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Healthcare Costs of Burn Patients From Homes
Without Fire Sprinklers

Joanne Banfield, RN, BA,* Sarah Rehou, BSc,*T Manuel Gomez, MD, MSc,*1§
Donald A. Redelmeier, MD, FRCP(C),*I Marc G. Jeschke, MD, PhD, FACS,
FCCM FRCS(C)* 1

The treatment of burn injuries requires high-cost services for healthcare and society.
Automatic fire sprinklers are a preventive measure that can decrease fire injuries, deaths,
property damage, and environmental toxins. This study’s aim was to conduct a cost
analysis of patients with burn or inhalation injuries caused by residential fires and to
compare this with the cost of implementing residential automatic fire sprinklers.

We conducted a cohort analysis of adult burn patients admitted to our provincial burn
center (1995-2012). Patient demographics and injury characteristics were collected from
medical records and clinical and coroner databases. Resource costs included average cost per
day at our intensive care and rehabilitation program, transportation, and property loss.
During the study period, there were 1557 residential fire-related deaths province-

wide and 1139 patients were admitted to our provincial burn center as a result

of a flame injury occurring at home. At our burn center, the average cost was
CAN$84,678 per patient with a total cost of CAN$96,448,194. All resources totaled
CAN$3,605,775,200. This study shows the considerable healthcare costs of burn
patients from homes without fire sprinklers. (J Burn Care Res 2015;36:213-217)

Burns remain the third leading cause of uninten-
tional injury in the home with the majority of burn
fatalities caused by inhalation injuries.! Approxi-
mately 45,000 burn injuries occur in Canada each
year, with about 2000 patients requiring hospitaliza-
tion.? The treatment of burn injuries comes at a high
cost for both health care and society, accounting for
about $118 million in direct costs and $172 million
in indirect costs, for a total of $290 million annually.?
The use of combustible furnishings and new home
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materials has accelerated the time from a fully devel-
oped fire to a flashover to about 2 to 5 min.? In addi-
tion, new homes are frequently built on small lots
in close proximity, increasing the chance of spread
from one home to another. Additional hazards for
home fires stem from the cause of fire: in residen-
tial fires resulting in injury, the majority of fires were
caused by cooking equipment followed by smoking,
whereas most residential fires resulting in death were
caused by smoking.*
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The traditional preventative measure in residential
homes is a smoke alarm, with the purpose of warning
occupants of a fire. Overall, working smoke alarms
reduce fatalities by about half.> However, smoke
alarms are limited by factors such as battery life, an
inadequate power source, incorrect placement in
the home, and can fail to alert sleeping residents.¢
Despite this popular early smoke detection system,
individuals may still not escape because of physical or
mental impairments, or other frailties associated with
children and the elderly.

Fire prevention using automatic fire sprinklers
and smoke alarms can save lives, reduce injuries,
lessen property damage, and avoid environmental
toxins due to smoke. Research suggests that resi-
dential properties with automatic fire sprinklers,
used in conjunction with smoke alarms, reduced
death rates by 93% and reported zero deaths in
single-family homes in British Columbia, Canada.®
Furthermore, fires that occur in residential build-
ings equipped with sprinkler protection tend to
be smaller, more likely to be contained, and less
likely to require intervention from a fire depart-
ment.® Modern automatic fire sprinklers are effec-
tive in saving lives and are aesthetically pleasing
for home decor. A common misconception about
automatic fire sprinklers is that they misfire and
cause water damage. Typical automatic fire sprin-
klers are triggered by heat and only the sprinkler
closest to the fire will open. Once activated, they
usually discharge less than 20 gallons per minute,
whereas a firefighter’s hose discharges more than
200 gallons per minute.® The reduction in water
usage also means decreased water pollution. The
use of automatic fire sprinklers reduces green
house gas emissions by 98% and the carbon emis-
sions accompanying reconstruction of a home and
its furnishing.”

Installation of an automatic fire sprinkler system
is rarely mandated despite past reports that detail
the numerous lives saved and potential reduction
in damage to property.31% One study reviewed the
15-year history of a single-family residential dwell-
ing fire sprinkler ordinance. During the 15-year
period, there were 13,494 fires, 245 of which
occurred in sprinklered-protected homes and had
zero deaths and six injuries, in contrast to the
remaining 13,249 fires that resulted in 101 deaths
and more than 300 injuries in homes without such
protections in Prince George’s County, United
States.? Furthermore, automatic fire sprinklers
reduced property loss by 50 to 90% in comparison
to homes without fire sprinklers.” Another 10-year
report of a fire sprinkler ordinance for commercial
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structures, multifamily and single-family residential
dwellings, also described no deaths in sprinklered
homes with an average loss of U.S.$2166 com-
pared with 13 deaths in unsprinklered homes with
an average loss of U.S5.845,019 in Scottsdale, Ari-
zona, United States.'%!! We hypothesize that the
implementation of fire sprinklers would be benefi-
cial for residential and business facilities. However,
to implement such change, one has to consider the
economic impact of both the change and of the
patient. The aim of this study was to conduct a cost
analysis of patients with burn or inhalation injuries
in residential fires and compare their estimated cost
with the cost of implementing automatic fire sprin-
kler systems in residential homes.

METHODS

We conducted a cohort analysis of adults (age 216
years) injured in a fire in Ontario between April 1,
1995, and March 31, 2012, admitted to our pro-
vincial burn center, including those who died after
injury. Subjects met inclusion criteria if they had
a flame burn injury that occurred in a residential
dwelling. The Research Ethics Board at our institu-
tion approved the study protocol.

Cases that investigated fire-related deaths were
obtained from the Ontario Office of the Chief Cor-
oner. All patient data were collected from medical
records and clinical databases. The following patient
demographics and injury characteristics were col-
lected: percent total body surface area burned, age
in years, presence of inhalation injury, length of stay
in hospital in days, and mortality.

Patients were grouped based on their admission
status: burn severity (percent total body surface
area burned; <20%, 20-40%, >40%), medical futility
(died <24 hr), and reconstructive surgery. Costs for
transport were calculated based on land ambulance
services fees, as air ambulance costs were not avail-
able. Costing data were provided by the Decision
Support department of the hospital and included
clinical nutrition, burn clinic costs, nursing, phar-
macist, physician support, physiotherapy, occupa-
tional therapy, operating room, respiratory therapy,
skin bank, and social work costs. Burn center and
rehabilitation program costs were calculated by mul-
tiplying the average cost per day by length of stay in
days. Injuries and property loss data were obtained
from the Office of the Fire Marshal and Emergency
Management.

The approximate conversion rate based on cur-
rency exchange in March 2014 from Canadian to
U.S. dollars: CAN$1.00=U.S.$0.905.12
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Figure 1. Fire-related deaths province-wide.

RESULTS

The Office of the Chief Coroner investigated a total
of 2128 fire-related deaths in our province over the
17-year period. There were 1557 (73%) deaths that
met inclusion criteria; the average age was 55 years
(8D = 20). The primary cause of death was smoke
inhalation for 1125 (72%) people (Figure 1).

There were 3401 admissions to our burn centre
during the 17-year study period, of which 1139
(34%) met inclusion criteria (Figure 2). Patient char-
acteristics and outcomes are summarized in Table 1.

[ Assessed for eligibility (n=3,401) ]

Excluded (n=2,262)

Primary reason for exclusion
e Non-residential (n=1,376)
e Non-flame burn (n=886)

A4

[ Included in cost-analysis }

(n=1,139)

Figure 2. Burn center patient flow diagram.
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Table 1. Patient characteristics and outcomes

Variable n=1139
Percent total body surface area burned 2222
Age (years) 4719
Hospital length of stay (days) 19+27
Inhalation injury (%) 284 (25)
Mortality (%) 170 (15)

Data presented as mean = SD or number (%).

The average cost for a burn patient’s stay in hos-
pital was CAN$84,678 per patient. As expected,
average cost varied with burn severity and generally
increased for those with larger burns (Table 2). The
only exception was among those who died within
24 hr because they tended to have lower average
cost per patient (Table 2). Burn center costs totaled
CANS$96,448,194 (Table 2).

Of the 1139 admissions, 849 (75%) required
ambulance services (CAN$240 for each land
ambulance trip) for a total cost of CAN$203,760
(Table 3). The rehabilitation program subsequently
admitted 164 patients during the study period, with
an average cost of CAN$22.779 per patient and a
total cost of CAN$3,735,756 (Table 3). There were
109,678 fires and 8224 injuries that were reported
to the Office of the Fire Marshal and Emergency
Management during the study period with property
loss of $3,505,387,490 (Table 3). The total calcu-
lated costs of calculated resources and loss of prop-
erty was 3,605,775,200 (Table 3).

DISCUSSION

This study suggests that fires in residential dwellings
lead to preventable burn injuries and burn deaths,
substantial healthcare costs, and avoidable property
loss. Costs incurred directly and indirectly from burn
injury result in a considerable economic burden.
Resource utilization in the highly specialized field of
burn care is substantial in the acute phase and may
require follow-up for years after injury, involving
reconstructive surgery, rehabilitation, and psycho-
logical support.131#

The 2014 National Burn Repository Report
of the American Burn Association showed that
the average hospital costs per burn patient was
U.S.893,147+963.15 One study investigating the
cost of burns in adult patients found an average cost
of U.S.$73,532, whereas another was £5337.1617
However, the average TBSA for the former study was
19.55% and the latter was 6.2%. This demonstrates our
average burn care costs (CAN$84,678 per patient)
relative to TBSA are in line with other centers.
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Table 2. Burn center costs
Average Cost Average Cost Total Cost
n Per Day (CANS) Per Patient (CANS) (CANS)*
Burn severity
<20% 617 3411 52,873 32,622,804
20-40% 164 4732 176,152 28,888,860
>40% 82 6614 361,754 29,663,790
Mortality <24 h 81 7620 7620 617,220
Reconstruction 195 4392 23,874 4,655,520
Total 1139 84,678 96,448,194

*Total costs were calculated by multiplying the average cost per day by length of stay in days.

A review of fatal commercial and residential fire
data over a 3-year period in Ontario reported that
of 52,990 fires, 43% did not have a working smoke
alarm.?® Smoke alarms are essential, but automatic
sprinklers provide an intervention to extinguish a
fire that can prevent deaths in house fires. Compara-
tively, smoke alarms are a more active strategy and
require a greater conscious effort from the individual
to be effective, ie, remember to replace batteries or
install the smoke alarm in the correct location. Pas-
sive and active strategies are most effective when
used jointly as part of a comprehensive prevention
strategy by injury prevention practitioners.!8

In addition to helping the victims, automatic fire
sprinklers also protect and reduce firefighter injury
and respective costs.!? A study in British Columbia,
Canada, showed the injury rate for firefighters was
doubled in buildings that did not have automated
fire sprinklers.® Sprinklers might also help to mitigate
higher call volumes that lead to increased response
times, more emergency personnel, and potential fire
department resources.!®

A number of jurisdictions in the United States have
residential sprinkler ordinances for effective life safety
and property preservation. In Canada, only a few
municipalities in British Columbia have implemented
mandatory fire sprinklers in new family dwellings.!?
The enormous cost of residential fires and associ-
ated burn injuries on the healthcare system justifies
implementation of even expensive burn prevention
strategies. Although the average cost of the installa-
tion of automatic fire sprinklers is only CAN$1.49

Table 3. Calculated cost of burns

Resource n Total (CANS$)
Land ambulance transport 849 203,760

Burn center 1139 96,448,194
Rehabilitation 164 3,735,756
Property loss 109,678 3,505,387,490
Total 3,605,775,200

(U.S.$1.35)%° per sprinklered square foot in a new
home, they are estimated to be installed in a mere 1%
of homes affected by fire.?! A targeting strategy for
installation of automatic fire sprinklers is imperative.
Focusing on new homes first is effective because instal-
lation of automatic fire sprinklers is less costly than
retrofitting a home. If automatic fire sprinklers were
mandatory, rather than optional, the result would be
a lower markup due to the cost being included in
the price of the home. In the 2011 Ontario census
households numbered just over 4 million,?? if all of
the homes built from 1995 to 2012 had been fitted
with automatic sprinklers, approximately 1,200,000
(30%)? of the homes in Ontario would already have
been sprinklered. In that same time period, injuries
occurred in 8% of fires or at a rate of 1 in every 13
fire. In the province of Ontario, it has been projected
that 55,400 new homes would be built in 2014 and
56,600 new homes in 2015.2* The second phase
would be retrofitting older homes to protect groups
most at risk from being injured in a house fire, such
as children, elderly, and people with disabilities. The
cost of retrofitting homes can range from U.S.$3.00
to 8.00 per sprinklered square foot,?® but there are
economic savings that can recoup the cost of retrofit-
ting for homeowners, such as government incentive
programs (eg, reduced property taxes) and insurance
premiums reductions.?¢

There were limitations with the study. The mea-
sure of expenses was limited due to the scope of
charge data available. Items of interest not presently
included are air ambulance, telemedicine, admissions
to other hospitals, and long-term postdischarge costs
(such as physical therapy, psychological therapy, pre-
scription drugs, and home care). In addition, there
are greater consequences for the patient and society
such as pain and suffering, loss of productivity, and
potential life years lost that are difficult to quantify
in terms of cost. The addition of these factors would
only increase the expense of burn injuries and further
strengthen the need for burn prevention strategies.
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This study shows the high cost of burn injuries

occurring in homes and the resulting property loss
that may be preventable with the implementation of
automatic fire sprinklers.
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