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ABSTRACT

Introduction and aim. Blunt chest trauma and traumatic brain injury are considered two of the most significant injury entities
with a high potential for complications. In the early post-traumatic period, trauma care frequently encounters limitations in
diagnostic capabilities within trauma centers. The objective of this study was to develop simple signs to predict outcomes at
three time points during the early post-traumatic period for patients with multiple blunt trauma with combined cranio-tho-
racic injuries.

Material and methods. This retrospective cohort study was conducted on 51 polytraumatized male patients. Examinations of
the patients were performed on the 15-2"9, 31-4th and 5*"-6t day after trauma. Mortality was set as the primary outcome. Re-
ceiver operating characteristic curve analysis was used to investigate the predictive capacity of the estimated markers for each
time period.

Results. The most significant differences between survivors and non-survivors on the 1st to 2nd day after trauma were ob-
served in terms of SpO,/FiO, index, hemoglobin and red blood cell count. On the 3"-4* day - SpO,/FiO, index. The oxygen
content, SpO,/FiO, index and hemoglobin exhibited the greatest disparity between patients groups on the 5*"-6'" day.
Conclusion. A set of criteria can be employed to monitor the clinical course of multiple trauma patients with combined cra-
nio-thoracic injuries. The predictive value of special markers varies depending on the time period. Each of the investigated time
periods is characterized by its own specific predictive signs. The predictive capacity of the estimated markers varies depending
on the time period under consideration. It is not an accurate approach to employ the same predictive markers throughout the
entire posttraumatic period.

Keywords. blunt injury, clinical decision rules, critical care, hospital mortality, multiple trauma

Introduction providing optimal respiratory care to patients with mod-
Blunt chest trauma and traumatic brain injury (TBI) are erate to severe TBL.* Chest trauma is a significant contrib-
considered two of the most significant single injury enti- utor to mortality and the development of complications
ties with a high potential for complications.’* It is clear in multiple trauma cases. It is an independent predictor of
that the integrity of the respiratory system is crucial in mortality in trauma patients, regardless of the severity of
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the trauma.® There is a lack of evidence on the impact of
chest trauma on functional outcome after TBI, but what
evidence does exist suggests chest trauma is a leading de-
terminant of adverse outcome after multiple injuries."**

It is imperative that all traumas, including those
with multiple cranio-thoracic injury, be managed in
a systematic way, with the involvement of a highly ex-
perienced, interdisciplinary trauma team with expertise
in critical care, anesthesia and surgical disciplines.” This
is essential for ensuring high-quality management and
low morbidity and mortality rates.®

The lack of a universal scoring system for predict-
ing mortality in multiple trauma patients, particularly in
the context of TBI and severe thoracic trauma, is a con-
sequence of the challenging applicability of some scales,
as well as resource limitations and the lack of predictive
outcome significance.’

The pathophysiology of multiple organ dysfunction
syndrome (MODS) after polytrauma represents a com-
plex network of interactions between the immune, endo-
crine, neural, and other systems.'®'? There are multiple
interactions between the mechanisms responsible for
harmful effects and involved in the progression of MODS,
on the one hand, and compensatory reactions directed to
maintain homeostasis during the early posttraumatic pe-
riod, on the other hand."*-** In this setting, the same lab-
oratory or clinical markers cannot predict the prediction
of the outcome during different time periods.

Another issue related to trauma care in the ear-
ly post-traumatic period is the limited diagnostic ca-
pabilities of the initial, secondary, and tertiary trauma
centers. In low- and middle-income countries, such as
Ukraine, the diagnostic capabilities of these centers are
particularly limited. The optimal prognostic tool should
therefore be based on simple predictors that can be easi-
ly calculated by different healthcare professionals in dif-
ferent settings, allowing for the correct interpretation by
those with varying levels of expertise.'®

Therefore, the issue becomes that of developing sim-
ple and dynamic outcome predictive signs to prepare
more effective management strategies for such patients
by the trauma team at the initial clinical presentation
and the early post-traumatic period.

Aim

The objective of this study was to develop simple signs
to predict outcomes at three time points during the ear-
ly posttraumatic period for patients with multiple blunt
trauma with combined cranio-thoracic injuries.

Material and methods

Study design

Data for this retrospective cohort study were extracted
from the previous single center prospective observation-
al cohort study that was conducted in the Department

of Anaesthesiology and Intensive Care for Patients with
Combined Trauma of the Kharkiv City Clinical Hospital
of Emergency Aid named by prof. O.I. Meshchaninov."”
A total of 51 male patients with combined TBI and se-
vere thoracic trauma, as defined by the inclusion crite-
ria, were included in the study cohort. All subjects gave
their informed consent for inclusion before participat-
ing in the study. The study was conducted in accordance
with the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of Kharkiv National
Medical University (N8/2016, October 5, 2016).

Patient selection and data collection

The inclusion criteria were the following: age >18 years,
injury severity score (ISS) 216, two or more injured
body regions, presence of TBI and abbreviated injury
scale (AIS) thorax 3 after blunt trauma. The presence
of a concomitant chronic disease in the subcompensa-
tion or decompensation phase, as well as penetrating
injuries, was identified as exclusion criteria. A diagnos-
tic evaluation was carried out for all patients according
to existing protocols, and their treatment was conduct-
ed in accordance with the Advanced Trauma Life Sup-
port Program. Laboratory tests and clinical examination
were performed on the 1%-2" (11-33 hours), 3-4®
(48-75 hours) and 5"-6" (97-122 hours) days after
trauma during their management in the ICU.

In-hospital mortality was defined as the endpoint
of the study. The survival to non-survival ratio of poly-
traumatized patients was 24 to 27 on the 1%-2" day, 24
to 20 - on the 3"-4% and 24 to 18 - on the 5"-6" day
after trauma.

The severity of polytrauma was evaluated using the
AIS, ISS, revised trauma score (RTS), and trauma and
injury severity score (TRISS) scales.'®** The Kigali mod-
ification of the Berlin criteria has been used for the di-
agnosis of ARDS.*!

Statistical analysis
All data are presented as the median with 95% contin-
gency interval for ordinal variables, the meanz standard
deviation for continuous variables, and the number with
percentage for categorical variables. Fisher’s exact test,
the chi-square test for trends and the Mann-Whitney U
test were employed to compare demographic and lab-
oratory data using GraphPadPrism 5.03 (GraphPad
Software, California, USA). The receiver operating char-
acteristic (ROC) curves were constructed for variables
that showed statistically significant differences, and the
cutoft values were calculated according to Youden’s in-
dex.?? All p-values were calculated using a two-sided
test. A value of p<0.05 was considered to indicate sta-
tistical significance.

Table 1 presents a summary of the main demo-
graphic characteristics of the patient groups.
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Table 1. Characteristics of the survival and non-survival
groups of multiple trauma patients with combined cranio-
thoracic injuries

Survivors Non-survivors
n=24 n=27 P
Age, years 39.5(35.92-44.16) 40(34.85-45.59)  0.9813
1SS score 27.5(24.85-32.31) 34(31.09-39.87)  0.0324
RTS score 7.84(6.607-7.672)  6.084(5.219-6.413)  0.0005
TRISS score 0.9442 (0.8085-0.9603) 0.7179(0.5479-0.7647) 0.0004

1.127£1.275
14(11.36-14.06)

1.933+4.184 0.8366
12(8.337-11.66)  0.0059

Admission time, hours
GCS at admission

Systolic BP on admission,

107.3+£24.98 94.44+39.06 0.0676
mmHg
Number of patients with
concomitant alcohol 11(45.8%) 13 (54.2%) 0.999
exposure
5:::;:2;:";2‘;;"'“' 7(269%) 19(73.1%) 0.005
ARDS 5(20.8%) 21(77.8%) <0.0001
Injury severity, n (%)
AIS skin 0 9(37.5%) 12 (44.4%)
1 14 (58.3%) 13 (48.2%) 0.8224
2 1(4.2%) 2(7.4%)
AIS head 1 10(41.6%) 7(25.9%)
2 1(4.2%) 1(3.8%)
3 9(37.5%) 7(25.9%) 0.0518
4 3(12.5%) 6(22.2%)
5 1(4.2%) 6(22.2%)
AIS facial 0 18 (75%) 22 (81.5%)
1 5(20.8%) 3(11.1%)
0.8504
2 0 1(3.7%)
3 1(4.2%) 1(3.7%)
AlS thorax 3 5(20.8%) 3(11.1%)
0.4505
4 19(79.2%) 24 (88.9%)
AIS abdomen 0 10 (41.7%) 10 (37%)
1 6(25%) 6(22.2%)
2 0 2(7.4%) 06731
3 5(20.8%) 4(14.8%)
4 3(12.5%) 5(18.5%)
AIS extremities 0 8(33.3%) 8(29.7%)
1 3(12.5%) 2(7.4%)
2 6(25%) 7(25.9%) 0.4984
3 7(29.2%) 9(33.3%)
4 0 1(3.7%)
Mechanism of injury, n (%)
Car driver 11(45.8%) 3(11.1%)
Bicycle accident 3(12.5%) 2(7.4%)
(ar passenger 1(4.2%) 3(11.1%)
Pedestrian 5(20.8%) 5(18.5%)
Falls from height 4(16.7%) 11(40.8%) 0.0015
Assault 0 1(3.7%)
Crushed by the heavy object 0 1(3.7%)
Injur){ by manufacture 0 16.7%)
machines
Results

The 51 patients were admitted to the ICU after primary
surgery, depending on the injuries suffered. The first ex-
amination with laboratory tests (on the 1*-2" day) was
performed the next morning after resuscitation measures.

There were no statistically significant differences be-
tween survivors and non-survivors with respect to age,
time of admission, number of patients with concomitant
alcohol exposure, systolic blood pressure at admission,
or the severity of injury to the involved body regions
(Table 1). The most common cause of trauma among
the survival cohort occurred in car drivers. While fall-
ing from height was the main etiological factor among
non-survivors. In five victims of this etiological group,
polytrauma included trauma to the spine: 3 at the tho-
raco-lumbar level; 1 at the lumbar level and 1 - at the
thoracic level. In the survivor group, a patient had lum-
bar spine trauma as a result of a pedestrian accident. The
greatest discrepancy was observed among the severity
scales was observed between patient populations with
respect to the TRISS model.

Table 2. Dynamic physiological data in the blunt multiple
trauma patients with combined cranio-thoracic injuries*
Groups The 1#-2"day The3"-4"day The 5"-6"day

$p0,% s 95.08+0.9834  93.25+13  94.29+0.8437

(mean=5D) Ns  9BISEOTNS  9555+06746 926142666
p=0.4476 p=0.4415 p=0.7958

$p0,/Fi0, S 367.6£1827  386.8+17.1  387.4+185

(mean3D) NS B4+863  2358+1698 22741837
p<0.0001 p<0.0001 p<0.0001

) 115243504 1004+3.941  107.3+2.828
Hemoglobin, g/L
(meantsD) NS 98.39+4.476  90.15+4.004  93.59+2.929

p=0.0063 p=0.1108  p=0.0018
s 362941189 302441219 31.88+0.8797

310641474 2873+1.017  29.72+0.921
p=0.0127 p=0.4165 p=0.1298

3.915+0.1048  3.455+0.1175 3.724+0.08523

Hematocrit,%
(mean=SD) NS

Red blood cell count, S

x10"%/L NS 3.376+0.1396  3.254+0.1404  3.397+0.09409
(mean=SD) p=0.002 p=0.4098 p=0.0322
Oxygen content, s 142544852 121945278 131243214
mL/L NS 122.9+£5.682  111.9£4.945  112.7+4.885
(mean=SD) p=0.0206 p=0.2583 p=0.0037

* SD standard deviation, S — group of survived patients, NS
group of patients who did not survive

The dynamics of the investigated variables are not
consistent over time or between survivors and non-sur-
vivors (Table 2). Laboratory markers and polytrauma se-
verity scales were selected to perform the ROC-analysis
based on the degree of difference between groupings of
patients for each time period. Figure 1 shows the ROC-
curves, exhibiting the highest values of the Area under
the ROC curve (AUROC). The TRISS model demon-
strated the highest value of AUROC among polytrau-
ma severity scales (0.7824 (0.6520 to 0.9128); p=0.0006).
Furthermore, the AUROC for the GCS score on admis-
sion to the trauma center was 0.722 (0.5799 to 0.8640)
with p=0.0072. According to the statistics of the con-
tingency table, the TRISS model with a cut-oft value of
<0.8339 (odds 11.88 (2.927 to 37.97), p=0.0002) is the
most influential among polytrauma predictive models
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in determining the probability of mortality for patients
with multiple trauma with combined cranio-thorac-
ic injuries. The GCS score at admission, with a cut-off
value of <13, was found to have an odds ratio of 4.091
(1.208 to 12.49), with a p-value of 0.0246.

The most pertinent predictive marker of unfavor-
able outcome for patients with multiple trauma with
combined cranio-thoracic injuries during the inves-
tigated polytrauma period was the SpO,/FiO, index.
However, its AUROCs and cutoff values were different
for each time period: <308 for the 1*-2" day (AUROC
0.9074 (0.8259 to 0.9889); p<0.0001; odds 78 (9.333 to
835.9), p<0.0001), <325 for the 3-4™ day (AUROC
0.9046 (0.8171 to 0.9921); p<0.0001; odds 46.14 (5.509
to 502.9), p<0.0001) and <356.7 for the 5"-6" day of the
early posttraumatic period (AUROC 0.8854 (0.7851 to
0.9857); p<0.0001; Odds 36 (4.381 to 395.1), p<0.0001).

Furthermore, hemoglobin concentration and red
blood cell count demonstrated a significant predictive
influence on survival on the 1%-2" day 1 after admis-
sion to the ICU. The AUROC for hemoglobin concen-
tration was 0.7207 (0.5813 to 0.8601), p=0.007 with
a cutoff value of <104 (odds ratio 4.75 (1.349 to 15.28),
p=0.0206). For the count of RBC on the 1*-2" day the
AUROC was 0.7477 (0.6115 to 0.8838), p=0.0025 with
a cutoff value of <3.845 x10'/L (odds 7.333 (1.984 to
25.09), p=0.0018).
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Fig. 1. The ROC curves of the predictive markers during
early posttraumatic period in case of multiple trauma
with craniothoracic injuries, GCS adm - GCS at the time of
admission to the hospital, CtO, — oxygen content of the
blood

The highest value of AUROC was estimated for
hemoglobin concentration on day following trau-
ma (0.7766 (0.6354 to 0.9178); p=0.0024), with a cut-
off value of <101.5 g/L (odds ratio 7 (1.835 to 23.36),
p=0.0058). The probability of survival can also be evalu-

ated according to the level of CtO, on day after trauma,
with an AUROC degree of 0.7593 (0.6089 to 0.9096),
p=0.0044 and cut-off value <109 ml/L with odds ratio
23 (3.233 to 260.5), p=0.0008.

It is also pertinent to consider the impact of pul-
monary complications on survival in patients with mul-
tiple trauma with severe craniothoracic injuries. The
prolonged use of CMV in this category of polytrauma
patients has a negative impact on the outcome, with an
odds ratio of 5.768 (1.719 to 18.60), p=0.005. Further-
more, the appearance of ARDS symptoms during the
first 5-6 days after trauma is a more severe predictor of
mortality, with a odds ratio of 13.30 (3.305 to 54.16),
p<0.0001. The AUROC:S are presented in Figure 1 for
comparison.

Discussion

Multiple body regions and organs are often damaged
in high-impact trauma. Severe extracranial injuries to
the chest, abdomen and extremities occur in about one
third to one-half of TBI cases.®

Automobile accidents represent the most com-
mon cases of blunt injuries, as evidenced by the present
study (Table 1) and other studies conducted by other au-
thors.***?* In this study, the most prevalent mechanisms
of injury were falls from height, followed by vehicular
collisions and pedestrian accidents. In addition, there
were statistically significant differences between the
groups in terms of the the etiology of trauma. Among
the patients in the survival cohort, the driver of a car
was the most common cause, while among nonsurvi-
vors, falling from height was the main etiology factor
(Table 1). One possible explanation for this finding is
that the study included patients with only multiple trau-
ma and combined cranio-thoracic injuries.

Among polytrauma severity scales, the TRISS scale
exhibits the highest predictive power, which is not sur-
prising given that it incorporates both the RTS and the
ISS scales into its equation, thus improving mortality
prediction accuracy.

Our findings suggest that the dynamics of SpO,/
FiO, can serve as an indicator of disease progression
during the early posttraumatic phase of patients with
blunt multiple trauma with combined cranio-thoracic
injuries. Furthermore, it was shown that the necessity
for prolonged mechanical ventilation and the appear-
ance of signs of ARDS signs during the early posttrau-
matic period are reliable indicators of a poor prognosis
in the case of multiple traumas involving combined cra-
nial and thoracic injuries. It is established that people
who have multiple trauma who also have injuries to the
thorax tend to have longer periods of mechanical ven-
tilation (2 vs. 8 days) and longer stays in intensive care
(4 vs. 11 days) than patients who have suffered polytrau-
ma but without injuries to the thorax."
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Another notable observation is the hemoglobin
concentration cutoff value of <104 g/L on the first 2™
day following trauma. The observed value exceeds the
threshold specified in polytrauma transfusion guide-
lines.” A review of the existing literature suggests that
red blood cell transfusions in patients with TBI with
hemoglobin levels above 100 g/L are not warranted.*
However, in the present study a different subset of pa-
tients with combined cranio-thoracic injuries was in-
cluded. This finding suggests that these patients may
benefit from a liberal transfusion strategy. More ran-
domized controlled studies are required to confirm this
value of hemoglobin concentration as a potential target
in the context of a standardized management approach
for this population of patients with polytrauma.

In contrast to expectations, the cutoff value of the
CtO, acquires high predictive importance only on the
516t day after trauma. The aforementioned outcome in-
dicates that prolongation of combined hypoxia (arising
from both anemia and reduction in hemoglobin satura-
tion) during the initial posttraumatic phase of multiple
trauma patients with combined cranio-thoracic injuries
is more detrimental than the degree of this hypoxia itself.

It is of paramount importance to improve the accu-
racy of medical diagnosis, treatment, and monitoring to
optimize the outcomes of multitrauma patients, particu-
larly those with combined cranio-thoracic injuries. This
is of particular significance in contemporary, multi-
tiered medical trauma services, where the quantity of
data received about the traumatic victim significantly
impacts the precision of decisions made by critical care
physicians.” The full potential of risk prediction models
for use in ICUs has yet to be realized. These models have
the potential to support decision-making and diagnosis
in critical care.®®

The additional criteria enable trauma team members
to provide more objective guidance for decisions on the
survival of multiple trauma patients with combined cra-
niothoracic trauma. This is based on simple clinical and
laboratory data obtained during the early post-traumat-
ic period. The judicious application of current concepts
and management protocols may be expected to ensure
the best outcomes.? Furthermore, it allows for the com-
parison of patients from different trauma centers, classi-
fied according to the level of trauma care provided. This
can be beneficial in facilitating prompt and precise de-
cisions regarding interhospital transfers. Comparison of
estimated to observed mortality rates can be used as an
evaluation criterion and as a means of monitoring the
quality of intensive care unit work.

Study limitations

As with other retrospective studies, this study is sub-
ject to certain limitations. This is a single-center study
and the results require validation in other trauma cen-

ters and regions. A further limitation is that the groups
are similar in age, which precludes the possibility of an-
alyzing how this parameter contributes to the predic-
tion process. Previous studies have indicated that age is
a relevant factor in the context of mortality risk in pol-
ytrauma.® However, other studies have found that this
contribution is not statistically significant.*>*' Addi-
tionally, the current study is based on a relatively small
sample of participants. Another limitation of the study
is that the prediction criteria were calculated for each
time period on the basis of varying numbers of par-
ticipants and an increasing ratio of survivors to non-
survivors. However, the results of the discrimination
statistics indicate that the proposed criteria can accu-
rately define patients with a high risk of negative out-
come. Despite these limitations, our results appear to be
significant, agree with other clinical and experimental
studies, and we hope that our scoring method can im-
prove the management of patients with blunt multiple
trauma with combined cranio-thoracic injuries during
the early post-traumatic period.

Conclusion

A series of proposed predictive markers was developed
with the intention of assisting in the estimation of indi-
vidual mortality risk in patients presenting with blunt
multiple trauma with combined cranio-thoracic inju-
ries. These markers were developed based on the re-
sults of routine diagnostic tests performed daily in the
ICU during the first five to six days following the trau-
matic event. A simple set of criteria can be employed to
monitor the clinical course of polytraumatized patients
and to identify those at high risk for negative outcomes,
thus improving patient care during the early intensive
focused phase of treatment. The predictive value of clin-
ical and laboratory markers varies depending on the
time period of the initial phase of intensive care follow-
ing traumatic injury. Each of the investigated time peri-
ods is characterized by its own specific predictive signs.
The predictive capacity of the estimated markers var-
ies depending on the time period under consideration.
It appears that employing the same predictive markers
throughout the early posttraumatic period for patients
with multiple trauma with cranio-thoracic injuries is
not an accurate approach.
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