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EVALUATION OF PROGNOSTIC FACTORS AFFECTING LENGTH
OF STAY IN HOSPITAL AND MORTALITY RATES IN ACUTE
BURN PATIENTS

EVALUATION DES FACTEURS PRONOSTICS DE DUREE DE SEJOUR ET DE
MORTALITE CHEZ LES BRULES

AbdelWahab M.E., Sadaka M.S.,* Elbana E.A., Hendy A.A.
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SUMMARY. Burns are considered mostly a serious illness with devastating consequences and prolonged length of hospital stay. Moreover,
burns are among the traumatic lesions with the highest costs for care due to their hospitalization time, treatment required and the need for
rehabilitation therapy. This study aims to evaluate the factors affecting length of hospital stay and mortality rates in acute burn patients.
The study was conducted on 82 patients who presented with acute burn and were admitted to the Plastic and Reconstructive Surgery De-
partment Burn Unit, Tanta University Hospital, in the period from June 2016 to June 2017. A prospective study was carried out using the
data of acutely burned patients, and a statistical analysis conducted with the data collected on different factors affecting burn patient length
of hospital stay and mortality. The mean age of our patients was 16.5 years, mean LOS was 24.23 days and mortality rate was 9.8% of the
total admitted cases, with half of the cases with inhalation injury dying in hospital. The most influencing factors on prediction of length of
hospital stay were: incidence of infection, wound depth, TBSA% and inhalation injury. The most influencing factors on patient mortality
were: TBSA%, age of the patient, cause of burn and inhalation injury, therefore these factors should be carefully evaluated in every burn
patient.
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RESUME. Les brilures sont considérées comme une pathologie grave aux conséquences dévastatrices responsables d’hospitalisations
prolongées. En outre, elles font partie des pathologies traumatiques responsables des codts de prise en charge les plus élevés, en raison
de la durée d’hospitalisation, des traitements nécessaires et de la nécessité de rééducation. Cette étude a pour but d’évaluer les facteurs
influant sur la durée de séjour et la mortalité chez les brilés. Elle a été réalisée chez 82 brilés hospitalisés dans I’unité de bralés du
service de chirurgie plastique et reconstructrice du CHU Tanta entre juin 2016 et juin 2017. Les données des patients ont été recueillies
de maniére prospective et différents paramétres supposés prédictifs ont été analysés. L’age moyen était de 16,5 ans; la durée de séjour de
24,23 jours et la mortalité de 9,8%. La moitié des brilés avec lésion d’inhalation sont décédés. Les facteurs influant le plus clairement la
durée de séjour sont la survenue d’une infection, la profondeur, la surface et I’inhalation de fumées. Ceux influant sur la mortalité sont la
surface brilée, I’age, I’agent causal et I’inhalation. Ces facteurs doivent donc étre précisément évalués chez tout brilé.

Mots-clés: brilure, pronostic, durée d’hospitalisation, mortalité

Introduction Over 90% of deaths from burns caused by fire occur in

middle- and low-income countries. Millions of people, mostly

Burns are considered mostly a serious illness with devas-
tating consequences and prolonged length of hospital stay.
Moreover, burns are among the traumatic lesions with the high-
est costs for care, due to hospitalization time, treatment re-
quired and the need for rehabilitation therapy.*?

Besides being a personal catastrophe for the patient, a se-
vere burn is also a medical problem and an economic burden
on the national health services. Burns are among the most ex-
pensive non-fatal injuries® and account for a substantial direct
economic loss.*® In the United States, burns are the fourth lead-
ing cause of death from accidental injury.®

with a low socioeconomic status, suffer disability and disfig-
urement, with psychological, social and economic conse-
quences for the survivors and their families.”

Careful evaluation of clinical risk factors has improved
our understanding of morbidity and mortality after burn
trauma. The size of the burn, the patient’s age, and the pres-
ence of inhalation injury have been shown to contribute to
mortality.®

The aim of this work is to evaluate the factors affecting
length of hospital stay (LOS) and mortality rates in acute burn
patients.
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Methods and material

This study was conducted on 82 patients who presented
with acute burn at the Plastic and Reconstructive Surgery De-
partment Burn Unit, Tanta University Hospital, in the period
from June 2016 to June 2017. A prospective study of the
acutely burned patients was carried out with statistical analysis
of the collected data regarding the different factors affecting
patient LOS and mortality. We included acutely burned patients
with one or more of the following criteria for admission to our
burn unit: partial-thickness burns of 10% total body surface
area (TBSA) or more; isolated burns that involved the face,
hands, feet, ears, genitalia, perineum or major joints; full thick-
ness burn of 5% TBSA or more; electrical burns of any size;
chemical burns; suspected inhalation injury; burns with asso-
ciated co-morbidities (such as stroke, diabetes, hepatic disease,
renal disease, cardiac disease, psychiatric/neurologic disease
and neoplastic disorders); burns with associated trauma (trau-
matic brain injury and fractures) and burns associated with so-
cial problems (abuse, attempted suicide and lack of social
conditions). We excluded the acutely burned patient who
wouldn’t be admitted.

The collected data were organized, tabulated and statisti-
cally analyzed using SPSS software (Statistical Package for the
Social Sciences, version 19, SPSS Inc. Chicago, IL, USA). For

Table I - Length of hospital stay of the studied patients with acute burn
(n=82)

quantitative data, the range, mean and standard deviation were
calculated. Boxplots were performed to illustrate median,
upper and lower limits of the range, first and third quartiles and
median of the quantitative data. For qualitative data, which de-
scribe a categorical set of data by frequency, percentage or pro-
portion of each category, comparison between two groups and
more was done using the Chi-square test (x2). For comparison
between means of two groups of parametric data of independ-
ent samples, the student t-test was used. To predict the presence
or absence of an outcome based on a set of predictor variables,
logistic regression was done, where the dependent variable was
dichotomous. Logistic regression coefficients (B) were used to
estimate Odds ratios (EXP (B)) for each of the independent
variables. Significance was adopted at p < 0.05 for interpreta-
tion of results of tests of significance.

Results

The total number of cases admitted to Tanta University
Burn Unit from June 2016 to June 2017 was 82, with a mean
hospitalization period of 24.23 days (Table I). In our study, the
mean LOS was 24.23 days.

We saw a higher incidence of children with burns (48
cases), representing 59.8% of the total number of cases, and
only 34 adults, representing 40.2% of cases. The mean age of

Table III - Relationship between LOS and causes of burn injury among
the studied patients with acute burn (n=82)

Length of The studied patients Cumulative number Variable LOS in days of the studied patients with acute burn
hospital with acute burn of discharged patients (n=82)
stay (LOS) (n=82) during follow up from <7 7-<14 14-<30 >30
admission n A n % n % n %
n Yo n Yo Causes of
LOS (days): burn wound:
1-<7 5 6.1 5 6.1 Scald 0 0 5 119 |27 643 | 10 238
7-<14 8 9.8 13 15.9 Flame 3 8.1 3 81 15 405 | 16 43.2
14-<30 43 52.4 56 68.3 Electrical |2 100 [0 O 0 0 0 0
30-65 26 31.7 82 100 Chemical 0 0 0 0 1 100 | 0 0
Range 1-65 e 39.317
Mean=SD 24.23+12.96 P 0.0001*
Table II - Relationship between LOS and age and sex of the studied pa-
tients with acute burn (n=82) 70 =
Variables LOS in days of the studied patients with acute burn N
(n=82) 60
<7 7-<14 14-<30 >30 —~ &
n % n % n % n % g 50—
Age (years): ‘?{ ot
<10 0 0 5 122 | 25 610 | 11 2638 8 47 =
10-<21 1 7.7 1 77 5 385 | 6 46.2 ol
21-<31 2 200 |1 100 | 4 400 | 3 30.0 }"; 4]
31-<41 1 91 [1 91 |5 455[4 364 H _-_
41-<51 1 500 [0 O 0 0 1 500 Lea
51-62 0 0 0 0 4 800 | 1 20.0
N 18.407 o L
P 0.242 ——
Sex: 9 J T T T
scald flame electrical chemical
Male 5 100 |5 100 | 26 520 | 14 28.0 Causes of burn injury
Female 0 0 3 94 17 531 | 12 375
X 3.768 Fig. 1 - Relationship between LOS and causes of burn injury among the
P 0.288 studied patients with acute burn in box plot (n=82).
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Table IV - Relationship between LOS and percentage of total burn wound
surface area among the studied patients with acute burn (n=82)

% of total
burn wound | LOS in days of the studied patients with acute burn
surface area |(n=82)
(TBSA)

<7 7-<14 14-<30 >30

n % n % n % N %
% of TBSA:
<10 0 0 2 250 | 6 750 | 0 0
10-<21 1 2.6 5 132 |27 711 |5 13.2
21-<31 1 4.8 1 438 7 333 | 12 57.1
31-<41 1 143 |0 O 0 0 6 85.7
41-<51 1 250 |0 O 1 250 | 2 50.0
51-100 1 250 |0 O 2 500 | 1 25.0
ha 37.974
P 0.0001*

Table V - Relationship between LOS and depth of burn wound among
the studied patients with acute burn (n=82)

Depth of LOS in days of the studied patients with acute burn
burn wound | (n=82)
<7 7-<14 14-<30 >30
n % n % n % n %
Depth of
burn wound:
Ist & 0 0 4 138 | 23 793 | 2 6.9
superficial
partial
thickness
Mixed 3 8.8 2 59 16 471 | 13 382
partial
thickness
Mixed 1 7.1 1 71 3 214 |1 9 64.3
partial
thickness
& full
thickness
Full 1 200 |1 200 |1 200 | 2 40.0
thickness
* 24.069
P 0.004*

Table VI - Binary regression analysis of the different variables as predic-
tors for LOS (one month or more) among the studied patients with acute
burn (n=82)

Independent B SE Sig. EX (B)|Confidence

variables as risk P interval (CI)

factors of LOS value)

one month and

more Lower|Upper
limit | limit

Age years 0.005 | 0.014 | 0.731 |1.005 |0.977 |1.034

Sex 0.506 | 0.501 | 0.313 |1.668 [0.621 |4.427

Residence 0.856 | 0.504 | 0.089 |0.425 [0.158 |1.141

Type of burn 0.305 | 0.384 | 0.428 |1.356 [0.639 |2.878

Total burn surface |0.032 | 0.015 | 0.038* (1.032 |1.002 |1.064

area% (TBSA%)

Depth of burn 0.976 | 0.308 | 0.002* |2.655 [1.450 |4.860

wound

Nature of burn 0.831 | 0.536 | 0.121 |0.2.295/0.803 |6.562

injury

Place of burn injury|0.260 | 0.771 [ 0.736 [1.297 ]0.286 |5.878

‘Wound infection 0.916 | 0.491 | 0.006* |2.500 |0.964 |5.548

Inhalation injury |0.167 | 0.050 | 0.001* {1.181 ]1.070 |1.303
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Fig. 2 - Relationship between LOS and percentage of total burn wound
surface area among the studied patients with acute burn in box plot (n=82).
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Fig. 3 - Relationship between LOS and depth of burn wound among the
studied patients with acute burn in box plot (n=82).

our cases was 16.5 years. More male patients than females
were admitted, with a male/female ratio of 1:1.5. Relationship
between LOS and age and sex of the studied patients is shown
in Table II.

LOS was longer for flame burn cases, followed by scald
burn then electric burn. The difference was statistically signif-
icant (Table 111 and Fig. 1).

We noticed that patients with the longest LOS (>30 days)
mainly had a TBSA burned of 31-41%, followed by those with
21-31% TBSA burned, as shown in Table IV and Fig. 2.

We found a statistically significant difference in LOS for
the different degrees of burn depth, the majority of cases stay-
ing > 30 days having mixed partial thickness and full thickness
followed by full thickness and mixed partial thickness burns
(Table V and Fig. 3).

Binary regression analysis of the different variables among
the studied patients, such as predictors for length of hospital
stay (one month or more) and mortality, are shown in Tables
VI and VII respectively.
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Table VII - Binary regression analysis of the different variables as pre-
dictors for mortality among the studied patients with acute burn (n=82)

Independent B SE Sig. EX (B)|Confidence
variables as risk P interval (CI)
factors of mortality value)
Lower|Upper
limit | limit
Age years 0.051 | 0.021 | 0.017*|1.053 |1.009 |1.098
Sex 0.378 | 0.858 | 0.660 |1.459 |0.271 |7.850
Residence 1.234 | 0.820 | 0.132 [0.291 |0.058 [1.451
Type of burn 1.172 | 0.571 | 0.040* [3.227 |1.054 [9.877
Total burn surface |0.167 | 0.050 | 0.001* {1.181 [1.070 |1.303
area% (TBSA%)
Depth of burn 0.338 | 0.210 | 0.107 (1.403 |0.930 |2.116
wound
Nature of burn 0.457 | 0.628 | 0.467 [1.579 |0.461 |5.410
injury
Place of burn injury|0.544 | 0.875 | 0.536 [1.722 ]0.319 |9.575
(LOS):
One month & more |0.365 | 0.853 | 0.669 [0.694 ]0.130 |3.699
Less than one week |3.073 | 1.023 | 0.003* [0.046 |0.006 |0.344
‘Wound infection 1.245 | 0.771 | 0.107 |[3.472 |0.766 [15.747
Inhalation Injury |0.051 | 0.021 | 0.015* {1.053 [1.009 |1.098

Table VIII - Relationship between inhalation injury and LOS and mor-
tality among the studied patients with acute burn (n=82)

Variables Occurrence of inhalation injury x P
among the studied patients
with acute burn
(n=82)
Yes No
(n=15) (n=67)
n % n %
LOS (days):
1-<7 2 13.3 3 4.5 18.753 | 0.0001*
7-<14 0 0 8 11.9
14-<30 2 13.3 41 61.2
30-65 11 73.3 15 22.4
Range 3-65 1-54
Mean+SD 31.07+£16.72 | 22.70+11.56
t-test 2.321
P 0.023*
Mortality:
Living 11 73.3 63 94.0 5963 | 0.015*
Dead 4 26.7 4 6.0

We found that the presence of inhalation injury greatly af-
fected LOS (P<0.05), the mean hospital stay of patients with
inhalation injury being about 31.07 days, while in the absence
of inhalation injury the length of stay dropped to 22.70 days.
Mortality also was greatly affected, as 50% of those who died
were diagnosed with inhalation injury (Table VIII).

The mortality rate in our study was 9.8% of total admitted
cases. Table IX shows the relationship between mortality of our
studied patients and their other variables, with a statistically
significant difference in mortality between the different age
groups and the different causes of burn, as well as increasing
TBSA% burned.

Discussion

In our study, mean LOS was 24.23 days, while in a study
at the Washington University Burn Centre it was 16.3 days.®
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This could be explained by the higher TBSA burned in our
study (22.88%) in comparison to the American study. More-
over, we had more cases with inhalation injury (18.3%) com-
pared to their study (11.3%). Their mortality rate was 18.5%
of total admitted cases compared to 9.8% in our study.

Hussain and Dunn conducted a systematic review of the
literature on factors affecting LOS and found that the strongest
predictors are the patient’s age and TBSA% burned, followed
by full thickness burn%, female gender, inhalation injury, sur-
gery including escharotomy and burn depth.°

We performed binary regression analysis of the different
variables as predictors for LOS (one month or more) and mor-
tality among our studied patients with acute burn. It showed
that the most influencing factors for LOS were: incidence of
infection, wound depth, TBSA% and inhalation injury. The
most influencing factors for patient mortality were TBSA%,
age of the patient, cause of burn and inhalation injury.

We found no significant relationship between LOS and pa-
tient age and sex. Rachel et al. also found that the total length
of stay did not differ among different age groups.® In contrast,
other authors found that older patients stayed in hospital
|Onger_8,11,12,13,14

Mortality incidence was less than 5% in the under-10-year-
olds, while it reached 50% in the 41-50 age group, and 40% in
the 51-60 age group. There were no recorded deaths in the 10-
21 age group, which means that mortality rates increase with
age. This can be explained by the decreased healing power in
the elderly burn patient population compared to children, and
their decreased physiologic reserves.*

According to the University of Washington Burn Center,
age alone (independent of comorbidities) was associated with
risk of hospital mortality.® Increased burn mortality with ad-
vancing age has also been reported by other au-
thors.8911.12141617.18,192021,22.2324 Qn the other hand, some studies
found no significant relationship between age and mortality.?

Regarding patient gender, it was found to have no signifi-
cant effect on LOS in our study and also in the study by Bar-
tosch et al.,** while Khaliq et al. found males to have a longer
LOS.8 We did not find any significant effect of gender on burn
mortality, and the same has been reported by some other au-
thors.’*22On the contrary, many other authors found a signifi-
cant relationship between gender and mortality, with all of them
reporting increased burn mortality in female pa-
tients.8181820.212325 Thyjg jncreased mortality in female patients
was explained by the suppressed cell-mediated immune re-
sponse following thermal injury in females in an animal study.?

We found a strong statistical relationship between LOS and
mortality and the causes of burn injury among the studied pa-
tients with acute burn: 88.1% of scald burn and 83.7% of flame
burn cases stayed in hospital for more than two weeks before
discharge. Khaliq et al. found a significantly higher LOS for
thermal and electrical burns than other causes of burn,® while
Bartosch et al. found no relationship between the cause of burn
and LOS in hospital.** The effect of the cause of burn on mor-
tality was a different situation, with the highest mortality in our
cases occurring in electrical burns followed by thermal burns,
while many other authors reported thermal burns to take 1%
place,’*?” and others showed no effect of the cause of burn on
mortality.?

The incidence of inhalation injury in our study was 18.29%
and this caused a statistically significant increase in LOS in hos-
pital with a mean of 31.07 days and 22.70 days in the presence
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Table IX - Relationship between mortality of the studied patients with acute burn and their other variables (n=82)

Variables Mortality of the studied patients with acute burn (n=82) Ve P
Living Dead Total
(n=74) (n=8) (n=82)
n % n % n %
Demographic data:
Age (years):
<10 39 95.1 2 4.9 41 50.0 12.585 0.028*
10-<21 13 100 0 0 13 15.9
21-<31 8 80.0 2 20.0 10 12.2
31-<41 10 90.9 1 9.1 11 13.4
41-<51 1 50.0 1 50.0 2 2.4
51-62 3 60.0 2 40.0 5 6.1
Injured patients:
Children 47 95.9 2 4.1 49 59.8 4.453 0.035*
Adults 27 81.8 6 18.2 33 40.2
Sex:
Males 45 90.0 5 10.0 50 61.0 0.009 0.926
Females 29 90.5 3 9.4 32 39.0
Residence:
Urban 22 815 5 185 27 32.9 3.511 0.061
Rural 52 94.5 3 55 55 67.1
Burn data:
Cause of burn:
Scald 40 95.2 2 4.8 42 51.2 19.845 0.0001*
Flame 33 89.2 4 10.8 37 45.1
Electrical 0 0 2 100 2 2.4
Chemical 1 100 0 0 1 1.3
Place of burn occurrence:
Indoor (home) 62 91.2 6 8.8 68 82.9 0.393 0.531
Outdoor (work) 12 85.7 2 143 14 17.1
Nature of burn injury:
Accidental 68 90.7 7 9.3 75 91.5 1.395 0.498
Homicidal 3 100 0 0 3 3.7
Suicidal 3 75.0 1 25.0 4 4.9
% of extent of TBSA burned:
2-<10 8 100 0 0 8 9.8 48.737 0.0001*
10-<21 38 100 0 0 38 46.3
21-<31 21 100 0 0 21 25.6
31-<41 5 71.4 2 28.6 7 8.5
41-<51 1 25.0 3 75.0 4 4.9
51-100 1 25.0 3 75.0 4 4.9
Burn wound depth:
1st & superficial partial thickness 29 100 0 0 29 35.4 6.788 0.079
Mixed partial thickness 29 85.3 5 14.7 34 415
Mixed partial thickness & full 11 78.6 3 214 14 17.1
thickness
Full thickness 5 100 0 0 5 6.1

and absence of inhalation injury, respectively. The same was re-
ported by Taylor et al.* and Khaliq et al.,® while Bartosch et al.
found inhalation injury to have no significant effect on LOS.*
There was a statistically significant difference in mortality
rate between cases with (26.7%) and without (6%) inhalation
injury, with 50% of those who died having been diagnosed with
inhalation injury before their death. This relationship has been
reported to be significant in many studies®®11.14.1617.23.24.28 yyhjle
Yang et al. found it insignificant, and they correlated mortality
with age >60 years, female sex, TBSA>50% and plasma and
urine levels of neutrophil gelatinase-associated lipocalin.®
Our study verified that with the increase in TBSA%, LOS

is also increased up to 40% TBSA. After that, LOS relatively
decreased by 15% due to an increased mortality rate above
40% TBSA. This finding is in accordance with reports by pre-
vious authors.®111324 | OS was found to increase by 1.406 days
for each 1% of TBSA burned.'* Total burn size (TBSA%) was
independently related to the overall LOS. Baseline comorbidi-
ties, independent of hospital complications, were not associated
with increased LOS.® The significant impact of increased
TBSA burned on mortality that was observed in our study con-
firms what has been previously reported, without controversy;,
in the literature,8°11.1416.17.181920.2223.24 and it has been reported
to be the strongest predictor of mortality after adjusting for age
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and mechanism of burn.?®

We found that LOS has a statistically significant propor-
tional relationship to the depth of burn, which has been re-
ported also in other studies.*?*® Increased burn wound thickness
was also reported to increase mortality,’2?* but in our study we
found this to be insignificant.

Gomez et al. performed autopsies on burn cases who died
and found that the causes of death were: infection (61%); dis-
orders of the pulmonary (55%), cardiac (36%), renal (27%),
gastrointestinal (27%) and central nervous (11%) systems; and
multi-organ dysfunction (15%).2° Nitzschke et al. found a sig-
nificant difference in mortality between patients with healed
and non-healed wounds at day 20 following burn.®

The mortality rate at the Rotterdam Burn Centre was 6.9%;
the most frequent cause of death appeared to be multisystem
organ failure in 64.9% of cases (93% of these had systemic in-
flammatory response syndrome at the time of death), and in
45.9%, infection was deemed responsible for the fatal clinical
deterioration (in 21.3% sepsis was proven and in 24.6% it was
highly suspected).®

There are several potential limitations to this study. We did
not examine the impact of management decisions such as time
to operate, use of skin substitutes, and limb amputation on out-
come. We didn’t perform a long-term follow up of patients to
detect post-discharge mortality and quality of life. We couldn’t
account for retrospective data from previous cases due to lack
of information. The predisposing factors, demographic and epi-
demiological features of burn injuries differ in each country. It
is therefore important that Burn Units in every nation carry out
their own epidemiological studies on burned patients.

Conclusions

The most influencing factors on prediction of length of
hospital stay in acute burn patients were: incidence of infection,
wound depth, TBSA% and inhalation injury. The most influ-
encing factors on patient mortality were: TBSA%, age of the
patient, cause of burn and inhalation injury. As regards wound
infection, the most influencing factors on infection rate were:
TBSA%, wound depth and length of stay.
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