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General discussion 

This thesis addressed the burden of burn injuries. The first objective was to reveal and 

summarize the current knowledge on health-related quality of life (HRQL) assessment and 

outcomes after burn injuries, and to provide insights into patient groups and HRQL domains 

that are affected by burn injuries (Part I). The second objective was to improve knowledge 

regarding long-term patient-reported outcomes after burn injuries (Part II). The third and 

last objective was to adapt the refined methodology for the estimation of the burden of 

disease of injury for application in burn injury (Part III). Ultimately, we intend to contribute 

to improving the aftercare for burn patients, and thereby enhancing HRQL of current and 

future burn patients. Furthermore, by presenting more accurate burden of disease estimates 

for burn injuries, the ultimate goal is to gain more attention for burn injuries on a policy 

level, which might result in improved resource allocation for burn care. 

 

Part I. Health-related quality of life in burns: state of the art 

Summary 

In order to reveal and summarize the current knowledge on HRQL after burn injuries, an 

extensive systematic literature review was designed which revealed 129 studies on HRQL in 

burn patients. Many different HRQL instruments were used in adults, with the Burn Specific 

Health Scale–Brief (BSHS-B)1 (46%) to assess burn specific HRQL, and the Short Form–36 (SF-

36)2 (42%) and the EuroQol questionnaire (EQ-5D)3 (9%) to assess generic HRQL, being most 

often applied. Also, a broad range of time assessment points was used, varying from pre-

injury to more than 14 years after burns. HRQL was most often assessed during hospital 

admission, and at 3 months, 6 months, 12 months and 24 months post injury. Comparison of 

outcomes was hampered by different manners of reporting results.  

It was shown that most HRQL domains (both mentally and physically orientated) were 

affected shortly after burns but improved over time in adult burn patients. The lowest 

scores, indicating poorer outcomes, were reported for the domains ‘work’ and ‘heat 

sensitivity’ (BSHS-B), ‘bodily pain’, ‘physical role limitations’ (SF-36), and ‘pain/discomfort’ 

(EQ-5D) in the short-term. The BSHS-B domains 'work' and ‘heat sensitivity’, the SF-36 

domains 'emotional role limitations' and 'physical role limitations', and the EQ-5D domain 

‘pain/discomfort’ showed considerable variation across studies and low scores were also 

reported in the longer-term. The studied literature revealed that burn severity, post burn 

depression, posttraumatic stress symptoms, avoidant coping, less emotional or social 

support, higher levels of neuroticism and unemployment post burn were found to predict 

poorer HRQL after burns in adults. In addition, some weaker predictors, including female 

gender, pain and a post burn substance use disorder were identified. Other demographic 

and environmental factors showed in general no significant association with HRQL and the 

evidence was inconclusive on other burn-specific and psychological factors.  

In children, twenty-seven studies using twelve different HRQL instruments were identified. 

The Burns Outcome Questionnaire (BOQ) version 0-4 years old (30%) and version 5-18 years 

old (41%) were most often applied. HRQL was most often measured at 3 months, 6 months, 
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12 months, 18 months and 24 months post burn. Comparison of outcomes was difficult due 

to differences in presentation of results (norm-based and not norm-based), and the use of 

two different norm scores for the same BOQ instrument. In general, HRQL of burned 

children improved over time. However, problems were reported on the longer term on the 

domains '(parental) concern' and 'appearance'. Parental proxy scores were in general 

comparable to children’s self-ratings. Severity of burns, facial burns, hand burns, 

comorbidity and a short time since burn were found to predict a poorer HRQL. 

In order to draw reliable and valid conclusions regarding HRQL outcomes, instruments with 

robust measurement properties are required. Therefore, measurement properties of HRQL 

instruments developed and/or validated in burns were critically appraised using the 

COnsensus-based Standards for the Selection of health Status Measurement INstruments 

(COSMIN) checklist. None of the 15 assessed instruments provided enough evidence to be 

highly recommended; all instruments were categorized as PROMs that have the potential to 

be recommended based on their measurement properties. Two instruments, the BSHS-B1 

(assessing burn-specific HRQL) and the BBSIP4 (Brisbane Burn Scar Impact Profile; assessing 

burn-scar related HRQL), had somewhat more favorable properties compared to the other 

instruments.  

 

Research implications 

The reviews showed that HRQL is an increasingly studied patient-reported outcome in the 

field of burns, however, there is no consensus on what specific HRQL instrument(s) are best 

to use in either adults or children. To further improve our understanding of HRQL after 

burns, consensus on uniform validated instrument(s), time assessment points and data 

presentation is needed. Consensus would further facilitate the comparability of burn-related 

HRQL outcomes across the world and improve insights in estimates and recovery patterns of 

HRQL after burns. The overview of the measurement properties of existing HRQL instrument 

applied in burns form important input in the process of reaching consensus on a universal 

instrument to assess HRQL in burns. However, the choice for a specific instrument depends 

on more than its measurement properties. Other aspects that should be taken into account 

when choosing a specific HRQL instrument include the construct measured (generic, burn-

specific or burn-scar related HRQL), the length of the instrument, the completion time, the 

ease of calculating outcomes, the availability of a scoring algorithm, the users’ fee, the 

availability in a specific language, the target population (adults and/or children), and the 

inclusion of specific items and/or domains. All of these aspects, next to the measurement 

properties, are important to be considered in the process of reaching consensus on the best 

HRQL instrument in burns. 

To come to a HRQL instrument that can be applied worldwide, one might think of an 

instrument that is available in many languages, is free to use, is available on paper, is short 

to make it feasible for burn units with (very) limited resources, and that has a clear, simple 

and uniform way of deriving and presenting outcomes so that it is easily applicable for 

anyone. Moreover, a generic instrument might be favorable as such an instrument allows 
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comparison with norm scores and across different conditions and diseases. Besides, it 

facilitates burden of disease and cost-effectiveness estimations which are increasingly used 

for resource allocation and evaluation of care5,6. However, a generic instrument might not 

cover the full HRQL of burn patients as it does not take into account burn specific 

complaints, like scar issues, disfigurement, self-esteem, working ability, fatigue, personal 

relations, and sexual problems/dysfunction7-9. Such items are covered by the validated and 

often used BSHS-B. However, despite the widespread use of this instrument within burns, 

there is a lot of discussion about this instrument. A study comparing the SF-36 with the 

BSHS-B found that the SF-36 domains are more sensitive than the BSHS-B domains from 1 

month post burn onwards10. Besides, there is no evidence on test-retest ability, validity of 

hypothesis testing and item-total correlations of the BSHS-B9.  

To overcome these issues, burn-specific ‘bolt-on’ items might be developed for generic 

instruments. A ‘bolt-on’ is a dimension covering a specific health problem or dysfunction 

relevant to a particular condition or disease that has not yet been covered by the original 

instrument11. An example of a bolt-on is the addition of the dimension ‘cognition’ to the 

generic EQ-5D instrument12. Burn specific bolt-ons for generic instruments can complement 

an existing generic HRQL instrument to cover the full range of burn-specific sequelae. 

Thereby, the generic component of the instrument can be used for comparisons with other 

populations, and for burden of disease and cost-effectiveness estimations, whereas the 

burn-specific component can be added when the full range of burn-specific sequelae is 

studied. An example of a HRQL instrument with a generic and disease-specific part is the 

PedsQL, which assesses HRQL in children13. Disease-specific parts include for example 

specific questions on asthma, cancer, and diabetes14-16. The potential danger of generating 

bolt-ons for a generic instrument is the addition of a broad variety of bolt-ons. So, it is of 

major importance to reach consensus on what items should be included in a HRQL 

instrument for burn patients. 

A first step has been undertaken to come to a universally applied HRQL instrument for 

assessment in adults and worldwide consensus. The lack of consensus on both preferred 

validated methodologies and time assessment points of HRQL measurement has led to the 

initiation of experienced international clinicians and researchers to purport a standardized 

schedule and a standardized instrument for the assessment of HRQL in adult burn patients. 

This initiative is led by Dr. Dale Edgar and started in 2019. A standardized assessment 

schedule of 6 weeks, 3 months, 6 months, 12 months and 24 months after burn injury date is 

recommended, which is in accordance with the most frequently used time assessment 

points in research. Furthermore, they aim to come to consensus on a universally used HRQL 

instrument, to be applied from 2020 onwards, to improve comparison of outcomes and 

ultimately to improve worldwide burn care.  

An international Delphi study involving burn clinicians, researchers and patients, might be a 

good manner to achieve international consensus17. Besides, an international debate will 

unify involved members of the study and contribute to a broad support of the chosen 

instrument(s) and time assessment points. This will lead to improved uptake of the chosen 
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instrument and consequently to enhanced quality of burn care and burn care research, 

which hopefully results in improved HRQL of future burn patients. In order to support 

worldwide uptake of the chosen instrument, it is recommendable to develop a guideline to 

provide guidance on when and how to apply the instrument, and on how the outcomes can 

be derived and presented.  

This initiative in adults is very valuable, however, HRQL assessment in children and 

adolescents after burn injuries is also very important and needs attention. The relatively low 

number of studies on HRQL in children after burns is striking as a large proportion of the 

burn population are children. In total, about 43% of the patients admitted in Dutch burn 

centers include children and adolescents (≤19 years old)18. Worldwide, these numbers are 

comparable19,20. Besides, children have to live the longest with the consequences of their 

burn(s). Especially HRQL of young children ≤4 years old is hardly studied, though this is the 

most prevalent group of burn victims20. This might be because it is harder to assess HRQL in 

young children. Until the age of five, proxy-reports are necessary as children are not able to 

provide self-reports. Obtaining valid information on HRQL of these children is crucial to 

provide good patient-centered aftercare. It would therefore be very valuable to start an 

initiative to come to consensus on the best instrument for HRQL assessment in children and 

adolescents as well. 

The low attention for psychological predictors in children is remarkable as both in adult burn 

patients and in children with other injuries these factors are found to predict HRQL21-23. 

There are no indications that burned children differ from these populations, and it is known 

that burned children have an increased risk of post-traumatic stress after burns23,24. 

Attention for psychological evolvement of burned children seems therefore important and 

should not be forgotten in the aftercare of burns.  

HRQL is an important outcome for patients after burn injuries, but it does not cover the full 

range of sequelae of burns. Therefore, development of a core outcome set that includes a 

broader range of outcomes will be another important step to come to one standard of 

outcome measurement in burn care. Currently, the group of Young et al. have started such 

an initiative, however, they restricted their focus and corresponding Delphi study to 

outcomes to be used in RCTs in burns25, which are not necessarily the outcomes used in daily 

burn care. The International Consortium for Health Outcomes Measurement (ICHOM) is an 

organization that aims to develop a new paradigm focused on health outcomes that matter 

most to patients26. They put together Standard Sets, which are minimum set of standard 

outcomes, case-mix variables, measurement tool, data sources and time points to be used27. 

Already 28 Standard Sets covering different conditions and diseases have been developed. 

Burns is one of the 16 conditions and diseases to be considered as a topic for new Standard 

Sets. Unfortunately, until now, no ICHOM initiative on burns has been started. This is a 

valuable initiative that should be promoted within the field of burns and will hopefully be 

accomplished soon. It will enhance the quality of burn care and burn care research 

worldwide. 
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Clinical implications 

The literature review showed that in general the HRQL of most burned children and adults 

was diminished shortly after sustaining a burn injury and that it increased over time. 

However, the reviews also revealed HRQL domains and patient groups in both children and 

adults that remain impaired and require special attention in the aftermath of burns. In 

adults, as expected, activity was shown to be limited shortly after burns and improved with 

time. This is in line with the course of the recovery of burns as shortly after burns wounds 

are healing and physical capability is impaired. When wounds are healed activity improves. 

In current practice, physiotherapy is given to all admitted burn patients to improve recovery. 

However, participation restrictions due to physical functional limitations and emotional 

distress were seen in the longer-term and limitations of regular daily activities seem to 

develop. Patients accomplish less than they would like and work not as carefully as usual. 

These results indicate that burns have a prolonged impact on patients daily and social life. 

Also, psychological problems remain prevalent; burn patients were seen to be on average 

more anxious or depressed compared to the general population. Also, a large proportion of 

the patients continued experiencing pain and/or discomfort in the long-term. These 

problems represent a variety of topics that indicate the need for a comprehensive approach, 

including both physical and psychological care in the aftermath of burns. In current practice, 

aftercare is provided by a multidisciplinary team covering a broad range of potential issues, 

mainly in the shorter-term as aftercare is most often provided until twelve months post-

burn. Patients are monitored on the evolvement of short-term problems. In line with the 

results found, screening on long-term problems, with a special focus on psychological 

problems, is also needed. This might be already done by the individual aftercare providers, 

but can be more systematically included in the aftercare in the Netherlands. Recently a 

project has been started to systematically screen patients on a broad range of problems28. A 

screening tool will be developed that will be easy to apply in the aftercare and that helps 

healthcare providers by identifying potential short- and long-term problems.  

Some patient groups were found to require special attention in the aftermath of burns. 

Patients with major burns experienced evidently more problems than patients with mild 

burns, and patients with psychological problems before or shortly after the injury are 

frequently seen to maintain having problems in the long-term and should therefore be 

carefully monitored. Recently, the Burn centers Outcome Registry the Netherlands (BORN) 

has been started29. This registry has become part of standard burn care. All admitted adults 

are requested to participate, and a range of outcomes are assessed during admission (pre-

injury health status), one week, three months and twelve months after discharge from the 

burn center. Hereafter, annual follow-up will follow. Evolvement of outcomes is monitored 

to support patient-oriented treatment, involve patients and it can be used in preparing 

patient specific care plans30. Within BORN, special focus might be needed for the patient 

groups identified. 

In children, especially appearance and parental concern remained problems. Appearance 

was mainly a concern of parents; children themselves reported problems significantly less 
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often. Many parents keep expressing concerns regarding the recovery and development of 

their child years after the injury, stressing the importance of parent counselling and the 

inclusion of parents in the aftercare, regardless of the child’s age. In Dutch burn care, 

parents are generally included in the aftercare of children. Only if (older) children prefer to 

have a consultation without their parent(s), a parent might not be included. Within the 

pediatric burn population, children with more severe burns, or with a facial or hand burn 

were found to be most affected by burns. As both physical and psychological problems were 

prevalent, a comprehensive approach with special focus on these children is needed. Results 

also seemed to indicate that children that were burned at an older age experienced more 

problems. Potentially, young children might not remember the trauma and might adjust 

easier to scars while growing older and developing a body image31,32. Age specific aftercare 

seems thus to be implicated, with special attention for a child’s appearance and its parents’ 

concerns. Recently, an outpatient clinic especially for children was started in order to 

improve age specific aftercare of burns in the Netherlands. This is a good initiative, however, 

other initiatives like a screening tool and the initiation of BORN, which are both designed for 

adult burn patients, would be also beneficial for pediatric burn care and will enhance future 

aftercare for children.  

 

Part II. Long-term patient reported outcomes after burns 

Summary 

The systematic reviews showed that most information on HRQL was available relatively 

shortly after burns (≤24 months), even though it is known that not all burn survivors have 

reached their stable end situation two years after burns. To complement existing knowledge 

gaps, a multicenter cross-sectional study on long-term (5-7 years after injury) patient-

reported outcomes was conducted in both children and adults. Outcomes included generic 

HRQL, burn specific HRQL, patient- reported scar quality, depressive symptoms, perceived 

stigmatization, and participation. This study had a special focus on the subgroup of patients 

who suffered from more extensive burns (>20% total body surface area (TBSA) burned in 

adults ≤50 years old, over 10% TBSA burned in adults >50 years or TBSA full thickness >5% 

(based on the criteria of the American Burn Association33) as it was expected that they 

experience most consequences in the long-term. In these patients, extra outcomes were 

studied, including observer reported scar quality, contractures, muscular strength, aerobic 

capacity, habitual physical activity patterns, fatigue and body composition. 

Two main outcomes included long-term patient reported scar quality and long-term patient 

reported HRQL. The first outcome that was analyzed was scar quality in adult burn patients. 

Self-reported scar quality was assessed with the Patient Scale of the Patient and Observer 

Scar Assessment Scale (POSAS). Patients completed this scale for their -in their opinion- 

most severe scar 5-7 years after burns. Scars differed from normal skin in a large part of the 

burn population, especially in those with severe burns. However, the color of the scar 

deviated a lot from normal skin in all patients. A longer hospital stay and female gender was 

associated with poorer scar quality. 
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HRQL was another main outcome in our long-term outcome study. Adult participants 

completed the EQ-5D and visual analogue scale (EQ-VAS) 5-7 years after burns. The majority 

of patients experienced some problems with HRQL. This emphasizes that burns can have a 

negative impact on an individual's HRQL, particularly in more severely burned patients, that 

persists for years. The HRQL domains most frequently affected were pain/discomfort and 

anxiety/depression. Patients with a prolonged hospital stay, females and older patients were 

found to have a higher risk of poor HRQL in the long-term. 

To further improve clinical practice and use HRQL outcomes in daily practice, a recovery 

model that includes both short and long-term information on HRQL after burns would be 

valuable. By combining HRQL outcomes from ten European studies, an individual participant 

data meta-analysis was performed and a 24-month recovery model on expected generic 

HRQL outcomes in adult burn patients was developed. The model showed large 

improvement in HRQL up to six months after burns, afterwards, HRQL remained relatively 

stable. However, the estimated EQ-5D utility scores remained below the norm scores of the 

general population and females, patients with a prolonged hospital stay and patients with 

major burns were found to have a delayed and worse recovery.  

 

Research implications 

Both the information derived from the cross-sectional long-term outcome study and from 

the 24-month HRQL recovery model provides valuable information to inform clinical practice 

and patients on what to expect. The 24-month recovery model showed the benefit of use of 

secondary data within the field of burns. Especially due to the small sample sizes in burns, 

secondary use of data should be considered when a research question is raised. Secondary 

analysis of existing data is timesaving and cost-efficient; the data is already collected and 

checked by another researcher, and it is of low risk to participants as data are anonymously 

shared34. Besides, it is noteworthy that so many burn researchers were willing to share their 

data for a joint action to improve knowledge on the recovery of HRQL in burns. However, 

even with the use of secondary data of 10 studies on HRQL, we were not able to develop a 

long-term (>24 months) model on the recovery of HRQL. Due to large differences in study 

population, time assessment points, HRQL instruments and number of assessments per 

patients, a model up to a maximum of 24 months could be estimated as too few studies 

provided longer-term information. As mentioned before, it is known that not all burn 

survivors have reached their stable end situation two years after burns. In order to extend 

the developed recovery model, more information on HRQL >24 months after burns is 

needed. And despite all advantages of secondary data use, it would be best to monitor the 

recovery of the same patients as outcomes of the same patients do not need to be adjusted 

for inter-patient and inter-study differences.  

The current 24-month recovery model seems useful to inform both clinical practice and 

patients, however, before implementation into clinical practice, external validation (testing 

the model in an independent validation sample) is needed to confirm the accuracy of the 

model35,36. Besides, a restriction of the current model is that it is limited to overall HRQL and 
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no recovery of different domains of HRQL was presented. It would be informative to develop 

recovery models for the different domains of HRQL (like the EQ-5D domains) as domain 

specific expectations might further improve the aftercare for burns patients. And ideally, a 

comprehensive dataset of consequences due to burns experienced by patients is available. 

Therefore, we included a set of 9 PROMS in our 5-7 year follow-up study. However, apart 

from scar quality and generic HRQL in adults, no other outcomes have been analyzed yet. 

These will be analyzed in the near future to further inform clinical practice on the long-term 

effects reported by burn patients.  

The longer-term follow-up, the domain specific models and the comprehensive outcome 

overview might be boosted by outcome data collected by burn outcome registries29,37. Since 

2004, the burn center in Western Australia is collecting patient-reported outcome data from 

its adult burn patients37. Patients are assessed at all planned follow-up visits including four 

to six weeks, three months, six months, twelve months, and twenty-four months scheduled 

from the date of burn injury. However, when follow-up is no longer of benefit, patients are 

discharged from the program and outcomes are no longer assessed, or patients self-select 

and do not return to ambulatory or video conference (telehealth) follow up. Such a registry, 

the Burn centers Outcome Registry the Netherlands (BORN), is also started in the 

Netherlands in 201829. All admitted adults are requested to participate, and outcomes are 

assessed during admission (pre-injury health status), one week, three months and twelve 

months after discharge from the burn center. Hereafter, annual follow-up will follow. These 

outcome registries follow the patients through time and thereby register the evolvement of 

short- and long-term consequences of burns, including HRQL. These data will not only be 

valuable in practice to support care and patient involvement, but will also be valuable for 

research to study outcomes of interventions, compare effectiveness of different strategies, 

and investigate the recovery from burns. Besides, the comprehensive dataset can be used as 

input to develop a personalized prediction model that estimates the risk of short- and long-

term consequences for each individual patient. 

Both these registries are limited to adults, however, outcome measurement in children after 

burns is very important as well. The developers of both registries acknowledge this and the 

first steps have been taken to set up a pediatric outcome registry in both the Netherlands 

and Western Australia. Initiation of these registries in care for children after burns will be 

helpful to also boost burn care for pediatric burn patients. 

A relatively large part of the adult burn population reported problems 5-7 years after burns. 

In general, the HRQL of these patients is lower than the norm score of the general 

population; even though the norm population includes a substantial larger proportion of 

older individuals which in general have a lower HRQL. The subjective HRQL outcomes are 

thus hard to compare against the norm population. Besides, it is not clear which problems 

reported by burn patients are indeed caused by their burns. With new technologies and the 

increasing registration of all kind of data, it might become possible to follow the patient 

journey through electronic health records. Case-control studies can be done to investigate 

which complaints and diseases are more frequently seen in burn patients compared to age- 
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and sex- matched controls. Besides, it can be studied whether health care use and drug use 

of burn survivors differs from individuals without a burn injury. Earlier studies from the 

group of Duke et al. examined long-term hospital admission and morbidity rates in the burn 

population and compared those to a non-injury age- and sex- matched cohort. They showed 

that burn patients had an increased risk, an increased number of hospital admissions and a 

prolonged hospital stay due to cardiovascular diseases38, gastrointestinal diseases39, nervous 

system diseases40,41, diseases of the musculoskeletal system42, and infectious diseases43. 

These studies provide us with a lot of relevant information on long-term consequences of 

burns, however, they do not provide a comprehensive overview of complaints and/or 

diseases of which burn patients suffer from as they looked at predetermined conditions. 

Other less obvious or vague complaints or diseases might also occur frequently in burn 

patients, or combinations of complaints/diseases might be highly prevalent. In a health care 

system with a strong primary care where the general practitioner is the gatekeeper for 

secondary care and where all inhabitants are registered with a general practice, like in the 

Netherlands, this could potentially be studied in general practice data. These potential new 

insights will improve our understanding of causal relations and consequences of burns. 

Consequences of burns are thus long-lasting and Duke et al. suggested that burns might be 

considered a chronic disease as it causes long-term effects on the cardiovascular system38. 

Considering burns as a chronic disease is an interesting idea and changes the way of thinking 

about long-term effects of burns, as all complaints after sustaining a burn should be 

considered in the light of burns. Complaints or diseases caused by burns might need a 

different approach or treatment than complaints caused by other diseases. More future 

research on this topic is needed to reveal whether burns might truly be considered a chronic 

disease. 

Another important question that remains is whether assessed consequences are indeed a 

result of sustaining a burn. The reported problems might have been caused by other injuries 

or diseases or might have already existed before the burn accident. For example, problems 

in the area of anxiety and depression are highly prevalent in the burn population, with the 

prevalence rate exceeding the population based prevalence rate44. This indicates that a burn 

injury has the potency to elicit long-term psychological problems. However, we are unaware 

of the proportion of individuals with anxiety/depression before experiencing the burns. So, it 

is not clear whether experiencing a burn lead to a higher prevalence of anxiety and/or 

depression, or that a higher proportion of individuals with psychological problems suffer 

from burns. In order to improve our knowledge on which one was first, the burn or the 

psychological problem, more information is needed on the pre-injury health status. 

Retrospective assessment of pre-injury HRQL is used to assess the change from pre- to post-

injury HRQL45. However, retrospective measurement may be confounded by recall bias 

and/or response shift46-48. Retrospective measurement is influenced by patient 

characteristics, injury severity, subjectivity of the dimension and time interval applied, which 

lead to systematically lower recalled HRQL outcomes compared to directly reported HRQL 

outcomes49,50. Another more objective option is to assess an individual’s pre-burn health 
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state by assessing registered health complaints in a patient’s electronic health record. Pre-

injury complaints can be compared with post-injury complaints at the individual patient level 

to investigate which complaints are actually caused by burns. This gained insight is limited to 

recorded complaints; i.e. complaints that are severe enough to visit a healthcare provider. 

Nevertheless, this will provide us with valuable insight that is currently missing. 

With the availability of large datasets, also new techniques that have proven to be valuable 

in other fields can be applied51. Examples are data mining and the application of machine 

learning techniques, which are subsets of artificial intelligence. In data mining, computer 

systems are built to study statistical models and algorithms to seek for regularities and 

patterns without using explicit preset boundaries52. Machine learning is an advanced data 

analyses method that automates analytical model building for specific tasks53. Models and 

algorithms modify and improve themselves when exposed to more data. These methods can 

be used to develop advanced data-driven risk prediction models. The first steps have been 

taken to apply these methods in the field of burns. Machine learning was applied in 

multispectral burn diagnostic imaging54; and to predict mortality risk from burn injury53. Data 

mining was used to predict the survival of burn patients55. When large datasets are available, 

it is worthwhile to investigate whether data mining and machine learning techniques are 

valuable in the prediction of individualized patient risks of short- and long-term 

consequences of burns. These new techniques might be valuable in predicting known 

consequences, but can also be applied to study unrevealed consequences or unknown 

relations. 

 

Clinical implications 

The outcomes from Chapter 6-8 provide new insights into long-term scar quality, long-term 

HRQL and recovery of HRQL that are valuable for burn care practice. Scars differed from 

normal skin in a large part of the burn population. Differences were larger in patients with 

severe burns than in patients with mild or intermediate burns, except for color, meaning 

that regardless of the severity of the burn, the color of the worst scar deviates most from 

normal skin even 5-7 years post burn. It is important to counsel patients on the expectations 

of the final look of their burn scar(s). Patients with severe burns and those who underwent 

surgery should be informed that there is a high risk that the final look of their scar is quite 

different from their normal skin and that most differences are seen on the color, including 

pigmentation, of the scar. To a lesser extent, the same applies to patients with mild/ 

intermediate burns and those who did not undergo surgery. It is important that they are 

aware that although they did not have major burns or surgery, there is a chance that their 

scar will be different than their normal skin, especially on color. Also, females and those who 

had a long hospital stay should be informed that there is a high risk that their scar is quite 

different from their normal skin five years after burns. It is also important to inform them on 

preventive and/or therapeutic measures aimed at reducing scar features, such as pressure 

and silicone therapy, and early laser therapy to further improve long-term scar quality. 

Within the Netherlands, a patient portal is currently under development to inform patients 
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on long-term effects and on treatment options. The aim of this patient portal is to facilitate 

shared decision making with burn patients during their recovery. 

Also, a significant proportion of patients experienced problems with HRQL 5-7 years post 

burn. Of these, a small proportion of patients experienced severe problems. This emphasizes 

that burns can have a profound negative impact on an individual’s HRQL, particularly in more 

severely burned patients, that persists for years. Most problems were on pain/discomfort 

and anxiety/depression. It is important that clinicians are aware of this and that they inform 

patients on expected outcomes. In particular, patients with a prolonged hospital stay, 

females and older patients are at higher risk of poorer HRQL in the long-term. These patients 

might need extra attention in the aftercare of burn injuries. Screening, with special attention 

on pain and anxiety, of patients is valuable to identify patients who are in need of extra 

rehabilitation care so that patient-centered aftercare can be given and HRQL of patients can 

be improved.  

To better inform patients on their expected 24-month HRQL recovery the developed model 

can be used in clinical practice. This model provides patients with information on how their 

HRQL is expected to evolve after their injury. Individual patient characteristics can be 

entered and the expected recovery will be displayed. This model can be used shortly after 

burns to inform patients about their expected recovery, but it can also be used during the 

follow-up until 24 months post burn to monitor recovery and early identify a delayed 

recovery. So that a delayed recovery can be recognized in an early stage and timely 

interventions can be started in order to improve patient outcomes. It will be helpful in 

disclosing problems that cause the impaired HRQL and in discussing patient’s values. 

Discussing problems and patients’ values will potentially facilitate shared decision making on 

future treatment and care options. 

It is noteworthy that females were identified as a patient group that experienced a worse 

scar quality (overall opinion) and a poorer HRQL in both studies. Possibly, females are more 

willing to report problems or it may be more difficult for females to live with a changed 

appearance56. Earlier studies showed that female burn patients also have more difficulties 

with social participation, have higher levels of fatigue, have an increased risk of cancer, and 

mortality rates are higher than in male patients56-59. This finding is also reported in the 

general population, so it might not be a burn specific result, but it is important to keep in 

mind in providing care. Gender-specific care might be needed based on these findings. 

Gender-specific care might be a first step, but ultimately patient-centered care based on 

individual patient needs is preferred to come to the best outcomes for a specific patient. The 

developed 24-month recovery model is a good first step. Ultimately, a personalized 

prediction model, including a broader spectrum of patient and burn characteristics, and of 

short- and long-term effects would be most valuable. If such a personalized prediction model 

is available, a personalized estimation of the individual risk of short- and long-term effects 

can be provided to optimize patients’ expectations and improve care. Future further 

development of BORN might include such a model. Knowing what to expect will increase 

patient awareness, strengthens empowerment and the process of shared-decision-making 
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and might improve HRQL. Besides, such a model will further assist healthcare providers in 

early detection and possibly prevention of undesirable short- and long-term effects. 

 

Part III. Burden of disease of burns: an update  

Summary 

Burns not only have an impact on patients, they also pose a burden on society. An 

increasingly used and well-established concept for the evaluation of the health impact of a 

disease on society level is the burden of disease. The burden of disease is a concept that 

includes all health consequences of a disease or injury in one metric, namely the disability 

adjusted life year (DALY), by adding the fatal consequences of burns, expressed in years of 

life lost (YLLs), and non-fatal consequences, expressed in years lived with disability (YLDs)60. 

Nowadays, burden of disease is an important resource in public health because it facilitates 

easy comparison across diseases and injuries, populations and over time60-62. Consequently, 

the description of the burden of disease serves important input for health decision-making 

and planning processes, as well as for priority setting in health care, surveillance and 

interventions63,64. 

Currently, robust burden of disease estimates are not available for the burn patient 

population due to the lack of disability weights in relation to homogenous burn severity 

groups. In the global burden of diseases studies (GBD) burn DALYs are assessed61. The set of 

disability weights applied by the GBD differentiates six different disability weights for burns, 

for both short-term (0-12 months) and lifelong (>12 months) disability61. However, it is 

highly questionable whether the GBD set of burn disability weights adequately captures the 

heterogeneity of burn injuries; allows for optimal linkage of data and disability weights; and 

whether methods used to assess lifelong consequences of injury are appropriate for burn 

injury65. This is exemplified by the greater proportion of patients with minor burns have 

lifelong consequences compared to patients with major burns, which is not plausible and 

contradicting to all available literature21.  

An improved methodology to estimate the burden of injuries was developed by the 

INTEGRIS team, however, application of this method in the field of burn injury was still 

difficult as there is no granular classification of severity of burn injuries to obtain 

homogenous burn injury groups66. There was thus a need to adapt this INTEGRIS method to 

burns. For robust estimations of the burden of disease, information on both short and long-

term HRQL of the specific disease or injury is needed. Facilitated by the results presented in 

Part I and Part II of this thesis, the refined method to estimate the burden of disease of 

injuries was adapted for burns and applied to estimate the burden of burns in Australia, New 

Zealand and the Netherlands. Existing European and Western-Australian HRQL datasets 

were combined to derive disability weights for three homogenous burn injury groups based 

on burn size: <5% TBSA burned (or %TBSA missing), 5-20% TBSA burned and >20% TBSA 

burned. The time point after which we consider disabilities caused by burns as either 

resolved or permanent was assumed to be 24 months. The proportions of patients with 

lifelong disabilities differed by burn injury group, ranging from 20% for the patient group 
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≤5% TBSA burned to 25% for the group 5-20% TBSA burned, and 39% for the group >20% 

TBSA burned. Disability weights were calculated separately for five different time periods in 

the recovery of burns, including four time periods in the short-term (0-1 months, >1-6 

months, >6-12 months, >12-24 months) and one in the long-term (>24 months). Disability 

weights ranged from 0.046 (subgroup <5% TBSA burned >24 months post-burn) to 0.497 

(subgroup >20% TBSA burned 0-1 months post-burn). In 2017, the non-fatal burden of 

disease of burns for the three countries (years lived with disability (YLDs)/100.000 

inhabitants) was 281 for Australia, 279 for New Zealand and 133 for the Netherlands. 

Theoretically, this adapted method is better suitable, better substantiated and easier to 

apply to estimate the burden of disease compared to previously used methods.  

The impact of the adapted method on the burden of disease due to burns compared to 

existing methods was investigated. This was done by calculating the burden of disease due 

to burns of Western Australia in 2011-2018 using two frequently used methods and the 

adapted method and comparing the resulting YLDs. The three applied methods included the 

GBD method61, the Injury-VIBES method that included new disability weights derived for the 

GBD method67, and the new adapted INTEGRIS-burns method (described above). Non-fatal 

burden of disease estimates differed substantially between the three different methods. 

YLDs per case were 3 to 9 times higher when the Injury-VIBES method was applied compared 

to the other methods. Also, trends differed widely through application of the different 

methods. Differences were particularly induced by the defined disability weights and the 

proportion of patients with lifelong consequences used by each method. The choice for a 

specific method thus heavily influences the non-fatal burden of disease expressed in YLDs. 

By addressing the methodological flaws evident in previous calculations of the non-fatal 

burden of disease of burns, the INTEGRIS-burns method seems to present a method to 

provide the most robust estimates to date, for YLDs after burn injury.  

 

Research implications 

By the creation of homogenous burn categories, newly derived disability weights, and 

incidence-based estimates, the adapted INTEGRIS-burns method is better suitable, better 

substantiated and easier to apply to estimate the burden of disease of burns compared to 

previously used methods. However, this method also has some flaws. Disability weights are 

based on self-reported EQ-5D outcomes. The EQ-5D does not assesses any burn specific 

outcome. Burn patients experience burn-specific HRQL consequences which are not directly 

included in the EQ-5D. When consensus is reached within the field of burns on what items 

should be (as a minimum) included in a HRQL instrument for burns, it is valuable to add 

these burn-specific items, for example adding bolt-on items to the EQ-5D, to derive disability 

weights that fully cover the consequences reported by burn patients. Also, the limited 

knowledge on causal relations and indirect consequences influence the disability weights; 

how do we know for sure that reported functional limitations are caused by burns? 

Problems may have already existed or may be induced by another disease. The incidence-

based approach is a forward-looking approach that starts on date of injury. By applying this 
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approach, all consequences (both direct and indirect) caused by burns, should ideally be 

captured. The more indirect and late systemic consequences should also be included to 

estimate the burden of disease due to burns more accurately. Potentially in the future, if all 

available healthcare data can be linked, patients can be followed through the electronic 

health system. Then, ideally, the whole patient trajectory can be studied; from date of injury 

until date of death. Important information on short- and long-term consequences due to 

burns, on recovery periods of burn injury and on the proportion of patients with lifelong 

disability due to burns will become available that can serve as important input to further 

improve the estimation of the actual burden of disease of burns.  

Other aspects of the adapted INTEGRIS-burns methodology also included assumptions. Four 

short-term recovery periods and one long-term recovery period were created, and we 

defined a proportion of patients with lifelong consequences for each of the three groups 

defined. The long-term recovery period, i.e. the time point at which disabilities caused by 

burns were considered as either resolved or permanent, was set at 24 months. There is 

consensus within the field of burns that 12 months, which is the time point used for other 

injuries, is too short after injury for burns. Post-burn sequelae, including scar symptoms and 

mental health challenges, are frequently reported in the period beyond one year after 

injury10. However, it is arguable whether 24 months is the best cut-off point, and whether 

this cut-off point should be used for each different subgroup. This time point was 

deliberately chosen because 12 months was deemed too short and after 24 months too little 

information was available to estimate disability weights. In a short survey, completed by 

experts (both clinicians and patients), on average 36 months post-burn was considered as 

the best cut-off point. Not all consequences reported by burn patients remain stable after 24 

months, some domains (like physical functioning) seem to improve, whereas others (like 

participation restrictions due to emotional and mental well-being) seem to worsen after 24 

months. However, the overall recovery of generic HRQL seem more or less stable after 24 

months. Nevertheless, it was also shown that patients who sustained more severe burns 

have a delayed and prolonged recovery, potentially after 24 months. So, further 

investigation is needed when more long-term and detailed HRQL data is available, for 

example from the Dutch Burn centers Outcome Registry (BORN). It is valuable to study which 

cut-off point is best to use, and whether this cut-off point should differ in the different 

subgroups defined. 

Another part of the adapted methodology that might need discussion, is the creation of 

three homogenous groups with respect to health consequences based on burn size. This 

classification is easy to apply (i.e. only sex, age and %TBSA burned of a burn population is 

needed) and thereby applicable in settings with limited resources. Besides, the definition of 

the most severe group (i.e. >20%TBSA) is in line with the criteria of the American Burn 

Association33. However, it is arguable whether these are the most optimal groups when the 

aim is to most accurately define the burden of disease of burns. With the current groups, 

patients with 21% TBSA burned and 80% TBSA burned belong to the same group and thus 

are defined as having the same disability weight. More granular burn injury categories may 
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be needed for more accurate estimates. An important precondition is that detailed data is 

available to actually apply the more detailed categories. For the specified groups, data is 

needed on short- and long-term consequences, on the proportion of patients with lifelong 

consequences, and on the incidence of burns. A disadvantage is thus the difficulty to apply 

more granular categories. Even in high-developed countries with modern registries and 

many resources, collection of such detailed information is hard, whereas in less developed 

countries, data collection is even harder and more burdensome. Collection of relatively 

simple and short patient-reported outcomes, like the EQ-5D, might already be very difficult 

in countries with less resources. However, such outcomes are very valuable in order to 

improve our knowledge on the burden of disease due to burns in low and middle-income 

countries.  

It is questionable whether our adapted methodology is valid for low and middle-income 

countries. Our method is solely based on data from high-income countries. It is highly likely 

that disability weights will be significantly different, considering the impact of lack of access 

to health resources and reliable acute services, such as surgery and mechanical ventilation. 

Earlier studies have shown that there are differences among countries and cultures on how 

people perceive health problems and on how they find that these problems affect their daily 

activities68,69. Future studies should focus on whether the application of disability weights 

from high-income countries is valid in low- and middle- income countries. More or other 

categories of burn patients might be needed, including groups of patients that did not 

receive (optimal) treatment.  

When data from more countries will become available, these will be most useful when 

shared worldwide. Sharing of international data is an important condition to actually 

compare burden of disease estimations, to uncover, study and potentially resolve 

discrepancies, and to achieve progress towards a higher standard of burn care worldwide. 

 

Practical implications 

Since its application in the Dutch Public Health Status and Forecasts study in 199770, burden 

of disease expressed in DALYs has been used as a standard outcome measure in public 

health in the Netherlands71. It is increasingly used for health decision-making, prevention, 

resource allocation and priority setting in health care63,64 as the DALY makes comparison 

between diseases relatively easy. However, such comparisons are only fair and useful when 

the burden of disease of a specific disease or injury is adequately assessed. The standardized 

method developed by the GBD seems not optimal to assess the burden of disease due to 

burns. Especially, the non-fatal burden of disease estimation, expressed in YLDs, was 

considered not optimal for injuries65. By the creation of homogenous burn categories, newly 

derived disability weights, and incidence-based estimates, the newly adapted method for 

the estimation of the non-fatal burden of disease of burns is better suitable, better 

substantiated and easier to apply compared to the GBD method. Therefore, information 

derived from the adapted method should be used for a fairer comparison and outcomes 

based on this method should serve as input for health decision making at both the national 
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and international level. However, a disadvantage is that the adapted methodology differs 

from the methodology applied for other diseases, which might hamper comparison. The 

estimated burden of disease due to burns is substantially higher by this adapted method, 

meaning that up till now, the burden of disease of burn injuries was likely to be 

underestimated and burns might have received less attention and resources through this 

substantially underestimated burden. In general, diseases and injuries with a high 

prevalence or great impact (i.e. high burden of disease) receive more resources and are 

usually first in line to develop and implement new strategies and approaches in health care. 

Through a more accurate estimation of the burden of disease of burns and accordingly a 

higher estimated burden, burn injuries potentially will receive more attention and resources 

that will stimulate prevention of burns and further improvements in burn care and burn care 

research. 

 

Conclusion 

This thesis provided us with new and improved insights into HRQL shortly and longer after 

burn injuries. Domains of HRQL and patient groups that need special attention in the 

aftercare of burns have been identified. Screening of patients is valuable to identify patients 

who are in need of extra rehabilitation care so that patient-centered aftercare can be given 

and HRQL of patients can be improved. To further improve our knowledge regarding HRQL 

after burn injuries it is of major importance to reach international consensus on what items 

cover the HRQL of burn patients best. The next step is to come to international consensus, 

based on input from patients, clinicians and researchers, on which HRQL instruments should 

be used in pediatric and adult burn care and research. A universally applied instrument, 

separately for children and adults, will improve benchmarking outcomes across countries 

and will help to further improve the quality of burn care and burn care research worldwide. 

In order to further improve patient-centred burn care, a personalized model on the 

individual risk of short- and long-term effects can optimize patients’ expectations and future 

burn care. Knowing what to expect will increase patient awareness, strengthens 

empowerment and, might enhance the process of shared-decision-making and might 

improve patients’ HRQL. Besides, such a model will further assist clinicians in early detection 

and possibly prevention of unwanted short- and long-term effects. Future challenges lie in 

the development of such a model as a large and comprehensive dataset is needed, including 

all relevant described information, to come to such a model. 

This thesis considerably improved the methodology to estimate the non-fatal burden of 

disease due to burns. Each step in the INTEGRIS-burns method was redefined and tailored to 

burn injuries. As a result, this adapted method provides the most robust estimates for non-

fatal burden of disease due to burn injury and is the recommended methodology to use. 

Future continued development is worthwhile to make the methodology even more robust. 

Considerations discussed in this thesis may further improve the accuracy of burden of 

disease estimates in burns in the future.  
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