 [261-1,618]

11,916
891
405
13,212              

[10,326-16,865]

   39,744              

[28,398-65,543]

post-injury in € in 2012
Employed      

 n=66
Total cohort 

n=140
 

21,310
865
3,710

382
879

27,147

n/a

n/a
n/a
n/a
n/a

n/a

p-value
 
 
 
 
 
 

0.084

<0.001
 
 
 

0.001

0.351

27,147

n/a

n/a
n/a
n/a
n/a

n/a

 [16,628-37,962]

 [261-1,618]

11,916
891

 39,744              

Respondents  
n=92

 
24,306

985
4,232

429
1,075

31,027

2,262

8,549
707
585

9,841

43,130

Unemployed 
n=26

 
35,187
1,569
5,740

690
1,273
44,459              

[27,989-53,849]

   5,980      

[2,186-10,982]

0
239

1,040
1,279                    

[296-2,531]

51,719              

[32,289-77,412]

Diagnostic procedures 865 755985 1,569
Burn care stay 21,310 20,01924,306 35,187

surgery

Total patients costs                           n/a 13,212              0.0019,841 1,279                    

care [95% CI]  [16,628-37,962] [27,989-53,849]

Productivity loss partner n/a 891707 239

Outpatient burn care 879 9961,075 1,273

Total cost per patient n/a    39,744              0.35143,130 51,719              

[95% CI]**  [261-1,618] [2,186-10,982]

Cost Category*

Treatment including 3,710 3,6374,232 5,740

Total specialised burn 27,147 25,735     0.08431,027 44,459              

 [95% CI] [28,398-65,543] [32,289-77,412]

Productivity loss patient n/a 11,9168,549 0

Clinical consultations 382 327429 690

[95% CI]                      [10,326-16,865] [296-2,531]

Other healthcare costs n/a 797                <0.0012,262    5,980      

Travel costs n/a 405585 1,040
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DISCUSSION

This study provides detailed information on the prevalence of absenteeism after 
a burn injury. This enabled us to 1) identify predictors of absenteeism and 2) to 
calculate total costs including direct and indirect costs from a societal perspective. 
Three months post-burn 30% of the pre-employed patients were absent from work, 
after one year 8% of the patients had not returned to work and stayed absent at 
time of final follow-up at two years. The mean number of 
absent working days was 59.3, with mean productivity costs due to loss in productivity 
of €11.916. This indicates that even in a moderately severely injured population, 
with a mean TBSA of 8%, absenteeism after specialised burn care is substantial.  
More patients had returned to work at time of final follow-up in our study compared 
to two recent systematic reviews (92.4% vs. 66.4% and 72%)11, 12. However, these 
studies had a population with a mean TBSA of 18% and 22%, 
which is considerably higher than the 8% in this study. Our results were comparable 
to an older systematic review of Brych et al., who reported a percentage of RTW 
of 70-100% at last reported follow-up (range 8-34 months)25. Mean TBSA in this 
study was not reported but ranged from 4 to 38%. A more recent prospective 
study on RTW after burns from Öster et al., reported a RTW rate of 67% at an 
average follow-up of 4.5 years9. The mean TBSA in this study was high with 29.2%.  
Time from burn injury to RTW is less frequently described. Brych et al. reported 
a mean time off work of 119 days (± 110), in a prospective part (mean TBSA of 
18 ± 16), which was almost double to our findings and RTW rates at two year 
follow-up were similar with 90%25. The reviews did not include time off work. 
In summary, a higher TBSA is associated with more absenteeism and seems to 
be a consistent explanation for the differences in results among these studies. 

Our study identified several predictors of absenteeism at three months 
including a higher TBSA, ICU-admission, a longer LOS and surgical treatment.  
In the literature comorbidity, especially psychiatric disorders, were strongly 
correlated with more extensive or permanent absenteeism from work5, 

25-28. In our study population however, no psychiatric patients with 
employment pre-burn were included, thus it was not possible to determine 
to what extent a psychiatric disorder affected RTW. The same applied 
to comorbidity which was not systematically recorded in this study.  
Mean total costs in the working age population in the two year follow-up after 
admission to our burn centre were €43.130 for respondents. In patients with a 
paid job, the mean total costs were lower, €39.744 including costs from 
loss of productivity of €11.916 (30.0%). Nonetheless, mean total costs of 
unemployed respondents were considerably higher with €51.718. Unemployed 
respondents were older and reported a lower pre-burn health-related 
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QOL than employed respondents, which might be associated with more 
comorbidity in this group. This resulted in a trend towards higher costs for 
specialised burn care and significant higher costs for other healthcare costs. 
To our knowledge, only one study was published with comparable costs data. 
Both our mean total costs and the composition of costs are different from those 
that were found in this study of Sanchez et al14. In their cross-sectional study on 
economic burden of burn victims in Spain mean total costs were calculated on US 
99.773 (€76.748 in 2012)  per patient annually and costs due to loss of productivity 
accounted for 
more than 80%. These differences can be largely explained by the different methods 
that were used for the calculation of indirect costs. Sanchez et al., according to the 
Human Capital method, also included years of potential productivity life lost for 
deceased patients (YPPLL), permanent disability and reduction of working time. We 
used the Friction Cost method, following Dutch guidelines21 and included only actual 
days absent from work with maximum of 160 days (friction period, see methods)23, 24  
Apart from that, Sanchez used a more comprehensive definition of informal care in 
which care-giving time of all caregivers (family, friends or neighbours) 
was assessed and converted to hourly wages of professional assistance. In our 
study informal care comprised only of the loss of productivity of patients’ partners. 
Productivity loss in this study was assessed by questionnaires which is a reliable 
alternative for using registers on absenteeism29, 30. Our response rates were good 
compared to studies with similar burn patients, design and follow-up methods 
(49-75% response)31-33. Our study also has some limitations. First, throughout a part 
of the study period our burn centre was subjected to an admission restriction 
(40% TBSA for adults and 10% for children) due to unexpected renovation 
activities. This probably has resulted in a lower mean TBSA in our cohort and lower 
level of absenteeism, as a higher TBSA was found to be a predictor for 
absenteeism at three months. However, we expect this effect to be limited as
severe burns (>20%) represent only 12.4% of all burn-related admissions4.
Secondly, the Work and Medical Consumption questionnaire did not include questions 
related to presenteeism, job adjustments or job changes. Furthermore, patients without 
work pre-burn were not included in the analysis, only one patient reported entrance 
to the labour market in the 24-months follow-up period. Thus, detailed information 
on RTW process is not available in our study. In future studies, these characteristics 
should be addressed, particularly because these job adjustments and/or changes 
were frequently reported (22%-63%) in the previous mentioned studies9, 11, 25. 
Thirdly, as this study was part of a larger prospective study including all 
ages17. For the purpose of the current study on work absenteeism after a burn 
injury, the number of patients that did not RTW (20/66) at three months was 
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rather limited. Therefore is was not feasible to conduct a multivariable logistic 
regression to identify independent predictors of absenteeism  3 months post-
burn. In addition, we were not able to study predictors of long term absenteeism 
because of the small number of absent patients at  1 and 2 years post-burn 
(n=5). However, we assume that in our moderately injured population, medical 
treatment is completed three months post-burn. In the majority of patients, 
wound problems or other burn-related medical issues will be minimal at this 
time. Thus our results do apply to the majority of patients in Dutch burn centres. 

The strength of our study was the prospective longitudinal design and the inclusion 
of both patients and their partners. As a result, we were able to monitor the 
major alterations in the process of return to work over time. Ideally, researchers 
on RTW after burns should use consistent outcome measures and clarify their 
definition of return to work (same or different employer, same or different job, full 
time)13. 
In the UK is it recommended to monitor return to work or education in major trauma 
patients starting 6 months post-injury 34. In burn patients we recommend similar 
multiple assessments but starting 3 months post burn with further follow-up at 
6 and 12 months and prolonged follow-up in patients with continued absenteeism. 
Not returning to work has major individual and societal consequences. 
This is demonstrated by the high proportion (30%) of costs due to loss in economic 
productivity and the significant lower self-reported health-related QOL in 
patients that were absent from work at three months. Thus more attention to RTW 
in the rehabilitation trajectory is needed. The guideline for vocational evaluation 
following burns provides useful tools, such as a systematic evaluation of 
ICF-dimensions and pre-burn status, to optimally support work re-entry or entry 
after burns13. 

Conclusion
This two year follow-up study demonstrates that burn injuries cause substantial and 
prolonged productivity loss amongst burn survivors with mixed burn severity. This 
absenteeism contributes to already high societal costs of burn injuries. Predictors of 
absenteeism found in this study were primarily fixed patient and treatment related 
factors, future studies should focus on modifiable factors, in order to improve 
RTW outcomes.  Also, more attention in the rehabilitation trajectory is needed to 
optimally support RTW in burn survivors.
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ABSTRACT 

Background: Data on epidemiology, costs and outcomes of burn-related injuries 
presenting at emergency departments (ED) are scarce. To obtain such information, 
a questionnaire study with an adequate response rate is imperative. There is 
evidence that optimized strategies can increase patient participation. However, it 
is unclear whether this applies to burn patients in an ED setting.  The objective 
of this feasibility study was  to optimize and evaluate patient recruitment 
strategy and follow-up methods in patients with burn injuries presenting at EDs.  
Methods: In a prospective cohort study with a six-month follow-up, patients with 
burn-related injuries attending two large EDs during a 3 month study period 
were included. Eligible patients were quasi-randomly allocated to a standard or 
optimized recruitment strategy by week of the ED visit. The standard recruitment 
strategy consisted of an invitation letter to participate, an informed consent form, 
a questionnaire and a franked return envelope. The optimized recruitment strategy 
was complemented by a stamped returned envelope, monetary incentive, sending 
a second copy of the questionnaire and a reminder by telephone in non-responders. 
Response rates were calculated and questionnaires were used to assess treatment, 
costs and HRQOL.
Results: A total of 87 patients were included of which 85 were eligible for the 
follow-up study. There was a higher response rate at two months in the optimized 
versus the standard recruitment strategy (43.6% vs. 20.0%; OR =3.1 (95%CI 1.1-8.8)), 
although overall response as low.
Non-response analyses showed no significant differences in patient, burn injury or 
treatment characteristics between responders versus non-responders.
Conclusion: This study demonstrated that response rates can be increased with 
an optimized, but more labour intensive recruitment strategy, although further 
optimization of recruitment and follow-up is needed. It is feasible to assess 
epidemiology, treatment and costs after burn related ED contacts. 
Keywords: Burns, Emergency Department, Recruitment Strategy, Response Rate, 
Health Care Survey methods
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BACKGROUND

Worldwide, several epidemiological studies on emergency department (ED) 
treatments of burn injuries are available1-4. These studies focus on incidence 
rates1,3,4 and trends1,4 of burn related ED visits. In contrast, data on medical or 
societal costs after burns treated at an ED are scarce. A recent review on costs and 
cost-effectiveness of burn care revealed a substantial number of studies (n=156) 
predominantly costs studies (n=153)5. However data on costs including EDs were 
limited and showed a broad range (between 88 USD for minor burns and 751 USD 
for the most severe burn category)6-8. Although individual costs may be limited, 
societal costs can be substantial due to high volumes of burn injuries presented 
at ED and loss in economic productivity. In addition, to our knowledge, no studies 
exist into health related quality of life (HRQOL) after burns treated at an ED. Other 
previously conducted studies on HRQOL after specialized burn care and after 
general injuries presented at an ED proved to be feasible9-12. However, response 
rates were low (37-43%)9,10.
To obtain reliable information, the response rate is crucial for the efficiency of the 
study. A low response rate requires more patients to be included and selective non-
response can bias outcomes. Several systematic literature reviews are available 
which examined effective strategies to increase response rate both specific to the 
healthcare setting and postal questionnaires in general13-15. The use of colored ink, 
information brochure, stamped return envelopes and a monetary incentive have all 
been associated with a higher response rate. Furthermore, sending non-responders 
a second copy of the questionnaire was shown to increase response rates13-15.  
The ED is considered the most suitable place for recruitment of incident injury 
patients in general. However, difficulties in recruitment may arise related to 
this clinical setting (i.e. large number of staff, small time window present) and 
the type of patients (low frequency injuries). In addition, privacy legislation 
and ethical and research governance influence possibilities for recruitment16.  
In our study, emphasis was put on the optimization and evaluation of patient 
recruitment strategies and follow-up methods by comparing the effects of 
an optimized recruitment strategy to a standard strategy. The objective of this 
feasibility study was to improve and evaluate patient recruitment strategy and 
follow-up methods. 
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METHODS

Study design, setting and population
A prospective cohort study with a 6 months follow-up was conducted. All patients 
with burn-related injuries attending the EDs of a level 1 and a level 2 trauma center 
from trauma region Brabant (Amphia Hospital, Breda and Elisabeth-TweeSteden 
Hospital, location Elisabeth, Tilburg) in a 3 month period (1st of November 2013 
to 1st of February 2014), were included. Patients were contacted and provided 
with questionnaires 2 months after the ED visit. Recruitment strategy was quasi-
randomized as it changed in alternate weeks. Patients attending the ED in the first 
week were included using the standard recruitment strategy and patients attending 
the ED in the second week were approached using the optimized recruitment 
strategy and so forth. 

Recruitment strategy
In both recruitment strategies, the first set of questionnaires was sent by post by 
the attended hospital including an information letter, informed consent form and 
a return envelope 2 months post burn. After 2 weeks non-responders received a 
reminder letter to participate in the study. Patients were asked to give informed 
consent for further participation in the study by returning a signed informed 
consent form and providing personal contact details to the principal researchers. At 
6 months, follow-up questionnaires were sent only to patients that gave informed 
consent. Again, a reminder was sent by post to non-responders after 2 weeks.  
Recruitment strategies differed on the following measures: the optimized 
recruitment strategy used a stamped instead of franked return envelope, added a 
monetary incentive (€50 coupon raffled among every 50 responders), an additional 
brochure and sticker of the Dutch Burns Foundation and a reminder letter including 
a second copy of the questionnaire (see table 1). More importantly, in the optimized 
recruitment strategy non-responders were contacted by phone by a member of 
the research team after 2 weeks, as a reminder to participate in the study. 

190409_BINNENWERK_HAROLDV3.indd   154 09-04-19   20:54



ED feasibility study

155

Table 1.  Comparison of both recruitment strategies

*DBF: Dutch Burns Foundation

DATA COLLECTION

ED hospital database
From the ED hospital databases, data were collected on demographics, burn- 
and treatment-related characteristics. Socio-economic status was assessed as an 
aggregate proxy based on income, education and work participation in patients’ 
postal code area, according to the method of the Netherlands Institute for Social 
Research17 and classifi ed into quintiles (1=lowest, 5=highest). Urgency on triage: 
high (Manchester Triage System (MTS)18 red or orange, Emergency severity index 
(ESI)19  1 or 2), middle (MTS yellow, ESI 3) and low (MTS green or blue and ESI 4 
or 5), In admitted patients, additional data were derived from the (Dutch) Trauma 
Registry 

Follow-up by questionnaire
Patients were sent postal questionnaires to collect data on sociodemographic and 
burn-related characteristics (medical costs, productivity loss (due to work absence) 
and HRQOL 2 months and 6 months post-burn. Data on pre-burn generic HRQOL 
was collected 2 months post-burn in adults only, data on burn-specifi c HRQOL was 
collected at 6 months follow-up only, to reduce the burden of study data collection 
for patients.

Information letter
Franked return envelope
Stamped return envelope
Information brochure
€50 raffl  ed among each 50 participants
Sticker of DBF on envelope and 
brochure of DBF*
Telephone reminder 
Reminder letter
Second copy of
questionnaire
Coloured ink

Standard recruitment 
strategy

V
V
X
X
X
X

X
V
X

V

Optimized recruitment 
strategy

V 
X
V
V
V
V

V
V
V

V

X

X
V
X

V

VStamped return envelope X
XFranked return envelope V

V€50 raffl  ed among each 50 participants X

VReminder letter V

brochure of DBF*

questionnaire

Information letter V V

VInformation brochure X

VTelephone reminder X

Coloured ink VV

Sticker of DBF on envelope and VX

Second copy of VX
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Medical and indirect costs: Data on patients’ extramural medical costs (e.g. 
physiotherapy) and indirect costs (productivity loss due to work absence) were 
collected, using the Work and Medical Consumption questionnaire. This 25-item 
questionnaire was originally validated to assess productivity loss and medical 
consumption in patients with psychiatric illness20. For this study the questionnaire 
was adjusted at some points to make it suitable for burn patients (see appendix 1). 
Quality of life: Both generic and burn specific health-related quality of life were 
assessed using questionnaires, validated for the Dutch language. Generic HRQOL 
was assessed using the EuroQol-5D-3L plus cognition dimension, (in patients 5 
years and older)21,22. In children aged 0-4 years the Infant and Toddler Quality of 
Life Questionnaire (ITQOL-47) was used23-25. Burn specific HRQOL was assessed 
using the Health Outcomes Burn Questionnaire (HOBQ) for Infants and Children 
in children aged 0-4 years25, the American Burn Association/Shriners Hospital for 
children Burn Outcomes Questionnaire (BOQ) in children aged 5-1725 and the Burns 
Specific Health Scale-brief (BSHS-B) in adults26,27. 

 

Statistical analysis
For both recruitment strategies, response rates were calculated and an Odds Ratio 
with 95% confidence interval (CI) was calculated for the difference in response Non-
response analysis was performed by comparing characteristics of responders versus 
non-responders, using Fishers exact tests (2 by 2 categorical data) or the Fisher  
Fisher-Freeman-Halton Exact Test (n case of than 2 more categories), or Mann-
Whitney test (nonparametric continuous data) or t-test (parametric continuous data).  
Data was analyzed with SPSS. A P-value < 0.05 was considered to be statistically 
significant.
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RESULTS

Patient and burn characteristics
During the 3 month study period, 87 patients attended one of the 2 EDs for a burn 
related injury. The mean age was 28.4 years and males and females were equally 
distributed (48.3% vs. 51.7%; see table 2). One out of four patients lived in an area 
in the lowest socio-economic quintile. Scalds caused 34.5% of the burns and fl ame 
only accounted for 11.5%. Apart from this, 35.5% of the burn injuries were related to 
fi rework related. The mean TBSA burned was 1.6% and the most frequently aff ected 
sites were hands (40.2%) followed by head/face (27.6%) (table 3). 

Table 2. Characteristics of patients by response* at 2 months

*Response was calculated in 85 patients, excluding 2 patients with undeliverable 
questionnaires 
** Age categories 60-79 and 80+ were combined to one category in statistical 
testing 
***Mean score socio-economic status Dutch population=0.17

Mean age (range, SD)
Age category (%)**

0-4
5 17

18-39
40-59
60-79 

80+
Gender: male (%)
Socio-economic status, 
based on postal code                  

lowest quintile 1. 
2.
3.         
4.

highest quintile 5. 
Mean socio-economic 
status (SD)***

ED patients

(n=87)
 28.4

 
 10 (12)
 20 (23)
 27 (31)
 25 (29)
 4 (5)
 1 (1)

45 (52)
 

21 (25)
16 (19)
19 (22)
16 (19)
13 (15)

0.013 (1.12)

P-value 
diff erence by 

response
 

 0.478
 0.975

 
 
 
 
 
 

 0.364
0.677

 
 

 
 
 

 0.155

 10 (12)
 20 (23)
 27 (31)
 25 (29)
 4 (5)
 1 (1)

45 (52)

21 (25)
16 (19)
19 (22)
16 (19)
13 (15)

0.013 (1.12)

Responders at 2 
months
(n=30)

29.0 (1-64, 18.1)
 

3 (10)
6 (20)
10 (33)
10 (33)

1 (3)
0

18 (60)
 

5 (17)
7 (23)
7 (23)
7 (23)
4 (13)

0.26 (0,97)

Non-responders at 
2 months

(n=55)
28.4 (0-83, 20.5)

 
7  (13)
14 (26)
17 (31)
15 (27)
3 (6)
1 (1) 

26 (47)
 

16 (29)
9   (16)
12 (22)
9   (16)
9   (16)

0.12 (1.18)

Age category (%)**  0.975 0.975
Mean age (range, SD)  0.478 28.4  0.47829.0 (1-64, 18.1)29.0 (1-64, 18.1) 28.4 (0-83, 20.5)28.4 (0-83, 20.5)

5 17  20 (23) 6 (20) 14 (26)14 (26)

3.         19 (22) 7 (23) 12 (22)12 (22)

80+  1 (1) 0 1 (1) 1 (1) 

lowest quintile 1. 21 (25) 5 (17) 16 (29)16 (29)

40-59  25 (29) 10 (33) 15 (27)15 (27)

highest quintile 5. 13 (15) 4 (13) 9   (16)9   (16)

Socio-economic status, 0.6770.677

(n=87) (n=30) (n=55)(n=55)

0-4  10 (12) 3 (10) 7  (13)7  (13)

60-79  4 (5) 1 (3) 3 (6)3 (6)

Mean socio-economic  0.1550.013 (1.12)  0.1550.26 (0,97)0.26 (0,97) 0.12 (1.18)0.12 (1.18)
status (SD)***

based on postal code                  

18-39  27 (31) 10 (33) 17 (31)17 (31)

4. 16 (19) 7 (23) 9   (16)9   (16)

Gender: male (%)  0.36445 (52)  0.36418 (60) 26 (47)26 (47)

2. 16 (19) 7 (23) 9   (16)9   (16)
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Non-responders at 
2 months

(n=55)

21 (38)
7 (13)

27 (49)
17 (31)

1.0 (0.5-2)
 

12 (22)
1 (2)
1 (2)

23 (42)
4 (7)

16 (29)
 

14 (26)
4 (7)
9 (16)
6 (11)

26 (47)
3 (6)
2 (4)
3 (3)

ED patients

(n=87)

30 (35)
10 (12)
47 (54)
 30 (36)

 1.0 (, 0.2-
1.0))

 
 14 (16)
 2 (2)
 1 (1)

 34 (39)
 7 (8)

 29 (33)
 

 24 (28)
 5 (6)

 15 (17)
 12 (14)

 35 (40)
 9 (10)
 4 (5)
 3 (3)

Table 3. Characteristics of patients’ burn injuries by response* at 2 months

Percentages rounded up to nearest integer.
*Response was calculated in 85 patients, excluding 2 patients with undeliverable 
questionnaires 
** 1 missing value (in non-responders)
*** Bathroom, garden and surroundings home were combined to one category in 
statistical testing 
**** More than one aff ected body region per patient is possible

 
Etiology (%)

Scald 
Flame)
Other 

Firework (%)
Median TBSA** (25th, 
75th percentile)
Setting (%)***

Kitchen
Bathroom 

Garden
Surroundings home

work
Other setting

Body regions aff ected  
(%)****

Head/face
Neck
Trunk
Arm

Hand
Leg

Feet
Inhalation trauma 
(suspected)(%)

Non-responders at 
2 months

ED patients
P-value 

diff erence by 
response

 
0.472

 
 
 

0.477
0.155

0.174
 
 
 
 
 
 

 .460
 .652
 .764
 .330
 .167
 .061
 .611
.549

(n=87)

30 (35)
10 (12)
47 (54)
 30 (36)

 1.0 (, 0.2-
1.0))

 14 (16)
 2 (2)
 1 (1)

 34 (39)
 7 (8)

 29 (33)

 24 (28)
 5 (6)

 15 (17)
 12 (14)

 4 (5)

(n=55)

21 (38)
7 (13)

27 (49)
17 (31)

1.0 (0.5-2)

12 (22)
1 (2)
1 (2)

23 (42)
4 (7)

16 (29)

14 (26)
4 (7)
9 (16)
6 (11)

2 (4)

Responders at 2 
months
(n=30)

8 (27)
3 (10)
19 (63)
11 (37)

0.5 (0.15-1.0)
 

2 (7)
1 (3)

0
11 (37)
3 (10)
13 (43)

 

10 (33)
1 (3)

6 (20)
6 (20)
9 (30)
6 (20)
2 (7)

 0

Scald 30 (35)Scald 21 (38)8 (27)
Etiology (%) 0.472

Other 47 (54)Other 27 (49)19 (63)

Other setting  29 (33) 16 (29)13 (43)

Hand  .167 35 (40) 26 (47)9 (30)

Setting (%)*** 0.174

Surroundings home  34 (39) 23 (42)11 (37)

Trunk  .764 15 (17) 9 (16)6 (20)

Median TBSA** (25th, 0.155 1.0 (, 0.2- 1.0 (0.5-2)0.5 (0.15-1.0)

(%)****

Feet  .611 4 (5) 2 (4)2 (7)

Bathroom  2 (2)Bathroom 1 (2)1 (3)

Flame) 10 (12) 7 (13)3 (10)

75th percentile) 1.0))

Head/face  .460 24 (28) 14 (26)10 (33)

Inhalation trauma .549 3 (3) 3 (3) 0

Neck  .652 5 (6) 4 (7)1 (3)

(suspected)(%)

Garden  1 (1) 1 (2)0

Firework (%) 0.477 30 (36) 17 (31)11 (37)

Body regions aff ected  

Leg  .061 9 (10) 3 (6)6 (20)

Kitchen  14 (16) 12 (22)2 (7)

work  7 (8) 4 (7)3 (10)

Arm  .330 12 (14) 6 (11)6 (20)
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Response rates
A total of 85 of 87 patients were sent follow-up questionnaires 2 months after 
presentation at the ED, using the standard recruitment strategy (n=30) or the 
optimized recruitment strategy (n=55). 2 sets of questionnaires were undeliverable 
(n=1 standard strategy; no address and n=1 optimized strategy; living abroad). The 
high number of fi rework related burn injuries on New Year’s Eve (n=26) resulted in 
a higher number of inclusions in the optimized recruitment strategy (see fi gure 1). 
There was a higher recruitment and  response rate at 2 months in the optimized 
recruitment strategy (24 out of the 55; 43.6%) than in the standard recruitment 
strategy (6 out of the 30; 20%)(OR=3.1, 95%CI=1.1-8.8) (appendix 2). Out of 30 
responders at 2 months, 20 (66.6%) patients gave informed consent for further 
follow-up a 6 months. At fi nal follow-up at 6 months, 11 (55%) patients returned the 
questionnaires of whom 9  were initially addressed using the optimized recruitment 
strategy. The overall response at 6 months was 16.4% (9/55) in the optimized 
recruitment strategy and 6.7% (2/30) in the standard recruitment strategy (OR=2.7; 
95%CI=0.6-13.6).

Figure 1.  Comparison of both recruitment strategies

Assessed for eligibility (n=87)

Quasi - andomized (n=87)

Allocation

Follow-up at 2 months

Follow-up at 6 months

Allocated to standard 

recruitment strategy (n=31)

- Received allocated intervention (n=30)

- No questionnaire sent (n=1)

Response at 2 months (n=6)

Consent for further folow-up (n=3)

Response at 6 months (n=2)

Response at 2 months (n=24)

Consent for further follow-up (n=17)

Allocated to optimized recruitment 

stragtegy (n=56)

- Received allocated intervention (n=55)

- No questionnnaire sent (n=1)

Exluded (n=0)

- Not meeting inclusion criteria (n=0)

- Declined to participate (n=0)

- Other reasons (n=0)

Response at 6 months (n=9)
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Non response analysis
Non-response analyses showed no signifi cant diff erences in patient or burn injury 
characteristics between responders versus non-responders at 2 months (see 
table 2 and 3). In addition, no diff erences in treatment were observed between 
responders versus non-responders (see table 4). The majority of patients in both 
groups received outpatient treatment (76.6% versus 87.3%); either a single ED 
contact, or multiple outpatient contacts.  Additional data on incidence and costs is 
available upon request.

Table 4. Treatment characteristics of burn related injuries presented at Dutch ED’s 
(n=87), by response*

*Response was calculated in 85 patients, excluding 2 patients with undeliverable 
questionnaires **included patients admitted to specialized burn care, as well as 
patients treated as an outpatient in specialized burn care. Missing value: non-
responders (n=1)

n %
10 18.2
19 34.5
26 47.3
7 13.0
 
25 45.5
23 41.8
7 12.7
 
47 85.5
8 14.5
 
24 43.6
31 56.4

n %n
18
30
39
12

36
36
15

72
15

38
49

% 
20.7
34.5
44.8
13.8

41.4
41.4
17.2

82.8
17.2

43.7
56.3

Urgency on triage
High
Middle
Low
Specialized burn care**
Treatment trajectory
Single ED contact
Multiple outpatient contacts
Admission
Related ED follow up visits 
1
2 or more
Related hospital follow up visits
0
1 or more

0.878

1.00

0.346

0.376

0.820

n n % 0.878n %
7 23.3
10 33.3
13 43.3
4 13.3
 
10 33.3
13 43.3
7 23.3
 
23 76.7
7 23.3
 
12 40.0
18 60.0

19 34.534.5Middle 30 19 34.510 33.310 33.3
10 18.220.7High 18 10 18.27 23.37 23.3

7 13.013.8Specialized burn care** 12 7 13.0 1.004 13.34 13.3

31 56.456.31 or more 49 31 56.418 60.018 60.0

7 12.717.2Admission 15 7 12.77 23.37 23.3

Related hospital follow up visits

25 45.541.4Single ED contact 36 25 45.5 0.34610 33.310 33.3

47 85.582.81 72 47 85.5 0.37623 76.723 76.7

26 47.344.8Low 39 26 47.313 43.313 43.3

23 41.841.4Multiple outpatient contacts 36 23 41.813 43.313 43.3

8 14.517.22 or more 15 8 14.57 23.37 23.3

Treatment trajectory

Related ED follow up visits 

24 43.643.70 38 24 43.6 0.82012 40.012 40.0

ED patients

N=87

Responders

2 months

N=30

Non-responders

2 months

N=55

P-value

diff erence by 
response
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DISCUSSION 
This study aimed to improve and evaluate patient recruitment strategy and 
follow-up methods in a ED burn population. Using strategies to optimize 
recruitment yielded higher recruitment and response rate at 2 months (43.6% vs. 
20.0%, OR=3.1, 95%CI=1.1-8.8)). This might seem as a self-evident result, however, 
the extra labour and costs that the optimized recruitment strategy entailed 
must be taken into account, when assessing the feasibility of a larger scale study 
including multiple EDs. Moreover, in the optimized strategy, local researchers 
are required in all participating hospitals for the reminder by telephone in non-
responders, as for legal reasons, it is not allowed to transfer patients’ contact 
information to coordinating researchers.  
A crucial outcome of our study was the low participation and response rate, 
also in the optimized recruitment strategy. This could be explained partly by the 
postal recruitment strategy, a timing of the assessment at 2 months post burn in 
combination with relatively small burns. Due to the low incidence of burn injuries, 
in combination with a large number of staff and the short time window within 
which patients at the ED can be recruited, onsite recruitment was deemed not 
feasible.  

Next, the relatively low socioeconomic status of burn injury patients can add to 
the low response rates in burn injury populations. Hutchings28 reported significant 
higher levels of nonresponse in patients from the most deprived quintiles of socio-
economic status.
Recruitment and follow-up at specialized burn centres is less problematic, 
also in outpatient clinics, as incidence of burn injuries is high, burn injury 
is frequently more severe, and often a dedicated treatment team with the 
support of a research team is available, resulting in direct onsite informed 
consent conversation, instead of delayed postal recruitment. The optimized 
follow-up strategy ideally should always be applied to minimize attrition.  
Previous studies in ED patients after general injuries showed similar responses 
with a 37% to 43% response rate on a first postal questionnaire on costs and 
generic quality of life assessments post injury. In these studies, patients with a 
hospital admission were oversampled9,10. Finlay et al. reported a response rate 
of 63% at least 6 months post burn, after intensive follow up including multiple 
phone calls, in patients with minor burns treated in a burn centre. The authors 
needed 180 hours, i.e. more than 2 hours per patient per follow-up to achieve this 
response rate. This response rate is probably not realistic in an ED population, 
with small-sized burns (mean TBSA<2%). Gabbe et al.29 reported a dramatic 
decrease over time in response rates in patients admitted to a burn centre who 
were followed up, which decreased from, 64% at 1-month follow-up to 21% at 24 
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months follow-up. Recently, Varner showed a lower attrition rate in ED patients 
using text messaging reminders. These text messaging reminders were sent only 
in case of unsuccessful telephone contact. Alternatively, emails can be sent30.  
Review papers on recruitment and retention in emergency medicine studies31 as 
well as in clinical trials in general32 underscore the need for optimal strategies 
but also the lack of evidence what works in recruitment and follow-up. Thus, 
recruitment and response rates are a major issue in burn research and in other 
fields and deserve continued attention to optimize questionnaire research  
A strength of this study was the completeness of data on epidemiology of ED 
burns. Data on characteristics of injury and treatment could be adequately 
retrieved from ED electronic medical records and the Dutch Trauma 
Registration (in admitted patients). Next to this, information on specialized 
burn care was available to participating researchers from the burn centre itself.  
A limitation of our study was the limited number and unequal distribution of patients 
across the recruitment strategies. The recruitment strategy that changed across 
alternate weeks resulted in an unbalanced patient distribution across strategies 
because of a peak on New Year ’s Eve (n=26). Beforehand, alternative recruitment 
schemes were discussed but not considered feasible with regard to the future 
larger scale study. However, future studies should use another design; perhaps 
recruitment can alternate after every 10 patients, to prevent unbalanced groups. 
Also sample size calculation should be included to optimize study efficiency. As our 
study was designed as a feasibility study, no sample size calculation was performed. 
Next, response rates remained limited, even in the optimized recruitment strategy 
(43.6%). This could introduce selection bias. Earlier ED studies reported similar 
response rates of 37-43%, but sampled the more severe patients (i.e. used a 
stratified patient selection based on injury category and overrepresentation of 
admitted patients and patients with an expected continued treatment)9,10. This 
stratification method is supported by Finlay et al., who found that loss to follow-up 
in patients with minor burns and burns affecting the upper limb was an indicator 
of good recovery and concluded that follow-up of these patients is unnecessary33. 
Recently this group developed a prognostic model for tailoring burn care to more 
severe patients. Male gender, conservative management, upper limb burn and good 
burns specific HRQOL within one month of burn were significant predictors of good 
outcome at 6 months and beyond. However, these proposals need further study34. 
We could not address this issue in our analysis because of limited follow-up data.  
We did not perform direct recruitment at the ED, but contacted patients two 
months post burn. Direct recruitment was judged not feasible because the low 
frequency of burn injuries and the large number of staff. Probably a shorter time 
from injury to first study contact would have increased response. In future studies, 
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the possibilities of a timelier, local recruitment need to be explored. In future 
studies, an optimized recruitment strategy, shortly after injury, in combination 
with the selection of more severe burn patients for follow-up, can contribute to a 
further increase in response rates to an acceptable level. We propose the use of 
an algorithm based on burn severity (e.g. TBSA) and treatment trajectory for the 
selection of the majority of follow-up patients. The length of the questionnaires 
must also be minimized, to reduce the burden for patients and lower the barrier 
for participation in follow-up. Also, web-based data collection must be considered 
to optimally facilitate potential participants. Furthermore, the study period should 
last at least a full calendar year to cover all seasonal fluctuations in burn injuries 
presenting at EDs.

Conclusion
This study demonstrated that response rates can be increased with an optimized, 
but more labour intensive, and thus more expensive recruitment strategy, although 
further optimization of recruitment and follow-up is needed. When abovementioned 
points of improvement are implemented in a larger scale study, we assume it is 
feasible to assess the real burden of disease in this population including HRQOL 
and extramural costs.
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APPENDIX I
Work and Medical Consumption questionnaire, version 30-06-2011, translation date 
19-10-2015. 

Accesible from: 

https://burnstrauma.biomedcentral.com/articles/10.1186/s41038-017-0100-1#Sec9

APPENDIX II

Table. Detailed response analysis by recruitment strategy

31
30
1
 
6

20.0%
 
4
2

2
50.0%
6.7%

56
55
1
 

24
43.6%

 
16
8

9
56.3%
16.4%

3187
85
2
 

30
35.0%

 
20
10

11
55.0%
12.9%

Eligible patients
Questionnaires sent 
Not deliverable 
 
Returned at 2 months
Response rate 2 months
 
Questionnaires sent
Not deliverable (no informed  consent 
or no contact information given)
Returned at 6 months
Response rate 6 months
Overall response rate 6 months

 
 
 
 

0.052
 
 
 
 
 
 

87

12.9%

56

16.4%

1Not deliverable 2 1
30Questionnaires sent 85 55

6Returned at 2 months 30 24

2Not deliverable (no informed  consent 10 8

6.7%Overall response rate 6 months 12.9% 16.4%

2Returned at 6 months 11 9

4Questionnaires sent 20 16

50.0%Response rate 6 months 55.0% 56.3%

20.0%Response rate 2 months 0.05235.0% 43.6%

or no contact information given)

Total 

cohort

Standard 

recruitment 

strategy

Optimized 

recruitment strategy

P-value
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SUMMARY

The main aim of this thesis was to improve surgical care for burn patients by 
examining the relationship between surgical care and (modern) burn outcome. 
More specifically, it aims to gain further insights into selective debridement of 
burns. We aimed to achieve this by providing evidence on burn debridement 
tools, aspects of timing of surgery and by determining which specific burn depths 
require surgery for optimal long term outcomes. Complementary, we attempt to 
optimize and modernize burn outcome assessment and follow-up after burn care. 
The ultimate goal is to make a valuable contribution to a higher standard of care 
by optimizing surgical treatment for patients in the full-spectrum of burn severity. 
The first part of this thesis primarily concentrates on the surgical treatment of 
acute burn wounds. This part starts with a systematic review on burn debridement 
techniques used for thermal burn injuries. In this review, no debridement 
techniques was found to be superior and several shortcomings in the currently 
available studies on burn debridement are discussed. With this knowledge and 
learning from the flaws in the included studies, a study protocol was designed for 
a randomized controlled trial that will compare conventional versus hydrosurgical 
tangential excision. Furthermore, Part I includes a prospective cohort study on 
the effect of healing potential (burn depth classified by Laser Doppler Imaging) 
and treatment strategy on long term scar quality. A major finding of this study 
is that burns with an intermediate healing potential did not require surgery to 
achieve acceptable long term scar quality. Lastly, a nation-wide retrospective 
study on surgical management in the elderly is described. This study leads to a 
better understanding of the epidemiology, high burden of care and differences in 
surgical strategy of the elderly burn population.  
In Part II, the focus is on contemporary burn outcome parameters beyond 
survival and length of hospital stay. Two modern burn outcomes are highlighted: 
scar quality and return to work (RTW). Both outcomes are, amongst other 
measurement tools, assessed using Patient Reported Outcomes Measurements 
(PROMs). Scar quality is assessed with the Patient and Observer Scar Assessment 
Scale (POSAS). Next to good reliability parameters, we found that this scale is 
able to predict long term scar quality by an early POSAS assessment at three 
months post-burn. RTW was monitored for two years in a specialized burn care 
population and absenteeism after burn injuries appears to be substantial leading 
to high societal costs.  
In conclusion, this thesis aims to further improve surgical burn care by optimizing 
the use of modern and already available modern techniques and to evaluate burn 
outcome in a contemporary way.  
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GENERAL DISCUSSION

Part I: Surgical management of burn wounds
As an obvious first step, this thesis starts with a systematic review of all 
debridement techniques that are currently used in burn care and described in 
literature (chapter 2). The aim of this review was to provide a complete overview 
of all burn debridement techniques used for thermal burn injuries studied in ‘recent’ 
literature (>1990) and to find the best evidence with regard to efficiency and safety. 
The primary outcome was time to complete wound healing as we considered 
this the most relevant clinical parameter with regard to burn debridement. 
The literature search yielded 27 eligible studies of which only 4 studies had a 
randomized study design. Due to this lack of randomized studies and incomparable 
outcome parameters across studies, no debridement technique was found to be 
convincingly superior. Therefore, the main conclusion of our review was that there 
is a need for more randomized clinical trials that compare the gold standard (i.e. 
conventional tangential excision (CTE)) to more recently developed debridement 
techniques, such as hydrosurgery (HS) and enzymatic debridement (ED).  
Another striking finding of our review was that although conventional tangential 
excision with sharp instruments (i.e. Watson knife) is considered the gold standard 
for burn debridement for some decades, little evidence was found to support 
this routine. The studies that examined conventional tangential excision were of 
poor methodological quality, predominately out of date and mainly focused on 
mortality, adverse events and length of hospital stay1-7. As mentioned before in 
the introduction of this thesis, these outcomes have become less relevant for 
the majority of burn patients nowadays due to major advancements in burn 
care apart from surgical care. Therefore, there is a need for methodologically 
sound protocols, or preferably randomized controlled trials, evaluating 
modern outcome parameters such as scar quality and functional outcomes.  
Another, equally important conclusion was that there is a strong need for 
uniform and clinical relevant outcome assessment in burn debridement studies, 
in order to be able to properly compare results across studies. Preferably, 
these outcomes include self-reported outcomes assessed with use of PROMs, 
to include the patients’ perspective. Applied measurement tools not only 
need to be validated and reliable but also follow-up schedules need to be 
standardized as outcomes after burns can be quite dynamic over time.  
Scar quality for example, was reported in just 12 of the 27 included studies in our 
review, 7 different methods for the assessment of scar quality were used and 
moreover in 8 studies a non-validated definition/assessment tool for scar quality 
was applied. Also the timing of assessment of scar quality varied widely, while it 
is well-known that burn scars mature over time8. For scar quality assessment, we 
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propose a minimal follow-up of at least one year to approach final scar outcomes. 
Scar quality is the most relevant outcome for burn patients in the long run, 
especially in young patients, who will suffer from scar sequelae the rest of their lives.  
Moreover, reconstructive surgery, which is another important parameter that needs 
to be addressed when assessing scar quality, is mostly performed after the first 
year post-burn as is found in a study on this topic by Hop et. al. (mean time to first 
reconstruction 1.6 year)9.  So basically, a two-year follow up is required to approach 
the full spectrum of scar quality evaluation.

More recently developed debridement techniques presumably contribute to 
a more selective method of debridement with more preservation of viable 
dermis. Hydrosurgery, for example, is currently being used frequently (52% in 
all surgically treated patients) in Dutch burn care, despite little or no evidence 
of beneficial effects on related outcomes such as scar quality and substantial 
higher costs. To study the effect of dermal preservation on scar quality in more 
detail, we designed a study protocol for a randomized controlled trial in which 
the two most frequently used debridement techniques (conventional with sharp 
instruments and hydrosurgical tangential excision) will be compared (chapter 3). 
Next to consecutive and comprehensive scar assessments at 2, 6 and 12 months 
post-burn, biopsies of the wound bed will be taken pre- and post debridement 
to objectively measure dermal preservation or dermal loss by histology.  
The main aim of this RCT will be to determine whether hydrosurgery results in 
superior long term scar quality compared to conventional tangential excision. 
Scar quality in this study will be measured with both subjective and objective scar 
assessment tools. The POSAS will be the primary outcome, as this scale reflects the 
patients’ perspective and is thus the most clinically relevant result. To overcome the 
effect of inter-patient differences in scarring (i.e. by presence of genetic risk factors 
for pathological scarring)1-12, an intra-patient randomization design was chosen for 
this RCT. Thus, both debridement tools will be used within the same patient. This 
study will also enable us to study the long-standing assumption that perioperative 
dermal preservation (if indeed found in the analysis of the tissue specimens), really 
leads to better scar quality as is often claimed in studies on hydrosurgery10,13. Since 
hydrosurgery is very costly in comparison with conventional tangential excision 
with sharp instruments, benefits and effectiveness of new tools must be well 
established before they are introduced into practice. In this way, policy makers 
can make well-argued decisions whether or not to implement these tools. This is 
important, since healthcare costs are already rapidly increasing and burn care in 
particular is considered as very expensive14. As a downside of our decision for an 
intra-patient randomization study design, we will not be able to conduct a sound 
cost-effectiveness study along this RCT. 
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In the following chapter (4), a different approach was used to study the effect of 
dermal preservation on both short and long-term scar quality. In this study, the 
Laser Doppler Imager (LDI) was used to measure the blood flow in acute burns 
which is a proxy of the depth of the wound and thus of dermal preservation and 
wound healing potential in that particular wound bed15. The LDI classifies burn 
wounds based on the remaining dermal perfusion into different healing potentials 
(HP, estimated time to wound healing: less than 14 days (high HP), between 14-21 
days (intermediate HP) and longer than 21 days (low HP)16. When the LDI is used 
between day 2 and 5 post burn, the LDI is able to predict wound healing time 
with an accuracy of more than 95%17. In this prospective cohort study, 141 patients 
were included, with over 200 separate burn wounds. These burns were all scanned 
with LDI while participating in a previously conducted multicenter RCT of our 
study group17. This follow-up study, consisted of a single assessment of final scar 
quality outcomes (mean time post-burn 28 months, 19-36, ±3.0). The LDI data on 
wound level combined with the scar assessment enabled us to determine the long-
term scar quality of the three distinct healing potentials and to study the effect of 
applied treatment strategy on scar quality. To our knowledge, this is the first study 
that linked HP to (long-term) scar quality. Special attention was paid to burns with 
an intermediate HP. Unlike wounds with high or low HP, there is no consensus 
on the optimal treatment (conservative vs. surgical) for these wounds worldwide. 
The main result of this study was that long-term scar quality was similar (and very 
acceptable) in high and intermediate HP wounds and that burns with a low HP 
resulted in significantly poorer long term scar quality. In a secondary analysis, we 
compared long term scar quality of intermediate HP wounds that were treated 
surgically or conservatively and we also compared low HP wounds in which surgery 
was performed early (before 14 days) or delayed (after 14 days). No effect on scar 
quality was found in both comparisons.
Finally, a multilevel analysis of various demographic and clinical characteristics 
identified multiple surgeries in the same wound area and a darker skin type 
(according to Fitzpatrick skin type scale) as significant predictors of reduced long-
term scar quality. Based on the results of this study, we advocate a conservative 
approach for burns with an intermediate HP, based on the absence of significant 
differences on long-term scar quality between conservatively or surgically treated 
burns with an intermediate HP. In addition, a trend was seen toward a longer healing 
time in surgically treated wounds (17.2 vs. 20.4 days, p=0.063). 

190409_BINNENWERK_HAROLDV3.indd   173 09-04-19   20:54



Chapter 9

174

Clinical implications
Based on our results, surgery is not justified in these wounds of intermediate depth. 
Firstly, surgery is a physical and emotional burden for patients. Secondly, in the 
majority of the cases, burn debridement is followed by autografting18, leaving a 
donor-site wound. These donor-sites are known to cause pain, infection, itching 
and even scarring itself19, while the harvested autografts do not seem to improve 
healing time or  scar quality outcomes in intermediate HP burns. At this point, little 
is known about the scar quality of donor-sites or possible predictors for reduced 
scar quality. Therefore, our study group recently initiated the DOSIS study (Donor 
Site Investigation Study), which is a prospective cohort study to determine patients’ 
satisfaction regarding donor-site scars using the POSAS at one year follow-up20 
(not part of this thesis).
In recent years, progress is made towards the use of cultured epidermal cells to 
produce sheets of keratinocytes. This could be a promising alternative for the 
use autologous skin grafts in the near future to reduce donor-site morbidity and 
improve wound healing and scar quality21,22. However, at this point cultured skin 
constructs are not yet readily available for patients in Dutch burn centers and are 
primarily used in a research setting.  As was already put forward in the introduction 
of this thesis, there is no consensus on the optimal timing of surgery23. Also in this 
thesis, no conclusive evidence was found in favor of early or delayed surgery, since 
we found no significant differences in scar quality between early versus delayed 
surgery in deep dermal/full-thickness wounds (low HP). It must be mentioned 
however, that a uniform definition of early and delayed surgery is lacking. In Dutch 
burn care, the decision for surgery is usually postponed until clear demarcation of 
the wound to avoid unnecessary surgery in wounds or wound areas that are able 
to reepithelialise spontaneously with proper topical treatment. Therefore, in our 
population, surgery prior to 14 days post-burn is considered early while in other 
studies/countries surgery within the first week is considered early1-4 or even within 
the first few days (ultra-early)5. 
Perhaps, there is too much emphasis on the discussion of timing of surgery. It might 
be that the moment of surgery is not as relevant anymore in modern burn care. 
The advantage of early surgery, compared to conservative treatment, was that it 
would be associated with higher survival, by decreasing the systemic inflammatory 
response syndrome (SIRS ), and a shorter LOHS24-26 by more timely wound healing. 
However, nowadays acute care and conservative topical treatment are at such high 
level that immediate removal of eschar is no longer mandatory for survival and 
usually can be postponed until burn demarcation took place, with the exception 
of acute eschartomy in case of life- and limb-threatening circumferential burns. 
The disadvantage of early surgery is the risk of overzealous excision of burns of 
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superficial partial-thickness, as the assessment of burn depth is much more difficult 
in the acute phase and burns are often of mixed depth. Surgery will always lead to 
visible scars and possible donor-site morbidity, while superficial partial-thickness 
burns are able to reepithelialise spontaneously with minimal or no scarring23.  
The use of LDI and the newer generation Laser Speckle Imaging can now be used 
for early and accurate diagnosis of burn depth27. These diagnostic tools are used 
at an early stage to selectively determine which areas of a burn wound needs to 
be excised and which areas will probably heal spontaneously. More importantly, 
recently developed debridement techniques are designed to achieve a selective 
debridement, yet conclusive evidence on actual better outcomes is currently lacking 
(see review). Especially enzymatic debridement claims to only selectively debride 
burn eschar while viable dermal tissue remains unaffected during the debridement 
process. It can therefore be used almost immediately after presentation to the burn 
center. Potentially, these two diagnostic and therapeutic tools are able to minimize 
the risk of overzealous early excision and subsequent poor scar quality outcomes, 
while allowing early burn management and potentially shorter hospital stay. 

In the last chapter (5) of part I, we moved from burn characteristics (i.e. burn 
depth) to patient characteristics as key factor in decision-making for treatment. 
In a nationwide, retrospective study, we aimed to compare surgical treatment 
between an elderly (65 years of age and older) and adult (18-64 yrs.) burn 
population. Special focus in this study was on the elderly burn population. We 
found it of great importance to increase our understanding of this particular 
burn population for several reasons. Mainly, elderly constitute a vulnerable and 
often challenging group for specialized burn care. Despite major advancements, 
age is still among the most significant predictors of mortality after burns28. 
In addition, the proportion of elderly burn patients is expected to increase as a 
consequence of global ageing29.  Community-dwelling elderly are particularly 
prone to sustain severe burn injuries during daily activities (e.g. cooking, bathing) 
due to various age-related physical limitations30. For these reasons, we aimed to 
assess the current epidemiology and management of the elderly burn patient in the 
Netherlands. A total of 3155 patients were analyzed over a six-year study period. 
The proportion of elderly burn patients increased annually and females and patients 
with a low social-economic status were overrepresented. 
Our study found major differences in burn severity, pre-hospital management and 
in-hospital specialized burn care between adults and elderly. We were surprised 
to find that the pre-hospital phase was at least suboptimal in the elderly, with a 
dramatic decrease in burn cooling with age and more often a delay in presentation 
to the burn center of more than 48 hours in elderly. 
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Among other factors, this pre-hospital course may have contributed to deeper 
burns in the elderly compared to adults31. This finding has been observed before in 
a study of Albornoz et al32. Treatment was studied in more detail and revealed that 
surgical treatment for wound closure significantly increased with age, up to 70% 
in the age category 75-84 years. In the elderly the time to first surgical procedure 
was significantly shorter and also less selective debridement techniques were 
applied. These findings suggest that treatment in the elderly is primarily targeted 
on timely wound healing rather than on scar quality outcomes. Perhaps, this more 
resolute approach is justified in the elderly, given the high rates of mortality in 
our elderly cohort (up to 23.8% in the oldest age category of 85+). However, this 
is not supported by the available literature1,33-36. Next to mortality, other clinical 
outcomes were also significantly poorer in the elderly (e.g. more wound infections, 
less discharge to home).  Moreover, the burden of care, characterized by the 
median LOS per % TBSA, almost tripled from 1.3 in adults to 3.5 days per %TBSA 
in the elderly. The results of this study led to a better understanding of the elderly 
burn patients. These insights are necessary to improve future burn care for this 
growing and vulnerable population. For one thing, more resources will be required 
to meet their high burden of care. Bayuo et al. already emphasized this recently in a 
narrative review on burns on older persons37. Finally, we believe that it is important 
to generate and disclose these descriptive  data extracted from national burn 
repositories to enable burn centers worldwide to compare and evaluate their own 
medical practice and treatment outcomes.
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Part II: Modern burn outcomes assessment
In part II of this thesis the period following acute burn treatment is discussed by 
examining burn outcome assessment. Scar quality was again the focus point in 
chapter 6. The aim of this study was to assess the predictive validity of the POSAS, 
to determine whether it can be used to predict final scar quality. Predictive validity 
was primarily assessed by calculating the discriminative ability to distinguish 
good from reduced long term scar quality in 141 patients that participated in two 
subsequent scar assessments (3 months and over 18 months post-burn). In the 
absence of an accepted classification for good or reduced scar quality, we chose 
to apply the median-split method on the long-term POSAS scores. The main 
outcome of this study was that final scar outcomes could indeed be predicted 
by an early POSAS assessment at three months post-burn. Next to several 
measures for reliability, validity and interpretability of the POSAS, we identified 
pain and stiffness (reported by patients) and pliability and relief (reported 
by observers) as significant predictors for reduced long-term scar quality.  

Clinical implications
An accurate and feasible predictor for final scar quality can be very beneficial in 
the outpatient setting to distinguish those patients who are prone to develop scar 
morbidity from those who are unlikely to be faced with scar problems. This concept 
could contribute to a more personalized and efficient outpatient burn care. Current 
predictors for pathological scarring, such as long wound healing time10,36 or burn site on 
the upper limb of neck11, only identify a limited number of patients at risk for scar problems. 
The clinical implications of our study are quite straightforward. Given the good 
clinimetric and predictive properties of the POSAS, we think it can be useful as a 
screening tool in the decision-making for selecting patients for outpatient follow-
up after specialized burn care. Alternatively, Kishikova et al.38 recently published a 
flowchart solely based on healing time for patient selection for outpatient follow-up 
after burn treatment. We think that using a PROM is preferable to determine which 
patients need prolonged follow-up including conservative scar management and 
which patients do not, because the patients’ perspective is included in these results.  
 
We further explored functional outcome after burns, more specifically return 
to work (RTW) (chapter 7), as burn injuries may cause long-term disability 
and work absence39,40. Work is an important source of income and beneficial 
for many other health-related, social and societal aspects for individuals41. 
Hence, we consider RTW one of the most important functional outcomes after 
specialized burn care. Up to this study, detailed information on RTW and 
productivity loss after burns in the Netherlands was lacking. Thus, the aim of 
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the study was to accurately assess RTW after specialized burn care, to identity 
predictors of absenteeism and to calculate costs from a societal perspective. 
In the prospective cohort study described in chapter 7, return to work (RTW) was 
assessed in a working-age burn population until 2 years post-burn. RTW was assessed 
with a specially developed questionnaire in 92 patients at 3 months, one year and 
two years post-burn. The results of this study indicated that, even in a moderately 
severely injured burn population (mean TBSA 8 %), absenteeism after specialized 
burn care is substantial. Three months post-burn 30% of the pre-employed patients 
were absent from work, after one year 8% had not returned to work and stayed absent 
at time of final follow-up at two years. The mean absent days was 60 days. This was 
associated with high costs due to loss in productivity of €11.916 per patient which 
was 30% of the total healthcare costs. Compared to two systematic reviews39,40, 
absenteeism in our cohort was less extensive; however mean TBSA in these studies 
was considerably higher (18-22%). Data from this study also enabled us to identify 
predictors for absenteeism at three months including a higher TBSA, ICU-admission, 
a longer LOS and surgical treatment. Unfortunately, these were all fixed burn and 
treatment related factors and thus provided no opportunity for future improvement.  
The main conclusion of this study was that absenteeism in burn survivors is 
substantial. Therefore more attention to RTW in the outpatient setting is needed 
to reduce these numbers, since not returning to work has major individual and 
societal consequences. This was demonstrated in our study by a significant lower 
self-reported health-related QOL in patients that did not RTW at three months 
and a high proportion (30%) of costs due to loss in economic productivity.   

Finally, we performed a feasibility study (chapter 8), to examine whether an 
optimized recruitment strategy can increase study participation in Emergency 
Department (ED) burn population. We conducted this study as a first step of a 
research project that aims to obtain knowledge on epidemiology, treatment and 
most importantly, clinical outcomes of this specific burn population. In contrast 
to specialized burn care,  little is known about the ED burn population. To obtain 
reliable data on these patients, questionnaire studies with an adequate response 
rate are imperative. The aim of this study was to optimize recruitment strategy 
for study participation and study follow-up by comparing an optimized strategy 
to a standard strategy. For this purpose, we composed a optimized recruitment 
strategy that was complemented by measures associated with higher response 
rates41-44. This optimized strategy was then tested in quasi-randomized prospective 
study during a 3-month study period at two EDs. A total of 87 patients were 
included in the study. The optimized strategy indeed led to a substantial higher 
response rate (43.6 vs. 20.0%, OR 3,1, 95% CI 1.1-8.8). As a downside, this optimized 
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strategy was more labor-intensive and costly, which of course must be taken into 
account when assessing the feasibility of a larger scale study including multiple EDs. 
Initially, we also aimed at obtaining first insights into the epidemiology, treatment 
and outcome including health-related QOL of an ED burn population. However, low 
response rates, even in the optimized recruitment strategy group, and subsequent 
limited patient numbers did not allow us to present representative data on these 
items. We believe that the optimized recruitment strategy can be further improved 
by earlier recruitment, selection of more severe burn injuries, short questionnaires 
and the possibility of web-based data collection. When these measures are 
implemented, we assume it is feasible to conduct a larger scale study to assess the 
real burden of disease in this population. Presently, such a study is conducted by 
our research group.

Recommendations for future research & modern burn care

This thesis explores some contemporary diagnostic and therapeutic approaches 
of modern burn care. We aimed to improve the surgical management of 
burns and formulate and enhance relevant outcomes assessment. However, 
much more research is needed to determine how the instruments described 
in this thesis can be optimally implemented in our daily burn practice.   
In order to find the best available burn debridement tool for deep dermal burns, 
future studies need a randomized study design and use standardized, validated 
and clinically relevant burn outcome assessment. Certainly, scar quality should be 
included as an outcome parameter. If used as primary outcome, an intra-patient 
randomization should be considered in these trials, to overcome the substantial 
inter-patient variation in burn characteristics, pre-disposing factors related to 
scarring and variation in self-reported scar assessment. The next step should 
be to establish the cost-effectiveness of new debridement tools by performing 
comprehensive economic evaluations as was done for the Laser Doppler Imager by 
Hop et al17. Otherwise, the additional costs to healthcare of these often expensive 
new techniques cannot be justified. The step after burn debridement, burn grafting 
is still somewhat underexposed. More research is needed to study the effect of 
grafting technique (sheet grafting, spilt skin grafting with different enlargement or 
Meek wall) on wound healing (time) and scar quality. 

Although possibly overstated, the discussion on timing of surgery needs to be 
further studied, preferably in randomized controlled clinical trials. This is relevant 
not only with regard to burn depth and debridement tools, but especially in 
the elderly in whom mortality remains a relevant outcome. This thesis clearly 
demonstrated that elderly form a separate and more vulnerable group of burn 
patients and thus results from studies with more heterogeneous burn populations 
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may not apply to elderly. Therefore, prospective studies are needed that 
specifically focus on the elderly burn population to reduce the gap in outcome 
with younger burn patients in the future. On epidemiological level, the effects 
of prevention and educational campaigns targeted at community-dwelling 
elderly, particular in neighborhoods of low economic status, should be evaluated.  
In chapter 6, we found an optimal cut-off point (maximum sensitivity and specificity) 
in POSAS scores at three months that predicts an increased risk of reduced long term 
scar quality. More research is necessary to validate this cut-off point to determine 
whether the POSAS is suitable as a screening instrument in the outpatient setting. 
The use of PROMs in the outcome assessment after burns is essential. However, 
the clinimetric development of these scales often needs further attention45. In 
this thesis, version 2.0 of the POSAS was used as this is the only validated scar 
assessment scale that includes the patients’ perspective. Unfortunately, to date 
the minimal clinical important difference (MCID) of the POSAS is unknown. 
Therefore, it is not possible to interpret mere statistically significant differences 
in POSAS scores into clinically important and relevant differences for patients. 
Recently, an international project involving both patients and experts in the 
field of scarring has started to further develop the POSAS46. It is the intention 
that these clinimetric issues are addressed in this POSAS 3.0. We trust that this 
new version of the POSAS will greatly contribute to better patient reported 
scar assessment and thus will enable us to better evaluate treatment strategies. 
More efforts are needed to optimally support RTW in future burn survivors. Not 
returning to work has major individual and societal consequences, including high costs 
to society. To properly evaluate RTW in the future, outcome assessment should be 
consistent and the definition of RTW should not be limited to whether or not a patient 
has returned to work. The process of returning to work is often less unambiguous 
and includes specifics changes in employer, job description, fulltime-equivalent 
and in particular presenteeism (reduced productivity due to medical conditions).  
Ideally, evaluation of outcomes such as RTW should not be limited to clinical 
studies but it should be implemented in routine outcome measurement. To this end, 
presently, the Dutch burn centers are starting the Burn center Outcome Registry 
Netherlands (BORN)47, an analogy with the Burns Registry of Australia and New 
Zealand (BRANZ)48. This national registry will enable Dutch burn centers to gain 
valuable patient reported outcome data after specialized burn care, evaluate their 
practices and improve future burn care. 
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Future perspective
In the research from this thesis as well as in several cited publications in this 
thesis, time to wound healing appears to be one of the most important factors 
for scar quality. In chapter 4, the healing potentials of the burn wounds were 
estimated with LDI and proved almost similar to the observed time to wound 
healing. Burns with an estimated healing potential under the 21 days did not 
require surgery for acceptable long-term scar quality. On the other hand, a wound 
healing time exceeding 21 days post burn (low HP, i.e. deep dermal and full-
thickness burns), resulted in significantly poorer long-term scar quality. Despite 
the fact that these wounds will always result in some degree of scarring, the 
most opportunity for improved scar quality can be made in these burn wounds. 
In our opinion, achieving timely wound healing in low HP should be the primary 
focus of modern burn care. At this point however, some changes in the organization 
of Dutch burn care are necessary to effectively achieve timely wound healing. 
Since time to wound healing in deep dermal and full-thickness burns is closely 
related to timing of surgery, we advocate early surgery (within the first 7 days). 
While timing of surgery is still under debate, we do believe that early eschar 
removal can lead to a decreased local inflammatory response with less formation 
of granulation tissue and subsequent more uncomplicated wound healing.   
In addition, we think that readily available innovative diagnostic and therapeutic 
interventions, when used to full potential, already enable us to achieve an early 
time to debridement with minimal risk of overzealous excision of viable dermis. 
This thus implicates a deviation from the current strategy in Dutch specialized burn 
care of awaiting the necessity of surgery by lengthy periods of burn demarcation. 
To us, this feels like time lost for patients, especially elderly patients, whose 
clinical and mental condition may rapidly decline during a hospital admission. 
Timely wound healing can primarily be achieved by obtaining an early 
and accurate diagnoses of burn depth followed by excision of all burns 
that are unlikely to heal spontaneously within 21 days as soon as possible. 
Obviously, debridement must be performed with scientifically proven 
selective burn debridement tools that are available at acceptable costs.  
In case perioperative burn depth appears to be overestimated and the dermal 
plane is only minimally affected, it might be tenable to postpone the decision for 
autografting and await spontaneous re-epithelialisation. Although this process 
will take longer than the ingrowth of autografts, we believe that spontaneously 
reepithelialised wounds lead to better scar quality. Possibly, this is also the case even 
if wound healing exceeds the 21 days, because the removal of necrotic tissue has been 
performed at an early stage. The recent evolvement in the field of cultured epithelial 
grafts and dermal substitutes might play an important role in the future, especially 
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since their use proves to result in improved scar quality relative to autografts.  
Strategies to improve timely wound healing will probably lead to higher 
treatment costs. These higher costs will not be limited to additional costs for 
selective debridement tools, but to a greater extent due to personnel costs 
related to increasing the availability and flexibility of operating rooms in 
burn centers. However, this is an indispensable measure to guarantee early 
surgery in a semi-elective setting. This is very different from the way burn 
care in the Netherlands is presently organized, where the majority of surgical 
procedures are performed elective and clustered to one or two days per week.  
In our view, there are several opportunities to compensate for these additional high 
costs. Firstly, timely wound healing will lead to a shorter length of hospital stay 
(most important cost category in specialized burn care)49 and fewer labor-intensive 
wounds dressings. From a societal perspective, timely wound healing will result in 
good scar quality and functional outcomes and may therefore facilitate early return 
to work. Additionally, optimal surgical care in de acute phase will probably reduce 
the need of secondary reconstructive interventions.
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NEDERLANDSE SAMENVATTING 

Grote vooruitgang in de gezondheidszorg, en in de acute opvang van ernstige 
brandwondenpatiënten in het bijzonder, hebben er voor gezorgd dat ook patiënten 
met zeer ernstige brandwonden tegenwoordig een goede kans op overleving 
hebben. Echter, de morbiditeit in deze patiënten is hoog door de ernstige gevolgen 
die brandwonden op de lange termijn kunnen veroorzaken. Deze gevolgen blijven 
niet beperkt tot littekenvorming en hiermee gepaard gaande nadelige functionele 
en esthetische gevolgen, maar behelzen ook psychologische schade. Een grote 
uitdaging voor de hedendaagse brandwondenzorg is dan ook het optimaliseren 
van de kwaliteit van leven na het oplopen van ernstige brandwonden. Dit is een 
proces dat al vroeg in het behandeltraject begint en doorgaat tot ver na het ontslag 
uit het brandwondencentrum. Het verbeteren van littekenkwaliteit speelt hierbij een 
cruciale rol omdat littekenkwaliteit invloed heeft op zowel functionele, esthetische 
als psychologische uitkomsten. Wetenschappelijk onderzoek is hierbij noodzakelijk 
om chirurgische behandelingen voor brandwondenpatiënten te verbeteren en 
methoden te ontwikkelen om nauwkeurig de uitkomsten van deze behandelingen 
te meten en te vergelijken.

Dit proefschrift is opgedeeld in 2 delen. DEEL I gaat over de chirurgische behandeling 
van brandwonden, DEEL II gaat met name over moderne uitkomstenmaten. Het 
gemeenschappelijke doel van de studies die beschreven worden in dit proefschrift 
is het verbeteren van de chirurgische behandeling van brandwonden door een 
relatie te leggen tussen chirurgische behandeling en moderne uitkomsten.

Deel I: De chirurgische behandeling van brandwonden
Debridement van de brandwond en het bedekken met autologe huid
(huidtransplantatie) is de hoeksteen in de behandeling van grote diep dermale 
of volledige-dikte brandwonden. De definitie van een debridement is het (vaak 
chirurgisch) verwijderen van al het losliggende, avitale of gecontamineerde 
weefsel dat de wondgenezing belemmert. In dit proefschrift hebben we gekeken 
naar de mogelijk positieve rol van een selectief debridement op de lange termijn 
littekenkwaliteit. Selectief debridement begint met het nauwkeurig vaststellen 
of een brandwond (of gedeelte daarvan) een operatie nodig heeft om tijdig te 
genezen of dat de brandwond ook met een conservatieve therapie (zalven en 
andere wondverbandmiddelen) tot een tijdige spontane wondgenezing met 
goede littekenkwaliteit zal leiden. Een juiste inschatting van de diepte van de 
brandwond (diagnose) is hierbij dus essentieel omdat men op basis hiervan zal 
besluiten of een operatie noodzakelijk is. Een operatie zal namelijk altijd leiden 
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tot zichtbare en voelbare littekens  en bovendien moet er ook elders van het 
lichaam gezonde huid weggenomen worden voor de huidtransplantatie. Deze 
zogenaamde donorsites kunnen ook weer pijn, jeuk en soms littekens veroorzaken.  
Selectief debridement hangt ook samen met de nauwkeurigheid van het instrument 
dat gebruikt wordt voor het verwijderen van de brandwonden, waarbij men streeft 
naar zoveel mogelijk behoud van gezond weefsel zonder dat er dood weefsel in de 
wond achterblijft.  

In HOOFDSTUK 2 beschrijven we een systematische review over debridement 
technieken voor brandwonden die in de huidige literatuur bekend zijn. 
Het doel van deze studie was om een compleet overzicht te geven van 
de huidige beschikbare methoden en om te onderzoeken of één van 
deze technieken superieur is als het gaat om efficiëntie en veiligheid.   
In dit review werden 4 hoofdcategorieën (zowel chirurgisch als niet-chirurgisch) 
in debridement technieken onderscheiden in 27 studies. Echter, door een gebrek 
aan goed opgezette gerandomiseerde studies (slechts vier) en onvergelijkbare 
uitkomstmetingen tussen deze studies was het niet mogelijk om te bepalen 
welke debridement techniek het beste resultaat geeft.  We concluderen dan ook 
dat er meer gerandomiseerd onderzoek noodzakelijk is om te bepalen welke 
techniek superieur is en er worden verschillende aanbevelingen voor toekomstige 
studies met het oog op klinisch relevante en uniforme uitkomstmetingen gedaan.  
Met de opgedane kennis van dit review, presenteren we in HOOFDSTUK 3 een 
onderzoeksprotocol voor een gerandomiseerd onderzoek naar de twee meest 
gebruikte debridement technieken in Nederland, namelijk conventionele en 
hydrochirurgische tangentiële excisie.  Bij tangentiële excisie wordt de dode huid in 
een wond laag voor laag weggesneden totdat er een vitale wondbodem ontstaat. 
De precisie (dikte van de lagen die worden weggesneden) waarmee dit gebeurt 
hangt nauw samen met het gebruikte instrument. Bij conventionele excisie gebeurt 
dit met een Weckmes (bepaald type mes) en bij hydrochirurgische excisie met de 
Versajet™, waarbij er gebruik wordt gemaakt van een hogedruk waterstraal om 
dood weefsel los te snijden. Het doel van deze Randomised Controlled Trial (RCT) 
is om de effectiviteit van deze hydrochirurgie te vergelijken met de conventionele 
methode. Omdat het vermoeden bestaat dat hydrochirurgie een  nauwkeurigere 
manier van debridement is zullen we ook onderzoeken aan de hand van huidbiopten 
hoe diep het debridement verricht is. Ook zal er onderzocht worden of door het 
sparen van vitale dermis de lange termijn littekenkwaliteit daadwerkelijk beter is. 
Dit is uiteraard vanuit het oogpunt van de patiënt  de meest relevante uitkomst. Op 
dit moment loopt deze studie nog in alle drie de Nederlandse Brandwondencentra 
en zijn er bijna voldoende patiënten geincludeerd.
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Zoals eerder benoemd, is een accurate inschatting van de brandwonddiepte ook 
essentieel voor een selectief debridement, daar de brandwonddiepte bepalend is 
in de besluitvorming voor een operatieve of conservatieve behandeling. Ook is het 
van belang om alleen die gebieden van een brandwond te opereren die anders niet 
tijdig spontaan genezen. Een te trage genezing is op zichzelf ook een risicofactor 
voor littekenvorming.  

Op dit moment wordt de diepte van brandwonden met name klinische ingeschat door 
een arts. Er zijn de laatste jaren echter verschillende diagnostische hulpmiddelen 
beschikbaar gekomen die bijdragen aan preciezere inschatting van de diepte 
van de brandwond. In dit proefschrift is gebruikt gemaakt van een Laser Doppler 
Imager (LDI) om brandwonden te beoordelen. In plaats van in brandwonddieptes 
(oppervlakkig dermaal, diep dermaal of volledige dikte) categoriseert de LDI 
brandwonden globaal in drie verschillende geschatte genezingsduren: een snelle 
genezingsduur (binnen 14 dagen), een intermediate genezingsduur (14 - 21 dagen) 
en trage genezingsduur (langer dan 21 dagen). De relatie tussen deze geschatte 
genezingsduren (genezingspotentieel) en de uiteindelijke littekenkwaliteit was 
nog nooit eerder onderzocht. Wel is bekend dat brandwonden die binnen 14 
dagen genezen geen operatie behoeven en meestal geen littekens geven of alleen 
(tijdelijk) kleurschil van de huid. Aan de andere kant van het spectrum, leiden 
brandwonden die pas na 21 dagen genezen altijd tot littekens en soms zelfs tot 
ernstige littekenvorming. Deze brandwonden worden dan ook vaak geopereerd om 
de genezingsduur te verkorten en daarmee ook de littekenkwaliteit te verbeteren. 
Echter, van de brandwonden die genezen tussen de 14 en 21 dagen was het niet 
bekend tot wat voor een littekenkwaliteit deze leiden en of een operatie geïndiceerd 
is.
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Figuur 1. Geschatte genezingsduren met LDI (Healing Potentials).

 
In HOOFDSTUK 4 van dit proefschrift geven we antwoord op deze vragen door de 
littekenkwaliteit te bepalen van een groot aantal brandwonden waarbij in de acute 
fase (eerste 5 dagen na het oplopen van de brandwond) een LDI scan is verricht. 
De littekenkwaliteit werd bepaald door een combinatie van subjectieve (POSAS, 
vragenlijst met beoordeling van het litteken door patiënt en arts/zorgverlener) 
en objectieve meetinstrumenten (kleurmetingen en stugheidparameters van het 
litteken).  Uit deze studie blijkt dat er geen verschil is in lange termijn subjectieve 
littekenkwaliteit tussen brandwonden met een geschatte snelle genezingsduur (<14 
dagen) en een intermediate genezingsduur (14-21 dagen). Brandwonden met een 
geschatte trage genezingsduur (>21 dagen) leidden tot significant slechtere littekens 
op de lange termijn.  Een operatie in de intermediate brandwonden resulteerde niet 
in een kortere genezingsduur of betere lange termijn littekenkwaliteit. Bovendien 
genazen de conservatief behandelde intermediate wonden rond de 18 dagen en met 
een zeer acceptabele littekenkwaliteit. Op basis van de resultaten concluderen wij  dat 
een conservatief beleid voor deze intermediate brandwonden gerechtvaardigd lijkt.  
Tot slot hebben we in deze studie gevonden dat een donkere huidskleur en 
meerdere operatieve procedures aan dezelfde brandwond voorspellers zijn voor 
een slechtere lange termijn littekenkwaliteit.
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Figuur 2. Van links naar rechts: LDI-scan tussen dag 2-5 na het ongeval; dag 14; dag 
21 (na operatie) en de lange termijn littekenkwaliteit.

In de laatste studie van DEEL I (HOOFDSTUK 5) hebben we gekeken naar verschillen 
in behandeling en uitkomsten tussen ouderen (vijfenzestigplussers) en overige 
volwassenen bij in het brandwondencentrum opgenomen patiënten. In het bijzonder 
hebben we gekeken naar verschillen in het operatieve behandeltraject. In deze studie 
hebben we gebruik gemaakt van data uit de Nederlandse Brandwonden Registratie 
R3 om een groot aantal ouderen (n=505) te vergelijken met gegevens van overige 
volwassen brandwonden patiënten (n=2616). Er werden in deze studie aanzienlijke 
verschillen gevonden tussen ouderen en overige volwassenen brandwondenpatiënten 
in elk stadium van de behandeling. Bij oudere patiënten is er vaak sprake van een 
vertraagde presentatie in het brandwondencentrum en werden de brandwonden 
niet adequaat of zelfs helemaal niet gekoeld. Ook waren er grote verschillen in 
het operatieve behandeltraject waarbij ouderen niet alleen vaker, maar ook eerder 
een operatie ondergingen in vergelijking met overige volwassenen. Bovendien 
werden er minder selectieve debridement technieken toegepast binnen de oudere 
brandwondenpatiënten. De klinisch uitkomsten waren aanzienlijk slechter bij de 
ouderen. Het  meest in het oog springende resultaat was een forse stijging in sterfte, 
van 1.3% in overige volwassen tot zelfs 23.8% in de oudste leeftijdcategorie (+85). 
Deze studie benadrukt dat de oudere brandwondenpatiënt erg kwetsbaar 
is en dat ouderen relatief vaker overlijden na het oplopen van een brandwond. 
Het sterftecijfer (mortaliteit) is dus nog steeds een relevante uitkomst voor 
ouderen. Naast preventieve maatregelen, zal de zorg voor de ouderen verder 
geoptimaliseerd moeten worden om het verschil in uitkomsten met overige 
volwassen brandwondenpatiënten te verkleinen.
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DEEL II van dit proefschrift, Modern Burn Outcome Assessment, begint met een 
studie (HOOFDSTUK 6) naar de predictieve validiteit van de Patient and Observer 
Scar Assessment Scale (POSAS). Met predictieve validiteit wordt bedoeld in welke 
mate een meetinstrument in staat is om een toekomstige staat of uitkomst te 
voorspellen. In het geval van de POSAS vragenlijst kan dit een nuttig hulpmiddel zijn 
bij het vroegtijdige identificeren van patiënten die in de toekomst te maken krijgen 
met littekenproblematiek. Bij deze patiënten kan dan bijvoorbeeld eerder gestart 
worden met de littekenbehandelingen en poliklinische follow-up kan er op worden 
aangepast. Anderzijds kunnen patiënten zonder voorspelde littekenproblematiek 
minder intensief of frequent poliklinisch gecontroleerd worden. Op deze wijze 
kan poliklinische brandwondenzorg meer gepersonaliseerd en efficiënt worden 
ingedeeld. Om de predictieve validiteit in deze studie te bepalen is er bij 141
brandwondenpatiënten een POSAS vragenlijst afgenomen op 3 maanden en na 
langer

dan 18 maanden na het ongeval. Uit een statische analyse van deze vragenlijsten 
blijkt dat het oordeel van de patiënt op 3 maanden een adequate voorspeller is 
voor lange termijn littekenkwaliteit. Het oordeel van de zorgverlener op 3 maanden 
was zelfs een goede voorspeller voor de uiteindelijk littekenkwaliteit. Vanuit het 
perspectief van patiënten bleken vroege pijnklachten en stijfheid van het litteken 
significante voorspellers voor een slechtere littekenkwaliteit op de lange termijn.   
HOOFDSTUK 7 gaat over de uitkomst ‘werkhervatting’ na ernstige brandwonden. 
Het is bekend dat brandwonden kunnen leiden tot hoge invaliditeit waardoor het 
terugkeren naar het oorspronkelijk werk lastig of zelfs onmogelijk is.  Echter, in de 
literatuur was er nog weinig bekend over hoe vaak dit voorkomt, welke factoren 
van invloed zijn op dit proces en wat vanuit een maatschappelijk perspectief de 
kosten  hiervan zijn. Om dit te onderzoeken is een prospectieve cohortstudie 
opgezet waarin 104 patiënten 2 jaar lang gevolgd zijn met behulp van vragenlijsten 
over onder andere het werk, medische consumptie en kwaliteit van leven.  
Uit deze studie blijkt dat werkverzuim substantieel was in de werkzame leeftijd; 
3 maanden na het ongeval was 30% van de patienten nog niet aan het werk, na 
12 maanden was dit 8% en deze laatste groep patiënten was op 24 maanden ook 
nog niet teruggekeerd naar hun werk. Voorspellers voor niet terugkeren naar werk 
waren brandwonden over een groot lichaamsoppervlak, lange opnameduur, IC-
opname en meerdere operatieve behandelingen. De totale kosten ten gevolge van 
productiviteitsverliezen waren gemiddeld € 11.916 per persoon en dit was 30% van 
de totale behandelkosten in werkende brandwondenpatiënten in de eerste 2 jaar.  
In vergelijking met internationale literatuur was het werkverzuim onverwacht hoog 
in onze studie, met name omdat onze onderzoekspopulatie, gebaseerd op het 

190409_BINNENWERK_HAROLDV3.indd   195 09-04-19   20:54



Chapter 10

196

totaal verbrand lichaamsoppervlak (TVLO), als matig ernstig geclassificeerd werd. 
Op basis van deze resultaten concluderen we dat er meer aandacht moet uitgaan 
naar werkhervatting in het revalidatietraject. Dit is belangrijk, niet alleen omdat 
werk een bron van inkomsten is, maar vooral omdat werken een positief effect 
heeft op vele gezondheidsgerelateerde, maatschappelijke en sociale aspecten voor 
individuen. We zijn daarom van mening dat werkhervatting een van de belangrijkste 
uitkomstenmaten is binnen de brandwondenzorg.

In HOOFDSTUK 8 beschrijven we een studie naar het mogelijke positieve effect van 
een geoptimaliseerde benaderingsmethode op de studiedeelname van patiënten 
met brandwonden die op  een spoedeisende hulp gezien worden. In tegenstelling 
tot patiënten binnen de gespecialiseerde brandwondenzorg is er namelijk 
weinig bekend over de epidemiologie, behandeling en (klinische) uitkomsten 
van deze brandwondenpatiënten. Deze studie betrof een haalbaarheidsstudie 
om te beoordelen of er bij een toekomstige grotere studie binnen deze 
populatie voldoende betrouwbare en representatieve  data te verkrijgen zijn. 
In deze studie hebben we een standaard benaderingsmethode vergeleken met een 
geoptimaliseerde benaderingsmethode waarin meerdere toevoegingen werden 
opgenomen die vanuit de literatuur geassocieerd zijn met een hogere response rate.  
De geoptimaliseerde methode bleek inderdaad tot een hogere response te 
leiden (43.6 vs, 20.0%). Maar deze methode was ook een stuk arbeidsintensiever 
en duurder. Dit moet uiteraard in acht genomen worden bij het opzetten van 
een grotere multicenter studie. Omdat een response van 43.6% nog steeds niet 
optimaal is, doen we aanbevelingen om de geoptimaliseerde methode nog verder 
te verbeteren. 

In het laatste hoofdstuk van dit proefschrift (HOOFDSTUK 9), worden de 
belangrijkste resultaten uit alle studies samengevat en uitgebreid bediscussieerd. 
Ook bespreken we hier welke klinische implicaties de resultaten uit het proefschrift 
kunnen hebben voor de huidige brandwondenzorg. Een van deze implicaties is dat 
brandwonden met een intermediate genezingsduur goed conservatief behandeld 
kunnen worden. Daarnaast geven we een korte update van lopende studies, die 
vaak aanvullend zijn op de studies uit dit proefschrift, en van relevante projecten 
die in de nabije toekomst van start zullen gaan. Tot slot, doen we verschillende 
aanbevelingen over vraagstukken die in toekomstig onderzoek beantwoord zouden 
moeten worden en hoe deze onderzoeken naar onze mening het beste opgezet 
kunnen worden. 
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Een speerpunt is het vergelijken van de moderne debridement technieken 
met de conventionele ‘standaard’ debridement methode in gerandomiseerd 
onderzoek. Maar ook moet aandacht besteed worden aan het optimaliseren van de 
brandwondenzorg rondom kwetsbare ouderen en het verbeteren van werkhervatting 
na een opname in een brandwondencentrum. Hierbij leggen we uiteraard de nadruk 
op klinisch relevante, betrouwbare en uniforme  uitkomstmetingen.  
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