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Outcome analysis of 286 severely
burned patients: retrospective study

Objective. To evaluate the outcomes of severely burned patients treated at a
regional burns unit and to develop a predictive model for survival and length of
hospital stay for major burn patients in Hong Kong.
Design. Retrospective study.
Setting. Burns unit of a regional public hospital, Hong Kong.
Patients. Two hundred and eighty-six severely burned patients treated from March
1993 to February 2000.
Main outcome measures. Details of demographics, mechanism of burn, extent
of burn, incidence of inhalation injury, length of hospital stay, and mortality
rate were recorded and entered into a database. Stepwise logistic regression and
linear regression were applied to develop a predictive model for mortality and
morbidity, respectively.
Results. Of 286 major burn patients treated in this 7-year period, 25 patients
died from their injuries, yielding a mortality rate of 8.7%. Stepwise logistic
regression was applied to develop a predictive model for mortality. We found
that inhalation injury, age, and total body surface area involvement were
independent significant predictors of death. Accuracy of this predictive model
reached 93%. Similarly, stepwise linear regression was used to develop a
predictive model for length of hospital stay. Sex, inhalation injury, total body
surface area of burn, and total body surface area2 of burn were significant predic-
tors of length of hospital stay (R2=0.2). Only three patients’ duration of hospital
stay was more than three standard deviations from the predicted length of hospi-
tal stay.
Conclusion. A predictive model for mortality and length of hospital stay has
been developed for major burn patients in Hong Kong. This model may help
clinicians to counsel patients and relatives at an early stage of care, to provide
a basis from which new treatment plans can be compared, and to facilitate
efficient allocation of valuable medical resources.
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Introduction

Attempts at developing a predictive model for burn patients
are usually fraught with frustration. On the one hand, the
model should be simple enough to facilitate clinical
application; on the other hand, it should encompass enough
clinical variables to reflect the real situation. A good
predictive model helps clinicians to counsel patients and
relatives at an early stage of care. It also provides a basis
from which new treatment plans can be compared.
Accurate prediction of length of hospital stay (LOS) can
facilitate efficient allocation of valuable medical resources.

In this study, we reviewed the outcomes of severely
burned patients treated at a regional burns centre during a
7-year period from March 1993 to February 2000. Predic-
tive models for mortality and morbidity were derived from
these data. The aim was to develop a simple, objective, and
reliable predictive model for morbidity and mortality in
major burn patients in order to help us identify the crucial
determinants of clinical outcome, to establish a basis for
treatment standards, and to allow future comparison of new
treatment strategies.

Subjects and methods

The Burns Unit of Prince of Wales Hospital is the major
regional referral centre for burn injury in the eastern New
Territories, Hong Kong. Besides servicing a population of
1.5 million, the unit also receives tertiary referrals from other
regional hospitals in Hong Kong. The Burns Unit consists
of 16 beds with two high-dependency beds. Burn patients
presenting at the Accident and Emergency Department are
managed by an on-call basic surgical trainee and patients
in need of in-hospital treatment are reassessed by a plastic
surgeon. Patients with inhalation injury and respiratory com-
promise which requires intubation are admitted directly to
the Intensive Care Unit (ICU) for ventilatory support. Fluid
resuscitation is carried out according to the modified Park-
land’s formula using Hartman’s solution. Adequacy of fluid
therapy is closely monitored and enteral nutritional support
is started within 24 hours of admission. Burn wounds are
cleansed with normal saline gauze and photographs
are taken for documentation. Extent and depth of burns
are assessed and charted serially. Superficial wounds are
covered with tulle gras while deep wounds are dressed with
silver sulphadiazine cream. Early surgery for burn wound
excision and skin graft is performed routinely within
72 hours of injury if the patient’s condition allows. Early
mobilisation and splinting are instigated as soon as is
appropriate.

The medical records of all acute burn patients admitted
to the Burns Unit of Prince of Wales Hospital between March
1993 and February 2000 were reviewed retrospectively.
Adult patients (age ≥15 years) suffering from more than
15% total body surface area (TBSA) of burn, children (age
<15 years) with 10% or more TBSA of burn, and all patients

with documented inhalation injuries were identified as
having major burns and were recruited for the study.
Inhalation injury was diagnosed by the presence of facial
burns, singed nasal vibrissae, soot in the mouth, and a
history of closed space injury. In most cases, bronchoscopic
findings of airway oedema, inflammation, and mucosal
necrosis were documented. Patients with inhalation inju-
ries were intubated and admitted to the ICU for ventilatory
support. Details of demographics, mechanism of burn,
extent of burn, incidence of inhalation injury, LOS, and
mortality rate were recorded and entered into a database.
Statistical analyses were conducted using the Statistical
Package for the Social Sciences (Windows version 9.0; SPSS
Inc., Chicago, US). Stepwise logistic regression and linear
regression were applied to develop a predictive model for
mortality and morbidity, respectively. The different vari-
ables considered are listed in Table 1. As the variable (death)
was categorical, multivariate logistic regression model was
chosen and linked variables were eliminated in a stepwise
fashion. Length of hospital stay was regarded as the most
important parameter for measuring morbidity. There was a
clinical impression that LOS directly corresponded to the
length of posthospital rehabilitation and likewise the total
days off work. The linear regression model was adopted
for LOS to analyse all variables, and linked variables were
eliminated in a stepwise fashion.

Results

Patient profile
Altogether 1262 acute burn patients were admitted to the
Burns Unit of Prince of Wales Hospital during the 7-year
period between March 1993 and February 2000. There were
286 patients who suffered from major burns and were re-
cruited for the study. Among them 206 were males and 80
were females with a male to female ratio of 2.58:1. The
median age was 23 years (range, 1 month-93 years) and the

Table 1. Characteristics of all variables

Type Variables

Categorical Sex, mechanism of burn, caustic agent,
inhalation injury, death

Interval Age, age-groups, TBSA*, TBSA groups,
length of hospital stay

* TBSA total body surface area of burn

Table 2. Circumstances in which major burns occurred

Circumstance Frequency (%)

Domestic 175 (61.2)
Industrial 61 (21.3)
Assault 11 (3.8)
Suicide 10 (3.5)
Play 9 (3.1)
Hill fire 6 (2.1)
Barbecue 4 (1.4)
Child abuse 2 (0.7)
STVJ* 2 (0.7)
Iatrogenic 1 (0.4)
Substance abuse 1 (0.4)
Others 4 (1.4)
Total 286 (100)

* STVJ Stevens-Johnson’s disease
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median TBSA of burn was 18% (range, 10%-95%). The
median LOS was 21 days (range, 5-302 days). Forty-nine
(17.1%) patients suffered from smoke inhalation injury that
required immediate intubation and ventilatory support. As
shown in Table 2, domestic and industrial burns were
responsible for over 80% of major burns admission. While
scalds caused 148 (51.7%) injuries, 124 (43.4%) patients
were burned by flame (Table 3). One hundred and fifty
patients required wound excision and skin graft. Among
them, 51 patients had one operation and 99 patients had
more than one operation.

Length of hospital stay
The variables listed in Table 1 correlated individually with
the LOS using t tests and analysis of variance (ANOVA).
Sex, inhalation injury, TBSA of burn, and TBSA2 of burn
were factors found to be significant predictors of LOS
(R2=0.2) and the final prediction model was as follows:

LOS=8.7 + 2.1(TBSA of burn) – 0.0018(TBSA of burn)2 +
16.7(Inhalation injury)* – 9.4(Sex)†

* = Inhalation injury (no=0, yes=1)
† = Sex (female=1, male=2)

Female sex, patients with inhalation injury, and larger
burn size required a longer LOS.

According to the above formula, a man with 50% TBSA
of burn would be hospitalised for 90.4 days (8.7 + 2.1[50] –
0.0018[50]2 + 16.7[0] – 9.4[2]), and an extra 16.7 days if he
has an inhalation injury.

Mortality
Twenty-five patients died from their injuries, yielding a mor-
tality rate of 8.7%. Seventeen were males and eight were
females, ie a male to female ratio of 2.13:1. The median age
was 48 years (range, 14-93 years) and the median TBSA
of burn involvement was 76% (range, 15%-95%). Fifteen
(60%) had smoke inhalation injury. Statistical analyses were
performed comparing the survivors and non-survivors.
We found that the mortality group had significantly larger
burn size (P<0.001), a higher incidence of inhalation injury
(P<0.001), and older age (P=0.004) compared to the
survivors (Table 4).

Again, variables listed in Table 1 were analysed indi-
vidually in relation to mortality. The Chi squared test was
applied for categorical variables and the t test was used for
interval data. Age2, inhalation injury, and TBSA2 of burn

were significantly related to mortality. By using stepwise
multivariate logistical regression, a predictive model for
mortality was developed as follows:

Probability of death=(1 + ey)-1

where e=2.718, y=–3.6 - 1.7(inhalation injury)* + 0.001(age)2

+ 0.001(TBSA of burn)2,

* = Inhalation injury (no=1, yes=0)

Older age, inhalation injury, and larger burn size were
associated with a higher likelihood of mortality (Fig 1).

A 55-year-old patient with 50% TBSA of burn has a
probability of death=0.56 ([1 + 2.718-3.6-1.7[1]+0.001[55 x 55] +

0.001[50 x 50]]-1), and his probability of death will increase to
0.87 if he has inhalation injury.

Discussion

This study attempted to develop a predictive model for
mortality and LOS for local reference. In contrast with other
studies,1-6 which analysed the whole burn group to develop
predictive models for treatment outcomes, we only recruited
major burn patients. This was because the majority of our pa-
tients (>70%) suffered from small area burns that required
only conservative dressing care and short hospital stay. If
we formulated a predictive model based on a sample that
was not at risk of death and had a short hospital stay, the
sensitivity and accuracy of the model would be jeopardised.

We found that age2, TBSA2 of burn, and inhalation injury
were significant predictive factors for mortality. Similar pre-
dictors were also reported by other authors, and inhalation
injury was the unanimous predictive factor among all these
studies.2-7 Nevertheless, the predictive models developed
from these authors had many variations. This may be partly
due to differences in patient composition, and also reflects
the lack of standardised burn care protocols among differ-
ent institutions. One might argue that this phenomenon
illustrates the need for an individualised predictive model
for each institution, but one should not overlook the direc-
tion of future burn care development through multicentre
collaborations.

Taking 95% confidence intervals, the accuracy of the
overall predictive value for mortality was 93%. This was
comparable to other studies.3-6 Relatively few studies
explored a predictive model for LOS except Wong and
Ngim,5 and they found similar predictors to this study.

Table 3. Cause of burns

Cause Frequency (%)

Scald 148 (51.7)
Flame 124 (43.4)
Chemical 7 (2.4)
Electrical 3 (1.1)
Unknown 4 (1.4)
Total 286 (100)

Table 4. Statistical analyses of survivors and non-survivors

Characteristic Survivors Non-survivors P value

Male:female 2.58:1 2.13:1 0.67
Median age (years) 23 48 0.004
Median total
   body surface area of burn 18% 76% <0.001
Inhalation injury 13% 60% <0.001
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Such similarity might be due to the fact that we had a simi-
lar burn patient population. In this study, only three patients
had a LOS more than three standard deviations from the
predicted LOS. Interestingly, age was not a predictor of LOS.
This was due to the fact that patients suffering from larger
surface area burns were mainly in the age-group 20 to 50
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Fig 2. Scatter plot of total body surface area of burn against age

Fig 1. Probability of death with respect to age, total body surface area of burn, and inhalation injury status

years, whilst patients suffering <20% TBSA of burn were
more evenly distributed across the age-groups (Fig 2).

The outcome of burn care has been measured by mor-
tality and LOS for many years. This has rendered mortality
a moving target, as patients who would previously have been
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non-survivors can nowadays be saved and rehabilitated with
good functional outcomes. If we continue on this path of
improved care, the resources allocated to each burn centre
will not be able to meet this increasing demand. Multicentre
collaboration to develop standardised clinical management
protocols and reliable predictive models for burn treatment
outcome measurement is required. A final observation is that
this study has looked at variables determined at presentation.
It is, however, clinically apparent that the response to treat-
ment is a major factor in determining outcome. The devel-
opment of predictive models using clinical criteria will
ultimately be more accurate, but to assess such an approach
would necessitate a prospective multicentre trial.

Conclusion

A predictive model for treatment outcome in major burn
patients has been developed based on local data. This model
may assist burn surgeons to prepare treatment plans for their
patients, and perhaps more importantly, help to identify
which group of burn patients are unlikely to survive despite
aggressive treatment.

Acknowledgement

We would like to thank Miss F Lam for her assistance in
statistical analyses.

References

1. Tang H, Zhaofan X, Liu S, Chen Y, Ge S. The experience in the
treatment of patients with extensive full-thickness burns. Burns 1999;
25:757-9.

2. Shirani KZ, Pruitt BA Jr, Mason AD Jr. The influence of inhalation
injury and pneumonia on burn mortality. Ann Surg 1987;205:82-7.

3. Zawacki BE, Azen SP, Imbus SH, Chang YT. Multifactorial probit
analysis of mortality in burned patients. Ann Surg 1979;189:1-5.

4. Curreri PW, Luterman A, Braun DW Jr, Shires GT. Burn injury. Analy-
sis of survival and hospitalization time for 937 patients. Ann Surg
1980;192:472-8.

5. Wong MK, Ngim RC. Burns mortality and hospitalization time – a
prospective statistical study of 352 patients in an Asian National Burn
Centre. Burns 1995;21:39-46.

6. Ryan CM, Schoenfeld DA, Thorpe WP, Sheridan RL, Cassem, EH,
Tompkins RG. Objective estimates of the probability of death from
burn injuries. N Engl J Med 1998;338:362-6.

7. Saffle JR. Predicting outcomes of burns. N Engl J Med 1998;338:
387-8.


