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Summary 
Background. Severe traumatic brain injury stays one of the main reasons of humans’ mortality 
until the age of 40. Ternopil University Hospital  delivers medical care to the patients with 
neurosurgical pathology of Ternopil region, which is comprised of 1 107 000 citizens.
Material and methods.  In this paper we analyzed the treatment results of 301 patients 
with severe traumatic brain injury (STBI), who were treated at intensive care unit of Ternopil 
University Hospital during 2013-2014. Microbiological research and evaluation of results were 
accomplished according to generally accepted principles, based on the Bergey’s classification. 
Results. In 72 patients it was complicated by severe sepsis. The mortality rate in clinic reached 
29.7% in 2013-2014, or equals 1.9 person per 100  000 of population. Among the intensive 
care unit patients with STBI, who had the surgery based on this pathological condition, 
sepsis developed in 23.9% of patients. Acute respiratory distress syndrome (ARDS), which 
complicated sepsis, was successfully cured in 73.3% of cases, by additional usage of traditional 
ventilation, kinesiotherapy, oxygen therapy and pulse therapy with glucocortisteroids (GS). 
22.2% of patients obtained acute renal failure, 9.72% of patients were treated by implementing 
hemodialysis. Concomitant polytrauma was present in 23.9% of patients. 
Conclusions. Theusageof pulse therapy with glucocortisteroids additionally to traditional 
mechanical ventilation, kinesiotherapy, and oxygen therapy for the treatment of acute 
respiratory distress syndrome  helps to improve the life expectancy of patients. 

Keywords: severe sepsis, severe traumatic brain injury, intensive care

Streszczenie
Wprowadzenie. Silne urazowe uszkodzenie mózgu pozostaje jedną z  głównych przyczyn zgonów 
pacjentów w wieku poniżej 40 lat. Uniwersytecki Szpital w Tarnopolu zapewnia opiekę medyczną pa-
cjentom z patologią neurologiczną z regionu Tarnopola, który zamieszkuje 1,107,000 mieszkańców.
Materiał i metody. W tym artykule zostały przeanalizowane wyniki leczenia 301 pacjentów z silnym 
urazowym uszkodzeniem mózgu (STBI), którzy byli leczenie na oddziale intensywnej terapii w Uni-
wersyteckim Szpitalu w Tarnopolu w latach 2013-2014. Badania mikrobiologiczne oraz ocena wyni-
ków przeprowadzono zgodnie z ogólnie przyjętymi zasadami w obdarciu o klasyfikację Bergeya.  
Wyniki. W przypadku 72 pacjentów komplikacją była ciężka sepsa. Śmiertelność zanotowana przez 
szpital była na poziomie 29.7% w latach 2013-2014, lub też była równa 1.9 osób na 100,000 popu-
lacji. Wśród pacjentów z STBI przebywających na oddziale intensywnej terapii, którzy byli poddani 
operacji z powodu wystąpienia u nich tego stanu patologicznego sepsa rozwinęła się w przypadku 
23,9% z nich.  Zespół ostrej niewydolności oddechowej (ARDS) wraz ze skomplikowaną postacią 
sepsy został pomyślnie wyleczony w  przypadku 73,3% pacjentów dzięki dodatkowemu użyciu 
tradycyjnej wentylacji, kinezyterapii, terapii tlenowej oraz leczenia pulsacyjnego glikokortykoste-
roidami (GS). U 22,2% pacjentów wystąpiła ostra niewydolność nerek. 9,72% pacjentów poddano 
leczeniu za pomocą hemodializą. Towarzyszący uraz mnogi wystąpił w przypadku 23,9% pacjentów. 
Wnioski. Użycie leczenia pulsacyjnego glikokortykosteroidami stosowane dodatkowo oprócz 
tradycyjnej wentylacji mechanicznej, terapii tlenowej w leczeniu zespołu ostrej niewydolności 
oddechowej pozwala zwiększyć przeżywalność pacjentów.
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Background

Severe traumatic brain injury (STBI) is one of the most prominent mortality and disability causes all over 
the world. STBI stays one of the main reasons of humans’ mortality until the age of 40 [1]. In Great Britain STBI 
frequency is 1 500 people per every 100 000 of population. 9 patients out of 100 000 of population die because of 
traumatic brain injury [2-4].

Among the complications of STBI the prominent role is given to severe sepsis. In Germany annual mortality 
caused by sepsis is over 75 000 cases (equals the mortality from myocardial infarction) [6]. In general in Europe 
it is annually registered up to 500 000 sepsis cases. 1 per every 1 000 hospitalized patients obtains sepsis [7]. It is 
similar to the situation in the United States. In the USA sepsis develops in over 750 000 people annually, which is 3 
cases per 1 000 of population per year. Sepsis is the cause of 20% of intra-hospital mortality, which equals 210 000 
people annually [7].

The mortality rate in case of severe sepsis is still very high and equals 50-60% [5]. The highest mortality, which 
80-90%, is described in patients with septic shock. All over the world 14 people per minute die because of sepsis 
and its annual mortality is higher than summarily of HIV, prostate and breast cancer [6].

Material and methods

We implemented the analysis of treatment results of 72 patients with STBI, followed by severe sepsis, who were 
treated at intensive care unit of Ternopil University Hospital. It equals 23.9% of the total amount of patients with 
STBI, who were treated during 2013-2014 in our hospital. Severe sepsis diagnosis was verified by determining the 
levels of procalcitonine and C-reactive protein. 

Microbiological research and evaluation of results were accomplished according to generally accepted principles 
[8,9]. We used the Bergey’s classification. The analysis was implemented using the semiautomatic analyzer «Vitek – 
2». After the primary bacterial culture was allocated, we implemented its identification by using Kirby-Bauer disc-
diffusion method. The permission for research implementation was given by Bioethics commission of Ternopil 
State Medical University (protocol №29 from 20.05.2015). All the experimental procedures were followed in 
accordance with the Helsinki Declaration of 1975. 

Results

All around the worlds STBI patients’ mortality equals 80 % [10]. That’s why the result of 29.7% should be 
considered as an achievement. Among the patients of intensive care unit in Europe and USA sepsis develops in 
20-40% of cases. In our clinic it is 23.9%. We should say that these 72 patients were the most complicated for us 
to deal with. The received result is also a kind of achievement because in 94.4% of cases sepsis was gram-negative, 
while it is known that its mortality is twice higher than from gram-positive [6]. The patients’ characteristics are 
provided at Table 1. The results of microbiological research of 897 isolates are present in Table 2.

Table 1. The characteristics of the patients with STBI, followed by severe sepsis, who were treated at intensive care unit of 
Ternopil University Hospital during 2013-2014

Values, which characterize patients with STBI and severe sepsis Absolute  
values

Relative values (%), relating to corresponding 
number of patients with STBI and severe sepsis

Total amount of patients with STBI, who had a surgical inter-
vention

301

Amount of patients with STBI, who were treated at intensive 
care unit

154

Amount of patients with STBI, followed by severe sepsis, 
who were treated at intensive care unit

72 100.0

Amount of dead patients with STBI 21 29.17
Amount of dead patients with STBI and severe sepsis 22 30.56
Amount of patients discharged from hospital with moderate 
cognitive dysfunction

29 40.28

Concomitant polytrauma 19 26.3
Acute renal failure 16 22.2
Dialysis therapy 7 9.72
Acute respiratory distress syndrome (ARDS) 15 20.83
Ventilator-associated pneumonia 18 25.0

Treatment results evaluation...
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Amount of patients, who had the mechanical ventilation 72 100.0
Amount of patients with duration of mechanical ventilation 
over 30 days  

13 18.05

Amount of patients with duration of ventilation for 20-30 days 35 48.68
Amount of patients with duration of ventilation up to 20 days 24 33.3
Amount of patients who had hemosorbtion or plasmosorbtion  36 50.0
Total amount of hemosorbtion and plasmosorbtion  procedures 126
Amount of patients with gram-negative flora 68 94.4
The amount of patients with bedsores 4 5.55

Table 2. Antibiotic resistance of infectious agents at intensive care unit during 2013-2014 (897 isolates)

Microogranism 
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Am
ox

ic
ill

in

Am
ox

ic
la

v

Ce
fa

pe
ra

zo
n

Ce
fta

zi
di

m
e

Ce
ftr

ia
xo

ne

Ce
fo

ta
xi

m

Ce
fe

pi
m

e

Im
ip

en
em

M
er

op
en

em

Am
ic

ac
in

Ge
nt

am
ic

in

Ci
pr

of
lo

xa
ci

n

Ga
tif

lo
xa

ci
n

Le
vo

flo
xa

ci
n

Escherichia
coli,
6.5

100.0 100.0 80.0 50,7 37.5 100.0 25.0 66.7 66.7 33.3 33.3 33.3 25.0 25.0

Enterobacter
cloacae,
3.3

100.0 100.0 100.0 100,0 100.0 100.0 100.0 40.0 33.3 40.0 100.0 60.0 66.7 100.0

Enterobacter
aerogenes,
11.1

100.0 100.0 100.0 87,5 100.0 100.0 100.0 40.0 62.5 76.9 71.4 84.6 100.0 66.7

Acinetobacter
baumannii,
14.3

100.0 100.0 71.4 100,0 100.0 91.4 91.4 71.4 84.6 83.3 91.7 94.1 87.5 77.8

Pseudomonas
aeruginosa,
25.5

100.0 100.0 73.5 86,7 84.6 87.5 73.5 66.7 58.3 60.0 57.9 81.0 91.7 87.5

Klebsiela
pneumonie,
31.4

1 00.0 100.0 97.2 100,0 100.0 100.0 97.1 53.0 54.0 65.7 88.9 92.9 83.3 88.9

Staphylococcus
aureus,
7.8

30.0 30.0 00.0 00.0 50,0 66.7 00.0 00.0 50.0

Discussion

Treatment strategy equaled to the Guidelines for the Management of STBI, created by American Association of 
Neurological Surgeons (2007), which was modified based on our conditions [4]. 

We used the following principles of intensive therapy for the patients with STBI, followed by severe sepsis.
1.	 The elevation of the head end of the bed at 30 degrees provides an adequate cerebral perfusion; average 

blood pressure should be stable at the level of no less than 90-95 mm Hg (systolic blood pressure should be 
no less than 130 mm Hg). The infusion of vasopressors should be carried in order to keep blood pressure 
stable. 

2.	 The compliance of adequate mechanical ventilation should be provided. Patients’ staying on spontaneous 
breathing only in cases when the state of consciousness equals no less than 12 points according to Glasgow 
Coma Scale. In patients with less than 12 points (sopor-coma) the tracheal intubation should be managed. 
Any doubts of the need of intubation should be treated as indication for providing this manipulation. Patients 
with 9 or less points of Glasgow scale should have mechanical ventilation in mandatory mode. The episodes 
of patients’ desynchronization with the respirator should be managed by the selection of right ventilation 
mode, because it can lead to the increase of intracranial pressure. It is obligatory to prevent the hypoxia, 
which can intensify brain edema. Early tracheostomy is provided to the 3rd day of staying in the intensive 
care unit in case of prognostication of prolonged ventilation. Analgosedation is delivered with the usage 
of narcotic analgesics (infusion pump of fentatyl), and following sibazone, diprofol, sodium tiopenthal. 
Mandatory ventilation modes are used only when other ones are ineffective and in case of Glasgow scale 

Treatment results evaluation...
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point of 9 and higher. It is also obligatory to anticipate hyperventilation in order to prevent hypocapnia. 
While implementing mechanical ventilation we should be striving for normoventilation and normocapnia. 
The best ventilation modes to use are the ones that cause the minimal elevation of intrathoracic pressure. 
The optimal oxygen content of the breathing mixture is 40%. In case of worsening of neurological status 
because of dislocation of the brain, the oxygen content should be increased up to 100%. 

3.	 It is needed to prevent the influence of following factors, which decrease the cerebral perfusion and 
oxygenation:

-- sharp increase of intrathoracic pressure;
-- hypo- and hyperosmolarity;
-- hypo- and hypercapnia;
-- hypo- and hyperglycemia;
-- hyperthermia.

4.	 Infusion therapy should be delivered in first hours of staying at intensive care unit and in volumes to correct 
hypovolemia and water-electrolyte imbalance. We prefer the infusions of crystalloids, except for 5% glucose 
solution. We try to manage normal osmolarity, glycemia, potassemia, sodiemia. Usually, it is possible to 
eliminate hypovolemia in first 12 hours after injury. Despite of surgical intervention or its absence, the most 
important issue to deal with is brain edema. After correction of hypovolemia it is not needed to hyperhydrate 
the patient and then give diuretics in order to deal with brain edema. The better option is to give the bigger 
amount of fluid, except for the volume that is needed for IV infusion of antibiotics, per os. The fluid balance 
should be corrected by check-up on diuresis and cental venous pressure. 

5.	 From the 1st day of patient’s staying it is needed to make the attempts of drug stimulation of gastrointestinal 
tract with the usage of enteral nutrition for lowering the expectancy of gastro-intestinal insufficiency 
development. Enteral administration of fluids and food usually start from 2-3 day. Patients should receive 
a balanced mix of 2000-4000 calories and 1,5-2 grams of protein per day. 

6.	 For hyperglycemia correction the insulin infusion with the usage of infusomat is needed. Daily doses 
mixtures are comprised of average 200 g of sugar. As the background for probable hyperglycemia it needs 
the increase in insulin dose. We use the enteral and parenteral mixtures for diabetics as it helps to decrease 
the need in insulin. It also led to the fact that 94.5% of our patients didn’t obtain bedsores. 

7.	 The prescription of adequate antibiotic therapy is also an important issue. As the majority of microorganisms 
in our department are gram-negative, the drugs of choice are meropenem, tienam, amikacin, colomycin. 
Over the last 3 years, we observed the increase of sensitivity of microflora to chloramphenicol, streptomycin, 
gentamicin (5 years ago it was 100% resistance). 

8.	 20.8% of patients obtained ARDS as the complication of sepsis. In treatment protocol with the level of evidence 
A  there are mechanical ventilation, oxygen therapy, kinesiotherapy. The antibiotic and corticosteroids 
therapy equals to level C. Despite of this fact, we have done the pulse therapy with corticosteroids to all of 
our patients, who were diagnosed with this complication during first 2-3 days after its development. We 
also provided the continued mechanical ventilation (no less than 2 weeks) with the privilege of possible 
mandatory modes. 11 patients (15.3% of total amount, and 73.3% of patients with ARDS) survived. 

9.	 In order to deal with hyperthermia we used all possible groups of drugs: non-steroidal and steroidal anti-
inflammatory, non-narcotic analgesics, mechanical methods of cooling. 

10.	 The best way to deal with intracranial hypertension is the dosed drainage of cerebrospinal fluid through 
ventricle catheter. 

11.	 The monitoring of heart rate allows avoiding severe arrhythmias. 

Conclusions

1.	 Compliance of the Guidelines for the Management of STBI, created by American Association of Neurological 
Surgeons (2007), significantly helps to improve treatment results in patients with following pathological condition. 

2.	 The usage of pulse therapy with glucocortisteroids additionally to traditional mechanical ventilation, 
kinesiotherapy, and oxygen therapy for the treatment of ARDS helps to improve the life expectancy of 
patients. 
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