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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 methods: 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
L. 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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Pezrome

AKTyaJIbHOCTh: B OTHOIIEHUN 0XOTOBOM TPaBMBI CYIIECTBYET MHOXKECTBO ITOJXOAOB OIEHKH BEPOSITHOCTH JICTALHOTO HCXOIa
Y TsKes10000kKeHHbIX. HecMOTps Ha MPOCTOTY UCIOIB30BaHUS U MAKCUMAIIBHYIO PACIPOCTPAHEHHOCTD CYIIECTBYIOMINX MOJIEICH,
OIIEHKA UCXO/1a B KaXKJI0M U3 HUX BBI3bIBAET COMHEHHUS, TOCKOJIBKY YIIOP B Pa3HbIX MHAEKCAX UJET Ha pa3IMyYHbIC IOKA3aTelH, HE yuu-
ThIBas OOIILY0 KIMHUYECKYIO KapTHHY 3a00JIeBaHusl.

Heanb: CpaBHUTENBHBIH aHATU3 3G (OEKTHBHOCTH METOJI0B IPOTHO3UPOBAHUS JIETAIBHOTO UCXO/a Y MAIJUEHTOB ¢ OOIIMPHBIMU OXKO-
raMy KOXU.

Marepuan u Metonsl: [lomydeHa pacueTHass XxapaKTepHUCTHKA N3BECTHBIX B JIUTEPAType W IIHUPOKO MCIIONB3yEeMBIX IpaBmia Baux,
nHnekca Frank, mpoOur-aHann3a ¥ HOBOTO METO/A JIOTHCTHYECKOH Perpeccu, IMPUMEHEHHBIX JUIl OLIEHKH PE3yJbTaToOB JICUEHUS
282 B3pOCIBIX MOCTPAJABIINX C OOLIMPHBIMH O’KOI'aMH, TOCITUTAIM3UPOBAHHBIX B OT/ICJICHUE aHECTE3HOJIOTUH M peaHUMAlIMHU OT/elIa
tepmuueckux nopaxkennit ['BY «Cankr-IletepOyprckuit HaydHO-HCCIe0BaTebCKUH HHCTHTYT cKopoi oMoty uMm. M.U. Ixane-
nmumze» B mepuog 2015-2021 rr.
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PesyabTaThl: B Xone uccneqoBanus nmoirydeHa onyucaTeabHas XapakTepUCTHKa METOAOB IPOTHO3MPOBAHUS JIeTaabHOTo uexona. Ha
OCHOBE TMOJTyYCHHBIX JJAHHBIX COCTABIICHBI YSTHIPEXIOIbHBIC TAOIHUIBI COMPSIKEHHOCTH U IPOBEICH CPAaBHUTEIbHBIN aHaTN3 3 deK-
THBHOCTH MOJICIICH.

3akurouenne: HecMoTpst Ha BRICOKYIO YaCTOTY HCIIOIB30BAHMS TAKMX METOIOB IIPOrHO3UPOBAHUS B KOMOYCTHOJIIOTUIECKON MPAaKTH-
Ke, KaK MpaBuiio, HHAEKChl Baux, Frank n npoOuT-aHanm3, pe3yabTarsl pacyera CBHICTENBCTBYIOT, YTO JaHHBIE METOTUKH 00J1aJat0T
HU3KOU 3 (HEKTUBHOCTBIO: s HHCKCa Baux TOYHOCTH POTrHO3UPOBaHHUS JISTATLHOTO ucxona — 49,7%, mis unaexca Frank —41,5%,
Juist mpobut-ananuza — 60%. Pa3paboraHHas HAMU MOZIEIb JIOTHCTHYECKOM perpeccuu okasasa BICOKY0 3G (heKTHBHOCTh IO cpaB-
HEHUIO C MPEACTaBICHHBIMHI paHee MeToJaMH (TOYHOCTh IPOTHO3UPOBAHMS JIETATBHOTO Ucxoa cocTaBmia 93%), 4To gaet ocHoBa-
HUE [T €€ PEKOMEH/IAINH K MPaKTUIeCKOMY PUMEHEHHIO.

Kntwouesvie cnosa: oxoru Koy, NpOrHO3, JJOTUCTUYECKAsE perpeccusi, mpasmio Baux, unaexc Frank, npoour-aHanus, oxorosas 60-
JIe3Hb, JICTANbHBIA UCXO

Humupoeamw: 3apopotuuii O.0., 3unosseB E.B., Bonkos B.I', Koctsakos [I.B., Xanunaesa /. X., Cemurnazos A.B., [oroxus T.3.
CpaBHHTEIIbHAS OI[EHKAa METOIOB IPOTHO3UPOBAHHUS JIETAIBHOTO HCXO0AA TSHKEI0000KIKEHHBIX. MHHosayuonnas meouyuna Kybanu.
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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. L.
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 10075 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

Tabnuua 1

CpaBHUTeIbHBIN aHAIN3 IBYX 00Pa310B NALUEHTOB C HCIOJb30BAHUEM NMpaBua Baux

Outcome of injury, number of patients
Prognosis fatal outcome survivors Total
(projected) (projected)
Favorable 16 89 105
15.2% 84.8% 100.0%
Lethality 50% 35 67 102
34.3% 65.7% 100.0%
Unfavorable 53 22 75
70.7% 29.3% 100.0%
Total 104 178 282
36.9% 63.1% 100.0%
Table 2
Four-field contingency table for assessing the level of predictability of the Baux score
Tabnuya 2
Tabdnnua conpsizKeHHOCTH /15l OLeHKH YPOBHS NPOrHO3MpPyeMOCTH npaBuia Baux
Outcome Fatal outcome Recovery Model Accuracy
Recovery o
(projected) 16 89 84.8%
Fatal outcome 38 ]9 49.7%
(projected)
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Table 3

Comparative analysis between two patient samples using the Frank index

Tabnuua 3

CpaBHHTeJ’lLHb]ﬁ AaHAJIU3 ABYX 06pa3u03 NaIUEeHTOB C HCITOJb30BAHUEM HHACKCA (I)pamca

QOutcome of injury, number of patients
Prognosis 4 E— pat Total
fatal outcome survivors
favorable 3 20 25
20.0% 80.0% 100.0%
. 16 41 57
Relatively favorable 28.1% 71.9% 100.0%
Dubious 8 45 >3
15.1% 84.9% 100.0%
75 72 147
Unfavorable 51.0% 49.0% 100.0%
Total 104 178 282
36.9% 63.1% 100.0%
Table 4
Four-field contingency table for assessing the level of predictability of the Frank index
Taonuua 4
Tabnnna conps’KeHHOCTH /ISl OLICHKH YPOBHS NPOrHO3UPYeMOCTH HHAeKkca PpaHka
Outcome Fatal outcome Recovery Model Accuracy
Reqovery 117 83 74.4%
(projected)
Fatal outcome 61 21 41.5%
(projected)
Total, burn Age
area, %o [10-14]15-19]20-24]25-29]30-3435-39]4044]45-49]50-54]55-59]6064]65-69|70-74]75-79[80-84]85-89[9096
8andmore |1, 1. 1. 1. 1. 1. 1. 1. I 1. I 1 1 1 1 1 1
78-82 97797791, 1. L L 1. 1 L L 1 1L L 1 1 L
73-77 § & 877971 1. 1L 1 1. 1L 1. 1L 1 1 1L 1 L
68-72 7 7 7 8 9.1 1 L 1 1. 1 1. 1L 1. 1L 1. L
6367 6 6 6 7 9911 1 1 1L 1. 1L 1 1 1L 1 L
5862 S 5 5 6 8 9 9 09 : 1. 1. L. L. L. 1. 1. 1 1.
53-57 4 4 4 5 8 8 8 811 1 1. 1L 1 1L L 1L 1
48-52 3 3 3 4 6 7 7 7797971 1. 1 1L L L L
43-47 3 3 3 3 5 5 6 .6 8 8 9 911 1 1 1 L
3842 2 2 2 2 4 4 5 5 7 7 9 8 09 : . 1. 1 1.
33-37 11 2 3 3 4 4 5 6 8 7 8.1 1L L L
28-32 1 1 1 1 2 2 3 3 4 5 6 6 i1 1 1 L
23-27 07070707 1 1 2 2 3 3 5 5 6 97911 L
18-22 0 0 0 0 °070%.a a1 2 2 3 3 5 7 879L
13-17 0 0 0 0 0 0 70%.a 1 1 2 2 3 5 5 8il.
8-12 0 0 0 0 0 0 0707001 2 3 4 5709
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Figure 1. Coordinate grid of estimated probability of death for various combinations of age and area of burns
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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.
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Table 5

Comparative analysis between two patient samples using a probit analysis model

Tabnuua 5

CpaBHl/lTeJ'l])Hl)lﬁ aHaJIU3 ABYX oﬁpasum; NanueHTOB C HCITOJb30BAHUEM MOACIH l'lpOﬁl/lT aHaJIim3a

Outcome of injury, number of patients

Prognosis Total
fatal outcome recovery
: 1 16 17
5.9% 94.1% 100.0%
5 0 7 7
0% 100.0% 100.0%
3 0 4 4
0% 100.0% 100.0%
A 0 3 3
0% 100.0% 100.0%
s 2 5 7
28.6% 71.4% 100.0%
6 1 12 13
7.7% 92.3% 100.0%
8 2 2 4
50.0% 50.0% 100.0%
9 0 1 1
0% 100.0% 100.0%
10 0 12 12
0% 100.0% 100.0%
15 3 12 15
20.0% 80.0% 100.0%
20 3 8 11
27.3% 72.7% 100.0%
55 2 8 10
20.0% 80.0% 100.0%
30 2 8 10
20.0% 80.0% 100.0%
35 0 7 7
0% 100.0% 100.0%
40 3 11 14
21.4% 78.6% 100.0%
45 1 6 7
14.3% 85.7% 100.0%
50 5 12 17
29.4% 70.6% 100.0%
s 2 7 9
22.2% 77.8% 100.0%
60 1 4 5
20.0% 80.0% 100.0%
6 8 8 16
50.0% 50.0% 100.0%
70 6 7 13
46.2% 53.8% 100.0%
75 6 5 11
54.5% 45.5% 100.0%
80 6 4 10
60.0% 40.0% 100.0%
o5 4 2 6
66.7% 33.3% 100.0%
90 2 2 4
50.0% 50.0% 100.0%
95 1 0 1
100.0% 0% 100.0%
100 43 5 48
89.6% 10.4% 100.0%
Total 104 178 282
36.9% 63.1% 100.0%
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Table 6

Four-field contingency table for assessing the level of predictability of the probit analysis model

Tabnuua 6

Tadoauna CONPHAKEHHOCTH ISl OEHKH YPOBHSA IIPOTrHO3UPYEMOCTH npoﬁvn-ananma

Outcome Fatal outcome Recovery Model Accuracy
Recovery o
(projected) 20 122 85.9%
Fatal outcome 34 56 60.0%
(projected)
The data obtained in Table 5 allow us to conclude that Conclusion

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.

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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