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General introduction 

Burns are a major cause of mortality and morbidity worldwide. As estimated by the World 

Health Organization (WHO), burns cause about 180,000 deaths each year and non-fatal 

burns are considered a leading cause of morbidity1. In the Netherlands, about 92,000 

persons visit the general practitioner because of burns each year2, about 3,900 persons are 

treated at an emergency department, about 1,100 persons are admitted to a hospital3 and 

about 800 persons are admitted to a burn center each year4. Historically, burn injuries 

resulted in high mortality rates. However, due to substantial advances in surgical and critical 

care management, the number of people surviving burns has improved during the past few 

decades4.  

 

Focus on outcomes beyond mortality 

The substantial improvements in burn treatment have led to a shift in burn care outcomes in 

the developed countries, from short-term critical care outcomes towards longer-term 

patient reported outcomes focusing on mental and physical consequences5-7. This shift was 

reinforced at the plenary introduction session of the International Society for Burn Injuries 

Congress 2018, as it was highlighted that we are looking at outcomes beyond mortality in 

burns now. The decline in burn mortality and improvements in burn care, have led to a 

growing interest in outcomes of burns and burn care rehabilitation, and increases the 

importance of documenting outcomes of burn treatment on both the short and long-term8. 

However, this raises questions on which outcomes are meaningful in our unique patient 

population? When thinking about burns, one might think instantly of burn scars and related 

outcomes, such as scar quality and physical disability due to scarring. However, the 

consequences of burns include a much broader range of outcomes, including physical, 

psychological and social consequences, as well as disabilities and disfigurement7,9,10. 

Nowadays there is a substantial body of literature on outcome assessment after burn 

injuries. Reviews have been published addressing the total spectrum of consequences after 

burns in general7, psychological and social functioning11,12, specific body regions (e.g. hand 

burns13), and specific health domains, including contractures14, hypertrophic scarring15 or 

return to work16. Prevalent consequences in burn patients include, but are not limited to, 

scarring, itch, pain, fatigue, post-traumatic stress symptoms, depression, and limited physical 

functioning6,7,17-21. However, how important are these outcomes to patients, and how do 

they affect them? 

  

Patient reported outcome measures (PROMs) 

In order to identify both consequences of burns as well as patients’ opinions about the 

consequences, patient reported outcomes (PROs) are increasingly measured in the field of 

burns9,10. PROs are measured by patient-reported outcome measures (PROMs)22. PROs are 

aspects of health that are directly assessed by a patient without interpretation of anyone 

else22. This provides us with an important view of the patient’s perspective on their health 

that goes beyond any physiologic measure. PROMs are standardised and validated 
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questionnaires that can be completed by patients during the whole patient journey23. It is 

important to use PROMs to identify the consequences of burns, so that appropriate support 

can be given that improve physical and psychological well-being. Implementation of PROs is 

important to ensure quality of care in the pathway of recovery from burn injuries. It raises 

clinician’s awareness towards the broad spectrum of potential complications of burns and it 

helps in identifying what truly matters to a specific patient. Nowadays there is a shift 

towards more patient-centred care and the use of PROs in the care for burn patients is 

emerging9,10. Recently a systematic outcome registration was initiated within the 

Netherlands and currently a decision aid is being developed to implement shared decision 

making in the aftercare of burns. For individual follow-up of post-burn recovery, real-time 

use of outcomes allows discussion with patients to set goals and discuss treatment options. 

Besides, information on outcomes can be used to support patient-centred decision making, 

measure provider performance, inform quality improvement in treatment and improve 

aftercare of burn patients24. 

 

Health-related quality of life 

An important and increasingly studied PRO to understand, qualify and quantify the impact of 

burns and assess patient values, is health-related quality of life (HRQL) of burn patients25. 

HRQL is a self-reported outcome measure that reflects a patient's perception of how a 

health condition affect patient's physical, psychological and social wellbeing after an injury 

or disease26. Or as defined by the World Health Organization (WHO) "an individual's 

perception of their position in life in the context of the culture and value systems in which 

they live, and in relation to their goals, expectations, standards, and concerns"27. HRQL 

outcomes provide us with a reliable assessment of the patients' perspectives on quality of 

care and outcomes. Although increasingly used as a PRO within burns, study design, applied 

instruments, methodological quality, short and long-term outcomes, recovery patterns, and 

predictors of HRQL in burns have not been systematically reviewed. An earlier review on the 

HRQL of burn patients has been performed, although it only provided an overview of the 

domains that could be impaired after burns, but a systematic overview of outcomes was not 

presented25. A systematic review that identifies which instruments are used in burn 

research, that examines short and long-term outcomes and that assesses predictors of 

diminished HRQL in both children and adults after burns would be valuable to inform clinical 

care. It will provide guidance on what instruments to use, on which patients and what 

domains require special attention in aftercare and rehabilitation, and it can help in preparing 

patient specific care plans28.  

 

Long-term patient reported outcomes after burns 

As mentioned before, the first long-term outcome one might think of after burns is a 

patient’s scar and the corresponding scar quality. Scar formation is an important adverse 

consequence of burns. Scarring is associated with long-term cosmetic disfigurement, 

restricted movement and with both physical and psychological problems29,30. Besides, scars 
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are permanent and can cause pain and itch and may hamper HRQL31,32. How patients 

appraise their scar quality is often studied shortly after sustaining the injury, but information 

in the long-term is scarce. As the maturation of scars may take several years, it is also 

important to assess scar quality and factors associated with scar quality in the long-term. 

There is thus a need to gain more information on patients’ perspectives on long-term scar 

quality. Not only knowledge on long-term patient reported scar quality is lacking, also 

knowledge on long-term patient reported HRQL is scarce. Quite some important work is 

done on HRQL outcomes until two years after burns33,34. However, less information on HRQL 

in the longer term is available, even though not all burn survivors may have reached their 

stable end situation two years after burns. To complement existing knowledge gaps, long-

term (>24 months) patient-reported outcomes after burns should be studied.  

Also, to enhance clinical practice and use HRQL outcomes in daily care, a benchmark or 

recovery model that includes both short and long-term information on HRQL after burns is 

valuable. Such a model can inform clinical practice by the early identification of persons with 

a delayed recovery. Through early identification of a delay, timely interventions can be 

started in order to improve patient outcomes. Besides, a HRQL recovery model can be used 

to inform patients on expected outcomes and such models have shown to improve 

evaluation of outcomes and can be used to evaluate quality of care35. Within burns, recovery 

models for HRQL have been developed for children and young adults36-38. However, such a 

model does not yet exist for adult burn patients. 

 

Societal impact of burns 

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

increasingly used and well-established epidemiological metric 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 metric39. 

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

an easy comparison across diseases and injuries, populations and over time39-41. 

Consequently, the description of the burden of disease serves an important input for health 

decision-making and planning processes, as well as for priority setting in health care, 

surveillance and interventions42,43. Burden of disease is often expressed in disability adjusted 

life year (DALY)44. This metric combines information regarding health loss by premature 

mortality with information on non-fatal health loss of a disease or injury in one single 

figure44-46. Premature mortality is expressed as years of life lost (YLLs) and non-fatal health 

loss as years lived with disability (YLDs), which are adjusted for the severity of the 

disability47,48. YLDs for a given disease or injury are derived by multiplying the incidence of 

the disease or injury by a disability weight and duration of the disease and injury. A disability 

weight reflects the magnitude of health loss and has a value between zero and one, with 

zero for perfect health and one for a health state that is equivalent to death40,49. Both 

information on the duration of the disability as well as the disease or injury specific disability 

weights are important to derive adequate burden of disease estimates50. 
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Burden of disease of burn injuries 

Up to now only rough estimates are available on the burden of disease due to burns. In the 

Netherlands, the Dutch burden of injury model is based on emergency department incidence 

data50. As a result, the burden of disease of burn injuries was likely to be underestimated, as 

severe burns were hardly included because those patients are admitted to a burn center in 

the Netherlands. In addition, data) for a valid classification of burn injury severity were not 

available (i.e. percentage total body surface area burned, because of the limited information 

in medical records at the emergency department. In the recent global burden of disease 

studies (GBD 2017, http://www.healthdata.org/gbd) burden of burn injuries has been 

included, however burn injuries are distinguished into five crude and heterogeneous 

groupings, mainly based on burn size and body region involved. Up to this moment there is 

no agreement upon an adequate classification of severity of burn injuries for burden of 

burns studies. Such a classification however, is a condition sine qua non for a valid 

calculation of the burden of disease of a specific condition50. An adequate classification will 

result in homogenous groups of burn patients with similar outcomes and disabilities and will 

result in a more precise estimate of the burden of burns. Since the burden of disease is an 

important input for health decision-making, planning processes, and priority setting in health 

care42,43, there is an urgent need to derive an adequate classification and estimate the 

burden of burns more precisely. 

 

Refined method to assess non-fatal burden of injury 

Due to a great variety of outcomes after injuries (including burns), which may vary between 

mild to very serious consequences, groupings of patients is needed to derive disability 

weights51. Inevitably, this leads to a mismatch between incidence data and disability 

weights. To overcome this problem, a refined method to assess the non-fatal burden of 

injury has been developed by Haagsma et al.50. Important adaptations in this novel method 

are: 1) a more detailed classification of injuries to obtain homogenous injury groups, 2) an 

extension of the number of short and long-term disability weights for consequences of 

injuries, and 3) assessment of the proportion of patients with a permanent disability based 

on empirical data instead of expert opinion50. In this way, the disability information is more 

sensitive for differences between injuries and it can be linked to the epidemiological data 

more precisely, resulting in better estimates of the burden of injury. This new method 

resulted in 3 to 8 times higher estimates of the burden of disease, expressed in YLDs 

compared to the estimates based on the conventional methods from the global burden of 

disease studies50. However, application of the method in the burn injury field is problematic 

as there is no agreement upon an adequate classification of severity of burn injuries to 

obtain homogenous burn injury groups. Since the burden of disease is an important and 

increasingly used resource in public health, there is an urgent need to apply this refined 

method for burn injuries. 
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Aims of this thesis 

The studies described in this thesis focus on improving insights into short and long-term 

patient-reported outcomes of burns and at adapting the refined method to estimate the 

burden of disease to burns. Hereby, they deliver input for the aims of this thesis:  

▪ 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 both 

patient groups as well as HRQL domains that are affected by burn injuries  

▪ To improve knowledge regarding long-term patient-reported outcomes after burn 

injuries 

▪ To adapt the refined methodology for the estimation of the burden of injury for 

application in burn injury 

In order to achieve this, this thesis consists of three parts. An overview of assessment and 

outcomes of HRQL in burn patients is presented in part I, long-term patient reported 

outcomes after burns are presented in part II and the adaptation and application of the 

refined method on the burden of disease of burns is presented in part III. 

 

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

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

extensive systematic literature review was designed on study design, applied instruments, 

methodological quality, short and long-term outcomes, recovery patterns, and predictors of 

HRQL after burn injuries. The first part of this systematic review, on methodology and 

recovery patterns in adult burn patients, is presented in Chapter 2. The aims of this review 

were 1) to identify which generic and burn specific instruments are used for the 

measurement of HRQL after burn injuries in adults, and 2) to examine recovery patterns of 

HRQL after burns. The second part of the systematic review, on predictors of HRQL after 

burn injuries in adults, is presented in Chapter 3. The aim of this review was to systematically 

review predictors of HRQL following burn injuries in adults. 

The assessment of HRQL in adult burn patients is currently part of an ongoing discussion on 

patient-reported outcome assessment after burns. However, HRQL assessment in children 

and adolescents after burn injuries is also very important and needs attention. Children, 

especially those <5 years old, are at the highest risk of hospitalization from burns52. In total, 

about 43% of the patients admitted in Dutch burn centers include children and adolescents 

(≤19 years old)4. In order to study and summarize the current knowledge on HRQL after burn 

injuries in children and adolescents, this important patient group was also included in our 

systematic review. The aims were to present an overview of study designs, instruments, 

methodological quality, outcomes and predictors of HRQL in children and adolescents after 

burns. The results are described in Chapter 4. 

To draw valid conclusions regarding HRQL outcome data, instruments with robust 

measurement properties are required, with evidence supporting that they accurately 

measure aspects of health that are relevant to the patient group that is studied. Applied 

instruments should be valid and reliable in order to provide adequate measurement 
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outcomes, otherwise wrong conclusions could be drawn due to imprecise or biased results53. 

To study to what extent existing HRQL measurements are valid and reliable, existing HRQL 

instruments were critically appraised using the COnsensus-based Standards for the Selection 

of health Status Measurement INstruments (COSMIN) checklist in Chapter 5. 

 

Part II. Long-term patient reported outcomes after burns 

Based on the findings of our systematic reviews, which showed that information on long-

term outcomes is lacking, a multicentre cross-sectional study on long-term (5-7 years after 

injury) patient-reported outcomes was conducted. This study aimed to obtain a 

comprehensive overview of long-term consequences of burns in all patients admitted to a 

Dutch burn centre. 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, >10% TBSA burned or TBSA full thickness >5% (based on the criteria of the American 

Burn Association54) in adults >50 years) as it was expected that they experienced more 

consequences in the long-term. In Chapter 6 and 7 the results regarding long-term scar 

quality and long-term generic HRQL are described. 

In our search to uncover the detailed recovery of HRQL after burn injuries and to create a 

model on expected recovery of future adult burn patients, we combined existing data to 

perform an individual participant data meta-analysis on the recovery of HRQL after a burn 

injury. Both data collected in our own cross-sectional study as well as data from other 

European studies were combined to develop a model on expected HRQL recovery. This 

model and the predicted recovery of HRQL are presented in Chapter 8. 

 

Part III. Burden of disease of burns: an update  

For the calculation of the burden of disease, information on both short and long-term 

consequences in terms of HRQL of the specific disease is needed. Facilitated by the results 

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

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

Zealand and the Netherlands. Chapter 9 describes the adapted method to assess the burden 

of burns and the application of the adapted method to assess the burden of burn injuries in 

these three countries. This adapted method may be theoretically better substantiated; 

however, whether the adapted model results in a higher or lower burden of disease of burns 

compared to current methods was not yet studied. Therefore, we assessed the burden of 

disease of burns of Western Australia with three methods, two current frequently used 

methods and the adapted method, and compared the results in Chapter 10. 

 

Finally, in Chapter 11, all findings of the described studies are summarised and discussed, 

and a future perspective and recommendations are proposed. 
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