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BANIAHICTb OLLIHOYHUX LKA TRISS, NTRISS TA ASCOT Y nonynauii
3 TAXXKUMU TPABMAMU Y NPAKTULI MONIAABCbKOIO LLEHTPY TPABMU

ApHayT 0., [pa6oBcbkuii |., banTara P, Langpy C.

BBeaeHHA: OcTaHHI CTaTUCTUYHI JjaHi 3 pi3HUX KpaiH NOMIl[al0Th TPaBMHU B YHC-
JIO OCHOBHUX MPUYUH CMepTi 3i 3po0CcTaloyuM BHECKOM B 3arajibHUU piBeHb CMepT-
HOCTi. MOXKJIMBICTb MPOTHO3YBATH i llepei6ayaTH MOXKJIMBI YCKJIaIHEHHS 3/1aTHA
3HAYHO 3MEHIINUTH PiBeHb CMepPTHOCTI Mic/is TpaBM. Lle MOX/IMBO 3a paXyHOK aHa-
J1i3y pi3HUX KJIHIYHUX NapaMeTpiB NaLi€HTIB 3 TPaBMaMHU Ta BUABJIEHHS TaKUX 3
BHCOKOIO0 IIPOTHOCTUYHOI CHJIO0. Pe3ysibTaTu 6y/IM BUKOPUCTAHI /151 CTBOPEeHHS
pi3HUX TPAaBMaTOJIOTYHUX LIKaJI. B 1aHUH yac icHye 6€3J1i4 Ol[iHOUHUX LIKaJI, pO3-
po6JIeHUX 3 YpaxyBaHHSIM aHATOMIUHUX, PiziosioriyHux a6o 3MilIaHUX KpUTEPIIB.
BoHu 6ys1u po3pobJieHi 3 ypaxyBaHHAM OCOGJMBOCTEN Pi3HUX CUCTEM OXOPOHU
3/10poB’sl pisHUX KpaiH. L|i cucTeMu MOI/IM 3HAYHO BiJIpi3HATHCS OAMH BiJi OHOTO,
B TOMY 4HucJi i Bifj MoiiaBCbKOl. TaKMM YHHOM, HEOOXi/JHO 3HAUTH ONTUMAJIbHY
LIKaJ1y AJf LO0JAEHHOT0 BUKOPUCTAHHS B Pi3HUX YMOBax /1 L{iJIbOBOI IPyINH MO-
TOYHOTO AOCJI/PKEHHS.

MerTa i 3aBaaHHA: Basniganis i nopiBHs/IbHA olliHKa HAWGIIBII YaCTUX 3MillIAHUX
TPaBMaTOJIOTIYHUX OLIHOYHUX ILIKaJ B YMOBAx TpaBMaToJoriyHoro neHTpy Pec-
ny6stiku MosijoBa.

MeToau. Y HaBeJjeHOMY PETPOCHEKTUBHOMY aHaJiTUYHOMY JOCTi[KeHHi Oy/au
npoanaJjizoBaHi faHi 2651 marjeHTa 3 BaXKKOW TPaBMOM, 110 HAZIHIIOB B TpaB-
MaroJioriunuil neHTp Pecny6s1iku MosioBa B nepiog 3 ciunst 2013 poky no Jiucro-
nax 2018 poky. Jxepesiom iHpopmarii 6ysa esekTpoHHa 6a3a fanux IMU, ska He
MicTUTb oco6ucToi iHdpopMauii. Kputepii Bk/toueHHs i BUKJIIOUeHHS 6yJIU JOTpU-
MaHi. /Il OLiHKY BY>KMBAHOCTI MalieHTIB po3paxoByBasucs 6aau mkaa ASCOT,
TRISS i NTRISS. Pe3ysibTaT IporHo3iB NopiBHIOBAIMCSA | CTATUCTUYHO aHaJi3yBa-
JIMCS 32 I0TIOMOT 010 JIOTiICTUYHOI perpecii.

Pe3synbraTH: [lopiBHAHHA 3MillaHUX OLIIHOYHUX LIKaJI, BKJIOYEHUX B JOCJIKeH-
Hsl, TpoJieMOHCTpyBaso, 1o ouiHnka NTRISS mokasana MakcuManbHUN KoedilieHT
netepMinanii B mopiBHsAHHI 3 TRISS i ASCOT, Bci Mogesi MaroTh Kanmi6pyBasibHi iH-
JUKATOPH, SIKi NOTPeOyOTh NOJIINIIEeHHSs, IPUYOMY KPUTEPIEM € 3HAYUMICTb TECTY.

BucHOBOK: B 11i}l cTaTTi 6y/11 3piBHSAHI TpU nowupeHi 3milaHi TpaBMaToJ/10TuHi
nporHoctuyHi mozeJi. 3 Hux NTRISS Bosiogjie onTUMaibHUMU XapaKTEPUCTUKAMU
3 TOYKH 30py JAeTepMiHanii/aguckprumMiHaLii i Moxke 6yTH peKOMeHJ0BaHa JJis I0-
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BCSIKJIEHHOT'0 BUKOPHUCTAHHSI B YMOBaX TPaBMAaTOJIOTIYHOTO LeHTpy Pecrny6iku
MoagoBa.

KiouoBi ciioBa: TpaBMa, MOJeJib IPOTrHO3yBaHHA BUXXWUBaHHHA.
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Introduction: Recent statistical data from different countries places the
trauma among the leading causes of death with increasing contribution to the
overall mortality rate. The possibility to predict and to anticipate the eventual
complications could significantly increase trauma survival rate. This is possible by
analyzing different clinical parameters of trauma patients and identifying those
with high predictive power. The results were used to concept different traumatic
scores. Nowadays, there are a lot of scores elaborated considering anatomical,
physiological or mixed criteria. They were developed considering the particularities
of distinct medical systems from different countries. They could differ in many
aspects from each other, inclusively, from the Moldavian one. Thus, it is necessary
to find the optimal score for daily use in distinct conditions for target population of
current study.

Purpose and task: Validation and comparative evaluation of the most common
mixed traumatic scores in conditions of a trauma center from Republic of Moldova.

Methods: In the current retrospective analytical research, was analyzed the data of
2651 severe trauma patient’s consecutive admitted in Moldavian trauma center in
period between January 2013 - November 2018. The source for information was
the electronic database of IMU with no personal information. The inclusion and
exclusion criteria were respected. They were calculated ASCOT, TRISS and NTRISS
scores to assess patient’s survival rate. The prediction results were compared and
statistically analyzed by logistic regression.

Results: The comparison of the mixed scores included in the research showed that
the NTRISS score showed a maximum coefficient of determination compared to
TRISS and ASCOT, all models having calibration indicators that need improvement,
the criteria being the significance of the test.

Conclusion: In this article, three common mixed predictive models were
validated. Of these, NTRISS has optimal characteristics in terms of determination/
discrimination and could be recommended for daily use in conditions of a trauma
center from Republic of Moldova.

Key words: trauma, survival predictive model.

Introduction. According to the World Health Organization (WHO), tens of millions
of people are traumatized each year, and 5 million people die from traumatic injuries
(9% of all deaths), which is about 1.7 times more than the amount of deaths caused
by HIV/AIDS, tuberculosis and malaria, accounting for 16% of all disabilities caused
by traumatic injuries [1]. Data from the US National Center for Injury Prevention and
Control places trauma as the leading cause of death among people aged 1 to 44 [2],
with trauma ranking third in the overall structure of lethality, after circulatory system
diseases and neoplasms.
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In the near future, a negative dynamic is forecast in the sense of increasing death
rates due to trauma. In 2030, according to WHO calculations, in the general structure of
lethality, road accidents will be placed on the 7th place (in 2012 the 9th place), suicides
on the 16th place (in 2012 the 15th place) and catatraumas on the 17th place (in 2012
the 21stplace) [1]. This trend has been confirmed in other similar research. For example,
a study that looked at the causes of death in the United States from 2000-2011 found
that the death rate from circulatory system diseases and neoplasms was declining and
that from trauma was rising. The same study also showed that the rate of fatal injuries
was 22.8% higher in 2010 compared to 2000, while the population increased by only
9.7% [3].

The Republic of Moldova, having some peculiarities, is not an exception, trauma
being a serious problem. According to data from the Statistical Database of Moldova, in
the period 2009-2018, injuries were the leading cause of death for the age of 1-44 years,
which corresponds to world data and is valid for both raw and standardized data by
age and biological gender. The argument for the standardization procedure served the
changes in the population structure. One of the indicators was the progressive increase
of the aging coefficient (number of people aged 60 and over per 100) from 14 in 2009 to
18.4 in 2018. For ages between 0 and 1-year, traumatic injuries were the second cause
of death, after respiratory diseases for both raw and standardized data. Analysis of the
general structure of lethality shows that traumas are ranked fourth after circulatory
system diseases, tumors and digestive system diseases [4].

The use of predictive scores has a maximum efficiency when they are adjusted to
the realities of the medical system in which they will be used. Thus, the validation of
the usual traumatic scores (models) is seen as absolutely necessary until their use
for a certain population or medical system, different from the one in which they were
conceived. This method offers the possibility to correct the coefficients in the regression
equation with their adjustment to the current situation and can significantly increase
the accuracy of the forecast. Such a procedure for the usual traumatic scores was not
performed for the population of patients in the Moldovan medical system, so they
cannot show their maximum utility. The resulting prediction deviations may induce
some problems in their use by medical staff at different stages, including ICU conditions.
Studies in this direction started some time ago. As patients were added to the study
groups, the results were checked periodically. Some of the preliminary data have been
published recently [5]. According to them, from the very beginning, the ASCOT score
was characterized by the maximum predictive power among patients in the preliminary
analyzed groups. This article contains complementary information on the validation
of routine predictive models for the population of patients with severe trauma within
the Clinic of Anesthesiology and Resuscitation Institute of Emergency Medicine (IMU) -
Trauma Center of the Republic of Moldova.

Purpose and task. The purpose of this study is to minimize prediction errors
resulting from the arbitrary use of traumatic scores caused by the lack of validation
of such scores and their adjustment to the particularities of the medical system in the
Republic of Moldova. Also, the results presented tend to attract attention and motivate
specialists from other medical centers to follow the same strategy for the institutions in
which they operate.

Methods. The actual retrospective analytical research had the aim to improve the
identification and prediction for severe trauma patients from Moldavian medical system.
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Nicolae Testemitanu State University of Medicine and Pharmacy (Chisinau, Republic
of Moldova) ethical committee approved the design of study (Protocol 33/46 from
16.12.2016). There were considered 2651 severe trauma patients consecutive admitted
in Moldavian trauma center ICU, Chisinau, Republic of Moldova (period January 2013 -
November 2018). The source for information was the electronic database of IMU with
no personal information as first and second names, addresses, personal ID number,
phone number etc. The inclusion criteria were admission in ICU from IMU in first 24
hour after traumatic event, severe trauma (Injury Severity Score (ISS) = 15 [6]), age = 18
and blunt injury. The exclusion criteria were the age < 18, repetitive admission, burns,
penetrating injury, incomplete data for trauma scores estimation or unusual analyzed
variables values determined in preliminary dataset analysis, patients transferred
to other institutions and mental disorders (senile or other deliriums) as reason for
admission in ICU. The criteria for trauma severity was the survival probability. It was
estimated for each patient, using three mixt traumatic scores: TRISS NTRISS and ASCOT.
The AIS component for NTRISS and TRISS evaluation as Abbreviated Injury Scale (AIS)
estimation for ASCOT the 2015 edition (last edition) of AIS vocabulary were used
[7]- The coefficients for models’ equations were estimated especially for examined
population, this means validation of these traumatic scores and second, the models were
compared in order to identify the most accurate score for survival rate prediction in ICU
severe trauma population from Moldavian trauma center. The models without gender
and age were adjusted for these parameters. In addition, the obtained tested scores’
coefficients were used to generate the equation to estimate the severe trauma survival
probability from IMU ICU. Also, odds ratio (OR) and 95% confidence interval (95%
CI) for OR were calculated. To validate and to compare the models, logistic regression
technique was used. For each model were estimated the following characteristics -
determination coefficient (Nagelkerke R Square), calibration (Hosmer- Lemeshow test)
and discrimination abilities (surface under the ROC curve). Considering the number of
developed models (three), the problem of multiple comparisons problem was solved
by Bonferroni correction - the significance level of the models (a) being equal to .05 /
number of developed models (« =.05/3 =.017).

For validation, three scores were selected from the variety of mixed predictive models
that are most often used in clinical practice - TRISS, NTRISS and ASCOT [8]. After that, a
comparative evaluation of the validated models was performed in order to highlight an
optimal model from the perspective of determination, calibration and discrimination.
The data obtained will be the basis for arguing the use in clinical practice of ICU of IMSP
IMU until the identification of other possible alternative models that will be proposed
in the future for more detailed assessment of the condition of a patient with severe
trauma.

Null hypotheses that postulate that the scores do not have the ability to predict the
probability of survival in patients with severe trauma better than a model based on
only one constant have been made. Respectively, alternative hypotheses assume that
scores can predict the outcome of treatment better than a model that is based only on a
constant. Next, the features of each of the analyzed scores will be described.

Results and Discussions. The TRISS score was shown to be able to predict the
outcome of treatment (survival / death) by rejecting the null hypothesis (Omnibus Test
of Model Coefficients (x2 = 680,570, df = 3, p <0.001). the following characteristics of
the examined model: The determination indicator, Nagelkerke R Square, had the value
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Observed Groups and Predicted Probabilities
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Fig. 1. Classification chart for the predictive model of the probability of survival in patients with
severe trauma based on the TRISS score.
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of 0.371 (37.1%), i.e. almost a third of the dispersion of the variable of interest was
explained by the covariates from the validated model.

The calibration indicator (Hosmer - Lemeshow test) showed a significant value, x2
=16,864, df = 8, p = 0.032, but it needs optimization, because the score does not predict
efficient results on the full range of possible scores.
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The discrimination indicators of the classification table, namely specificity and sen-
sitivity were equal to 59.8% and 87.6% respectively, the summary percentage (overall)
being estimated at 79.7%. The results correspond to cut-off point 0.6 (Figure 1).

For the predictive model based on the TRISS score, the area under the ROC Curve
was 0.823, with a 95% confidence interval between 0.804 and 0.843 and with a signifi-
cant difference from the value 0.5 (p <0.001) (Table 1). The model included the constant
(B =-3.781), the ISS value (B = -0.091), the age in binary form = 55 years or <55 years
(B =-1.334) and the RTS value (B = 0.982), the coefficients having the respective signs
in front (Table 1, section a) - age and ISS negative signs, RTS positive. Analysis of stabil-
ity by resampling, bootstrapping method (1000 samples), TRISS validated model for
the probability of survival in severe trauma showed that the coefficients are stable, the
argument being their meanings, small amplitude of confidence intervals and unchanged
signs (Table 1, section b).

Considering the mentioned coefficients, the validated model has the following math-
ematical expression:

1

= formula 1
1+e—(—3.781—0.091*\13'03[‘93 ISS—1.334*VL"Il"St3255+0.982*RTS) ( )'

where
p - the probability of death in severe trauma
e (exponent) - constant equal with 2.71828

The components of the TRISS score were analyzed in detail and showed the follow-
ing characteristics. The RTS value showed a positive association with the probability of
survival (OR = 2,670 (95% CI 2,371, 3,007)) which means that a difference of one unit
in the RTS score changes the prognosis more than 2.5 times, the confidence interval
being narrow. It is important to note that the adjustment to age and severity of lesions
after ISS did not change the form of RTS associations with the variable of interest. Atthe

Table 1. Variables in the equation from the final predictive model of the probability of
survival in patients with severe trauma based on the TRISS score

a. Coefficients in the model
95% C.I. for EXP(B)

B S.E. Wald df Sig. Exp(B) Lower Upper
ISS, points -091 .008 116.365 1 .000 913 .898 929
Age, > 55 years -1.334 116 131.213 1 .000 264 210 331
RTS .982 061 262896 1 .000 2.670 2.371 3.007
Constant -3.781 454 69.447 1 .000 023

b. Bootstrap resampling results for variables included in the model
95% Confidence Interval for B

B Bias S.E. Sig. Lower Upper
ISS, points -091 -001 .010 .001 -111 -073
Age, 2 55 years -1.334  -002 115 .001 -1.563 -1.096
RTS .982 .003 .067 .001 .855 1.114
Constant -3.781 -004 .509 .001 -4.798 -2.780
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same time, age in binary form (above or below 55 years) showed a negative association
(OR =0.264 (95% CI1 0.210, 0.331)) - the effect estimated approximately four times - if
the patient is over 55 years of age, the chances of survival are reduced by that amount.
The ISS score values, obviously, showed negative correlations with the treatment re-
sults (OR = 0.913 (95% CI 0.898, 0.929)), the odds ratio being similar to the value from
the previously univariate analysis performed to validate this score.

The NTRISS score, which uses NISS instead of ISS, similar to TRISS, showed the abili-
ty to predict the outcome of treatment of a patient with severe trauma, the null hypothe-
sis being rejected (Omnibus Test of Model Coefficients (x2 = 965,427, df = 3, p <0.001)).
Subsequent analysis showed the following characteristics of the validated model. The
determination indicator, Nagelkerke R Square, was higher compared to TRISS - 0.496
(49.6%), which means that almost half of the dispersion of the variable of interest (sur-
vival / death) was explained by the covariates of the validated NTRISS model. The cali-
bration indicator (Hosmer - Lemeshow test) showed a significant value, x2 = 61,793,
df = 8, p <0.001 - a calibration indicator that requires optimization, i.e. the score does
not predict the results efficiently over the entire range of possible score values - no it is
possible to stratify the risk of death. At the same time, the model predicts the patient’s
chances of dying or not quite well compared to other models presented.

The discrimination indicators in the classification table, namely specificity and sen-
sitivity were equal to 74.4% and 89.1% respectively, the summary (global) percentage
was estimated at 85.0%. The results were obtained after optimization by changing the
critical point to 0.6 instead of the standard 0.5 (Figure 3).

The area under the ROC Curve, for the predictive model based on the NTRISS score,
was 0.881, with 95% confidence interval (0.865, 0.896) and with a significant difference
from the value 0.5 (p <0.001) (Fig. 4). The model included the constant (B = -1.496),
the NISS value (B = -0.138), the age similar to TRISS (B = -1.496) and the RTS value (B
= 0.869), the coefficients having the appropriate sign in front (Table 2, section a). The
stability analysis by resampling the model developed for the probability of survival in
severe trauma, the bootstrapping method (per 1000 samples), showed that the coef-
ficients are stable, the argument being their significance, the small amplitude of the
confidence intervals and keeping the signs in front of the coefficients. logistics (Table 2,
section b).

Considering the mentioned coefficients, the developed model has the following
mathematical expression:

1
p= 1+e—(—1.496-0.138+«valoarea NISS-1.496=Varsta=55+0.869+RTS) (formlﬂa 2)'

where
p - the probability of death in severe trauma
e (exponent) - constant equal with 2.71828

The components of the NTRISS score showed the following features. The RTS value,
as for TRISS, showed a positive association with the probability of survival (OR = 2,384
(95% CI 2,105, 2,700)), adjustment to NISS and age showed a tendency to reduce the
impact of RTS. The difference with one point changes the prognosis more than 2 times,
the confidence interval being narrower than the odds ratio within the TRISS score. At
the same time, age used as a predictor in binary form (under or over 55 years) showed
a negative association (OR = 0.224 (95% CI 0.174, 0.288)) - is associated with reduced
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Observed Groups and Predicted Probabilities
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Fig. 3. Classification chart for the predictive model of the probability of survival in patients with
severe trauma based on the NTRISS score.
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survival about five times. The values of the NISS score, obviously, were negatively
correlated with the treatment results (OR = 0.871 (95% CI 0.858, 0.885)), the chance
ratio being similar to the value from the univariate analysis performed during the
validation.

The ASCOT score, as well as the NTRISS and TRISS scores, showed the ability to
predict the outcome of treatment, the null hypothesis being rejected (Omnibus Test of
Model Coefficients (x2 = 538,483, df = 1, p <0.001).) Subsequent analysis showed the
following characteristics of validated model.
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Table 2. Variables in the equation from the final predictive model of the probability of
survival in patients with severe trauma based on the NTRISS score

a. Coefficients in the model
95% C.l.for EXP(B)

B S.E. Wald df Sig. Exp(B) Lower Upper
Age, 2 55 years -1496 128  135.845 1 .000 224 174 .288
RTS .869 .064  187.026 1 .000 2.384 2.105 2.700
NISS, points -138 .008  308.408 1 .000 .871 .858 .885
Constant -1.543 479 10.387 1 .001 214

b. Bootstrap resampling results for variables included in the model
95% Confidence Interval for B

B Bias S.E. Sig. Lower Upper
Age, 2 55 years -1.496  -006 126 .001 -1.770 -1.259
RTS .869 .006 .070 .001 742 1.012
NISS, points -138 .000 .009 .001 -157 -122
Constant -1.543  -03%4 531 .007 -2.674 -487

The determination indicator, Nagelkerke R Square, showed 0.302 (30.2%). This tells
us that almost a third of the dispersion of the variable of interest (survival / death) was
explained by the covariates in the validated ASCOT score.

The calibration indicator (Hosmer - Lemeshow test) showed a significant value, x2
= 22,353, df = 8, p <0.004 - a calibration indicator that requires optimization, i.e. the
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Fig. 5. Classification chart for the predictive model of the probability of survival in patients with
severe trauma based on the ASCOT score.
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score is not as efficient on the full range of possible scores - result characteristic for all
mixed models.

The discrimination indicators in the classification table, namely specificity and sen-
sitivity, were equal to 41.6% and 93.5% respectively, the summary (global) percentage
being 78.8%. The results were obtained at the critical point 0.5, the optimization by
modifying them being inefficient (Fig. 5).

The area under the ROC curve, for the predictive model based on the ASCOT score,
was 0.787, with 95% confidence interval (0.766, 0.809) and with a significant differ-
ence compared to the value 0.5 (p <0.001) (Fig. 6). The model included the constant (B
=-1.249) and the value of the ASCOT score (B = 0.894) (Table 3, section a). The analysis
of the stability of the model elaborated by resampling, the bootstrapping method (1000
samples), showed that the coefficients are stable, the argument being the significance,
the small amplitude of the confidence intervals and the keeping of the signs in front of
the coefficients in the equation (Table 3, section b).

Considering the mentioned coefficients, the developed model has the following
mathematical expression:

1
p= 1+e—(-1.249+0.894+valoarea ASCOT) (formula 3),

where
p - the probability of death in severe trauma
e (exponent) - constant equal with 2.71828

The value of the ASCOT score, having in its composition age, anatomical component
and RTS showed a positive association with the probability of survival (OR = 2,446
(95% IC 2,235, 2,677)). The difference with one point changes the practical prognosis
2.5 times, the confidence interval being narrow.

The comparison of the mixed scores included in the research showed that the
NTRISS score showed a maximum coefficient of determination (49.6%) compared to
TRISS (37.1%) and ASCOT (30.2%), all models having calibration indicators that need
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Table 3. Variables in the equation from the final predictive model of the probability of
survival in patients with severe trauma based on the ASCOT score

a. Coefficients in the model
95% C.l.for EXP(B)

B S.E. Wald df Sig. Exp(B) Lower  Upper
ASCOT, points .894 .046 377.819 1 .000 2.446 2.235 2.677
Constant -1.249 119 109.486 1 .000 287

b. Bootstrap resampling results for variables included in the model
95% Confidence Interval for B

B Bias S.E. Sig. Lower Upper
ASCOT, points .894 .002 .049 .001 .805 .997
Constant -1.249 001 126 .001 -1.507 -1.008

a. Unless otherwise noted, bootstrap results are based on 1000 bootstrap samples

improvement, the criteria being the significance of the test. Hosmer - Lemeshow (x2 =
16,864, df =8, p =0.032,x2 = 61,793, df =8, p <0.001 and x2 = 22,353, df = 8, p <0.004,
respectively). Comparisons of surface values under the ROC curve showed the superior-
ity of the NTRISS score (z = 13,345, p <0.001 versus TRISS and z = 14,505, p <0.001 AS-
COT score). All this allows to consider NTRISS the optimal score from the list of mixed
predictive models, at least from those included in the analysis, which best covers the
dispersion of the dependent variable (survival).

Conclusions

In this article, three common mixed predictive models were validated. Of these,
NTRISS, consisting of NISS, RTS and age, has a calibration that requires optimization.
However, this model showed optimal characteristics in terms of determination / dis-
crimination compared to the validated models and can be considered a reference model
(standard) for patients with severe trauma admitted to ICU IMSP IMU. NTRISS can be
recommended for implementation and daily use until the development of other alterna-
tive models or the validation of other common scores with better characteristics for the
studied population.
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