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Summary

Relevance: Carrying out of intensive therapy at severe traumatic brain injury is a complex of measures aimed on saving
of the brain tissues and maintaining its functions. To achieve this goal, it is necessary to do timely diagnostics and monitoring
of critical parameters - intracranial pressure and cerebral perfusion pressure; pathogenetically based therapy and nutritional
support for critically ill patients.

Aim: The goal of this review was to find evidences of admissibility of use for such methods as control of cerebral
perfusion pressure and intracranial pressure, anti-edematous therapy, brain hypothermia and nutritive support at severe
traumatic brain injury.

Materials and methods: we have reviewed all available works that met inclusion criteria for mentioned aims, that were
published on PubMed, Cochrane Library and Scopus within the period from 1970 till 2018.

Results and Summary: Current topics is narrow-specified, so there is lack of information and available researches in
reviewed fields of neurotrauma. Additional qualitative research works on this topics should be done.
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AkTyanbHocTb: [lpoBefieHNe WHTEHCWBHOM Tepanuu npu TSHKENOA YEepenHo-MO3roBOW TpaBMe — 3TO KOMMNEKC
MepornpusATUA, HanpaBleHHbIX Ha CraceHue TrOMOBHOrO Mo3ra W noajepxaHue ero yHkumin. [Ing  JOCTUXeHUs
NOCTaBMEHHON 3ajayn HeobxoguMo MpOBEAEHWEe CBOEBPEMEHHOM AMArHOCTUKA M MOHMTOPMHIa KPUTUYECKM BaXKHbIX
napameTpoB — BHYTPUYEPENHOTO AaBNeHNs 1 LepebpanbHoro nepdy3noHHOMo AaBieHs:; naToreHeTUYeck 060CHOBaHHas
Tepanus 1 HyTPUTUBHAS NOAAEPXKKA KPUTUYECKM BOMBHOTO.

LUenb: Llenbio gaHHoro of3opa SBMANCA NOMCK A0Ka3aTenbCTB AOMYCTUMOCTW MPUMEHEHMS TakuX METOAOB, kak
KOHTpONb LiepebpanbHOro nepgy3noHHOTO W BHYTPUYEPENHOTO AaBMeHWs, MPOTUBOOTEYHOM TepanuW, rMnoTepMum
rOI0BHOTO MO3ra W nTaTenbHON NOALEPXKA NPU TSHXKENON YepenHO-MO3roBoi TpaBMe.

Matepuansi 1 MeToabl: Hamu BbinK U3y4YeHbl BCe JOCTYNHbIE PaboTbl, KOTOPbIE NOLOLLMM NOL KPUTEPUM BKITHOUEHWS
AN BblLUE YNOMSIHYTLIX Lienen, onybnukosanHble B PubMed, Cochrane Library n Scopus 3a nepuog 1970-2018 rr.

PesynbTaTbl W BbiBOAbI: [laHHas Tema ys3Ko-CneuuuyHa, U UMeeTcs AedUUUT KavyeCTBEHHBIX WCCNefoBaHWA B
yKasaHHbIX 00nacTsx HewpopeaHumauun. HeobxoguMo NpoBECTW [OMOMHUTENbHbIE KA4YeCTBEHHbIE MCCNefoBaHNs no
AaHHbIM TEMaM.

Kntoyesnie crnosa: Helipompasma, peaHumayus, sHympuyepenHoe dasneHue, HympumusHas noddepxka, MaHHUMOoN,
2unepmoHuUYyecKul cosiesol pacmeop.
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©3ekTinri: Aybip 6ac M1 xapakaTbl Ke3iHAer MHTEHCUBTI Tepanus XKyprisy — 6ac MUbIH KOpFay MEH OHbIH, KbI3METTEPIH
cakTan KanyFa OafbiTTanfaH Luapanap XWbIHTbIFbl. Byn xaFgainapga angpiFa KOWFaH MakcaTKa XeTy yLiH Baccymek
iWwinik KpicbiMm MeH Lepebpangbl nepdy3noHAbl KbICbIMHBIH aca MaHbl3abl KOPCETKILUTEPIH YaKbITbibl aHbIKTan,
MOHUTOPWHT Xacay KaXeT; COHAal-aK HayKacTapFa naToreHe3 TYpFbICbIHaH HETi3AenreH Tepanus XaHe HyTPUTUBTI Konpay
Kaxer.

Makcartbl: LonyabiH Herisri makcaTbl ayblp 6accyinek-Mu xapakaTbl kesiHae Lepebpanbmi xoHe Gaccyiiek iwwinik
KbiCbIMAbI, iCiHYre Kapchbl Tepanus, M1 runoTepMUsIChI XXaHe KOpekTik aemeyai 6akbinay 6onbin Tabbinagsl.

Matepuanpgap meH agictepo: 6i3 1970-2018 xbingap apanbifbiHgarel PubMed, Cochrane Library xaHe Scopus
BacbinbiMaapbiHaa XapblK KepreH, xofFapblga atanfaH MakcaTTapAblH KOCY KpuTepuinepiHe COMKkec keneTiH Gapnbik
KyMbICTapabl 3epTTesik.

KopbITbiHAbINGD MeH HaTWkenep: bepinreH Takpipbin ayKbiMbl Killi MamaHOaHfaH, HempopeaHUMaLWsHbIH
kepceTinreH benivaepiHae cananbl 3epTTeynep XeTkinikcia 6onbin Tabbinagbl. ATanFaH TakpipbinTap BoMbIHILIA KOChIMLLA
cananbl 3epTTeynep Xyprisinyi Tvic.

Hezis2i ces3dep: Helipoxapakam, peaHumauyusi, baccylekiwinik KbicbiM, Hympumuemi Konday, MaHHUMOII,
2UNepMoHUUKasbIK my30bi epimiHoi.
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Relevance

Craniocerebral trauma (CCT) or Traumatic brain injury
(TBI) — are terms that embrace the different types and
severity grades of damage to both the skull itself and
intracranial structures: meninges, brain substance, cerebral
vessels, cranial nerves. The modern classification of TBI is
not ideal, since in some cases the same
pathomorphological and pathophysiological changes can
lead to different clinical manifestations. But despite this the
following conditions are universally accepted as a serious
craniocerebral trauma: brain contusion of severe degree,
diffuse axonal injury and all kinds of acute compression of
the brain (both traumatic and organic nature) [2].

At present there is no precise statistics on the incidence
of CCT, but the approximate range figures from 800 people
per 100,000 population each year for the underdeveloped
countries, and up to 1,300 people in high-developed
countries. Among which from 3 to 10% are heavy forms

[28]. The problem of severe TBI doesn't lose its relevance
due to the high incidences of mortality and disability in the
post-traumatic period, which are affecting the workability
and the professional suitability, social activities and the
quality of life in general. This pathology directly affects the
society, because the main contingent of sufferers are the
people of working age.

Despite the high incidence among all injuries, severe
TBI remains a nosology which has no common international
protocol for patients’ management. Nevertheless, from the
position of evidence-based medicine, next gaining
popularity diagnostic and treatment methods should be
noted: control of the intracranial pressure and cerebral
perfusion pressure, anti-edematous or dehydrating therapy,
preventive hypothermia and nutritive support of patients.

Aim: The goal of this review was to find strong
evidences of admissibility of use for such methods as
control of cerebral perfusion pressure and intracranial



Hayka u 3apaBooxpanenue, 2019, 2 (T.21)

O030p IHTEPATYPHI ;\2:‘ S M U

SEMEY MEDICAL UNIVERSITY

pressure, anti-edematous therapy, brain hypothermia and
nutritive support at severe traumatic brain injury. If such are
present to define indications and contraindications for this
methods, to find optimal parameters that will bring profit nor
harmful influence for patient.

Material and methods: This work was subdivided in
subtopics: "Control of the intracranial pressure", "Control of
cerebral perfusion pressure", "Anti-edematous therapy",
"Prophylactic mild induced hypothermia" and "Nutritive
support”. For every subtopic there we made search
keywords: severe traumatic brain injury, neurotrauma,
intracranial  pressure, cerebral perfusion pressure,
monitoring, neuromonitoring, anti-edematous  therapy,
mannitol, hypertonic saline solution, brain hypothermia,
nutrition, enteral feeding. By combinations of this keywords
and with use of logic operators OR, AND, NOT we made
search of research works on PubMed, Cochrane Library
and Scopus that contained in title or abstract mentioned
keywords. Another inclusion criteria were: all articles that
were published during the period from 1970 till 2018 (wide
range because of lack of studies); researches are made on
adult human with severe traumatic brain injury with
Glasgow score 3-8 points, N > 25, randomized controlled
trials/meta  analyses/retrospective  reviews/observation
reviews/systematic reviews/cohort trials. Also we were
searching for such end-points as outcome, mortality,
complications, in-hospital time, stay time at intensive care
unit. Publication language English.

We have found 127 articles that met our inclusion
criteria. Next stage was to read the abstracts and analyze
involvement of article to reviewed topics. Finally we got 73
articles for final analysis.

Control of the intracranial pressure.

Weed L. and McKibben P.S. have proven [72] that the
internal volume of the skull is always constant, and it's fluid
media and the brain substance under normal conditions are
in a state of volumetric equilibrium. When the volume of one
of the components changes, an involuntary compensatory
decrease in the volume of the other components occurs.
The damage of these compensatory mechanisms leads to a
single final result - an increase in intracranial pressure
(ICP), that compress cerebral venous sinuses and blood
flow is disturbed. In this turn ischemia and edema of the
brain takes place. Critical brain tissue compression leads to
a violation of consciousness, hemodynamics, external
respiration, and most important - irreversible lesion of the
brain cells. A generally accepted criterion for increased
intracranial pressure is ICP more than 20 mmHg [14, 15].

The disturbed consciousness does not allow to
adequately assess the whole scale of the catastrophe, and
hinders to choose correctly the appropriate therapeutic
plan. Such non-diagnosed crises of intracranial pressure
lead to worse outcomes [7, 32, 33, 67]. In most modern
clinics for diagnostic purposes special methods are used -
computed tomography (CT) and magnetic resonance
imaging (MRI). However, the use of these non-invasive
methods is associated with some problems. The first -
inability to make an examination “in situ”. The second -
absence of dynamic monitoring of volumes of intracranial
mediums. An invasive measurement of intracranial pressure

with constant monitoring is supposed to be as an alternative
to these visual methods [49].

The use of intracranial sensors for ICP measurement is
not an ubiquitous method of diagnostics because of its
narrow focus, high cost and insufficient spread outside of
specialized clinics [17, 30]. Another point is the
neurosurgeon's decision on rationally of the sensor
installing in a specific patient, since, the risk of surgery may
often exceed the potential benefit of the method, or the
patient has a cerebral injury that incompatible with life.

Nevertheless, the control of intracranial pressure in the
first hours after trauma makes it possible to choose therapy
effectively, and to correct it in a time, thereby it reduces
mortality in the first day of hospitalization [32, 33, 67, 74]. In
the later period of severe TBI treatment, the use of invasive
monitoring does not bring practical benefit, but slightly
improves the 30-days survival rate. Long-term monitoring in
most cases leads to an increase in the number of patients
requiring tracheostomy, so the number of days for ventilator
therapy and stay in the ICU gets more than two times [7,
18]. Due to the longer period of artificial ventilation in the
group of invasive ICP monitoring the development risk of
ventilator-associated pneumonia is significantly higher [6,
46].

The main limitations for the routine use of ICP
measurement are the recommended clinical criteria [14,
16]: depression of consciousness (coma, pre-coma),
cerebral hernia on CT or volume lesion, systolic blood
pressure <90 mmHg, that does not contribute to the
formation of adequate cerebral perfusion pressure. In
addition, it is necessary to have qualified personnel who
can correctly assess the result of CT and / or MRI and
correctly install the sensor in the required location. It should
be remembered that the indiscriminate application of this
diagnostic method doubles the incidence of complications.
Most often occur infectious complications and
thromboembolic processes [6].

Summarizing, the invasive measurement of intracranial
pressure remains to be not fully investigated diagnostic
method, which at improper application conceals a potential
threat of intracranial complications.

Control of cerebral perfusion pressure

Cerebral perfusion pressure (CPP) - is defined as the
pressure gradient between the inflow and outflow of blood
in the cranial cavity. As an inflow it is accepted to take the
mean arterial pressure (MAP), and as an outflow - pressure
in the jugular vein. At craniocerebral trauma, intracranial
pressure increases, which becomes higher than the
pressure in the jugular vein (JVP). In this case, the CPP will
be proportional to the gradient between MAP and mean
ICP. So the change in the CPP is directly related with the
inflow and outflow of blood [15, 70].

Taking into account the “Starling resistance”, the
formula for CPP calculation will be as following:

e [fCPP>JVP

CPP (mmHg) = MAP - ICP
e Ifthe CPP <JVP
CPP (mmHg) = MAP - JVP

It is necessary to distinguish the terms of CPP and
perfusion. Perfusion is the rate of passage of one medium
(blood) through another (brain tissue) per unit of time
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(minutes). The physiological values of cerebral perfusion
are varying depending on the zone of blood supply. A
generally accepted average blood flow is 50 ml per 100 g of
brain tissue per minute [1]. At critical decrease in CPP, a
decrease in brain perfusion takes place, processes of
oxidation-reduction are violating, hypoxia and irreversible
lesion of neurons are developing.

Despite the importance of this parameter, the CPP
remains to be an open question in the field of
neuroreanimation. At the moment, there are no fundamental
researches devoted to the studying and analysis of issues
related to the target levels of perfusion pressure at
traumatic brain injuries. However, there are several small
studies in which authors take as the target CPP level the
value of more than 70 mmHg [33, 37, 26].

The following of a specific protocol for the treatment of
severe TBI with CPP control and selection of adequate
therapy, based on received data, leads to a significant
reduction in the two-week mortality rate [33].

Anti-edematous therapy

In the acute period of TBI, damage of the tissues and
vessels leads to the movement of water and Na* ions into
the intercellular space, from where they move into the cells
causing intracellular edema, violation of cerebral blood
circulation and cerebrospinal fluid circulation. Reduction of
cerebral blood flow below 15 ml per 100 g of brain tissue
leads to the development of irreversible lesion of neurons
with the formation of zone of an infarct nucleus.

Dehydration therapy is ethiopathogenetic basis of
therapy at cerebral edema. In the experiment [72], the
effects of hypertonic and hypotonic saline solutions on brain
tissue were demonstrated. It has been proven that the use
of osmotically active drugs can cause dehydration of the
brain substance by creating an osmotic gradient across the
blood-brain barrier, which leads to a shift of the fluid from
the intercellular space to the microcirculation, thereby
reducing its edema [12, 55, 73].

This effect occurs within minutes and is observed up to
several hours [14, 53, 54].

In the practice of intensivist currently are available two
drugs for hyperosmolar therapy - mannitol and hypertonic
saline solution (HS).

In European countries, for the purpose of dehydration
therapy 3-4% of HS is mainly being used and injected as
bolus [50, 61]. The use of 7.5%, 10% and 23.4% solutions
is also acceptable [44], but it should be remembered that
high-concentration of saline solutions in high doses can
lead to a state of hypernatremia. However, such drugs can
have the desired effect at mannitol-resistant ICP [25, 31,
45], with an additional improvement in cerebral blood flow
and oxygenation. There are evidences that the saline
solution, in comparison with mannitol, has a longer lasting
effect, without the development of the “ricochet” effect [35,
36, 58, 71]. The negative effect of saline is the development
of acute cardiac and / or renal failure in the state of
hypernatremia.

The use of mannitol in a dosage from 0.25 g / kg to 1.0
g / kg of weight is also able to increase cerebral perfusion
pressure and improve cerebral blood flow, but its effect is
less expressed [63, 64]. Unlike HS, mannitol has an
opposite effect on the volume of circulating blood, and its

diuretic effect is not desirable in shock and hypotensive
states. Similarly, the precipitation of mannitol in the renal
tubules exacerbates the clinical course in patients with renal
failure [50, 25, 40].

Treatment with hyperosmolar therapy reduces mortality
in the first weeks after severe TBI and the time of stay in the
ICU also decreases. [33]

Prophylactic mild induced hypothermia

Besides of stabilizing the critical state at severe TBI,
therapy and prevention of so-called secondary brain
damage are noted as the main aim. This occurs due to
increased intracranial pressure, cerebral hypoxia and
ischemia, metabolic and acid-base balance disorders.
These consequences may develop as in the first hours, so
in several hours or days after trauma [59]. From the non-
pharmacological methods of therapy of these conditions,
the so-called “Mild induced hypothermia” is the most widely
used. lts idea is to provide therapeutic cooling of the body
to a temperature of 32-35 °C. The study on animals of the
neuroprotective properties of such cooling has shown its
positive effects [47], however the transfer of this model to
clinical practice has faced with a number of difficulties.

In the pathogenesis of brain lesion with the
development of its edema, a key role is played by brain
vessels damage and violation of venous outflow, resulting in
ischemia and hypoxia of the brain tissue. The release of
glutamate and other stimulating neurotransmitters takes
place at ischemic conditions. Such increase in the
glutamate level leads to the opening of calcium channels
and Ca*? ions flow into the cell where they activate some
lipases and proteases, cause increase of the nitric oxide
level and free oxidative radicals [56]. All these substances
lead to the effect of so called “excitotoxicity” (derivate from
“excitatory mediators”), — the damage of mitochondria and
destruction of the neuron's DNA with the development of
apoptosis and necrosis [9, 52].

The proven effects of moderate hypothermia are:

1. Decrease in oxygen consumption by the brain
tissue for metabolic processes (CMRO:z level) is about 6.5%
for each lowered °C. Due to this effect there is sufficient
extraction of oxygen from the blood at condition of reduced
blood flow [11].

2. As a result of slow metabolism, glucose and
energy consumptions are reduced [57, 66].

3. The low temperature affects the current of calcium
ions into cells, thereby excitotoxicity is being reducing [24,
29].

4.  Protection of the hemato-encephalic barrier from
damaging by preserving of vascular endothelium and its
functions, at states of vasogenic and cytotoxic brain edema.
Hypothermia disrupts the formation of micro-thrombi by
interrupting of hemostasis cascade at the level of the cell
membranes [48, 59]. Hypothermia decreases blood inflow
and swelling of the brain substance, respectively [65].

5. Inhibition of inflammatory processes by reduction
of the free oxidation radicals amount [27, 69].

6.  Decrease in epileptic activity of the brain [10, 43].

Moderate hypothermia applicable in the early period
after trauma (before increase of intracranial pressure), is
often named as "preventive". At present, this technique is
done at critical states with cardiac arrest, with the goal of
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neuroprotection in conditions of metabolic changes [8, 39].
In addition to the above described neuroprotective effects,
hypothermia is able to reduce intracranial pressure, and is
sometimes an alternative in the treatment of refractory ICP
[65]. Such hypothermia is commonly called "therapeutic”.

However, the overall body hypothermia has the risk of
coagulopathy and immunosuppression development, and at
deep hypothermia, it is possible to develop cardiac
dysrhythmias that lead to death of patient [13]. In
connection with this, in the hope of avoiding systemic side
effects, some researchers suggest of local hypothermia use
— cooling the patient's head with specialized cooling
helmets, the so-called "selective brain cooling". At this
method in the long term observations the patient's
neurological status and quality of life is significantly better
than at system cooling. [48]

There are published studies of hypothermia use in
adults which mostly have controversy results. As the main
endpoints in such publications, mortality and mark based on
the Glasgow outcome scale (GOS) are chosen. In limited
studies on small samples, there is a significantly lower (in
twice) mortality and a better GOS score in six months, in
comparison with the management of patients with
normothermia [5, 41, 51, 74]. Systemic hypothermia, in
contrast to selective brain cooling, is directly related to the
risk of nosocomial pneumonia [60].

Other studies conversely report a lack of statistically
significant differences [20, 22, 23], including two qualitative
pediatric studies [4, 38]. It is worth noting that in one of
these studies [23] patients with surgically removed
hematomas had better outcomes in the hypothermic group.

Speaking about the speed of hypothermia, in the case
of its use, preference should be given to rapid cooling
(within 1.5 hours after removing of the intracranial
hematoma). In such situation there are less complications
[21]. Maintenance of cooling during 5 days is considered to
be long-term, which results more favorably on the final
outcomes. [42]

In summary, there are multiple potential effects, proven
on experimental models. However, the lack of common
indications, criteria and standards for the preventive and
therapeutic hypothermia directly affects the results of
published studies. There is no unambiguous answer about
the expediency of this method using. So the issue of cooling
for the purpose of neuroprotection leaves a great field for
new, qualitatively thought-out studies.

Nutritive support

In extreme situations, the body loses a large amount of
energy, this is also true for an acute period of traumatic
brain injury. Being in a coma, the patient often does not
receive adequate nutrition and the number of necessary
calories, thereby showing a negative impact on the
gastrointestinal tract, immunity and overall resistance of the
body. Rapid utilization of glucose and stored glycogen
under the influence of stress hormones leads to energy
exhaustion [75], and the lack of proteins and fats adversely
affects the growth and recovery of cells and tissues.

Early enteral feeding is recommended, if there are no
combined injuries of the abdominal and gastrointestinal
tract. It is necessary to introduce full-calorie feeding on the
first day after the trauma [19, 68]. So the food introduced in

the first week after the injury reduces the two-week mortality
[62]. In additon to this early nutrition improves the
endocrinologic background of the patient with TBI [34].

Enteral feeding with a probe in the duodenum has a
protective effect due to a decrease in residual contents in
the stomach, which in turn is manifested by a lower
incidence of aspiration and a ventilator-associated
pneumonia [3, 45].

Conclusion

Thus, timely monitoring of intracranial pressure and
cerebral perfusion pressure in  combination with
hyperosmolar therapy significantly increases the chances of
rapid recovery of patients with severe TBI. On the other
hand, keep in mind that the late installation and improper
care of an ICP sensor leads to infectious complications in
patient. You should also pay attention to the patient's
vollemic status, and choose a drug for dehydration of the
brain with respect to blood circulation volume. In the case of
refractory elevated ICP, it is appropriate to use highly
concentrated hypertensive saline solutions, and selective
hypothermia of the brain. In order to prevent the
development of secondary increase in ICP and
neuroprotective effect, it is permissible to use preventive
selective hypothermia, which is preceded by the removal of
intracranial hematomas. However, the effectiveness of this
method is not reliably confirmed, nor is it refuted. And in the
absence of effect, the only correct solution is
decompressive craniotomy.

Neglecting of enteral and parenteral nutriton may be
manifested by an energy deficit in an already weakened
and vulnerable patient, which subsequently leads to the
development of infections and worsening of the general
condition of the underlying disease.

The authors of this manuscript assure that the work as a
whole and some of its parts are sent to the publication at first. The
manuscript was also not subjected to multiple dispatch to other
print publications, thereby being unique.
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