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Abstract
Background: Regarding burn injury there are many approaches to assessing the possibility of death in severely burned patients. De-
spite the ease of use and the maximum prevalence of existing models, the assessment of the outcome in each of them is questionable, 
since the emphasis in different indices is on different indicators, avoiding the overall clinical picture of the disease.
Objective: Comparative analysis of the effectiveness of methods for predicting a lethal outcome in patients with extensive skin burns.
Material and мethods: Calculated characteristics of known in the literature and widely used Baux rules, Frank index, probit analysis 
and a new method of logistic regression were obtained and applied to evaluate the results of treatment of 282 adult patients with exten-
sive skin burns, hospitalized in the Department of Anesthesiology and Intensive Care of the Thermal Injuries Unit, Saint-Petersburg 
I. I. Dzhanelidze Research Institute of Emergency Medicine in the period 2015–2021.
Results: During the study a descriptive characteristic of methods for predicting a lethal outcome was obtained. Based on the 
data obtained, four-field contingency tables were compiled and a comparative analysis of the effectiveness of the models was 
carried out.
Conclusion: Despite the high frequency of use of such forecasting methods as the Baux score, the Frank index and probit analysis 
in the combustiology practice, the results of the calculation indicate that these methods have low efficiency: the Baux score method 
accuracy of a lethal outcome prediction is 49.7%, the Frank index method – 41.5%, probit analysis method – 60%. The logistic regres-
sion model developed by us showed high efficiency compared to those presented earlier (the accuracy of predicting a lethal outcome 
was 93%), which gives grounds for recommending it for practical application.
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Резюме 
Актуальность: В отношении ожоговой травмы существует множество подходов оценки вероятности летального исхода 
у тяжелообожженных. Несмотря на простоту использования и максимальную распространенность существующих моделей, 
оценка исхода в каждой из них вызывает сомнения, поскольку упор в разных индексах идет на различные показатели, не учи-
тывая общую клиническую картину заболевания.
Цель: Сравнительный анализ эффективности методов прогнозирования летального исхода у пациентов с обширными ожо-
гами кожи.
Материал и методы: Получена расчетная характеристика известных в литературе и широко используемых правила Baux, 
индекса Frank, пробит-анализа и нового метода логистической регрессии, примененных для оценки результатов лечения 
282 взрослых пострадавших с обширными ожогами, госпитализированных в отделение анестезиологии и реанимации отдела 
термических поражений ГБУ «Санкт-Петербургский научно-исследовательский институт скорой помощи им. И.И. Джане-
лидзе» в период 2015–2021 гг.
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Результаты: В ходе исследования получена описательная характеристика методов прогнозирования летального исхода. На 
основе полученных данных составлены четырехпольные таблицы сопряженности и проведен сравнительный анализ эффек-
тивности моделей.
Заключение: Несмотря на высокую частоту использования таких методов прогнозирования в комбустиологической практи-
ке, как правило, индексы Baux, Frank и пробит-анализ, результаты расчета свидетельствуют, что данные методики обладают 
низкой эффективностью: для индекса Baux точность прогнозирования летального исхода – 49,7%, для индекса Frank – 41,5%, 
для пробит-анализа – 60%. Разработанная нами модель логистической регрессии показала высокую эффективность по срав-
нению с представленными ранее методами (точность прогнозирования летального исхода составила 93%), что дает основа-
ние для ее рекомендации к практическому применению.
Ключевые слова: ожоги кожи, прогноз, логистическая регрессия, правило Baux, индекс Frank, пробит-анализ, ожоговая бо-
лезнь, летальный исход
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Introduction
Over the past decades the tendencies of assessing the 

quality of medical care for injured with extensive burns 
have changed [1]. The paradigm has been altered from 
staffing departments with healthcare workers and equip-
ment towards the study of hospital mortality, clinical out-
comes of diseases and their prediction, as evidenced by 
most of the current research studies in this field [2, 3]. 
Considering the high mortality in the Russian Federation 
when receiving extensive burn injuries equal to 7.9% per 
one hundred thousand victims, this issue remains relevant 
in the routine combustiology practice [4].

Regarding burn injury there are many approaches to 
assessing the fatal outcome possibility in severely burned 
patients. These methods are based on monitoring the area 
and depth of the burn, measured in percentage, and the 
presence of a thermal inhalation injury [5–7]. Some meth-
ods used in practice include the physical parameters of 
patients being treated in the intensive care unit, excluding 
the pathogenesis and state of burn injury, previous sur-
gical treatment (VAC therapy, wound dressings, cellular 
technologies) that improve the outcome of treatment [8, 
9]. Despite the ease of use and the maximum prevalence 
of existing models, the assessment of the outcome in each 
of them is questionable, since the emphasis in different in-
dices is on different indicators, avoiding the overall clini-
cal picture of the disease [10–12].

The developed method of logistic regression with the 
derivation of the calculation formula, based on a retro-
spective analysis of the case histories of 330 victims with 
a burn injury, takes into consideration patient’s input data 
such as age, area and depth of the burn; clinical and bio-
chemical blood parameters, the main parameters of a gen-
eral urine test, the respiratory function of the body in the 
form of oxygen concentration in the inhaled mixture, as 
well as the volume of infusion therapy and an assessment 
of its effectiveness by the amount of daily diuresis in the 
first three days of inpatient treatment. This model dem-
onstrated a high predictive value of death and recovery 
in severely burned patients in 93% and 87% respectively 
[13]. However, for a more in-depth analysis we compared 

this method with the most commonly used models: the 
Baux score, the Frank index, and probit analysis.

Objective
Analysis of the effectiveness of lethal outcome predic-

tion methods in patients with extensive skin burns.

Material and methods
The work was performed on the basis of a statisti-

cal analysis of the results of treatment of 282 adult pa-
tients with extensive deep skin burns, hospitalized in the 
department of anesthesiology and resuscitation of the 
thermal injury department of the Saint-Petersburg I. I. 
Dzhanelidze Research Institute of Emergency Medicine 
in the period 2015–2021, excluding patients whose co-
morbid condition was complicated by the presence of 
a confirmed new coronavirus infection COVID-19. The 
following models were used to determine the probability 
of death and to compile a comparative characteristic: the 
Baux score, the Frank index, the probit analysis method, 
and the logistic regression model. The data obtained 
were taken into account in the construction of four-field 
contingency tables for further evaluation of the effec-
tiveness of these methods.

Comparative analysis and construction of four-field 
contingency tables were carried out in the SPSS Statistics 
27.0.1.0 program. The calculation of the logistic regres-
sion model was carried out in Microsoft Excel.

Results
When using the Baux score method, the sum of the 

burn area index calculated in percentage and the param-
eter of the age of the severely burned person were includ-
ed in the calculation. According to this forecasting tech-
nique, the obtained values were divided into three groups: 
with values of 100 and above points the prognosis was 
assessed as unfavorable, with results of 100–75 points the 
probability of death was 50%, with 75 points and below 
it was regarded as a high probability of recovery. Table 1 
presents the results of a comparative analysis between the 
two groups – survivors and patients with a fatal outcome.
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The results obtained in Table 1 allow us to conclude 
that the use of the Baux score method in the analysis of 
two groups of patients leads to a high probability of an 
inaccurate prediction. Thus, the highest error rate was re-
corded during the statement of a lethal outcome – 22 pa-
tients (29.3%) were discharged for outpatient treatment 
after a burn disease. With a mortality rate of 50% recov-
ery and unfortunate outcome were 65.7% and 34.3%, 
respectively, which contradicts an equal distribution in 
this group. With a favorable prognosis the death rate was 
15.2% (16 cases). For further comparison of this method 
with existing models for predicting lethal outcome in se-
verely burned patients a four-field contingency table was 
compiled. Values of 75–100 points (50% probability of 
death) were assigned to the group with an unfavorable 
prognosis. The data obtained are presented in Table 2.

The data presented in Table 2 allow us to conclude that 
despite the high predictive value of the Baux score for a 
favorable prognosis (84.8%), an increased level of error 
in predicting a lethal outcome in patients with extensive 
burn injury plays an equally important role. The results 
of the analysis indicate the dubious effectiveness of the 
presented model, despite its daily use in domestic practice 
and abroad.

The Frank index method was used as the second mod-
el for predicting the lethal outcome in severely burned 
patients. During the application of this model the sum of 
the indicators of the area of a superficial burn and a deep 
lesion, multiplied by 3, calculated as a percentage, was 
used. The results were divided into 4 groups:

1) less than 30 units – a favorable prognosis;

2) 30–60 units – a relatively favorable prognosis;
3) 61–90 units – a dubious prognosis;
4) 90 units or more – unfavorable prognosis.
Table 3 presents the results of a comparative analysis 

between the two groups – survivors and patients with a 
fatal outcome using the Frank index method.

According to the data presented in Table 3, the fol-
lowing conclusion can be drawn that in two groups of se-
verely burned patients with values of 90 units or more, 
the probability of recovery and death was 49% and 51%, 
respectively. When making a dubious forecast, i.e., value 
of 61–90 units, the ratio of results was 15.1% for patients 
with an unfavorable prognosis and 84.9% for those who 
recovered. With a relatively favorable prognosis (values 
of 30–60 units), the accuracy of the model for survivors 
was 28.1%, and for patients with a fatal outcome – 71.9%. 
In the case of predicting a favorable course of burn dis-
ease, these indicators were equal to 80% and 20%, re-
spectively. The results of the comparative analysis show 
the high predictive ability of this model in forecasting a 
favorable prognosis and at the same time indicate the du-
bious effectiveness of this index in relation to the lethal 
outcome. At this stage of the study, it can be concluded 
that despite the high prevalence of the use of this method 
in modern combustiology, it is necessary to reconsider its 
accuracy and validity of application.

For further comparison of this index with exist-
ing methods for predicting a lethal outcome in patients 
with extensive burn injury, a four-field contingency table 
was constructed with a cutoff of 50%. In the process of 
building the table, the values of dubious and unfavorable 

Table 1
Comparative analysis between two patient samples using the Baux score

Таблица 1
Сравнительный анализ двух образцов пациентов с использованием правила Baux

Prognosis
Outcome of injury, number of patients

Totalfatal outcome
(projected)

survivors
(projected)

Favorable 16
15.2%

89
84.8%

105
100.0%

Lethality 50% 35
34.3%

67
65.7%

102
100.0%

Unfavorable 53
70.7%

22
29.3%

75
100.0%

Total 104
36.9%

178
63.1%

282
100.0%

Table 2
Four-field contingency table for assessing the level of predictability of the Baux score

Таблица 2
Таблица сопряженности для оценки уровня прогнозируемости правила Baux

Outcome Fatal outcome Recovery Model Accuracy
Recovery

(projected) 16 89 84.8%

Fatal outcome
(projected) 88 89 49.7%
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prognosis were combined into the group of lethal out-
come, and the favorable and relatively favorable course of 
burn disease were combined into the group of survivors. 
The data obtained are presented in Table 4.

Table 5 presents the results of a comparative analysis 
between the two groups – survivors and patients with a 
fatal outcome using a probit analysis model.

The results obtained in Table 4 allow us to conclude 
that the predictive ability of this model is 74.4% for a fa-
vorable course of burn disease and 41.5% for severe burns 
with a fatal outcome. This also confirms the low predic-
tivity of this model in relation to predicting an unfavor-
able prognosis. Despite the widespread use of this model 

in the Russian Federation to determine the probability of 
death in patients with extensive burn injury, the Frank 
index has questionable effectiveness and requires further 
revision and re-evaluation.

The latest domestic development in relation to predict-
ing the death of severely burned patients is the method of 
probit analysis. The basis of this method was the ratio of 
the age of the patient with extensive burn injury and the 
standard Frank index (the sum of the area of the superfi-
cial burn and the deep lesion, multiplied by 3, calculated 
as a percentage). Further, as a result of the probit analysis, 
a coordination grid was built to determine the probability 
of a lethal outcome in percentage, shown in Figure 1.

Table 3
Comparative analysis between two patient samples using the Frank index

Таблица 3
Сравнительный анализ двух образцов пациентов с использованием индекса Франка

Prognosis Outcome of injury, number of patients Totalfatal outcome survivors

favorable 5
20.0%

20
80.0%

25
100.0%

Relatively favorable 16
28.1%

41
71.9%

57
100.0%

Dubious 8
15.1%

45
84.9%

53
100.0%

Unfavorable 75
51.0%

72
49.0%

147
100.0%

Total 104
36.9%

178
63.1%

282
100.0%

Table 4
Four-field contingency table for assessing the level of predictability of the Frank index

Таблица 4
Таблица сопряженности для оценки уровня прогнозируемости индекса Франка

Outcome Fatal outcome Recovery Model Accuracy
Recovery

(projected) 117 83 74.4%

Fatal outcome
(projected) 61 21 41.5%

Total, burn 
area, %

Age
10–14 15–19 20–24 25–29 30–34 35–39 40–44 45–49 50–54 55–59 60–64 65–69 70–74 75–79 80–84 85–89 90–96

83 and more 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1.
78–82 .9 .9 .9 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1.
73–77 .8 .8 .8 .9 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1.
68–72 .7 .7 .7 .8 .9 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1.
63–67 .6 .6 .6 .7 .9 .9 1. 1. 1. 1. 1. 1. 1. 1. 1. 1. 1.
58–62 .5 .5 .5 .6 .8 .9 .9 .9 1. 1. 1. 1. 1. 1. 1. 1. 1.
53–57 .4 .4 .4 .5 .8 .8 .8 .8 1. 1. 1. 1. 1. 1. 1. 1. 1.
48–52 .3 .3 .3 .4 .6 .7 .7 .7 .9 .9 1. 1. 1. 1. 1. 1. 1.
43–47 .3 .3 .3 .3 .5 .5 .6 .6 .8 .8 .9 .9 .1 1. 1. 1. 1.
38–42 .2 .2 .2 .2 .4 .4 .5 .5 .7 .7 .9 .8 .9 1. 1. 1. 1.
33–37 .1 .1 .1 .2 .3 .3 .4 .4 .5 .6 .8 .7 .8 1. 1. 1. 1.
28–32 .1 .1 .1 .1 .2 .2 .3 .3 .4 .5 .6 .6 .7 1. 1. 1. 1.
23–27 0 0 0 0 .1 .1 .2 .2 .3 .3 .5 .5 .6 .9 .9 1. 1.
18–22 0 0 0 0 0 0 .1 .1 .2 .2 .3 .3 .5 .7 .8 .9 1.
13–17 0 0 0 0 0 0 0 .1 .1 .1 .2 .2 .3 .5 .5 .8 1.
8–12 0 0 0 0 0 0 0 0 0 0 .1 .1 .2 .3 .4 .5 .9
3–7 0 0 0 0 0 0 0 0 0 0 0 .1 .1 .1 .2 .4 .5
0–2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .1 .1 .1
Figure 1. Coordinate grid of estimated probability of death for various combinations of age and area of burns
Рисунок 1. Координатная сетка предполагаемой вероятности смерти при различных сочетаниях возраста и площади 
ожогов
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Table 5
Comparative analysis between two patient samples using a probit analysis model

Таблица 5
Сравнительный анализ двух образцов пациентов с использованием модели пробит анализа

Prognosis Outcome of injury, number of patients Total
fatal outcome recovery

1 1
5.9%

16
94.1%

17
100.0%

2 0
0%

7
100.0%

7
100.0%

3 0
0%

4
100.0%

4
100.0%

4 0
0%

3
100.0%

3
100.0%

5 2
28.6%

5
71.4%

7
100.0%

6 1
7.7%

12
92.3%

13
100.0%

8 2
50.0%

2
50.0%

4
100.0%

9 0
0%

1
100.0%

1
100.0%

10 0
0%

12
100.0%

12
100.0%

15 3
20.0%

12
80.0%

15
100.0%

20 3
27.3%

8
72.7%

11
100.0%

25 2
20.0%

8
80.0%

10
100.0%

30 2
20.0%

8
80.0%

10
100.0%

35 0
0%

7
100.0%

7
100.0%

40 3
21.4%

11
78.6%

14
100.0%

45 1
14.3%

6
85.7%

7
100.0%

50 5
29.4%

12
70.6%

17
100.0%

55 2
22.2%

7
77.8%

9
100.0%

60 1
20.0%

4
80.0%

5
100.0%

65 8
50.0%

8
50.0%

16
100.0%

70 6
46.2%

7
53.8%

13
100.0%

75 6
54.5%

5
45.5%

11
100.0%

80 6
60.0%

4
40.0%

10
100.0%

85 4
66.7%

2
33.3%

6
100.0%

90 2
50.0%

2
50.0%

4
100.0%

95 1
100.0%

0
0%

1
100.0%

100 43
89.6%

5
10.4%

48
100.0%

Total 104
36.9%

178
63.1%

282
100.0%
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The data obtained in Table 5 allow us to conclude that 
this model is highly effective in predicting both a favor-
able prognosis and a lethal outcome. In determination of 
the probability of an unfavorable course of the disease and 
recovery with minimal values on the coordination grid, 
the results showed 94.1% and 5.9%, respectively. At the 
maximum values these parameters were equal to 89.6% 
and 10.4%, respectively. However, at rates of 50% the ac-
curacy of this model is questionable since the ratio of the 
death probability was 29.4% for survivors and 70.6% for 
severely burned with a fatal outcome. In this connection 
a contingency table was built with a cutoff of 50% for 
further comparative analysis. For the data isolation values 
from 1 to 45 were combined into the group with a favor-
able prognosis, and 50–100 – into the group of patients 
with a fatal outcome. The results are presented in Table 6.

As a result of the construction of a four-field contin-
gency table data were obtained that indicate the high effi-
ciency of this model in predicting a favorable prognosis – 
85.9% and questionable accuracy in predicting a lethal 
outcome in patients with extensive burn injury – 60.0%.

Despite the simplicity of applying this model in practice, 
it is difficult to speak about its effectiveness in making an 
accurate prognosis for the death of severely burned patients.

Discussion
During the comparative analysis of existing forecast-

ing models through the construction of four-field contin-
gency tables, it can be concluded that these indices are 
highly predictive in terms of a favorable outcome of burn 
disease, are quite simple and easy to use, but raise doubts 
about accuracy of the results of a fatal outcome predic-
tion in severely burned patients. The presented methods 
are based on determining the area of superficial and deep 
burns, excluding clinical features and the main links in 
the pathogenesis of burn disease, which also casts doubt 
on the objectivity of their use. The new logistic regression 
method, which takes into account clinical data, param-
eters of laboratory and instrumental studies, as well as the 
volume of infusion therapy and its effectiveness through 
indications of daily diuresis, results of previous surgical 
treatment, not only has a high prediction accuracy, but 
also allows to evaluate the quality of therapy at an early 
stage, which confirms the importance of its use in current 
combustiology practice.

Conclusion
1. The Baux score, the Frank index, and the probit 

analysis model are highly effective in predicting a fa-
vorable course of burn disease and are of questionable 
in terms of determining the death possibility in severely 
burned patients, which requires further evaluation in a 
larger group of patients with extensive burns.

2. The new forecasting model based on the logistic re-
gression method showed high performance in predicting 
both a favorable prognosis and a lethal outcome forecast 
with a low probability of error compared to its predeces-
sors. These factors can be considered as the basis for us-
ing this method in everyday practice.
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