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ABSTRACT

Objective: Traumatic injuries of the duodenum are quite rare, often accompanied by local and systemic postoperative complications,
as well as high mortality. Therefore, identifying predictors of early death in this category of patients is an urgent problem. Materials
and methods: A retrospective study included 72 patients older than 18 years old with traumatic injuries of the duodenum > II
degree, according to the criteria of the American Association of Surgery for Trauma, who were operated from 2006 to 2020. Patients
were assigned into two groups: the 1t group (survivors, n=58) and the 2"¢ group (non-survivors, n=14). Different methods of
statistical analysis were used to construction the mathematical model. Results: Multiple injuries of intra-abdominal and anatomical
structures of the retroperitoneal space were in 72.2% patients. Mean RTS, ISS, and APACHE Il scores in the deceased and the
surviving patients were and 6.89+1.0 and 3.93+0.7; and 12.36+3.9 and 20.6+4.5; 14.05+3.2 and 26.67+4.1, respectively (p=0.000). All
indicators were identified whose changes were most different in surviving and deceased patients on admission to the hospital: blood
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hemoglobin, serum albumin and lactate and the level of systolic blood pressure (area under curve amounted 0.831, 0.934, 0.956,

0.816 respectively, p=0.000). The analysis of the factor structure made it possible to determine the contribution of each indicator to
discrimination and to divide patients into groups. It was found that the indicator ‘serum lactate’ played most major role in
discrimination (-0.9723) and the following were ‘serum albumin’ (0.5934), ‘systolic blood pressure’ (0.4636) and 'blood hemoglobin’
(0.4437). Based on the data obtained, the mathematical model was developed for predicting of mortality with sensitivity 86.7% and
specificity 100%. Conclusions: These research results have shown that the proposed mathematical forecasting model is most suitable
for predicting treatment outcomes in the early stages of patients with duodenal injuries with ensures high accuracy. At the same
time, the forecasting problem can be solved using the APACHE Il and RTS severity scores for these patients, although the forecasting
accuracy in this case may be lower.

Keywords: blunt and penetrating duodenal injuries, multivariate regression analysis, mathematical model of postoperative mortality,
prognosis, surgery, results.

1. INTRODUCTION

In worldwide the problem of severe injuries in peacetime and war time isn't only medical, but also of great social importance.
Trauma of duodenum in blunt and penetrating injuries of the abdominal organs according to various sources is about 3 - 5% of all
injuries of the abdomen, but these injuries have a high mortality, which is from 4 to 47% (Mehmood et al., 2019; Velmahos et al.,
2009; Boyko et al., 2009). Trauma of duodenum is more common in combination with damage to the pancreas, less frequently with
other abdominal organs and retroperitoneal space and vessels. There are a number of factors that can contribute to different
outcomes in the treatment of patients. First, injury of duodenum is a relatively rare condition; second, the very rare nature of these
injuries results in the lack of experience and consistency in the use of diagnostic and therapeutic measures among surgeons treating
this category of patients; third, the outcome of treatment of patients is often determined by the complexity and site of damage to
the duodenum, the amount, extent and magnitude of concomitant damage, the amount of blood loss, and the duration of shock;
fourth, mortality is directly proportional to the number of injuries sustained and is highest in the elderly and those who are
hemodynamically unstable and developed multiple organ failure, which occurs in 16.6 - 70% of severe cases (Garcia Santos et al.,
2015; Krige et al., 2011; Coccolini et al., 2019). As a rule, these and other factors complicate the interpretation of clinical data, delay
diagnosis and treatment that promotes to development of various complications with this kind of injuries. Although being poorly
frequent, the duodenum injuries represent a challenge to the urgency and trauma surgeon, since the anatomy of the duodenum and
the proximity of other organs contribute to injuries of a complex nature (Ragulin-Coyne et al., 2014; Girard et al., 2016; Schneider et
al,, 2009).

Significantly affects the outcome of treatment of patients with duodenal trauma, the severity of the patients on admission to the
hospital. This is determined by Acute Physiology and Chronic Health Evaluation Il score (APACHE II), Revised Trauma Score (RTS),
number of Abbreviated Injury Scales (AIS), Injury Severity Score (ISS), Duodenal Organ Injury Severity (OIS) etc, and also by individual
markers and patient indicators. The effectiveness of severity assessment systems is characterized by three parameters: overall
accuracy, specificity, and sensitivity. All mentioned in the literature review of the system of prediction and assessment of the severity
of the victims have an overall accuracy of 70-80% and more on average. Their advantages include the fact that they can be use in a
fairly wide range of diseases and conditions characterized by similar symptoms. At the same time, this fact is a disadvantage because
it doesn't take into account the specificity of a particular disease. Therefore, it can be expected that a system designed with the
specific characteristics of a particular disease will have a higher accuracy, improve the overall quality of diagnosis and the results of
treatment. On the other hand, one can expect higher results when using other approaches to the appropriate mathematical
processing (Kim et al., 1989). It will allow to carry out express forecast of mortality of patiens including as a result of development of
system complications, which occur in 16,6 - 70% of cases (Johnsen et al., 2017; Melamud et al., 2015; Bradley et al., 2016; Velmahos
et al., 2009). An ideal prognostic method should be simple, accurate and inexpensive.

The aim of this study was to identify the indicators that can be to use for rapid diagnostics of mortality in patients with injuries of
duodenum and to develop a mathematical model of prognosis.

2. MATERIALS AND METHODS

A retrospective study included 72 patients with traumatic injuries of the duodenum > Il degree according to the criteria of the
American Association of Surgery for Trauma (AAST) (Moore et al., 1990) who were operated in Zaytsev Institute of General and
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Emergency Surgery National Academy of Medical Sciences of Ukraine over fourteen years (from January 2006 to February 2020).

Patients were assigned into two groups: the 1t group (survivors, n=58) and the 2" group (non-survivors, n=14).

Patients selection

Medical records were reviewed for the following parameters: demographic data, mechanism of injury, initial systolic blood pressure
(SBP), initial heart rate (HR), type of trauma, characteristic of trauma of the duodenum, concomitant intra-abdominal injuries,
APACHE Il score,RTS, AlS, ISS, the indicators of which were calculated with the help of calculators on the MDCalc site, the nature of
treatment (mechanical ventilation for support, inotropic support), 30 day-mortality were evaluated. Organ failure was defined by S.
Fujishima (Fujishima, 2016).

All of these patients underwent standard clinical and laboratory examination on admission, the need for instrumental
examinations was determined based on the estimated severity of the condition and the degree of isolated or multipled injury of
duodenum. In the initial period the treatment of patients consisted of initial stabilization in the intensive care unit or in surgery with
subsequent emergency laparoscopy in 21 of 72 (29.2%) patients or urgent laparotomy in 51 (70.8%) patients.

Surgical treatment

Ultimately, duodenal injuries were diagnosed and evaluated during surgery in all patients. Surgical interventions were aimed at
eliminating injuries, preventing postoperative complications and dictated by the surgeon's preferences. Urgent operations included
the following steps: revision of the abdominal organs and retroperitoneal space, to exclude injury to the posterior wall of the
duodenum and the portal vein with cases of penetrating trauma (the Kocher maneuver in all patients, the medial mobilization of the
hepatic flexure of the colon by Cattell-Braasch in some patients with injuries of the third and fourth parts of the duodenum was
conducted to search for lesions in the posterior wall)after then the localization and the degree of injury were evaluated of according
to the AAST criteria. In case of large retroperitoneum hematomas due to the presence of associated vascular injury we always carried
out an revision of this area with caution.

The simple surgical operations such as debridement of the devitalized tissue, primary repair and drainage were performed more
often for duodenal injuries. Patients with extensive duodenal injuries were candidates to duodenal diverticulization, pyloric exclusion
or duodenopancreatectomy. The segregation between the hemodynamically and stable patients or those who reached stability
following resuscitation and those who are unstable had crucial. In the treatment of patients who did not recover the physiological
integrity, the surgical procedure was chosen by the principles of Damage Control Surgery and resections and reconstructions taking
longer times were not carried out in hypovolemic, acidotic, hypothermic or coagulopathy patients. The repeated surgery was
performed at 24-72 hours after stabilization of patients by the principles of Damage Control Resuscitation because in severely ill
patients, brevity is essential and physiology prevails over anatomy.

Statistical analysis

Statistical data processing was performed using the trial version software STATISTICA 13.3 EN. Student’s test were used for statistical
analysis, considering p<0.05 as significant when comparing mean (m) and standard deviation (SD). Prediction tasks were solved by
evaluating the outcome of treatment of the patients. In this case, the highest accuracy and adequacy in terms of posterior
classification was obtained by the method of discriminant, whose ideology is based on the definition of canonical discriminant
functions that define hyperplanes that divide objects into observable groups. The patients were retrospectively categorized in two
groups: those that survivors and those that non-survivors and in the case of two groups only one discriminant function for
classification was used. The discriminant variables included in the discriminant function and its statistical significance were estimated
on the basis of Wilkes A statistics, which can be approximated by the distribution by x2 or by the F distribution. Receiver operating
characteristic (ROC) curves and the respective areas under the curve (AUC) and cut-off values were calculated. All values (AUC) of the
area under the ROC-curve equal to or greater than 0.8 were considered satisfactory classification and mathematical model.

3. RESULTS

The characteristics of patients are shown in Table 1. 16 of 72(22.2%) patients suffered blunt (traffic accidents, sport injuries),
56(77.8%) patients had penetrating injuries and 47 (83.9%) of them had injury by cold weapon, 5 (8.9%) by fire arm projectile and 4
(7.2%) by mine and explosives. There were 48 men (66.7%) and 24 women (33.3%) between the ages of 18 and 71. Mean RTS, ISS,
and APACHE Il scores in the deceased and the surviving patients were 3.93+0.7 and 6.89+1.0; 20.6+4.5 and 12.36+3.9; 26.67+4.1
and 14.05+3.2 respectively (p = 0.000). 28 of 72(38.9%) patients were admitted with shock. All the non-survivor patients of the 2"
group had an organ failure for 48 or more hours. In the 15t group of such patients there were 10.3% (Table 1).
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Table 1 Characteristics of patients with injuries of duodenum

Variable Non-survivors Survivors P value?*,
(n=14) (n=58) 95% Cl
Agelyears) 54.6+12.64 39+13.13 0.000,
gety 7.834-23.37
Gender:
-Male 9 (64.3%) 39 (67.2%) NA
-Female 5(35.7%) 19 (32.8%) NA
Mechanism of injury:
-Penetrating 13 (92.9%) 43 (74.1%) NA
-Blunt 1(7.1%) 15 (25.9%) NA
The nature of injury to the
duodenum:
-Isolated 1(7.1%) 7 (12.1%) NA
-Multiple 13 (92.9%) 57 (87.9%) NA
Qls:
Il degree 1(7.1%) 29 (50%)
Il degree 10 (71.5%) 27 (46.6%) NA
IV degree 3(21.4%) -
V degree - 2 (3.4%)
0.572,
+ +
Respiratory rate (min) 29.3+2.97 28.644.43 -1.766-
3.166
0.847,
Heart rate (beats/min) 92.12 +61.11 89.26 + 44.78 | —26.65-
32.37
0.000,
SpO2 (%) 86.13+ 5.8 92.14 +3.74 | -8.593-
—-3.427
0.000,
SBP(mmHg) 73.76+12.6 109.1+£17.47 _45.04-
-25.44
White blood cell count 12.32+2.24 11.79+3.13 0.548,
(x10° cells/L) o145
-28.29
0.000,
Hemoglobin(g/) 60.93+18.68 100.8+19.62 _1228-
2.288
0.152,
PLT (x10° cells /L) 220.2+30.2 224.8+22.3 0.5067-
3.187
e 18.47+3.2 17.13+£3.06 0.918,
Bilirubin (umol/L) 93.9-84.7
0.000,
Albumin (/L) 35.27+3.18 43.45+2.92 9.961-
—6.399
0.175,
Creatinine (umol/L) 10247611 987418 -1.512-
8.112
2.8+0.44 1.4+0.25 0.000
Lactate (mmol/L) 1217-1583
RTS score 3.93+0.7 6.89+1.0 0.000,
-3.519-
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—2.401
ISS score 20.6+4.5 12.36+3.9 0.000,
5.821-10.66
26.67+4.1 14.05+3.2 0.000,
APACHE Il score 10.57-14.67
0.175,
AlSscale 3.93+0.7 3.64+0.71 051323-
0.7123
Shock 12(85.7%) 16 (27.6%) NA
Inotropic support 14 (100%) 6 (10.3%) NA
Mechanical ventilation 13 (92.9%) 5 (8.6%) NA
support
Organ failure (>48 h) 14 (100%) 6 (10.3%) NA
30 d-mortality 14 (19.4%)

Abbreviations: * - Student's test;Cl - confidence interval; NA — not applicable; PLT — platelets.

The second segment of duodenum was the most prone to traumatic injuries (40.3%), followed by first segment in 25.1%, third
segment in 20.8% and fourth segment in 6.9% patients. In this case, according to the AAST classification of injuries to the duodenum
Il degree were in 30 (41.6%), Ill degree in 37(51.4%), IV degree in 3 (4.2%) and V degree in 2 of 72 (2.8%) patients. Multiple injuries of
intra-abdominal and anatomical structures of the retroperitoneal space were in 52 of 72 (72.2%) patients and in total 94 associated
lesions were detected (average 1.81 associated injuries in 52 patients): in 46.2% was wounded liver, in 38.5% pancreas, in 34.6%
small intestine, in 15.4% stomach, in 13.5% colon, in 7.7% spleen, in 3.8% gall bladder, in 9.6% were main vessels and in 11.5%
kidneys. The overall mortality rate in our patient population was 19.4%.

Laboratory data analysis showed that survivors and non-survivors groups were not statistically significant difference between the
following values on admission of patients to the hospital: respiratory rate, heart rate, white blood cell, PLT, total serum bilirubin and
serum creatinine. Herewith, survivors patients had significantly lower mean blood lactate on admission (1.4+0.25 vs. 2.8+0.44), lower
mean systolic blood pressure (73.76+12.6 vs. 109+17.47), lower mean albumin (35.27+3.18 vs. 43.45+2.92) and lower mean
hemoglobin (60.93+18.68 vs.100.8+19.62).

1.0
0.8
= —— APACHE II
£ 06
= — RTS
g
A o —— IS8
' — AIS
— OIS
0.2
----- AUC=0.5
0.0

0.0 0.2 0.4 0.6 0.8 1.0
1-Specifity

Figure 1 ROC curves of the measured values in patients with injuries of duodenum on admission to the hospital: APACHE Il - Acute
Physiology and Chronic Health Evaluation Il score; RTS - Revised Trauma Score; ISS - Injury Severity Score; AlS - Abbreviated Injury
Scales; OIS - Duodenal Organ Injury Severity.

In our study we used five scales to assess patient severity on admission (APACHE II, ISS, AlS, RTS, and OIS) with the
determination of the dependence of the model sensitivity (the proportion of correctly predicted cases) on specificity (the proportion
of mistaken forecasts) to determine the optimal values of the cut-off at which the optimum ratio of sensitivity and specificity for this
model is achieved. In the analysis only the APACHE Il and the RTS scores showed a good result to prognosis of mortality of patients
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with duodenal injuries: the cut-off for assessing APACHE Il was 21 points at sensitivity of 0.909 and specificity of 0.811; for evaluating
RTS (AUC =0.876) the cut-off was 5 points at sensitivity of 0.803 and specificity of 0.796. These results are shown in Figure 1. In this
way was shown that only these two scales are satisfactory for predicting mortality in this category of patients. For ISS score, AlIS
scale, and OIS-duodenum score the AUC was less than 0.7; therefore, the models were considered satisfactory and possible only for

stratification of patients according to the severity of damage, and not for prognosis.

Herein after, all indicators were identified whose changes were most different in surviving and deceased patients on admission to
the hospital: blood hemoglobin, serum albumin and lactate, as well as the level of systolic blood pressure (SPB). The ROC curves for
the observed values in patients on admission are shown in Figure 2. The analysis showed that these parameters were significantly
higher in non-survivors patients than in survivor's patients with duodenal injuries (p=0.001) and it method set the cut-off values of
these indicators (Table 2).

At the next stage of the study, in order to justify the significance of the discriminant function, description of the rules and nature
of discrimination, an analysis of the canonical root was made with the help of which patients were divided into groups. The values of
standardized coefficients in the canonical root and matrix of the factor structure were ranked discriminant variables in the
classification in accordance with their degree of importance. The values of prognostic markers measured on admission to the
hospital are presented in Table 3.

1.0
0.8
2
:é 0.6 — Lactate
% e Albumin
w
0.4 RBC
—— SBP
----- AUC=0.5
0.2
0.0 b~
0.0 0.2 0.4 0.6 0.8 1.0

1-Specifity

Figure 2 ROC curves of the measured values in patients with injuries of duodenum on admission to the hospital.

Table 2 Ability of prognostic markers measured on admission to the hospital admission to predict of severity for duodenal injury.

. Area under curve Optimal . o
Variable P value Sensitivity | Specificity
(95% Cl) cutoff
0.956
Serum lactate (mmol/L) p=0.000 2.15 0.933 0.956
(0.893-0.981)
. 0.934
Serum albumin (g/L) p=0.000 40.3 0.910 0.943
(0.846-0.943)
. 0.831
Blood hemoglobin (g/L) p=0.000 73 0.829 0.923
(0.811-0.922)
Systolic Blood Pressure 0.816
p=0.000 77.5 0.878 0.915
(mmHg) (0.789-0.912)

The analysis of the factor structure showed how the selected indicators correlate with the discriminant function. This made it
possible to determine the contribution of each indicator to discrimination and to divide patients into groups. As can be seen from
the matrix of factor structure (Table 3), serum lactate (—0.9723) played most major role in discrimination. The contribution of
variables to discrimination was also indicated by the magnitude of standardized coefficients for variables in the discriminant function
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(Table 3). As follows from the analysis of the matrix of factor structure showing the values of the canonical correlation coefficient for

the outcome predictors and standardized coefficients of the discriminant function, which indicates that the greater the modulus
factor, the higher its role in discrimination, the most informative predictor for classification was ‘serum lactate’. The following were
‘serum albumin’, ‘systolic blood pressure’, ‘blood hemoglobin’ and ‘systolic blood pressure’.

Table 3 Factor structure analysis with discriminant function for patients with duodenal injuries

Variable Value

The matrix structure factors

Serum Lactate (mmol/L) -0.972323
Serum Albumin (g/L) 0.593424
Systolic Blood Pressure (mmHg) 0.463854
Blood Hemoglobin (g/L) 0.443668
Standardized coefficients of the discriminant function
Serum Lactate (mmol/L) -0.970786
Serum Albumin (g/L) 0.278227
Blood Hemoglobin (g/L) -0.141277
Systolic Blood Pressure (mmHg) —-0.099910

Producer classification by two groups (survivor/non-survivor), which was used after examining the classification functions for
different groups are showed present in Table 4.

Table 4 Characteristic classification function coefficients for patients with duodenal injuries

Variable non-survivors survivors
Serum Lactate (mmol/L) 66.594 51.983
Serum Albumin (g/L) 5.997 6.431
Blood Hemoglobin (g/L) 0.060 0.026
Systolic Blood Pressure (mmHg) 0.317 0.289
Constant -213.891 -193.777

The next step for the patients was to calculate the group whose qualification function was the highest, for which the formulas were
used:

Fron-survivors= —213.9+0.317 x1+0.06 x2+5.99 x3+66.6 X4,
Fsurvivors= —193.8+0.289 x1+0.026 x2+6.42 x3+51.98 x4,
X7 — SBP; x2 — blood hemoglobin; x3 —serum albumin; x4 —serum lactate.

Since there are only two groups in our classification, the calculations can be simplified significantly by considering not the functions

themselves, but their difference by the formula:
>0 survivors )

Feurvivars — Fror—curvivers = AF = ( _
survivors non-—survivors < 0 non — survivors

AF =F surivors = F non-survivors = 20.1 =0.28 x1—0.34 x2 +0.433 x3 — 14.6 x4

Verification of the obtained discriminant model was performed using a posteriori classification, when it was assumed that the
outcome of treatment is unknown, and it was predicted on the basis of the obtained classification functions. Comparing the results
of forecasting with the results of treatment allowed us to assess the adequacy of the discriminant model. The results of this
comparison in the whole sample, which included 60 patients who were analyzed, gave a high accuracy of classification (96.67%). The
prognostic value of the proposed method was shown by such criteria as sensitivity (the percentage of correctly predicted cases with
a lethal outcome) was 86.7% and specificity (the percentage of correctly predicted cases of no lethal outcome) was 100%.
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4. DISCUSSION

Despite the millions of cases and hundreds of thousands of deaths that have occurred in traumatic injuries, studies on specific

methods of using mathematical models for predicting mortality on admission to the hospital and in the early postoperative period
were controversial, and published studies have not always demonstrated the quality of the use of many scales of assessment of the
severity of patients what have proved effective in reducing mortality from abdominal injuries. So far, more than 50 injury severity
scales have been known. The main methodology for assessing the severity of injuries is based on the identification and summary of
morphological changes (Keller et al., 1971; Gennarelli & Wodzin, 2006; Baker et al., 1974; Osler etal., 1997, 2008; Wang et al., 2012;
Cook et al,, 2013; Oestern et al., 1983; Champion et al.,, 1989).

Rapid diagnosis and effective treatment of duodenal injuries are crucial for this category of victims, as evidenced by data
provided by C.E. Lucas and A.M. Ledgerwood in 1975. The authors showed that delaying diagnosis and treatment for 24 hours after
duodenal injury can increase mortality from 11% to 40% (Garcia Santos et al., 2015). Treatment of duodenal injuries is based on the
etiology, severity of the injury, concomitant injuries inside and the retroperitoneal space, the duration of the delay in diagnosis.
There are three main points in the treatment of duodenal injuries that affect the outcome: 1) the timing of the operation and
decision-making; 2) intraoperative findings; 3) postoperative treatment. These principles were defined as early as 1979 by H.H. Stone
et al. During the past three decades, there has been changed for management of traumatic injuries with used 'operative' and
‘conservative' management of abdominal organs injuries is facilitated by the various sophisticated and highly accurate noninvasive
imaging modalities at surgeon’s disposal. Many review selected topics in non-operative management of both blunt and penetrating
trauma, and also potential complications and pitfalls of different managements are discussed. Although the duodenum remains one
of the least frequently injured organs in cases of abdominal trauma, its location and the fact that it is surrounded by vital structures
means that duodenum injuries often present complicated diagnostic and treatment problems. Early mortality in these patients,
which is usually associated with shock due to severe intra-abdominal bleeding, currently remains high enough. The used of early
diagnosis, the selection of suitable surgical techniques for identifying and eliminating injuries, and the correct treatment of
complications are factors that reduce mortality according to many researchers (Stawicki, 2017; Schwab, 2001; Christmas et al., 2005;
Celik et al., 2010). In 2014, the Western Trauma Association published guidelines and algorithms for the treatment of this category of
injuries, which identified the use of simple techniques to repair the vast majority of duodenal injuries as the recommended initial
surgical approach, even for extremely severe injuries (OIS > 3), and the WSES-AAST (2109) guide to the non-surgical treatment of
patients with duodenal injury was published by experts in the WJES (Coccolini et al., 2019; Malhotra et al., 2015).

To date, in the world a lot of researches has been done to evaluate the prognosis of injuries of the duodenum and many authors
sought to determine an approach to the management of complex injuries before to surgery (Blocksom et al., 2004; Hong et al., 2015;
Ordofiez et al.,, 2014; Schroeppel et al.,, 2016; Farrath et al., 2012; Huerta et al., 2005). Our scoring system, which we described, was
based on only on clinical and laboratory parameters such as hemoglobin of blood, systolic blood pressure, serum albumin and
lactate. It has also known well that scales for assessing the severity of patients such as the APACHE Il score and RTS score, could
independently predict the odds of death in patientsof abdominal trauma (Parreira et al., 2014; Morrison et al., 2012; Chuet al., 2020).
According to the our research, a mathematical model was developed that takes into account two groups (survivors/non-survivors)
and proposed a formula that could significantly simplify the calculation and forecasting using these four indicators and its
sensitivity was 86.7% and specificity was 100%. The APACHE Il score was independent risk factors for mortality in patients with
duodenal injuries and the non-survivors also suffered a decreased the RTS score, which showed good (AUC>0.80) prognostic
significance on admission patients to the hospital. Moreover, the ISS indicator is not good for predicting mortality in injuries of
duodenum. Moreover, the ISS indicator is not good for predicting mortality in injuries of the duodenum, but can be used to
distribute this category of patients according to the severity of damage.

In general, with regard to the choice of tactics for treating patients who were investigated, he consisted of the following. All
analyzed patients were operated on: primary suture was the most appropriate surgical procedure in most patients (69.4%) for
duodenal injuries; the exclusion of the duodenum (12.5%), duodenojejunostomy (15.3%) and pancreatoduodenal resection (2.8%)
were performed in a smaller number of patients. The most severe in surgery were gunshot wounds and explosive injuries, which
were associated with injuries of solid organs and major vascular injuries.

5. CONCLUSION

These research results have shown that the proposed mathematical forecasting model is most suitable for predicting treatment
outcomes in the early stages of patients with duodenal injuries with ensures high accuracy. At the same time, the forecasting
problem can be solved using the APACHE Il and RTS severity scores for these patients, although the forecasting accuracy might was

lower. The model, that we proposed, allows us to divide patients into risk groups for mortality on admission to the hospital. To
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complete this, we will continue the study, given that these injuries of the duodenum are quite rare in clinical practice, as well as an

analysis of its sensitivity and specificity in the acute period of injuries of other localizations.
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