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Abstract

The aim: to determine the influence of individual factors on the development of
complications in patients with polytrauma and multiple long bone fractures of lower
extremities.

Materials and methods: a prospective study conducted in Kyiv City Clinical Hospital
Nel7 from December 2016 to January 2020. The study included 57 patients with polytrauma
and multiple long bone fractures of lower extremities, treated according to the proposed
algorithm.

Results: the most common complications were: pneumonia (21.1%), acute respiratory
distress syndrome (ARDS) (15.8%), multiple organ failure (MOF) (15.8%), sepsis (8.8%),
mortality (12.3%). A number of factors influenced the development of complications in
patients with multiple long bone fractures of lower extremities and polytrauma were identified
and the correlation analysis was conducted. These factors included: age; sex; the Injury
Severity Score (1SS); the Glasgow Coma Scale (GCS); the severity of a general condition of a
patient according to the Clinical Grading Scale (CGS); trauma to the head, and neck, chest,
abdomen, pelvis; head and neck, chest, abdomen, pelvis trauma in accordance with the
Abbreviated Injury Scale (AIS); the number of segments of damaged limbs; Gustilo-
Anderson fracture type; blood loss volume; massive blood transfusions; respiratory index;
duration of mechanical ventilation (MV); treatment tactics; osteosynthesis method;
conversion phasing.

Conclusion: the analysis allowed to identify the most significant factors that lead to
complications in patients with multiple long bone fractures of lower extremities and
polytrauma. Informative parameters were:

- for pneumonia: GCS and CGS; chest injury; AIS head and neck, chest > 4;
duration of MV treatment tactics; conversion phasing (IC = 1.0-2.1).

- for ARDS: GCS and CGS; AIS chest > 4; fractures > 2 long bones; blood loss
volume; massive blood transfusions; respiratory index; duration of MV; treatment tactics (IC
=1.2-4.6).

- for sepsis: GCS; trauma to the chest, abdomen; AIS head and neck, abdominal
cavity > 4; fractures > 2 long bones; conversion phasing (IC = 1.1-3.2).

- for MOF: GCS and CGS; abdominal trauma; AIS abdominal cavity > 4;

fractures > 2 long bones; massive blood transfusions; conversion phasing (IC = 1.2-2.2).
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- for mortality: age, 1SS, GCS and CGS; abdominal trauma; AIS head and neck;
chest, abdomen, pelvis > 4; blood loss volume; massive blood transfusions; duration of MV
(1IC =1,1-5,9).

Among the factors there were those for which the diagnostic and treatment process:

- affected: the choice of treatment tactics (IC = 1,1-1,3); use of massive blood
transfusions (IC = 1.8-4.8); duration of MV (IC = 1,2-2,1); conversion of the fixation method
(IC=1.2-1.8).

- did not affect: GCS (IC = 1,2-3,1), CGS (IC =1,1-1,3), AIS (IC = 1,0-6,2).

Keywords: polytrauma; long bone fractures; definitive osteosynthesis;

complication; outcomes.

Introduction

Nowadays polytrauma is an actual problem, because it is one of the leading causes of
mortality in young people [1, 2].

Treatment of patients with severe trauma is a difficult task of modern medicine.
Controversial issues are to determine the priority of medical care, the choice of treatment
tactics, in particular the method and term of stabilization of long bone fractures of lower
extremities, as one of the most common localizations of injuries [3-5].

The right choice of treatment tactics at the early hospital stage gives a patient a chance
to survive, but does not provide recovery and complete restoration of all organ and system
functions, as severely injured patients from the first minutes after injury and during inpatient
treatment develop numerous complications, including pneumonia, acute respiratory distress
syndrome (ARDS), sepsis, multiple organ failure (MOF), fat embolism syndrome,
thromboembolism [6-11].

An important issue in the diagnosis and treatment of this category of patients is the
prevention of complications at the remote period of treatment, which can be achieved by
identifying factors influencing their development and by predicting the treatment outcome,
which dictate the need for further research.

The aim of the research: to determine the influence of individual factors on the
complication development in patients with polytrauma and multiple long bone fractures of

lower extremities.
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Materials and methods

Study design: a prospective study conducted in Kyiv City Clinical Hospital Nel7
(KCCH No17) from December 2016 to January 2020.

Inclusion criteria: age > 18 years; the presence of closed and open multiple long bone
fractures 2 and more segments of lower extremities, one of which is the femur; diagnosed
polytrauma (associated injury of two or more anatomical regions, the severity of damage of
each one corresponds to > 3 points according to the Abbreviated Injury Scale (AIS); the
presence of at least one of the five parameter changes: hypotension (systolic blood pressure
(sBP) <90 mmHg), impaired consciousness in accordance with Glasgow Coma Scale (GCS)
< 8 points, acidosis (base excess (BE) < - 6.0, coagulopathy (activated partial thromboplastin
time > 40s or international normalized ratio > 1.4); age > 70 years) [12]; patients treated
according to the developed treatment algorithm [13].

Exclusion criteria: refusal of a patient or his/her legal representatives to participate in
the study; the presence of severe concomitant chronic pathology, preventing the stabilization
of a patient's condition for surgery; open type Il fractures (Gustilo-Anderson); neoplasm;
pregnancy.

Medical care for all patients included in the study was provided according to the
proposed algorithm [13].

All patients were transported to KCCH Nol17 by an ambulance. In order to prepare a
team of medical staff and necessary services for the admission of a patient with polytrauma,
the admission department of the Kyiv City Center for Emergency Care warned the
polytrauma department doctors of KCCH Nol17 in time. On admission the primary
examination was performed according to the CABCDE algorithm (Fig.1, 2).

A patient was transported to the operating room providing at least one of the following
criteria: SBP < 90 mm Hg; signs of tension pneumothorax; 10 / min > respiratory rate > 30 /
min; "positive™ ultrasound diagnostics Focused Assessment with Sonography for Trauma;
GCS < 13 points. In the operating room, medical team took measures to stop bleeding,
performed decompression of the pleural cavities, resuscitation measures, cardiopulmonary
resuscitation.

If the above measures were successful and a patient was transported to the whole body
computer tomography, then to the operating room to continue resuscitation measures and

stabilization of injuries, in particular long bone fractures of lower extremities.
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Warning the medical msttution Patient with polytrauma and multiple long
: bone fractures of lower extremities
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Fig. 1 Algorithm for the treatment of patients with polytrauma and multiple long bone
fractures of lower extremities (part I)
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Fig. 2 Algorithm for the treatment of patients with polytrauma and multiple long
bone fractures of lower extremities (part II)
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All measures in the operating room were performed simultaneously under the
leadership of the responsible surgeon, including: continuation of resuscitation with control of
hemodynamics, respiration, diuresis; active warming of a patient with a thermoblanket,
infusion therapy only with warm solutions; monitoring of laboratory parameters: the blood
coagulation system, general clinical, biochemical parameters, acid-base balance, arterial blood
gas; secondary examination of the whole body from head to toe, diagnostics of injuries and
appointment of additional or repeated examinations; assessment of a general condition of a
patient and the severity of the injury on known scales.

In order to assess the severity of a patient's general condition the Clinical Grading
System (CGS) score was used, divided patients into stable, borderline, unstable and in
extremis. The severity of lesions according to the anatomical criterion was assessed by the
AIS [15] and the Injury Severity Score (ISS) [16]. Impairment of consciousness was assessed
by the GCS [17]. The type of bone fracture was classified according to the
Arbeitsgemeinschaft fir Osteosynthesefragen / Orthopedic Trauma Association (AO / OTA)
[18], and an open fracture according to the Gustilo-Anderson classification [19].

After diagnostic measures for revealed lesions, urgent surgical interventions were
performed, after which the severity of a patient's condition was re-assessed by CGS.

Patients in stable condition underwent primary definitive osteosynthesis of one
segment, according to the recommendations of AO / OTA, depending on a location and type
of a fracture and after assessment of a condition of soft tissues. Priority was given to the
primary definitive osteosynthesis of the femur fracture.

In patients in unstable and in extremis conditions primary temporary stabilization of
fractures was provided by external fixation, splints and skeletal traction. Subsequently, these
patients continued treatment in intensive care unit (ICU) for general condition stabilization,
and required conversions of the method of primary temporary fixation to the definitive.

Criteria for the readiness for conversion of the fixation method of long bone fractures
of lower extremities from the temporary to the definitive were: the shock management;
stabilization of vital functions, hemodynamics and no need for vasopressor support; and
following parameters: Lac < 4.0 mmol /I, BE > - 5.5 and pH > 7.25, PaO2 / FiO2 > 200.

Patients in a borderline condition after urgent surgery and resuscitation were re-
evaluated for the severity of a general condition. Under a patient's stable condition, the
definitive osteosynthesis of one segment was performed, if a patient wasn’t in a stable

condition he continued treatment as unstable.
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The decision to convert the temporary fixation of the fracture of another long bone to
the definitive osteosynthesis was made on the basis of intraoperative control of metabolic
parameters and gas composition of arterial blood. Under the level of indicators: Lac < 4.0
mmol / I, BE > - 5.5, pH > 7.25 and PaO2 / FiO2 > 200, the definitive osteosynthesis of
another segment was performed. If at least one indicator did not correspond to the above
parameters, the definitive osteosynthesis of another segment was postponed until their
normalization.

The treatment effectiveness was assessed by "endpoints”: pneumonia, which was
assessed by the criteria of the Clinical Pulmonary Infection Score (CPIS) > 6 points [20];
ARDS, defined on the basis of the "Berlin Definition" criteria from 2012 [21]; sepsis,
diagnosed according to the "Sepsis-3" criteria from 2016 [22]; MOF defined according to the
Sepsis-related Organ Failure Assessment (SOFA) [23]; pulmonary embolism (PE) of the
pulmonary artery defined by the results of angiopulmonography; fat embolism syndrome
diagnosed according to the Gurd and Wilson scale [24], and mortality; duration of mechanical
ventilation (MV); length of stay (LOS); hospital length of stay (HLOS).

Statistic

The distribution for normality was checked using the Shapiro-Wilk test. Given the
normal distribution the data presented in the medium value, the standard deviation + (SD).
The Information Coefficient (IC) for each clinical sign in general was defined as the sum of
the IC of separate subgroups of the clinical parameter. The IC, determined in the study,
presented in their actual values. The comparison assessment of the informativeness of clinical
factors is based on the comparison of the absolute values of the IC. For this study, it was
found that the IC above 1.0 determines the possibility of priority use of these parameters to
assess the condition of patients considering the probability of developing certain
complications. Statistically significant differences were considered at levels p < 0.05. The
analysis is performed using statistical software STATA 12.

Results and discussions

The study included 57 patients with polytrauma and multiple long bone fractures of
lower extremities.

Among the contingent of patients included in the study, young people (40.6 + 16.1)
and males (75.4%) predominated. The main cause of injury was traffic accidents (77.2%),
resulting in high rates of injury according to AIS, ISS, GCS and CGS (Table 1).
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Table 1 Characteristics of demographic indicators, injury severity and general

patient’s condition, limb injuries and treatment tactics

Characteristics Patients (n =57)
Age (years) 40.6 +16.1
Male (n/ %) 43175.4
Traffic accidents (TA) (n/ %) 44 [ 77.2
Catatrauma (n / %) 10/17.5
Others (n / %) 3/5.3
GCS (point) 9.1+36
ISS (point) 31.1+123
Stable (n/ %) 4170
Borderline (n / %) 16/28.1
Unstable (n/ %) 25/43.9
In extremis (n / %) 12/21.1
Bone fractures (n) 125
Femur (n/ %) 68 /54.4
Tibia (n/ %) 57/45.6
Diaphyseal (n/ %) 99/79.2
Closed fractures (n / %) 84/67.2
Open fractures (n/ %) 41/32,8
Early Total Care (ETC) (n/ %) 10/17.5
DCO (n/ %) 471825
Intramedullary nail (IMN) (n / %) 96/76,8
Plate (n/ %) 29 /23.2
One-stage replacement (n / %) 32/68.1
Replacement in several stages (n/ %) 15/31.9

In the structure of fractures, femur fractures predominated (54.4%), which were closed
(67.2%), and the dominant localization was the diaphyseal region (79.2%).

Most patients were treated according to Damage Control Orthopedics (DCO) tactics
(82.5%) and required replacement of the fixation method of long bone fractures of lower

extremities. Conversion of the fixation method from temporary to definitive was performed in
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47 patients, of which 68.1% of patients underwent one-stage replacement of the temporary
fixation method to definitive, and 31.9% of patients - in several stages.

Assessment of the treatment effectiveness of patients with polytrauma and multiple
long bone fractures of lower extremities, in accordance with the established "endpoints" of the

study is shown in table 2.

Table 2 Treatment outcomes.

Characteristics Patients (n =57)

Fatal PE (n/ %) 1/1.8
Fat embolism (n / %) 4170
ARDS (n/ %) 9/1538
Pneumonia (n/ %) 12/21.1
Sepsis (n/ %) 5/8.8
MOF (n / %) 9/15.8
MYV duration (days) 10.9+8.3
LOS (days) 15.7 + 9.7
HLOS (days) 34.2 +16.3
Mortality (n/ %) 71123

In the structure of complications the most frequent ones were: pneumonia, ARDS,
sepsis, MOF, mortality. A number of factors that influenced the development of
complications in patients with multiple long bone fractures of lower extremities and severe
associated trauma were also identified and correlated.

The above factors included: age; gender; ISS; GCS; the severity of a patient's general
condition for CGS at the admission; head and neck injury; chest injury; abdominal trauma;
pelvic injury; AIS head, neck > 4; AIS chest > 4; AIS abdominal cavity > 4; pelvic AIS > 4; a
number of segments of damaged limbs; Gustilo-Anderson fracture type; blood loss volume;
massive blood transfusions; respiratory index; duration of MV, treatment tactics;
osteosynthesis method; conversion phasing.

One of the most common complications in polytrauma patients with multiple long

bone fractures of lower extremities is pneumonia, the incidence of which was 21.1%.

326



The analysis showed that for the development of pneumonia the most important
factors were: severity of injury according to the ISS > 41 points (OR = 7.39 (1.9-28.6), p =
0.002); degree of consciousness in accordance with GCS < 8 points (OR = 3.72 (1.0-14.2), p
= 0.047); unstable condition of a patient at the admission according to CGS (OR = 4.81 (1.2-
18.4), p = 0.013); severity of chest injury in accordance with the AIS > 4 (OR =4.72 (1.2-
21.3), p = 0.020); duration of MV > 3 days (OR = 7.42 (0.9-65.4), p = 0.031); treatment
according to DCO tactics (OR = 6.91 (0.9-59.2), p = 0.044); conversion of the fixation
method in several stages (OR = 4.31 (1.0-17.7), p = 0.037).

Accordingly if the patient has: severity of injury according to ISS > 41 points, the risk
of pneumonia increases by 7.39 times; with impaired consciousness on the basis of GCS < 8
points, this risk increases by 3.72 times; if the patient is unstable at the admission in
accordance with the CGS, the risk of pneumonia increases by 4.81 times; if the patient has a
chest injury, the severity of which is > 4 on the basis of the AIS, the risk of pneumonia
increases by 4.72 times; if the duration of MV is more than 3 days, the risk of pneumonia
increases by 7.42 times; when using DCO tactics, the risk of developing pneumonia increases
6.91 times; with fixation method conversion in several stages, the risk of developing
pneumonia increases by 4.31 times.

The incidence of ARDS was 15.8%. The analysis showed that the most important
factors for the development of ARDS are: severity of injury according to the ISS > 41 points
(OR = 7.87 (1.7-35.2), p = 0.002); in extremis patient condition at the admission in
accordance with CGS (OR = 4.55 (1.0-19.3), p = 0.031); severity of chest injury on the basis
of the AIS > 4 (OR = 13.16 (1.4-115.2), p = 0.004); fractures > 2 long bones of lower
extremities (OR = 7.31 (1.3-36.7), p = 0.007); massive blood transfusions (OR = 20.90 (3.6-
124.9), p = 0.0001); respiratory index at the admission < 200 (OR = 9.28 (1.7-49.1), p =
0.003); DCO tactics (OR =6.13 (0.9-52.8), p = 0.035).

Thus, the risk of ARDS increases: with the severity of the injury according to the ISS
> 41 points by 7.87 times; in patients in extremis condition at the admission in accordance
with CGS by 4.55 times; with the severity of chest injury on the basis of the AIS >4 by 13.16
times; if the patient has fractures > 2 long bones of lower extremities by 7.31 times; massive
blood transfusions by 20.90 times; with indicators of a respiratory index at the admission <
200 by 9,28 times; when using DCO tactics by 6.13 times.

The incidence of sepsis was 8.8%. The analysis showed that for the development of
sepsis the most important factors were: the degree of disturbance of consciousness according
to the GCS < 8 points (OR = 9.44 (1.0-93.6), p = 0.025); severity of head injury according to
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the AIS >4 (OR = 5.81 (0.9-37.9), p = 0.047); severity of abdominal injury according to the
AIS >4 (OR =10.18 (1.3-74.5), p = 0.006).

Thus, if a patient has: impaired consciousness on the basis of the GCS < 8 points, the
risk of sepsis increases by 9.44 times; head injuries, the severity of which on the AIS is more
than 4 points, the risk of developing sepsis increases by 5.81 times; abdominal injuries,
severity of which on the AIS is more than 4 points the risk of sepsis increases by 10.18 times.

The incidence of MOF was 15.8%. The analysis showed that for the development of
MOF the most important factors were: severity of injury according to the ISS > 41 points (OR
= 4.38 (1.0-19.2), p = 0.034); in extremis condition of a patient at the admission according to
the CGS (OR = 7.87 (1.7-38.6), p = 0.004); severity of abdominal injury on the AIS >4 (OR
= 5.79 (1.2-27.9), p = 0.014); fractures > 2 long bones of lower extremities (OR = 7.22 (1.4-
36.3), p = 0.007); massive blood transfusions (OR =5.72 (1.4-28.6) p = 0.012).

The obtained data show that: with severity of injury according to the ISS > 41 points
the risk of MOF developing increases by 4.38 times; in extremis condition of a patient at the
admission on the CGS, the risk of MOF increases by 7.87 times; the severity of injury to the
abdominal organs on the AIS > 4 the risk of MOF increases by 5.79 times; the presence of
fractures of more than two long bones of lower extremities increases the risk of MOF by 7.22
times; using the protocol of massive blood transfusion, the risk of MOF developing increases
by 5.72 times.

Among patients, mortality after definitive long bone osteosynthesis of lower
extremities was 12.3%. Correlation analysis showed that mortality was influenced by such
factors as: severity of injury according to the ISS > 41 points (OR = 7.44 (1.4-39.8), p =
0.007); degree of disturbance of consciousness on the GCS < 8 points (OR = 6.18 (1.1-34.9),
p = 0.024); in extremis condition of a patient at the admission according to the CGS (OR =
7.31 (1.4-37.9), p = 0.007); severity of head injury on the AIS >4 (OR = 32.91 (3.5-316.7), p
= 0.001); severity of abdominal injury according to the AIS >4 (OR = 10.19 (1.9-56.4), p =
0.003); massive blood transfusions (OR = 5.67 (1.1-29.5), p = 0.024).

Therefore, if a patient has: severity of injury according to ISS > 41 points, it increases
the risk of death by 7.44 times; degree of disturbance of consciousness on the GCS < 8 points,
increases the risk of death by 6.18 times; in extremis condition of a patient at the admission
on the CGS —by 7.31 times; severity of head injury on the AIS >4 by 32.91 times; severity of
abdominal injury on the AIS >4 by 10.19 times; massive blood transfusion by 5.67 times.
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Conclusions

The analysis revealed the most significant factors that lead to complications in patients
with multiple long bone fractures of lower extremities with severe associated trauma.

The informative parameters for pneumonia are: the GCS and CGS; chest injury; AlS
head and neck > 4; AIS chest > 4; duration of MV treatment tactics; conversion phasing(IC =
1.0-2.1).

Informative parameters for ARDS are: the GCS and CGS; AIS chest > 4; fractures > 2
long bones; blood loss volume; massive blood transfusions; respiratory index; duration of
MV; treatment tactics (IC = 1.2-4.6).

Informative parameters for sepsis are: the GCS; chest and abdominal trauma; AIS
head and neck > 4, AIS abdominal cavity > 4; fractures > 2 long bones; conversion phasing
(IC=1.1-3.2).

Informative parameters for MOF are: the GCS and CGS; AIS abdominal trauma > 4;
AIS abdominal cavity > 4; fractures > 2 long bones; massive blood transfusions; conversion
phasing (IC = 1.2-2.2).

Informative parameters for mortality are: age, the ISS, GCS and CGS; abdominal
trauma; AIS head, neck, chest, abdomen, pelvis > 4; blood loss volume; massive blood
transfusions; duration of MV (IC = 1,1-5,9).

Among the factors influencing the development of all above complications are those
that are affected by the diagnostic and treatment process, namely the choice of treatment
tactics (IC = 1,1-1,3), the use of the protocol of massive blood transfusions (IC = 1,8- 4.8), the
duration of MV (IC = 1.2-2.1), the conversion of the fixation method (IC = 1.2-1.8). But there
are those factors that are not affected by the choice of treatment tactics, in particular the GCS
(IC=1,2-3,1), CGS (IC=1,1-1,3), AIS (IC = 1,0-6, 2).

Conflicts of interest: the authors declare no conflict of interest.
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