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MOTEHLUIANbHI “EDEKTUBHI” KOBAPIATU 419 NPOTHO3YBAHHS
PE3YJIbTATIB JIIKYBAHHA Y KOFTOPTU NALLIEHTIB 3 BAXXKOIO TPABMOIO

[pa6oBcbkuii I., Tpopumos K., Morungea B., bantara P., lLlanpapy C.,
Ko6uneupkuii C., ApHayT O.

Beryn: He3Bakaloyu Ha OCHOBHY A06pe BifioMy emisemiosioriuny npo6sieMmy 3a
OCTaHHIN Nepiosi, TpaBMaTH3M € OJIHI€I0 3 OCHOBHUX NPUYMH CMepTi y BcixX Kpai-
Hax EBporneiicbKkoro periony BOO3, He3a/1eXHO BiJj EKOHOMIYHOTO CTATyCy. Sk MU
BCi MOKeMO 3p03yMiTH, CMepPTeJIbHI TPaBMHU — Lie JiMlle He3HayHa YaCTUHA BCiX
TpaBM, IKi B OCHOBHOMY CKJIQJIAal0OTbCSl 3 HeJleTaJbHUX, ajle iHOAI Ha/J3BU4YalHO
BAXXKHUX TpaBM. € Jieski ¢pakTOpu pU3UKYy Ta 3axUCHiI GpaKTOpU TpaBMH, fKi po-
6/19Th Nepe16a4yBaHUMU Ta 3aN06IKHUMU 6araTo acrnekTiB TpaBMU. [lounHaw4Yu
3 I1bOTO MOMEHTY, 6yJI0 pO3p06JIeHO KiJibKa MPOrHOCTUYHUX 1LIKaJI, aJle BOHU He €
yHiBepcaJbHUMU 4Yepe3 Mo1iMop¢dHi 0COGIMBOCTI NaAL[i€HTIB, IKi OTPUMYBaJIH Jii-
KyBaHHS B Pi3HUX MeJJMYHUX cUcTeMaX. lle € NpUYMHOI0 TOTrO, L0 iCHY0Y] IKaJIU
CJIi; TOCTiMHO MepeoIiHIOBATH Ta KOPUTYBATH.

Y ui#t cratTi AauHi 6ioxiMmii, JaHi HOHOrpaMHK Ta reMoOJIEMKOTpaMH, CTaTh, Bik Ta
CyNyTHIi 3aXBOPIOBaHHsI OyJIM PO3IJISAHYTI SIK NPOBICHUKM Ta NpoaHasli3oBaHi 6e3
QHATOMIYHOTO KOMIIOHEHTA TPaBMH, 110 NPOJAEMOHCTPYBa/IO 3JaTHICTb NIPOTHO-
3yBaTH B nomnepeaHix pociaimpxeHHsax. i 3minHi He 6yynn BUOGpaHi BUMAJKOBUM
yuHOM. [lo-nepiie, 11i TOKa3HUKHU BiJ0OpaXKalTh CTaH Pi3HUX CUCTEM opraHiB. [To-
Jipyre, us iHpopMalis € JOCTYNHO /IJIs1 KOXKHOTO Nal[iEHTA 3 BAXKKOI TPAaBMOIO,
SIKUU OTparisie 1o peaHiMmarii. Ha ocHOBi oTpuMaHuX pe3yibTaTiB 6y/[yTh 3aMpo-
MOHOBaHi NOTeHIIilHI Mozesi 3 ypaxyBaHHAM GiosioriuyHoi cTati Ta Biky.

MeTa Ta 3aBAaHHA: TecTyBaTu pyTUHHI KJiHI4Hi/napak/aiHiuHi napameTpy, K
IPOBICHUKU BMXKMBAHHSA BaXXKOI TPaBMH, 1106 NO3HAUYUTH NOTEeHLiHHO «edeKTUB-
Hi» 3MiHHI /1J151 3alI0BHEHHS 3arajJibHUX 6a/IiB TPaBMHU.

MeToau: AHasliTUYHE KOTOPTHE KJiHIUHe AocC/i/keHHs (peTpo MPOCIEeKTUBHE)
6yJ10 po3pobJieHe A5 aHali3y AaHUX 2651 maljieHTa 3 BaXKOI TPaBMOIO, OCJIi-
JIOBHO T'OCIIITa/li30BaHUX [0 TPAaBMATOJIOTIYHOTO IeHTpPY 3 Pecry6siku MosigoBa
y nepion 3 ciuns 2013 poky no sivctronaz 2018 poky. 6a3a faHux 6€3 nepcoHaslb-
HUX JaHUX. BysiM po3migHyTi crnielia/ibHi KpUuTepil BKAOYEHHS TAa BUKJ/IIOYEHHA.
EdexTuBHI 6ioMmapkepu/dakTopu pu3uKy 6yJM BUsBJIEH] Ta BUBYEHI i3 BUKOpHC-
TAaHHAM CTaTUCTUYHOI 06PO6KHU JJaHUX 3 METOI0 PO3PO6GKHU a/bTepHATHBHUX IIPO-
THO3HUX MOJieJiel pe3y/ibTaTiB JiKyBaHHs (BMXKUBaHHA / cMepTi).
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Pe3ynbraTi: Maiixke BCi mapaMeTpH, BKJIIOYEHI B JOCTiIPKeHHs, MOKa3aJu Mpo-
FHOCTHUYHI 37ji6HOCTI NpY 0JHOBHMipHOMY aHaJi3i. BukoprcToByouM KiiHiKo-na-
pakJiiHi4YHI ZjaHi, BK/JIIOYa04M CynyTHI 3aXBOpIOBaHHs, 6y/1a po3pobJeHa 6araTo-
BapiaHTHa MO/ieJlb IPOrHO3YBaHHS BaXKKOI TpaBMH.

BucHOBOK: BioxiMiuHi napaMeTpH, NOKa3HUKK HOHOTpaMU Ta reMoJieKorpamy,
110 BiZlo6GpaxaloTh peaklilo NpHU TPAaBMATUYHOMY VIIKOJPKEHHI, € MOTeHLiHHUM
JKepeJsIoM I IPOTHO3YBaHHA BIAIOBIJI Ha JIIKyBaHHA KOBapiaTaMu pe3yJibTa-
TiB JIiIKyBaHHS Y B&XKKUX BUIIaZiKax TpaBMaTU3My. bisiblie TOro, pasom i3 cynyTHi-
MU 3aXBOPIOBAaHHSIMU NPU 6araTOBUMipHOMY aHaJi3i 1i pyTHHHI MapaMeTpu mo-
KasaJ/Iu IPOTHO3YIOYHUM NOTeHLjiaJl.

KirouoBi ciioBa: TpaBMa, MOZl€JIb IPOTHO3YBAHHA BUXXHWBaHHA
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POTENTIAL“EFFICIENT” COVARIATES FOR TREATMENT RESULTS
PREDICTION IN SEVERE TRAUMA POPULATION

Grabovschi I., Trofimov C., Mogildea V., Baltaga R., Sandru S., Cobiletchi S., Arnaut O.

Introduction: Despite main well-known epidemiological problem in the last
period, injuries are among leading causes of death in all countries of the WHO
European Region, regardless of economic status. As we all can understand, the fatal
injuries are only a small part of all traumas that are mainly consisted by nonlethal,
but sometimes extremely severe injuries. There are some risk and protective
determinants of the trauma that make predictable and preventable many injury
aspects. Starting from this point, were developed several predictive scores, but they
are not universal ones, because of polymorphic aspects of different patients treated
within different medical systems. This is the reason why existing scores should be
continuously reevaluated and adjusted.

In this article, biochemistry data, ionogram and hemoleukogram data, sex, age and
comorbidities were considered as predictors and analyzed without anatomical
trauma component, which demonstrated the ability to predict in previous studies.
These variables were not randomly selected. First, these indicators reflect the state
of different organ systems. Second, being “routine” parameters, this information is
available for each severe trauma patient admitted to the ICU. Based on the obtained
results, potential predictive models adjusted to biological gender and age will be
proposed.

Purpose and task: To test the routine clinical/paraclinical parameters as severe
trauma survival predictors in order to mark potentially “efficient” variables for
common trauma scores completion.

Methods: An analytical cohort clinical study (retro prospective) was designed to
analyze the data of 2651 severe trauma patients consecutively admitted to a trauma
center from Republic of Moldova in period between January 2013 - November 2018.
The information was extracted from the trauma center electronic database with
no personal information. Special inclusion and exclusion criteria were considered.
Effective variables / biomarkers / risk factors were identified and studied using
statistical data processing in order to develop alternative predictive models of
treatment outcomes (survival / death).

Results: Almost all parameters included in the study has shown predictive abilities
in univariate analysis. Using clinical-paraclinical data including comorbidities,
Multivariate predictive model for severe trauma was developed.
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Conclusion: The biochemical parameters, ionogram and hemoleucogram
indicators, reflecting the host response in traumatic injury, represent a potential
source for treatment result prediction covariates in severe trauma scores. Moreover,
together with comorbidities in multivariate analysis these routine parameters have
showed predictive potential.

Key words: trauma, survival predictive model

Relevance and problem statement. Despite main well known epidemiological
problem in the last period, a new report from WHO highlights that violence and injuries
are a leading cause of death in all countries of the WHO European Region, regardless of
economic status, causing almost 500 000 deaths each year from causes including falls,
road traffic injuries, drowning, burns, poisoning, interpersonal violence and suicide [1].
As we all can understand, the fatal injuries are only a small part of all traumas that are
mainly consisted by nonlethal, but sometimes extremely severe injuries. Thus, trauma
still remains the main cause of death among 1-46 years aged population [2].

There are some risk and protective determinants of the trauma that make predicta-
ble and preventable many injury aspects. Starting from this point, they were developed
several predictive scores in order to predict some aspects of trauma patient’s treat-
ment. They are not universal ones, being imperfect instruments because of polymor-
phic aspects of different patients treated within different medical systems. This is the
reason why existing scores should be continuously reevaluated and adjusted to con-
crete populations [3][4][5][6]-

Modeling the treatment results (survival / death) of a patient with severe trauma, like
any other modeling, requires a preparation of potential variables / covariates by univari-
ate analysis preliminary estimation of their predictive power for the interest variable. It is
also important to highlight the interactions between different variables in order to avoid
multicollinearity, when two covariates, being closely associated, reduce the predictive
ability of the eventual model. A suitable method in this case - determining the form of
relationships between covariates and the dependent binary variable (survival / death)
by univariate regression analysis, followed by multivariate one. This onset will allow to
find the variables with maximal potential and put the bases for the alternative predictive
model’s elaboration with ability to predict the treatment results in severe trauma.

In this article, biochemistry data, ionogram and hemoleukogram data, sex, age, co-
morbidities (chronic diseases, such as and the occurrence of pneumonia during hos-
pitalization in the ICU of the Emergency Medicine Institute (EMI)) were considered as
predictors and analyzed without anatomical trauma component, which demonstrated
the ability to predict in previous studies [7]. These variables were not randomly se-
lected. First, these indicators reflect the state of different organ systems. Second, being
“routine” parameters, this information is available for each severe trauma patient ad-
mitted to the ICU. Based on the obtained results, potential predictive models adjusted
to biological gender and age will be proposed.

Goals and objectives. The purpose of this study is to test the routine clinical/para-
clinical patient data as severe trauma survival predictors. Especially, the article has the
aim to highlight the potentially “efficient” variables in order to complete the existing
commonly used trauma scores. Also, the results presented tend to attract attention and
motivate specialists from other medical centers to follow the same strategy for the in-
stitutions in which they operate.
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Materials and methods. Current analytical cohort clinical study (retro prospective)
had the aim to identify some unrevealed efficient variables able to give us some infor-
mation regarding severe trauma patients treatment results. “Nicolae Testemitanu” State
University of Medicine and Pharmacy (Chisinau, Republic of Moldova) Ethical Commit-
tee approved the design of study (Protocol 33/46 from 16.12.2016). Totally 2651 se-
vere trauma patients consecutively ICU admitted in EMI, Chisinau, Republic of Moldova
were considered (period January 2013 - November 2018). The information source was
the electronic archive of EMI for the years 2009-2019 with no personal data considera-
tion, inclusion criteria being: age over 18, blunt trauma, traumatic injuries appreciated
on admission with NISS (New Injury Severity Score)>15 [8], acute trauma period, direct
admission in EMI and survive first 24 hours, complete data

The following parameters, collected at the hospitalization, were used as potential
predictors for severe trauma treatment result:

e age, gender;

e systolic blood pressure (SBP), respiratory rate (RR) and Glasgow Coma Scale (GCS);

e comorbidities according to the codes of the International Classification of Diseases
and Related Health Problems, Edition 10 (Hypertensive diseases, Ischemic Heart
diseases, Cerebral Palsy and other paralytic syndromes, Respiratory diseases
affecting especially interstitial tissue (Pulmonary fibrosis), chronic lower
respiratory diseases , Viral hepatitis, Chronic hepatitis, Atrial fibrillation / flutter,
Chronic respiratory failure, Hemoperitoneum, Pneumonia, Mental and behavioral
disorders due to alcohol use, Tuberculosis, diseases of arteries, arterioles and
capillaries (atherosclerosis), mental disorders, including organic mental disorders,
Hemorrhagic gastroduodenal ulcer, Type I and II diabetes, diseases of veins, lymph
vessels and lymph nodes, other forms of heart disease, Osteoporosis, Chronic
pyelonephritis, Chronic rheumatic heart disease);

e biochemistry data (General protein, g / I; Urea, mmol / I; Creatinine, umol / 1; ALT,
U /1; AST, U / I; AST / ALT; Bilirubin, umol / [; Bilirubin conjugate, umol / I; Glucose,
mmol / |; Fibrinogen, g / 1; Prothrombin, %; INR);

e ionogram (Na +, mmol /I; K+, mmol /I; Cl-, mmol / 1);

e hemoleukogram indicators (Hb, g / I; Platelets, thousand / uL; Leukocytes, 109 /
I; Metamyelocytes, %; Myelocytes, %; Segmented, %; Non-segmented, %; Juvenile
neutrophils, %; Juvenile neutrophils,> 10%; Lymphocytes, %; Monocytes, %;
Eosinophilia, %; Basophilia, %).

Results and Discussions.

A. Univariate analysis for treatment result prediction

Total number of eligible patients constituted 2651 subjects. Descriptive statistics
and the univariate analysis of potential covariates are reflected in Table 1. Based on
these data, the intrahospital lethality for the studied severe trauma population patients
was 29.95% (95% CI 28.24, 31.72), which is considerably higher than 19.1% - German
trauma register data for the lethality at the institutional level [9]. Of course, it's about
preliminary data and it’s not excluded that the data standardization will show other
relationships. At the same time, the obtained figures could not be neglected and once
again confirms the relevance of the studied topic.

The majority of the studied cohort were men - 2036 cases, which is 76.8% (95%
CI 75.2, 78.4) of all the analyzed cases. Gender as a variable, despite expectations, did
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not show even a tendency to be a predictor of lethality, the univariate analysis having
a negative result in this sense (OR= 0.920, 95% IC 0.754, 1.122). This parameter will
probably show the ability to predict treatment results in the context of multivariate
analysis, being adjusted to the covariates in the potential model.

Age, considering a far from normal distribution, was estimated median (Mn) at the
level of 48 years (95% CI 47, 50), the interquartile range (IR) being 29. The deceased
patients presented a higher age (Mn = 54 (95% CI 54, 57), IR = 26) compared to those
who survived (Mn= 43 (95% CI 42, 46), IR = 30), age covariate being a predictor for
treatment results (OR = 0.975 95% IC 0.971, 0.980). This means that survival probabil-
ity was reduced by about 2.5% by every life year..

The Glasgow Coma Scale value (GCS) tends to 13 points (Mn value, 95% CI 13, 14),
IR = 5. Obviously, the absolute value of GCS was higher in survivors (Mn = 14) (95% CI

Table 1
Descriptive statistics and univariate analysis for treatment outcomes modelling
Death, n=794 Survival,n=1857 Total, n=2651
gr':‘f:: :t’ec')' Mn (95% CILIR/ Mn(95%CI)IR/  Mn(95%Cl)IR/%
. % (95% Cl) % (95% Cl) (95% Cl)
analysis
Age, years 8‘323)(0'971' 794 56(54,57),26 1857 43 (42,46),30 2651 48 (47,50),29
Gender, males 2‘32)(0'754’ 618 778 (748,80.6) 1418 76.4(744,783) 2036 768 (75.,784)
GCS, pts 1‘28%(1'320’ 794 10(10,11),7 1857 14(14,15,3 2651 13 (13,14)5
RR, /min 1’821)(1'013’ 794 18(18,19),4 1857 18(18,19,3 2651  18(18,19) 4
1.004 (1001, 120 (120, 130), 120 (120,125),
SPB.mmHg  1g0n 794 " 1857 " 2651 120 (120,125), 30
0022 (0.008,
GCS_ .3 0065 47(33,65) 02 (0.1,06) 15 (1.4,2.1)
6CS_ 45 0026 (0.014, 10.9 (8.7, 13.4) 07 (0.4,1.1) 3.6 (2.9, 4.4)
ane 0051)
GCS_ 68 g.ﬁ)(o.mz, 794 285252,320) 7 s7p4101) 21 1440130159
GCS, 912 8'?8513)(0'242’ 241(210,274) 171 (15.3,189) 191 (176, 20.7)
GCs_ 1315 1 319 (28.4-35.4) 73.4(712,75.5) 613 (59.3,63.3)
RR_.0 i'om 10%- 14(07,25) 00) 0.4(02,07)
] 0151 (0.053,
RR 15 0429) 18 (1.0, 3.1) 03(0.1,07) 07 (0.4,12)
RR .69 8'%‘5’;(0'“9’ 4 s7u17n) B 130819 291 25093
0.135 (0.036,
RR_.,>30 0512 12 (0.6,2.3) 02(0.1,05) 05 (0.3,08)
RR_,1029 1 89.8 (87.3,92.0) 98.2 (97,5, 98.8) 95.9 (95.0,96.6)
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Continuation of the Table 1

22923
SPB_.0 oo 07 (03,16) 00 02(0.1,05)
0023 (0.003,
B, 149 oo 23 (1.4,3.6) 04 (0,03) 07 (04,1.1)
SPB__ 50-75 8'?2%(0'252’ 4 16492 7 300339 1 423451
0552 (0.376,
B, 7689 (o0n 68 (5.1,8.9) 42(33,5.) 5.0 (41,5.9)
PB_>90 1 83.1(80.1,85.7) 92.8 (91.4,939) 89.9 (887, 91.1)
@ 5089 (3.504, 762 960(944,972) 1530 824(80.6,841) 2292 865 (85.1,87.7)
7.392) 32 40(28,56) 327 176(15.9,194) 359  135(12.3,14.9)
T 1048(1037,
Total protein, 9 {0 794 55(55,56,12 1857 60(60,61),12 2651 58 (58,59), 13
Urea, mmol/l 8'3%2)(0'899’ 794 68(6.5,72),57 1857 55(54,57)33 2651 58 (57.6),3.9
Creatinine, 0.990 (0.988,
syt 099%) 794 98(96,102),51 1857 87(86,89,30 2651 90 (89,92),35
ALTU/L 00;)999;(0‘997’ 794 33(31,36),39 1857 29(28,31),35 2651  31(30,33),37
AST, U/L 8'322)(0'997' 794 51(47,57),685 1857 39 (3842)43 2651 42 (41,44) 51
0873 (0.805, 1.56 (1.48, 1,65), 135 (1.31, 1.40), 141 (138, 1.44),
AST/ALT 054) 794 s 1875 iy 2651 s
Bilirubin, pmol/L 8'32‘1*)(0'977’ 794 12(12,14,12 1857 12(12,13,8 2651  12(12,13)9
Bilirubin,_ . 0952 (0.935,
T 000 794 33,43 1857 23,2 2651  2(23)3
Na*, mmol/l 8'3?2)(0'915’ 794 MOUAOITO. 1857 1441441456 2651 144 (144,145)7
K*, mmol/L 1‘222)(1'157’ 794 41(41,43),09 1857 43 (43,44)08 2651 42 (42,43)081
Ct, mmol/L 8'322)(0'938’ 794 MAUSHO 1857 110 (110,112),9 2651 111 (111,112),10
Glucose, mmol/L 8‘223)(0'847’ 794 7(6873),42 1857 6.1(6,63,25 2651 6.3 (6.2,64),29
Fibrinogen, g/l 8'3;‘;)(0'896’ 794 31(34,33),19 1857 31(3133)15 2651 3.1(3.1,33),15
Prothrombin, % 1'8?%“'023’ 794 82(82,84),16 1857 87(87,88)15 2651 85 (85,86) 15
0414 (0272, 124 (1.23,1.27), 118 (117,119),
INR 0429) 794 i 1857 o 2651 119 (119,12),0.22
1014 (1011, 122 (120, 124), 129 (128, 131),
Hb, g/1 Lo18) 794 - 1857 » 2651 127 (126,129), 32
1.000 (0999, 200 (192, 198 (194, 204),
Trombocytes, n 1.001) 794 209).102 1857 100 2651 198 (194,203),100
0.994 (0978, 122117, 117 (115,12),
9
Leucocytes, 107 {00 T A t 2651 11.8 (11.6,12.2),6.1
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Continuation of the Table 1

Metamielocytes, 0.726 (0.676,

.y 0750) 79 1,22 187 00,1 2651 0,1
Mielocytes, % 81253)(0'766’ 794 001 1857 00,1 2651 00,0
Segmented, % 1:8%2)(1'010’ 794 67(66,68),16 1857 69(69,70,15 2651 68 (68,69),15
Unsegmented, % 8135’3)(0'959’ 794 13(12,15,12 1857 10(10,11)10 2651  11(11,12)11
L‘;‘i:?ophiles’% 8:328)(0'952’ 794 15(14,16),13 1857 11(11,12,11 2651 12 (12,13) 12
Euivﬁcl;l;hnes, 81‘5‘32)(0'357’ 435 677(640,712) 674 476(450,502) 1109 539 (517,56.0)
Limfocytes, % 1:8%3)(1'002’ 794 10(10,11)9 1857 12(12,13,11 2651  11(11,12)10
Monacytes, % 1:815)(0'995’ 794 5(5,6),5 1857  5(56,5 2651  5(56)5
Eosinophiles, % (1’2338)(0'943’ 794 1)1 1857  1(L2,2 2651  1(1,2)2
Basophiles, % 1:%(1’)(0'945’ 794 00,0 1857 00,0 2651 00,0

Note: OR - odds ratio,95% CI - 95% confidence interval, Mn - median, IR - interquartile range

14, 15), IR= 3) compared to the deceased (Mn = 10 (95% CI 10, 11), IR = 7. The form of
these relationships was quantitatively estimated at OR = 1.360 (95% CI 1.320, 1.401) -
GCS one-point variations will change survival probability by 36% (95% CI 32.0, 40.1).
At the same time, the analysis of GCS-survival rate relations shows that there is a risk for
irregular relationships, i.e., the coefficient describes well the current situation for high
values of GCS, but information on low GCS values consists an uncertain area of lethality.
This is a sign that eventual alternative models will not reflect the reality and there is a
high probability to induce prediction errors. To correct these possible problems, the
transformation of the GCS variable in a rank variable (categorization being proposed by
the authors of the RTS score) was parallelly performed which improved predictive value
of GCS. Having a total of five categories, the last most valuable category was considered
as a reference point (GCS_  between 13 and 15 points). Consecutive passing from a
higher category to a lower category significantly reduces the OR value. For GCS_ , these
values constituted 1, 0.308 (95% IC 0.242, 0.391), 0.132 (95% IC 0.102, 0.171), 0.026
(95% IC 0.014, 0.051), 0.022 (0.008, 0.063) for GCS_  13-15, GCS_ , 9-12, GCS_  6-8,
GCS_ , 4-5and GCS_ 3, respectively. As it can be seen, the hypothesis exposed above
was correct and GCS, . relations are not constant, but instead, after considering GCS as
a rank variable, the relationships are described and the coefficients are estimated for
each category. Apart from this, it is important to consider the practical aspects -- when
sometimes is difficult to determine the absolute values of the GCS. The described pro-
cedure is excluding these problems. GCS_ | 4-5 and GCS_ , 3 do not clinically differ a lot
and reduce the probability of survival by about 40 times compared to the chances of a
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patientin the GCS_  category 13-15, GCS_ A 6-8 (7.6 times) and GCS _ 9-12 (3.2 times)
with 7.6 and 3.2 survival chances smaller, respectively.

Respiratory rate values (RR) at admission tend to Mn =18 breaths per minute (95%
CI 18, 19), IR = 4. Interestingly, the difference between deceased patients (Mn = 18,
(95% IC 18, 19), IR = 4) and survivors is practically insensitive (Mn = 18, (95% IC 18,
19), IR = 3), OR being estimated at 1,037 (95% CI 1,013, 1,061). The problem of irregu-
lar relationships is more acute than GCS variable because normal values are placed in
the middle of the amplitude of the possible values. Data transformation (categorization)
showed the following results. RR _  value 10-29 was considered as a reference value
(OR = 1) and was significantly different according to the effects on the survival rate
compared to all categories formed, the same for RR __ 0. At the same time, the remain-
ing three categories do not differ from each other, being different compared to RR
10-29and RR _ , 0, reducing the probability of survival 5 - 6 times (RR __, 1-50R=0.151
(95% CI 0.053, 0.429), RR | 6-9 OR = 0.205 (95% IC 0.119, 0.353) and RR__ > 30 OR
=0.135 (95% C1 0.036, 0.512) from the reference category, with large confidence inter-
vals. This, in perspective, may be a cause for excluding this variable from the equation
for treatment outcomes prediction of severe trauma patients.

Systolic blood pressure (SPB) values at hospital admission of a severe trauma pa-
tient were estimated at 120 mmHg (Mn) (95% CI 120, 125), IR = 30, the absolute level
being equal for survivors, the difference is highlighted only for the spread indicator
(Mn=120 (95% IC 120, 125), IR = 20) and deceased (Mn = 120 (95% IC 120, 125), IR =
40). The effect SBP was estimated at OR = 1.004 (95% CI 1.001, 1.007) - SBP fluctua-
tions with 1ImmHg are associated with survival rate fluctuations of 0.4%, these results
being clinically insignificant. Similar to GCS and RR, categorization was performed,
SPB> 90 mmHg being a reference value (OR = 1). The odds ratio was 0.552 (95% CI
0.376, 0.808), 0.378 (95% IC 0.252, 0.567), 0.023 (95% IC 0.003, 0.175), 2.2923 * 10
~-10 for SPB_  76-89 mmHg, SPB_ , 50-75 mmHg, SPB_ 1-49 mmHg and SPB__ 0
mmHg, respectively, compared to SPB_ | SPB_ > 90 mmHg (OR = 1). Its important to
mention about the categories SPB_  76-89 mmHg and SPBrank 50-75 mmHg, which,
being different from the standard category, does not differ significantly one from anoth-
er, the other categories having significant differences, 95% confidence intervals being
narrower compared to RR categories.

Hemoleucogram, standard biochemical analysis and ionogram performed at hospital
admission complete the table described above. It is important to mention some trends
determined in the present article, characteristic to severe trauma. Hyperglycemia was
found (Mn = 6.3 (95% CI 6.2, 6.4) IR = 2.9), the values in deceased patients being sig-
nificantly higher (Mn = 7.0 (95% CI 6.8, 7.3), IR = 4.2 compared to Mn = 6.1 (95% CI
6.0, 6.3) IR = 2.5), estimated effect OR = 0.873 (95% IC 0.847, 0.899). The prothrombin
value for the studied population was estimated at the level of 85% (Mn, 95% CI 85, 86),
IR = 15), being less than 80% in 30% of the respondents. The comparative assessment
of prothrombin values showed a low level for the deceased (Mn = 82 (95% IC 82, 84)
IR = 16 compared to Mn = 87 (95% IC 87, 88) IR = 15), parameter change with 1% be-
ing associated with the 3% survival probability oscillations (OR = 1,030 (95% CI 1.023,
1.038). Also, the increase of INR was found (Mn =1.19,95% CI (1.19, 1.2), IR = 0.22), the
value being lower in survivors (Mn = 1.18 (95% CI 1.17, 1.19), IR = 0.21 compared with
Mn =1.24 (95%1C 1.23,1.27),IR =0.25), OR = 0.414 (95% IC 0.272, 0.629). In addition,
increase in the number of leukocytes was noted - a sign of aseptic inflammation in se-
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vere trauma Mn =11.8 (95% CI 11.6, 12.2), IR = 6.1, neutrophilia with lymphopenia and
left deviation of the leukocyte formula. The occurrence of juvenile forms could affect
the prediction results. The increase in metamyelocytes or myelocytes was negatively
associated with the rate of survival (OR = 0.726 (95% CI 0.676, 0.780) and OR = 0.829
(95% CI 0.766, 0.898), respectively). In 53.9% (95% CI 51.7, 56.0) of the studied popu-
lation, juvenile neutrophils were more than 10%. Platelets showed no significance (OR
=1,000 (95% C10.999, 1.001)), Hb concentration being lower in patients with negative
outcome (Mn = 122 (95% CI 120, 124), IR = 33 compared to Mn = 129 (95% IC128,
131), IR = 29) with effect size OR = 1,014 (95% IC 1.011, 1.018) - decreasein Hbby 1 g
/ 1 reduces the survival probability by 1.4%.

Standard biochemistry parameters, as well as ionogram indicators, as shown by uni-
variate analysis, presents a potential source for treatment outcomes biomarkers/pre-
dictors, all parameters showing significance. Urea (OR = 0.917 (95% CI 0.899, 0.936)),
creatinine (OR = 0.990 (95% IC 0.988, 0.993)), ALT (OR =0.998 (95% IC 0.997, 0.999)),
AST (OR = 0.998 (95% CI 0.997, 0.999), bilirubin (OR = 0.984 (95% CI 0.977, 0.991)),
conjugated bilirubin (OR = 0.952 (95% CI 0.935, 0.968)), general protein (OR = 1.048
(95% CI 1.037, 1.058)), prothrombin (OR = 1,030 (95% CI 1,023, 1,038)), fibrinogen
(OR = 0.945 (95% CI 0.896, 0.997)), Na+ concentration (OR = 0.938 (95% CI 0.915,
0.953) and CI' concentration (OR = 0.951 (95% CI) 0.938, 0.966)) showed less than
10% changes in survival probability and can be considered as low potential predictors.
At the same time, INR value, concentration glucose and K + concentration were above
mentioned value (OR = 0.414 (95% CI 0.272, 0.629), OR = 0.873 (95% CI 0.847, 0.899)
and OR =1.398 (95% CI 1.157, 1.688)), respectively, being potential biomarkers for the
variable of interest.

Also, it is important to mention that within multivariate analysis, when all param-
eters will be evaluated simultaneously, the coefficients can be modified. For these rea-
sons, the obtained results guidance value.

B. Predictive model based on the correlation of clinical-paraclinical data.

Potential effects of biochemical parameters, ionogram, hemoleucogram indicators,
clinical signs and comorbidities were analyzed together in a predictive model, the pur-
pose being the treatment results prediction (survival / death), adjusted for age and male
sex. Null hypothesis - covariates included in the model (biochemistry and ionogram
parameters, indicators, clinical signs and comorbidities, sex, age) cannot predict the
probability of survival at patients with severe trauma better than a model that is based
only on a single constant. Alternative hypothesis - at least one of the mentioned vari-
ables can predict the probability of survival at patients with severe trauma better than
a model that is based only on a single constant. Null hypothesis was rejected (Omnibus
Test of Model Coefficients (x2 = 264,792, df = 13, p <0.001). Further analysis found the
following characteristics of the developed model. Determination indicator, Nagelkerke
R Squared, showed the value 0.394 (39.4%), which means that almost 40% of the inter-
est variable dispersion was explained by the parameters in the developed model.

The calibration indicator (Hosmer - Lemeshow test) demonstrated an appropriate
value, x2 =11,592, df = 8, p = 0.170, the model being well calibrated and can be further
evaluated, the data being accurate on the whole predicted scores amplitude divided by
10 deciles.

Discrimination indicators resulting from the classification table, namely specificity
and sensitivity, were equal to 69.8% and 75.4%, respectively, the summary (overall)
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Figure 1. Classification chart for the predictive model of survival probability in severe trauma patients
based on the correlation of clinical-paraclinical data

percentage being estimated at 73.3%. The results were obtained after optimization by
changing the cut-off value from 0.5 at 0.61 (Figure 1).

The area under the ROC Curve, for the proposed model, was 0.823, with 95% confi-
dence interval (0.794, 0.851) and with a significant difference from 0.5 value (p <0.001)
(Fig. 3.6). The model included constant (B = 9,824), age, years (B = -0,040), male sex
(B =-0,877), supplemented by the urea (B = -0.042), creatinine (B = -0.004), conjugated
bilirubin (B = -0.048), K + (B = 0.406), Cl- (B = -0.057), respiratory diseases mainly af-
fecting the interstitial tissue (lung fibrosis) (B = -1,599), % myelocytes (B = -0,235),

ROC Curve
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Figure 2. ROC curve for the predictive
model of the probability of survival in
%0 02 04 08 08 w0 patients with severe trauma based on the

1 - Specificity correlation of clinical-paraclinical data
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GCSrank, 3 = -2,921, GCSrank, 4-5 = -2,654, GCSrank, 6-8 = - 1,866, GCSrank, 9-12 =
- 0.965. The other parameters did not show significant effect and did not enter in the
final model (Table 2, section a). Stability analysis by resampling, bootstrapping method
(1000 samples) of the model developed for the probability of survival in severe trauma,
despite the large number of predictors, showed that the coefficients are stable, signifi-
cant, without inversions of the signs in front of the coefficients (Table 2, section b). It is
important to note that the variables in the model are not strongly associated, which is
nothing but the criterion of absence collinearity - an important condition to consider
the model developed below.

Taking into account the mentioned coefficients, the developed model has the follow-
ing mathematical expression:

p =

1
p - the probability of survival in severe traumas;
b = constant x 9.824 - age x 0.040 - male x 0.877 - urea x 0.042 - creatinine x 0.004 -
conjugated bilirubin x 0.048 + K*x 0.406 - Cl' x 0.057 - respiratory diseases mainly affecting
interstitial tissue (fibrosis) x 1.599 - myelocytes x 0.235 - coefficient x GCSrank (if GCS_
3 coefficient = 2.921, GCS__ 4-5 = 2.654, GCS_ , 6-8 = 1.866, GCS_ 9-12 = 0.965), e
(exponent) - constant equal to 2.71828.

5 (formula 3.3), where

All predictors except potassium concentration showed a negative association with
the survival rate of a patient with severe trauma. The male effect was estimated at OR =
0.416 (95% CI 0.268, 0.646). This assumes that in that model the information included

Table 2

Equation variables in survival prediction models for severe trauma patients based on
clinical-paraclinical data correlation. SPSS Output 23

a. Model’s coefficients

95% C.1. for EXP(B)

B S.E. Wald df Sig. Exp(B) Lower Upper
Gender (male) -877 224 15.282 1 .000 416 268 646
Age, years -040 .006 50.591 1 .000 961 951 972
GCS,,,.13-15 84.964 4 .000
GCS,, .3 -2921 .835 12.230 1 .000 .054 .010 277
GCS,, . 4-5 -2.654 451 34.675 1 .000 .070 029 170
GCs,,,.6-8 -1.866 237 61.798 1 .000 155 097 246
GCs,, . 9-12 -965 223 18.634 1 .000 381 246 591
Urea -042 018 5.267 1 022 959 926 994
Creatinine -004 .001 6.368 1 012 996 993 999
Bilirubin__ -048 017 8.271 1 .004 953 923 985
K+ 406 130 9.690 1 .002 1.501 1.162 1.938
Cl- -057 .010 31.045 1 .000 .945 926 964
%Mielocytes -235 066 12.631 1 .000 791 695 .900
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Continuation of the Table 2

respiratory diseases ~ -1.599 463 11.955 1 .001 .202 .082 .500
especially affecting
tissue interstitial

(fibrosis)
Constant 9.824 1.368 51.564 1 .000 18468.013
b. Bootstrap resampling results for variables included in the model
95% Confidence Interval for B

B Bias S.E. Sig. Lower Upper
Gender (male) -.877 -036 234 .001 -1.392 -456
Age, years -.040 .000 .006 .001 -051 -029
GCS,,,13-15 -2921 -2433 6465 .001 -22.593 -1.781
GCS,, .3 -2.654 -077 476 .001 -3.687 -1.829
GCS,, . 4-5 -1.866 -022 236 .001 -2.365 -1425
GCS,, . 6-8 -965 -017 244 .001 -1.479 -492
GGS_ ., 9-12 -.042 -011 031 .100 -126 -010
Urea -.004 .000 .002 016 -007 .000
Creatinine -.048 -003 016 .002 -087 -024
Bilirubin, . ies 406 .010 139 .003 150 .690
K -.057 .000 010 .001 -077 -.037
Cl- -.235 -022 .086 .004 -459 -127
%Mielocytes -1.599 -036 491 .001 -2.751 -737
respiratory diseases 9.824 111 1.310 .001 7427 12,672
especially affecting
tissue interstitial
(fibrosis)
Constant -.877 -036 234 .001 -1.392 -456

in the variable reduces the probability of survival more than twice. Age, measured in
years, showed a greater effect compared to the univariate analysis, increasing the age by
one year reduces the probability of a positive result by 3.9%. If the effect of age can be
explained by the reduction of physiological reserves and the occurrence of concomitant
chronic diseases, the effect of male biological gender is most likely related to diagnosis,
another explanation being the physiological peculiarities.

The effects of GCS_ , were not different from the univariate analysis for all catego-
ries because the estimated OR value is included in the range of confidence intervals.
Next GCS_ , 3 and GCS_  4-5 not differ and patients in these categories are likely close
identical for survival after severe trauma, being different from GCSrank’ 6-8, GCS_ 9-12
and GCS_  13-15 (OR = 0.155 (95% CI1 0.097, 0.246; OR = 0.381 (95% CI 0.246.0.591))
and 1, respectively). Of all the potential predictors that are part of concomitant patholo-
gies, within of the proposed model showed significance only the presence of pulmonary
fibrosis (respiratory diseases reaching especially interstitial tissue) the estimated ef-
fect (OR = 0.202 (95% CI 0.082, 0.500)) being similar univariate analysis (OR = 0.266
(95% CI 0.171, 0.413)). Hemoleukogram parameters also were presented by a single
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significant indicator -% myelocytes (OR = 0.791 (95% CI 0.695, 0.900)) - an increase
in myelocytes to 1% reduces the probability of survival by about 20%, effect similar to
the results of univariate analysis (OR = 0.829 (95% CI 0.766, 0.898)). The growth K*
and CI" concentrations included in this model showed a positive prediction (OR = 1.501
(95% CI 1.162, 1.938)) and, respectively, negative (OR = 0.945 (95% IC 0.926, 0.964)).
Biochemical parameters, such as urea, creatinine and conjugated bilirubin showed neg-
ative effects in terms of prediction, ie their consecutive increase was associated with a
reduction in the probability of survival (OR =0.959 (95% CI 0.926, 0.994), OR = 0.996
(95% C10.993, 0.999) and OR =0.953 (95% CI1 0.923, 0.985). It is important to note that
the impact of urea growth on the treatment outcome was significantly lower than the
univariate analysis, which shows a sign of its weak association with others covariates
in the equation, as well as discussing the meanings found for biochemical parameters,
because when adding other predictors (anatomical component for example) with very
high probability great, these meanings will disappear from the equation.

Conclusions. The biochemical parameters, ionogram and hemoleucogram indica-
tors, reflecting the host response in traumatic injury, represent a potential source for
treatment result prediction covariates in severe trauma scores. Moreover, together with
comorbidities in multivariate analysis these routine parameters have showed predic-
tive potential. At the same time, having low indicators for determination coefficient, the
elaborated model needs to be supplemented and validated.
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