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Reevaluation for prognostic value of prognostic burn index
in severe burn patients
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Aim: The prognostic burn index (PBI), which consists of half partial-thickness burn surface area plus full-thickness burn surface area
and age, has been widely used to predict mortality in Japan. However, the prognostic value of PBI has not been investigated suffi-
ciently. The purpose of the present study is to clinically reevaluate the PBI in severe burn patients.

Methods: Data of 69 severe burn patients admitted to the burn center at Kyorin University Hospital (Tokyo, Japan) from January
2008 to December 2017 were analyzed retrospectively. The primary outcome in this study was in-hospital mortality.

Results: The overall in-hospital mortality rate was 34.8%. There were significant differences in age, the presence of inhalation injury,
total burned surface area, full-thickness burn area, burn index, and PBI between survivors and non-survivors. In logistic regression
analysis, PBI was independently associated with mortality, while the presence of inhalation injury was not. A PBI above the threshold
of 105 was significantly associated with in-hospital mortality. The area under the receiver operating characteristic curve for PBI was
0.85 (95% confidence interval, 0.73-0.93).

Conclusion: The PBI could be a good prognostic indicator. A PBI above the threshold of 105 was associated with mortality among

severe burn patients treated in burn-care facilities.
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INTRODUCTION

URNS ARE AMONG the most devastating injuries,

and approximately 11 million burn patients require
medical attention worldwide annually.! Although the vast
majority of burn patients do not have fatal wounds, severe
burns can be fatal despite recent advances in burn care.
About 265,000 deaths a year have occurred due to burns
throughout the world.? The prediction of mortality in severe
burn patients is crucial, and many types of scoring systems
have been developed for predicting mortality.> Age, burn
surface area, and inhalation injury remain fundamental fac-
tors for burn prognostication, but relative weighting is dif-
ferent among scoring systems. The scores routinely used
worldwide are the revised Baux score,* Belgian Outcome in
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Burn Injury (BOBI) score,’ and Abbreviated Burn Severity
Index (ABSI).6 However, these scores have not been used in
Japan; instead, the prognostic burn index (PBI) has been
widely used to predict mortality. The PBI, which consists of
half partial-thickness burn surface area plus full-thickness
burn surface area (burn index: BI) and age, was reported by
Yasuda et al. in 1986.” This score is recommended in the
current Japanese Society of Burn Injuries guidelines.8 How-
ever, the prognostic value of PBI has not been investigated
sufficiently. Moreover, inhalation injury is not considered in
the PBI calculation.

The purpose of the present study is to clinically reevaluate
the PBI and to investigate the association of inhalation
injury with the prognostic value of PBI in severe burn
patients.

METHODS

Patient selection and outcome

LINICAL RECORDS OF all burn patients admitted to
the burn center at Kyorin University Hospital (Tokyo,
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Japan) from January 2008 to December 2017 were reviewed
retrospectively. Severe burn patients with partial-thickness
burn area >30% or full-thickness burn area >10% were
included. The exclusion criteria were cardiac arrest on arri-
val and death within 24 h without conventional treatment
due to requests from patients’ families. The primary out-
come in this study was in-hospital mortality.

Data collection

Data collected were age, gender, percentage of total burn
surface area (TBSA), percentage of partial-thickness burned
area (PTBA), percentage of full-thickness burned area
(FTBA), and presence of inhalation injury with clinical signs
and evidence of the bronchoscopy.

Scoring systems

Scoring systems calculated and evaluated were BI, PBI,
revised Baux score, BOBI score, and ABSI.

Statistical analysis

Continuous variables were expressed as median and
interquartile range, and categorical variables were expressed
as numbers with percentages. Continuous variables were
compared using Student’s 7 test or the Mann—Whitney U-
test. Categorical data were compared using the ’-test or
Fisher’s exact test. Logistic regression analysis was used to
estimate the influence of PBI and inhalation injury on mor-
tality. The optimal cut-off value of PBI for predicting mor-
tality was determined using the Youden index.’ Receiver
operating characteristic (ROC) curves were drawn and areas
under the curves (AUCs) of ROC curves were calculated for
age, BI, PBI, revised Baux score, BOBI score, and ABSIL.
The ability to predict mortality was assessed according to
sensitivity, specificity, positive predictive value, negative
predictive value, and AUC.

Statistical analyses were undertaken with StatFlex version
6 (Artech, Osaka, Japan), and JMP 13 (SAS Institute, Cary,
NC, USA).

RESULT

URING THE STUDY period, 255 burn patients were

admitted to Kyorin University Hospital. After selec-
tion, 69 severe burn patients were evaluated in the current
study (Fig. 1). Table 1 shows the patients’ characteristics.
The overall in-hospital mortality rate was 34.8%. In univari-
ate analysis, there were significant differences in age, the
presence of inhalation injury, TBSA, FTBA, BI, and PBI

between survivors and non-survivors. There were no signifi-
cant differences in the PTBA or gender between the two
groups.

In logistic regression analysis, PBI was independently
associated with mortality, whereas the presence of inhalation
injury was not (Table 2). In a more detailed evaluation of
inhalation injury, we found that there was a significant inter-
action between the presence of inhalation injury and mortal-
ity among burn patients with TBSAs of 21-60% (P < 0.05),
whereas there were no significant interactions among those
with TBSAs of 1-20%, 61-80%, or 81-100% (Table 3).

Sensitivity and specificity curves were examined to deter-
mine the optimal cutoff value of PBI for predicting mortal-
ity, and we found the optimal cutoff value of PBI was 105
(Fig. 2). The PBI value of 105 could significantly predict
mortality with a sensitivity of 79% (95% confidence interval
[CI], 60-91), a specificity of 73% (95% CI, 59-84), a posi-
tive predictive value of 61% (95% CI, 44-76), and a nega-
tive predictive value of 87% (95% Cl, 73-94).

Receiver operating characteristic curves for the ability of
age, the BI, and the PBI to predict mortality were examined,
and AUCs of the ROC curves were 0.65 (95% CI, 0.51-
0.77), 0.79 (95% CI, 0.64-0.88), and 0.85 (95% CI, 0.73—
0.93), respectively. Furthermore, the ROC curves for the abil-
ity of the PBI, revised Baux score, BOBI score, and ABSI to
predict mortality were also examined, and AUCs of the ROC
curves were 0.85 (95% CI, 0.73-0.93), 0.90 (95% CI, 0.80—
0.95), 0.87 (95% CI, 0.77-0.93), and 0.87 (95% CI, 0.76—
0.93), respectively (Table 4). There were no significant differ-
ences in the AUCs between the PBI and other scores.

DISCUSSION

T N THIS STUDY, we undertook a retrospective survey
A over 10 years for all burn patients treated in our burn-care

255 patients transported to
burn center

23 patients with cardiac arrest on
> | arrival or who died at emergency
room

57 patients with inhalation
injury only

v

101 patients with mild burn® and
S patients with electrical burn

69 patients with severe burn

Fig. 1. Patient selection for this study. +<30% of partial-thick-
ness burn area and <10% of full-thickness burn area.
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Table 1. Characteristics of the study cohort of patients with severe burns

Variable All cases Survivors Non-survivors P-value

(h = 69) (n = 45) (h = 24)

Male, n (%) 46 (67) 28 (62) 18 (75) ns
Presence of inhalation injury, n (%) 35 (51) 15 (33) 20 (83) <0.0010
Age (years) 59 (42-70) 49 (39-69) 65.5 (52-79.5) <0.0500
TBSA (%) 52 (30-80) 38 (30-57) 81.5 (57.8-90) <0.0001
PTBA (%) 14 (3-30) 12 (4-32) 19 (0-24) ns
FTBA (%) 20 (10-68) 16 (10-32) 67.5 (36.5-80) <0.0001
Bl 33.5 (20-78) 25 (19-42.5) 78.5 (47.9-82.3) <0.0001
PBI 98 (74-126) 86 (69.5-106) 130.3 (105.9-148.3) <0.0001

Bl, burn index; FTBA, full-thickness burn surface area; ns, not significant; PBI, prognostic burn index; PTBA, partial-thickness burn surface

area; TBSA, total burn surface area.

Table 2. Logistic regression analysis for in-hospital mortal-
ity among burn patients (n = 69)

Variable Coefficient Standard Wald P-value
error value
PBI —0.05 0.01 3.32 0.009
Inhalation —0.88 0.71 1.25 0.210
injury

PBI, prognostic burn index.

Table 3. Comparison of mortality for total burn surface
area (TBSA) with and without inhalation injury

TBSA Mortality (%) P-value
(%)

Inhalation injury  Inhalation injury

() (=)
1-20 50.0 0.0 0.09
21-60 31.3 4.8 <0.05
61-80 75.0 333 0.20
81-100 71.4 66.7 0.87

facility for these. Overall, 255 burn patients were evaluated,
and only 69 severe cases were further investigated for analy-
sis. In this sense, the information found in the current study
was not a secondary use of so-called “big data” but real clin-
ical data, which could be greatly beneficial to everyday burn
cares in intensive and critical care units. As a result, our
study provided two important clinical suggestions: PBI
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Fig. 2. Sensitivity and specificity curves for the prognostic burn
index (PBI) associated with hospital mortality among severe
burn patients (n = 69). Sensitivity and specificity are repere-
sented by circle shapes and diamond shapes respectively.

was significantly associated with mortality regardless of
complicating inhalation injury among severe burn patients,
and a PBI above the threshold of 105 was associated with
in-hospital mortality. There was only one death among 101
excluded milder cases. The patient was in his or her 80s and
suffered about 10% of 2nd degree burn (PBI = 92.5), and
his or her death was not caused by burn but myocardial
infarction. Moreover, even if we use all 170 cases (69
included plus 101 excluded cases) to calculate the optimal
cut-off border, it shifted only slightly around 100 from 105.
This study suggested that PBI was useful for predicting
mortality in severe burn patients, consistent with previously
published studies. In the present study, PBI was shown to be
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Table 4. Comparison of area under the receiver operating
characteristic curves (AUCs) among scores for the prediction
of in-hospital mortality in burns patients

AUC 95% Cl y>test  P-value
PBI 0.853  0.73-0.93
Revised Baux 0.898 0.80-0.95 1.26 0.26"
BOBI 0.872  0.77-0.93  0.09 0.75"
ABSI 0.866  0.76-0.93  0.05 0.82f

ABSI, Abbreviated Burn Severity Index; BOBI, Belgian Outcome

in Burn Injury; Cl, confidence interval.
fCompared with prognostic burn index (PBI).

independently associated with mortality in a logistic regres-
sion analysis, and the AUC of the ROC curve for PBI in pre-
dicting mortality was 0.85. This value was lower than the
previous report, in which Tagami et al.'” reported that the
AUC was 0.93. The reason for the difference was speculated
that we included only severe burn patients in this study,
whereas the previous report used all burn patients including
those with slight burns from a “big data” source. Generally
speaking, if we recruit a larger number of patients with a
wide variety of severity for analyzing data, we expect to
obtain better AUC of ROC curves.

The PBI is the sum of half partial-thickness burn sur-
face area, full-thickness burn surface area, and age; the
presence of inhalation injury is not considered in the cal-
culation of PBI. It is well known that the presence of
inhalation injury is significantly associated with mortal-
ity,""'7 however, the present study revealed that inhala-
tion injury was not an independent risk factor for
mortality in the multivariate analysis. It could be specu-
lated that patients with severe burns might have a greater
risk of fatal outcome regardless of the presence of inhala-
tion injuries, whereas those with mild burns are more sen-
sitive to inhalation injuries. In fact, there was a significant
interaction between the presence of inhalation injury and
mortality among burn patients with 21-60% TBSA, yet
there were no significant interactions among those with
TBSA of 61% or more or 1-20% (Table 3). Consistent
with our study, a prior study reported no relation between
inhalation injury and mortality in larger burns.'® In severe
burn patients, the severity of the burn itself, rather than
the presence of inhalation, is considered to influence the
prognosis. However, mild burn patients have better prog-
nosis with or without inhalation injury.

In the clinical situations for burn treatment, the evaluation
of severity and the prediction of mortality could provide use-
ful information during the decision-making process for

severe burn patients. In this study, the threshold of PBI in
the association with mortality in severe burn patients was
105. In a previous report, Tagami et al.'’ reported that the
cut-off value of PBI in predicting mortality was 85, analyz-
ing nationwide diagnosis procedure combination data. This
value was much lower than that of our report, and we think
it reasonable that there was a difference between ours and
Tagami et al.’s study, because there are a lot of differences
in terms of patients’ characteristics and quality of care
between the specialized burn-care facility and other facili-
ties. Furthermore, as stated earlier, deaths from various kinds
of causes, other than burn injuries, are included in the big
data. Instead, in the current study, we used only severe burn
patients and assured all deaths were burn-related. Therefore,
we speculated the cut-off value of 105 to be helpful for med-
ical staff in burn-care facilities to make decisions about
whether or not to withdraw treatments for severe burn
patients.

Although we have shown the usefulness of PBI to predict
mortality for burn patients, there are many other scores or
indexes. To date, there have been almost no reports about
the comparative evaluation between PBI and other scores. In
the comparisons of AUCs between PBI and other scores in
the present study, the values of the revised Baux score,
BOBI score, and ABSI were slightly higher than that of
PBI, but the differences were marginal and statistically
insignificant. In Japan, the revised Baux score, BOBI score,
and ABSI are not common for predicting mortality of burn
patients; instead, PBI has been exclusively used, tradition-
ally, because PBI is simple to apply and useful to predict
mortality in clinical situations. The usefulness of other
scores compared to PBI needs to be further investigated in
the future.

LIMITATIONS

HE PRESENT STUDY has several limitations. This

was a retrospective study undertaken at a single center,
with a relatively small sample size. In order to validate our
results, we need multicenter studies with larger study
cohorts. Additionally, the severity of inhalation injury was
not considered in this study, and patients might be evaluated
according to the severity of their inhalation injuries in future
studies.

CONCLUSIONS

HE PBI COULD be a good prognostic indicator, and a

PBI above the threshold of 105 could be associated
with mortality among severe burn patients treated in burn-
care facilities.
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