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Abstract
Background  Fire is a major contributor to global fatalities and disabilities and remains a prevalent threat to 
individuals in Australia. New South Wales (NSW) experiences over one-third of all structure fires, including residential 
ones, in the country and one-quarter of all associated deaths and hospital admissions. In an atmosphere of rising 
healthcare cost and heightened demand for its services, obtaining total cost data for residential fires is essential. The 
study aims to estimate the cost of health service utilisation, including ambulance, emergency, and hospital admission, 
resulting from residential fire incidents in NSW, Australia.

Method  This population-based cohort study uses response and health service administration data from 1 January 
2005 to 31 December 2014. The data sources are Australian Computer Aided Dispatch system, Fire and Rescue NSW 
Australian Incident Reporting System, NSW Ambulance datasets, NSW Emergency Department Data Collections, and 
NSW Admitted Patient Data Collection which are administrative datasets that have been linked. Cost figures were 
expressed in constant 2023 Australian dollars.

Results  The estimated annual average cost for ambulance use was AU$75 thousand, with the average cost per 
use of AU$945. The average annual cost for emergency department visits was AU$137 thousand, and the average 
cost per visit was AU$890. The average total length of stay in hospital was nine days. The average annual cost of 
episodes of care in hospital was estimated at AU$4 million, with the average cost per episode of care of AU$16,140. 
The study assessed the total cost for health service use relevant to residential fire incidents and associated injuries at 
AU$46 million over time, averaging approximately AU$5 million annually.

Conclusion  This study provided, for the first time, total and average costs of health service utilisation per type 
for ambulance use, ED visits, and hospital admissions associated with residential fire incidents and related injuries 
using linked administrative data in NSW. Our study will assist the government and stakeholders in making informed 
decisions that prioritise funding for healthcare service and improve the quality of overall fire safety and public health 
outcomes.
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Introduction
Fires, both wildfires and residential fires, are major envi-
ronmental and public health hazards globally [1–3]. In 
developed countries, it is one of the leading contributors 
to fatalities and disabilities [1], resulting in an estimated 
300,000 lives lost every year, while millions endure life-
long injuries and disabilities [4], mostly occurring in resi-
dential settings [2, 3, 5–7]. Major regulatory changes and 
preventive measures, including the mandatory installa-
tion of working smoke alarm in residential premises, have 
been introduced since 1980s to reduce residential fire 
incidents and its impacts [8–12]. This has been further 
reinforced through continuous fire safety messaging, pas-
sive fire prevention strategies, and improved fire manage-
ment systems [10, 11, 13, 14]. However, there has been a 
steady change in the residential fire environment due to 
modern architectural designs, increased synthetic fuel 
loads, and changing construction materials, over the past 
several decades [15–17]. These changes lead to shorter 
flashover time that reduces the time for occupants to 
safely evacuate and for firefighters to respond [15, 18, 19]. 
In addition, global rise in temperature [20, 21], coupled 
with increased use of highly flammable materials [22, 23] 
and an ageing population [24–26], are leading to higher 
incidences of residential fires, and related injuries and 
fatalities [20, 27]. As a result, when residential fires do 
occur, they pose greater risks to individuals’ health and 
lead to increased demand for healthcare service.

In Australia, fire remains a prevalent threat to indi-
viduals [28], with 79,063 fire incidents in 2022/23 period, 
resulting in 129 fatalities and 2,200 injuries requiring 
hospitalisation [29]. Of these fire incidents, 21% were 
structural including residential fires [29]. New South 
Wales (NSW), Australia’s most populous state with more 
than eight million residents [30], experiences over one-
third of all structure fires in the country [29] and one-
quarter of all associated deaths and hospital admissions 
[3, 29, 31]. However, the number of residential fire inci-
dents, and related hospital admissions and deaths are 
under-reported [29, 32].

Residential fire injuries are primarily burns and smoke 
inhalations [7, 33, 34]. Treatment and care of burns have 
been determined as one of the costliest areas of health-
care [35–39]. Severe burns require complex management 
usually with specialist services, and are associated with 
prolonged morbidity, and mortality [40–42]. In NSW, 
rate of emergency ambulance call-outs has been growing 
[43] with a protocol of requiring ambulance attendance 
to residential fires to support residents, fire service, and 
other first responders [8]. Emergency departments, hos-
pital admissions and outpatient treatments are increas-
ingly being stretched in providing services with limited 
resources [39, 44–47].

A recent systematic review on economic costs by Rah-
man et al. [32] found limited literature on cost of health 
service utilisation related, specifically, to residential fires 
internationally [11, 48–50]. The studies reviewed pro-
vided health service costing information for ambulance 
use [48], emergency department (ED) [50], hospital 
admissions [11, 48–51], and burns unit treatment [48, 
50, 52]. However, none of the studies presented a full 
picture of cost for health service utilisation including 
all the service providers. In Australia, specifically, there 
was no studies that estimated the total costs of health-
care and health service use associated with residential 
fires [11, 32]. In an atmosphere of rising healthcare costs 
and heightened demand for healthcare services, obtain-
ing total cost data for residential fires is vital. Economic 
data on the treatment cost of injuries is important for 
the planning and delivery of health services and inform-
ing safety messaging [53, 54]. This study aims to estimate 
cost of health service utilisation, including ambulance, 
emergency, and hospital admissions, resulting from resi-
dential fire incidents in NSW, Australia. The estimated 
cost will provide an important tool to guide decision- 
making regarding resource allocation, quality programs, 
and prevention strategies.

Method
Study population and data sources
This is a population-based cohort study using response 
and health service administration data from 1 January 
2005 to 31 December 2014. Data sources are Austra-
lian Computer Aided Dispatch (CAD) system, Fire and 
Rescue NSW (FRNSW) Australian Incident Reporting 
System (AIRS), NSW Ambulance datasets, NSW Emer-
gency Department Data Collections (EDDC), and NSW 
Admitted Patient Data Collection (APDC) administrative 
datasets that have been linked as detailed elsewhere [8, 
51, 55–57]. Study cohorts were identified using the AIRS 
and the five other datasets and reported by health service 
use of ambulance, emergency, and hospital admissions 
(Fig.  1). The AIRS data includes information on cir-
cumstances, management, and consequences of all fires 
attended by FRNSW. Data processing and cohort selec-
tion have been detailed in Rahman et al. [8]. Variables 
used in this study from the AIRS data were project per-
son number (PPN), alarm date (when reporting authority 
was first notified of fire incident), and duties completion 
date (when reporting authority’s involvement at the inci-
dent was terminated). Incident date (alarm date) was the 
primary variable used to link with other datasets to iden-
tify records related to residential fires.

For ambulance use, the CAD, which records emergency 
dispatch system for ‘000’ (Australian emergency phone 
number) calls, was used to identify all NSW residential 
addresses that experienced a fire event. This was linked 
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with ambulance operational and clinical data, that com-
prise of paper-based Patient Health Care Record (PHCR) 
until 2011 and electronic Medical Record (eMR) from 
2011 onwards [58]. The PHCR and eMR include informa-
tion about the incident (reason for call and scene loca-
tion), patient information (demographics, injury/illness 
characterisation, vital signs and assessment results), 
treatment details (pharmacology and interventions), and 
outcomes (transported, not transported, and died).

Emergency department (ED) presentations to NSW 
public hospitals are captured in the EDDC data contain-
ing patient management data such as demographics, 
arrival and departure date/time, reasons for admis-
sion, and mode of arrival and discharge. Hospital data, 
recorded in APDC data, describes administrative infor-
mation of hospital admission. It includes primary and 
secondary reasons for admission, date/time of admis-
sion, transfer to other departments/sections within hos-
pital and across hospitals, and date/time of discharge. 
The APDC records all inpatient separations (discharges, 
transfers, and deaths) from all public, private, psychiatric 
and repatriation hospitals in NSW, public multi-purpose 
services, private day procedure centres and public nurs-
ing homes.

For costing of health service use, publicly available 
information was used, including NSW ambulance [43], 
Independent Health and Aged Care Pricing Authority 
(IHACPA) [59], and Australian Bureau of Statistics (ABS) 
[60]. For ambulance, information about call-out charge 
and rate per km was obtained from NSW Ambulance 
[43]. We sourced costing information for ED presenta-
tion from the National Hospital Cost Data Collection 
(NHCDC) [61] for 2012/13. To estimate hospital admis-
sion cost, we used 2012/13 NHCDC cost data [62], with 
Australian Refined Diagnostic Related Groups (AR-
DRGs) version 6.0x as it matched with the AR_DRG ver-
sion provided in hospital data. The AR-DRG is a measure 
of resources required by hospitals to treat individuals, 
including all in-hospital medical and allied health treat-
ment, nursing, diagnostics, and pharmaceuticals [59].

Identification of study cohorts
The cohort selection strategy was designed to capture 
all eligible records associated with residential fire inci-
dents as comprehensively as possible. The flow diagrams 
for cohort identification are presented in detail in the 
Appendix (Figures A1-A4). A three-step process was 
used to identify the study cohorts. Step 1, eligible records 
from ambulance datasets were selected by burn, smoke 

Fig. 1  Datasets used to identify cohorts for cost estimation of health service use
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inhalation, and other codes applicable to residential fires 
and related injuries. Across NSW, ED data is coded using 
three different classification systems– International Clas-
sification of Diseases, 9th Revision, Clinical Modification 
(ICD-9-CM) [63], International Statistical Classification 
of Diseases and Related Health Problems, 10th Revi-
sion, Australian Modification (ICD-10-AM) [64, 65], and 
Systemized Nomenclature of Medicine-Clinical Terms 
(SNOMED CT) [66, 67]. We identified relevant cases 
from ED and hospital datasets using diagnosis codes 
recorded in the ICD-9-CM, ICD-10-AM, and SNOMED 
CT. From the ICD-9-CM, we used diagnosis codes ‘906’, 
and ‘940–949’ to identify burns, ‘506’ and ‘508’ to identify 
smoke inhalation, and ‘E890-E899’ to identify any injuries 
linked to residential fires [68–70]. From ICD-10-AM, we 
used diagnosis codes ‘T20-T31’ to identify burns, ‘T59’ 
to identify smoke inhalation, and ‘X00’ and ‘X02’ to iden-
tify any injuries related to residential fires [56]. A range 
of SNOMED CT codes was applied to identify burns, 
smoke inhalation, and any injuries related to residential 
fires (Table A1 in the Appendix) [56]. Step 2, we merged 
the AIRS data with ambulance, ED, and hospital datasets 
to determine how many records from each of the datasets 
were identified by the AIRS data. For ambulance datas-
ets, the condition considered to select the cohorts was 
that the date of residential fire incident and the date of 
ambulance transportation to ED was the same. Whilst we 
presumed that any ED visit or hospital admission occur-
ring within 14 days of a residential fire incident as the cri-
teria to identify the cohorts. Step 3 merged the selected 
cohorts from Steps 1 and 2. Finally, data was restricted to 
between 1 January 2005 and 31 December 2014 to final-
ise the study cohorts.

Analysis
Estimation of costs for the health service uses
Total cost of health service use includes cost of ambu-
lance, ED visits and hospital admissions. Cost estima-
tion for ambulance use followed the method described in 
Campbell et al. [21], Wang et al. [71], and NSW Ambu-
lance fee estimates [43]. The PHCR data has informa-
tion about distance travelled by ambulance, while the 
eMR data does not have such information. Therefore, if 
not given, we utilised a median value of distance (11 km) 
measured from the PHCR data. We applied ambulance 
call-out charge and rate per km for travelling, at AU$840 
and AU$7.58 respectively, provided by NSW Ambulance 
[43]. The formula used for quantifying cost of the identi-
fied cohort for using ambulance is as follows:

	
Cost of each ambulance use = Call-out charge

+ (distance travelled*rate per km)

To calculate cost of ED visits, we applied the method 
‘cost of emergency department presentation by separa-
tion mode’ described by Reeve and Haas (2014) [72]. We 
classified our selected cohort of ED visits into two mode 
of separations– admitted to hospital and non-admitted 
[73]. We allotted two separate average costs provided 
by NHCDC data [61] for admitted (AU$1,128) and non-
admitted (AU$423) ED visits. These figures represent 
average costs for Round 17 (2012–2013). The following 
formula was used to estimate cost of the selected cohort 
for ED visits-.

	Cost of each ED visit = ED visit*corresponding cost

Cost estimation of hospital admissions used the method 
described in the disease expenditure study by Australian 
Institute of Health and Welfare (AIHW) [74]. We deter-
mined length of stay (LOS) in hospital by taking the dif-
ference between episode of care start and end date from 
hospital data. An episode of care ends when a patient 
ends a period of stay in hospital (for instance, by dis-
charge, transfer or death), or transitions to a different 
“type” of patient within the same period of stay [75]. We 
merged the NHCDC cost data [62] with the selected final 
cohort for hospital admissions by the AR_DRG to obtain 
corresponding cost values. Some costs are proportional 
to LOS, for example, ward costs and meals, while some 
are not dependent on LOS, for instance, theatre cost 
[47, 73, 74]. Therefore, we calculated total variable costs 
(TVC) that are dependent on LOS and total non-variable 
costs that are not dependent on LOS. To estimate TVC, 
we summed all ward costs given in the NHCDC cost 
data. Variable cost (VC) per day was then measured by 
dividing the estimated TVC by average length of stay 
(ALOS) given in cost data. We further calculated total 
non-variable costs by summing up other given cost items 
in the bucket [47]. Cost of the identified cohort for hospi-
tal admissions was estimated using the following formula:

	

Cost of each episode of care
= (VC per day*LOS estimated from hospital data)+
total non-variable costs

Other statistical analysis
The study provided demographic statistics of individu-
als in the selected cohorts for health service use (Table 1, 
and Tables A2-A4 in the Appendix). We derived age-
specific injury rate per 100,000 population described in 
Berry and Harrison (2005) [76] (Table  1). To calculate 
age-specific injury rate, we divided the number of inju-
ries in each age group by the estimated population [60] 
of that age group and then converted the result to a rate 
per 100,000 population. Age group classification followed 
the life stages approach illustrated in the National Injury 
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Prevention Strategy 2020–2030 [77] and LOS was catego-
rised as per Moller et al. [78]. Cost figures were expressed 
in terms of constant 2023 Australian dollars (AU$) using 
the consumer price index (CPI) based on all groups in 
Australia [79]. Temporal changes in cost were modelled 
and reported as Percentage Annual Change (PAC) with 
95% confidence intervals (CIs). Both confidence interval 
and hypothesis testing methods were applied to test sta-
tistical significance of the outcomes. The software SAS 
Enterprise Guide version 7.1 (SAS Institute Inc., Cary, 
NC, USA) was used for data analysis.

Results
Selected study cohorts of health service use due to 
residential fire incidents
The number of records identified in each cohort is 
detailed in the Appendix (Figure A1–A4). We found that 
many individuals in the identified cohorts had records for 
multiple ambulance use, ED visits and hospital admis-
sions over time. For ambulance use, we identified a 
cohort of 474 records by 463 individuals from the PHCR 
data (Figure A1), and a cohort of 317 records by 307 indi-
viduals from the eMR data (Figure A2). Therefore, a total 
record of 791 ambulance use by 770 individuals were 
finalised. The selected final cohort for ED visits included 
1,540 records of ED visit by 1,345 people (Figure A3) and 
the final cohort for hospital admissions included 2,713 
episodes of care received by 2,001 individuals (Figure 

A4). Some hospital admissions required several epi-
sodes of care. Therefore, we found a total of 2,133 hospi-
tal admissions (Table A5 in Appendix). Of the identified 
ambulance use, 122 records were found from ambulance 
datasets and 669 from the AIRS data. Of the selected ED 
visits, 104 records were reported from ED data and 1442 
from the AIRS data. Of the identified hospital admis-
sions, 1,596 were determined by hospital data and 696 by 
the AIRS data. The AIRS data captured most of the total 
ambulance use and ED visits, 85% and 94%, respectively, 
while it could identify only 33% of the total hospital 
admissions (Table A5).

Figure 2 illustrates the trend in health service use over-
time. We found that the ambulance use and hospital 
admissions declined between 2007 and 2010, but began 
increasing again after 2010. Previous studies reported a 
gradual decline in residential fire incidents after 2006, 
attributed to regulatory changes in NSW between 2006 
and 2010, which helped reduce residential fire related 
casualties during that period [8, 9, 80]. However, the fire 
service response time to structural fires slightly increased 
over time, leading to more injuries [80, 81]. In addition, 
NSW experienced major residential fire incidents in 
2011, including one in November at a residential facility 
for elderly people [81, 82]. In this incident, 88 sick and 
frail residents - many reliant on vital medical equipment 
and some bedridden - were rescued [81]. These factors 
contributed to the rise in ambulance use, ED visits, and 

Fig. 2  Trend over time of total number of ambulance use, ED visits, and hospital admissions, identified. Total ambulance use – 2005–2010: percentage an-
nual change = −11.0%, 95% CI (−28.6, 6.6), p = 0.219 | 2010–2014: percentage annual change = 19.9%, 95% CI (3.0, 37.0), p = 0.021 | 2005–2014 (over time): 
percentage annual change = 4.2%, 95% CI (−2.7, 11.2), p = 0.238. Total ED visits – 2005–2010: percentage annual change = 1.8%, 95% CI (−3.2, 6.8), p = 0.475 
| 2010–2014: percentage annual change = −1.5%, 95% CI (−10.9, 7.9), p = 0.751 | 2005–2014 (over time): percentage annual change = 1.1%, 95% CI (−1.7, 
3.9), p = 0.452. Total hospital admissions – 2005–2010: percentage annual change = −8.6%, 95% CI (−11.9, −5.2), p < 0. 001 | 2010–2014: percentage annual 
change = 10.9%, 95% CI (3.0, 18.9), p = 0.007 | 2005–2014 (over time): percentage annual change = 2.0%, 95% CI (−1.6, 5.6), p = 0.275
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hospital admissions after 2010, culminating in a sharp 
increase in 2012.

The identified number of ambulance use ranged from 
39 to 120, peaking in 2012 from its lowest in 2010. The 
trend analysis showed an average annual increase of 
4.2% over time, which was not statistically significant 
(p = 0.238). The lowest number of ED visits (132) was 
found in 2005 and the highest number (193) in 2012. 
The average annual change from 2005 to 2014 indicated 
a 1.1% increase that was observed as not significant 
(p = 0.452). For hospital admissions, the number var-
ied between 161 in 2010, and 270 in 2013. The average 
annual change increased by 2% for the overall period 
(2005–2014) and was also not significant (p = 0.275). We 
divided the study period in two sections, 2005–2010 
and 2010–2014, and measured percentage change of the 
total number of each health service use. We were unable 
to report any significant change for ambulance use and 
ED visits. However, there was a significant 8.6% decrease 
in the number of hospital admissions between 2005 and 
2010 (p < 0. 001), that rose significantly from 2010 to 2014 
by 10.9% (p = 0.007).

Demographic characteristics of selected study cohorts
Of individuals who used health service, one-third were 
young adults aged between 25 and 44 years followed by 
adults aged between 45 and 64 years (26–29%), and older 
adults aged between 65 and 84 years (15–19%) (Table 1). 
However, infants, aged below one year, (age-specific 
injury rate of 41.7 per 100,000 population), and the oldest 
adults, aged above 85 years, (age-specific injury rates of 
46.1 for ED visits, and 61.3 for hospital admissions, per 
100,000 population), were the most vulnerable groups 
to residential fire related injuries (Table 1). The majority 
(55–61%) of people who used health service were male 
(Table A2). In most age groups except the oldest adults, 
the male proportion (range 51 − 74%) was higher than 
their female counterparts (range 33 − 49%). The scenario 

was reversed for the oldest adults, where females (61 
− 69%) outnumbered males (31 − 39%) (Table  1). More 
than 50% of both males and females visited ED for other 
injuries associated with residential fires (Table A2).

Of individuals admitted to hospitals, 43% were admit-
ted for burns, 34% with smoke inhalation, 7% due to both 
burn and smoke inhalation, and 16% for other related 
injuries (Table A3). The majority (77%) stayed in hospital 
for a week (1–7 days), 15% for more than a week (8–28 
days), and 8% for more than a month (> 28 days) (Table 
A4). Across age groups, 22% of older adults and the old-
est adults stayed for more than a week, while 11% of 
them stayed for more than a month (Table 1). Of those 
who stayed for more than a month, the highest 13% were 
admitted for other injuries including fractures, aches 
and pain, respiratory problems, and mental health issues 
(Table A3). About 14% of all individuals who were admit-
ted to hospital, required an Intensive Care Unit (ICU) 
admission anytime during the period of care (Table  1). 
The highest 42% of all burn plus smoke inhalation admis-
sions, involved an ICU admission (Table A3). Around 
45% of all individuals who stayed for more than a month, 
needed an ICU admission (Table A4).

Estimated cost for health service use due to residential fire 
incidents
The estimated total cost for health service use including 
cost for ambulance use, ED visits, and hospital admis-
sions have been described in Table 2, and in the Appen-
dix (Table A6). Cost for ambulance use ranged between 
AU$35 thousand and AU$112 thousand over the study 
period. Total cost was estimated at AU$746.9 thousand 
with an annual average of AU$74.7 thousand, and cost 
per ambulance use was AU$944. Cost figures for ED 
visits fluctuated within AU$110 thousand to AU$165 
thousand. Total cost was quantified at AU$1.4  mil-
lion and annual average cost was AU$136.7 thousand, 
and cost per ED visit was calculated at AU$888. For 

Table 2  Total cost (at constant 2023 AU$) for health service use
Year Total cost for ambulance use

(number of use identified = 791)
Total cost for ED visit (number 
of visits identified = 1,540)

Total cost for hospital admissions 
(number of episodes of care 
identified = 2,713)

Total cost 
for health 
service 
use

2005 47,504 121,161 3,747,712 3,916,377
2006 84,429 144,257 3,867,747 4,096,433
2007 99,458 120,245 3,765,018 3,984,721
2008 78,788 136,925 4,595,119 4,810,832
2009 40,054 163,687 4,005,320 4,209,060
2010 36,444 112,546 3,311,754 3,460,744
2011 68,013 146,090 5,842,112 6,056,215
2012 111,351 162,954 4,737,550 5,011,854
2013 90,309 139,858 5,765,824 5,995,991
2014 90,529 119,695 4,146,229 4,356,453
Total 746,879 1,367,418 43,784,384 45,898,681
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hospital admissions, cost of episodes of care varied from 
AU$3 million to AU$6 million. Total cost was estimated 
at AU$43.8  million with an average of AU$4.4  million, 
annually, and AU$16,139 per episode of care. Therefore, 
total cost for health service use associated with residen-
tial fire incidents has been assessed at AU$45.9 million, 
approximately, from 2005 to 2014 with an annual average 
of AU$4.6 million (Table 2, A6).

 Figure  3 shows a 3.5% annual increase in total cost 
for ambulance use; however, the increasing trend was 
not significant (p = 0.342). Although non-significant 
(p = 0.628), total cost for ED visits raised by 0.7%. The 
study estimated a significant 3.5% rise in total cost of epi-
sodes of care for hospital admissions (p = 0.035). There-
fore, total cost for health service use was observed to be 
increased significantly by 3.4% over time (p = 0.036). 

Discussion
Findings
This study provided, for the first time, total and average 
costs of health service utilisation per type for ambulance 
use, ED visits, and hospital admissions associated with 
residential fire incidents and related injuries using linked 
administrative data from 2005 to 2014 in NSW. There is 
limited literature on health service cost to support the 
findings [11, 32, 48–50]. Ambulance use and associated 
cost have been predominantly ignored in existing lit-
erature [11, 32, 49, 50]. Banfield et al. [48] reported the 
cost of ambulance service for patient transportation to 

the provincial burn centre in their cost analysis of burn 
or inhalation injuries due to residential fires in Ontario, 
Canada, during 1995–2012. They estimated health ser-
vice cost for ambulance service and hospital admissions 
only for the provincial burn centre and did not include 
cost for ED visits. Lawrence et al. [50] provided the cost 
of medically treated injuries associated with residential 
fires through different health service - ED, and hospi-
tal inpatient and outpatient cares in the United States. 
Yellman et al. [49] modelled the economic effectiveness 
of smoke alarm installation in Dallas, the United States 
and showed cost figures for ED visits and hospital admis-
sions. Neither Lawrence et al. [50] nor Yellman et al. [49] 
estimated cost for ambulance use. Tannous et al. [11] 
quantified health system costs related to residential fires, 
but they used estimated costing figures from other pub-
lished literature of costings, and it was unclear whether 
they included ambulance use, ED visits, and/or hospital 
admissions. None of the literature used linked adminis-
trative data.

In our study, we described the trend analysis for the 
total number and total cost of each health service use 
over time. These outcomes add value in the literature 
as they have not been included in studies conducted on 
cost of health service due to residential fire incidents [11, 
32, 48–51]. The study further supports previous findings 
that the official figures of residential fire incidents by fire 
services are underreported [56], as the AIRS figures were 
only able to identify one-third of hospital admissions. 

Fig. 3  Trend over time and standard deviation of total cost (at 2023 AU$) for health service use. a Total cost for ambulance use – 2005–2014 (over time): 
percentage annual change = 3.5%, 95% CI (−3.7, 10.6), p = 0.342 | (b) Total cost for ED visits – 2005–2014 (over time): percentage annual change = 0.7%, 
95% CI (−2.1, 3.4), p = 0.628 | (c) Total cost of episodes of care for hospital admission – 2005–2014 (over time): percentage annual change = 3.5%, 95% CI 
(0.3, 6.7), p = 0.035 | (d) Total cost for health service use – 2005–2014 (over time): percentage annual change = 3.4%, 95% CI: (0.2, 6.6), p = 0.036
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The finding is consistent with existing literature [11, 
56, 83, 84]. We observed a reduction in the number of 
health service use from 2007 to 2010. The reason may be 
explained by a decrease in residential fire incidents over-
time [8], which coincides with changes in regulations that 
include mandatory smoke alarm installation at residen-
tial premises that commenced on 1 May 2006 in NSW [8, 
80, 85], and a mandatory standard for reduced fire risk 
cigarettes implemented in 2010– cigarettes begin a major 
source of ignition in fatal fires [8, 9, 80, 81]. The rise in 
health service use in 2011 and 2012 may be linked to a 
major fire incident at an aged care facility in NSW on 18 
November 2011, described as a firefighter’s worst night-
mare [81, 82]. Additionally, the increasing response time 
to structural fire incidents may have contributed to more 
injuries [80, 81]. The fire service suggests that modifica-
tions to firefighter personal protective equipment and 
occupational health and safety requirements have slightly 
extended mobilisation times, thereby impacting response 
times [80, 81].

Our study categorised individuals identified in the 
cohorts by age group, sex, types of injuries, and total LOS 
in hospitals. The outcomes of demographic characteris-
tics will be helpful for policy implications. We found that 
infants, less than one year, and the oldest adults, above 
85 years, were more vulnerable to residential fire-related 
injuries, as they are less mobile compared to other age 
groups. We reported that males dominated females in 
most age groups for using health service, except in the 
oldest adult group. The reason may be that older (65 years 
and over) female proportion in Australian population is 
greater than older male, 88.1 males for every 100 females 
in 2020 [60, 86], as women in Australia typically have a 
higher life expectancy than men, 81.2 years for males and 
85.3 years for females in 2020–2022 [86, 87]. Most indi-
viduals, who visited ED, visited for other injuries associ-
ated with residential fires. This is because we tried to be 
broad to capture a variety of injuries beyond burns and 
smoke inhalation, to select as many eligible records as 
possible. We included fractures, aches and pain, respira-
tory problems, and mental health issues as other injuries 
that could be related to residential fires. Older people 
tended to have longer hospital stays (more than a week). 
The highest proportion of those who remained in hospi-
tals for more than a month were admitted due to other 
injuries. One possible reason may be the inclusion of 
mental health issues, that often require time to treat [88]. 
In addition, nearly 50% of patients who stayed for more 
than a month in hospitals required an ICU admission, 
likely due to severe injuries that necessitate intensive care 
admission.

This study’s contribution to the literature is the meth-
odology for identification of the cohorts from the data-
sets. The cohort-identifying search strategies were 

extensive enough to capture all possible records from 
ambulance, ED, and hospital datasets to make the cohorts 
robust to estimate cost. However, the study found that 
none of the corresponding health service datasets, nor 
the AIRS data, individually recognised the total number 
of ambulance use, ED visits, and hospital admissions. 
Each health service has their own system for data col-
lection. From ambulance datasets, the PHCR data lacks 
adequate information to find records appropriate to 
residential fires, and only a couple of the eMR datasets 
record certain information related to residential fires. 
Therefore, we were unable to determine any relevant 
record of ambulance use identified in ambulance datas-
ets before 2011, when the eMR data was introduced [58]. 
While selecting the cohort for ambulance use, a two-day 
allowance between the residential fire incident date and 
the ambulance transportation date was made, but no 
additional records were obtained. To select the cohort for 
ED visits, it was challenging to identify ED visits associ-
ated with residential fires using the diagnosis code ICD-
9-CM and ICD-10-AM, whereas the SNOMED CT code 
helped capture some records relevant to residential fires. 
ED data has no record of the SNOMED CT code before 
2007. Consequently, no ED visits associated with residen-
tial fires were found in ED data until 2008.

Policy implications
The study provides evidence on total cost of health ser-
vice utilisation related to residential fire incidents in 
NSW from 2005 to 2014. We found a significant 3% 
increasing trend for total cost of health service use over 
time. This significant rise in cost suggests a need for 
healthcare systems, including ambulances, emergency 
departments, and hospitals, to plan for capacity building 
and resource allocation for equipment, staff, and facili-
ties. Infants and the oldest adult population are identi-
fied as vulnerable groups who suffer more likely from 
severe outcomes caused by residential fires. Older people 
have longer hospital stays for treatment and manage-
ment of their injuries. Community safety messaging and 
programs should focus on providing these groups with 
enhanced fire safety systems in their homes, including the 
installation of an adequate number of smoke alarms and 
fire extinguishers, regular testing and maintenance, and 
a well-practiced escape plan [13]. The study highlights 
implications for mental health support for fire victims, 
with sufficient funding and access to services. The finan-
cial burden of residential fires on healthcare service can 
justify stricter fire safety regulations and building codes 
involving use of fire-resistant building materials in new 
construction and renovations. Understanding the long-
term impact of residential fires on healthcare service can 
help policymakers to develop strategies for sustainable 
economic planning. This includes building emergency 
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funds and creating contingency plans for large-scale 
fire incidents that strain healthcare resources. With the 
insight of estimated cost per ambulance use, per ED visit, 
and per episode of care for hospital admissions, policy-
makers can evaluate cost-effectiveness of existing fire 
prevention and response programs, adjust funding levels, 
and implement new initiatives that are grounded in evi-
dence. Communicating cost of health service use due to 
residential fires to public can enhance awareness about 
the significance of fire safety. It can influence behaviour 
and encourage safety measures.

Strengths and limitations
Use of the linked administrative datasets is the main 
strength of our study. The administrative datasets are 
at the population level for NSW over a 10-year period. 
The study cohorts were identified using the actual fire 
incidents recorded in the AIRS data. We calculated the 
actual LOS in hospitals from hospital data and applied 
that to estimate cost of hospital admissions. Similarly, 
we used the actual travel distance from ambulance data 
to measure cost of ambulance use. None of the existing 
literature provides a complete cost estimation including 
ambulance use, ED visits, and hospital admissions associ-
ated with residential fires and related injuries.

Our study has some limitations that are inherent in 
data linkage studies relying on administrative data. Qual-
ity of the administrative data and their coding is the 
main limitation. Another limitation is that we do not 
have information about fire incidents attended by NSW 
Rural Fire Service (NSWRFS), that usually covers fire 
incidents in remote and rural areas. This might have an 
impact on the total number of fire incidents recorded in 
the AIRS data that consequently impacted the identified 
cohorts. Additionally, we lacked the information needed 
to distinguish the proportion of the population living in 
metropolitan and rural areas who used health service. 
Moreover, there are underreported residential fire inci-
dents as well [56, 84]. In addition, we did not include 
those who experienced a residential fire incident and 
accessed only general practitioners (GPs), medical cen-
tres, or pharmacies to treat their injuries, as the data was 
not linked to the linked administrative data. Data regard-
ing GPs and medical centres belongs to the federal health 
department, access of which is time consuming and 
expensive [56]. For severe burns, NSW has special burn 
units and proper guidelines for assessment and manage-
ment of burn injuries, and transfer of NSW patients to 
those designated burn units [89]. Unfortunately, we were 
unable to incorporate outpatient data from the burn 
units, as we did not have adequate information to identify 
how many times an individual visited the burn units after 
being impacted by an incident. Therefore, cost for visiting 
outpatient burn units was not estimated. The data used 

in this study is old, and expensive and time consuming to 
obtain and link, requiring several data custodian agree-
ments and thesis committees’ approvals, as detailed else-
where [8, 55].

Future direction for research
Building on our study, future studies could include addi-
tional linkage of the NSWRFS data, GPs’ usage from the 
Medicare Benefit Schedule (MBS) and medication use 
from the Pharmaceutical Benefits Scheme (PBS) to our 
existing data. Additionally, future studies using more 
recent data and accessing data from outpatient burn 
units are required. This would be beneficial for proper 
cohort identification and correct estimation of individu-
als’ healthcare use and long-term outcomes following 
residential fire incidents and associated injuries.

Conclusion
The study provides the total cost for use of three health-
care service due to residential fire incidents using linked 
administrative datasets in NSW, Australia, over a decade. 
It demonstrates a comprehensive strategy to identify the 
cohorts for ambulance use, ED visits, and hospital admis-
sions. It included and estimated cost of ambulance use as 
a part of healthcare service. Estimated cost shows a sub-
stantial burden to healthcare service. However, it under-
estimates the true cost due to the limitations of the study 
mentioned above. The knowledge generated in our study 
will assist the government and stakeholders to make 
informed decisions that not only reduce financial burden 
on healthcare service but also enhance overall fire safety 
and public health outcomes.
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