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Abstract. The purpose of the study is to analyze the use and determine the prospects for the development of com-
puter tomography (CT) complexes, biomarkers, and test systems for rapid assessment of the functional state of the
central nervous system as elements of a comprehensive diagnosis of neurotrauma in the elimination of medical and
sanitary consequences of emergencies.

Materials and methods of research. The subject of the study is Russian and foreign experience in complex diagnos-
tics of neurotrauma in emergency situation victims. Main research methods: logical, system analysis, field modeling
and observation.

Research results and their analysis. The results of the study showed that promising elements of the system for complex
diagnostics of neurotrauma in emergency situation victims are: mobile complex for CT; test systems for rapid assess-
ment of the level of blood biomarkers that reflect the main pathological mechanisms of neurotrauma; test systems for
rapid assessment of the functional state of the central nervous system.
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ONTUMMU3ALUNA KOMIMJIEKCHOU OUATHOCTUKU HEMPOTPABMbI
NPU NIMKBUOALMMN MEAUKO-CAHUTAPHBIX MOCNEQCTBUA YPE3BLIYAUHBIX CUTYALUMN

A.B.Haymoe, A.b.tOaunH, C.H.Bacsrmu, C.AJlonatmu

PIBY «focyaapcTBeHHbIN HAYYHO-UCCIEROBATENCKMI MCMBITATENbHbIA MHCTUTYT BOEHHOM MEAMLIMHBI»
Muno6opoHsl Poccnn, Cankr-Metepbypr, Poceus

Pesiome. Llenb nccnenosamms — QHANM3 UCNONb3OBAHKS U ONPEAENeHUe NeperekTMs paspaboTkM KOMMIEKCOB KOM-
netotepHor Tomorpadun (KT), Bromapkepos, TecT-cucTeM 3KCNPecc-oLeHKU GYHKLMOHANBHOTO COCTOSIHUS LEHT-
PQnbHOM HEPBHOM CUCTEMbI KOK 3/1EMEHTOB KOMMIEKCHOM AMATHOCTMKM HEeMPOTPABMbI NPM IMKBMAALMM MEaUKO-
CAHUTAPHBIX MOCNEACTBMIA YpeaBbiuaiHbix cutyaumii (HC).

Marepuansi n metoasl uccnepoBanus. MNpeamer MCCNenoBaHUs — POCCUMCKMIA U 3aPYBEXHbIN OMbIT KOMMIEKCHOM
OMArHOCTUKM HerpoTpasmel y noctpagasiumx B HC. OcHoBHble MeToAbl MCCNEefOBAHMS: NOTMYECKMIA, CUCTEMHBIN
QHONN3, HATYPHOE MOAENMPOBAHKE U HABMIOAEHHE.

Pesynbtatsl nccnegosanms n mx aHanms. Pe3ynbTatbl MCCEOOBAHMS NOKA3AMM, YTO MEPCMEKTUBHBIMUA 31EMEHTAMM
CUCTEMbI KOMMJIEKCHOM AMArHOCTUKM HEMPOTPABMbI y nocTpagasLumx B YC aensiorcs: komnneke mobunbhbii KT; tect-
CUCTEMBI 1Sl SKCMPECC-OLEHKM YPOBHS GUOMAPKEPOB KPOBM, OTPAXAIOLLMX OCHOBHbIE NATONOMMYECKUE MEXAHM3MbI
HEMPOTPABMbI; TECT-CUCTEMBI SKCMPECC-OLEHKM PYHKLMOHANBHOTO COCTOSIHUS LEHTPAbHOM HEPBHOM CUCTEMBI.

KnioueBsle cnoea: KommnnekcHas AMArHOCTMKA, KOMMbIOTEPHAs ToMorpagus, Heripotpasma, Cryx6a MeamLmHbI Ka-
Tactpog MuHobopoHs Poccuu, upesBbiyariHbie CUTyaLmm

KOH¢J1VIKT UHTEepecos. ABTOpr CTATbU NOATBEPXAAKOT OTCYTCTBME KOH¢)J‘IMKTO MHTEPECOB

Ans umtuposanus: Haymoe A.B., KOgun A.b., Bacsrun C.H., Jlonatnn C.A. Onmmmsaupsi KOMINEKCHOM AMArHOCTUKM HEMPOTPABMBI
NPY AIMKBUAALMM MEAMKO-CAHUTAPHBIX MOCNEACTBMN Ype3BbluaitHbix cuTyaunit // Mepuunna katactpod. 2020. N24. C. 38-41.
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According to Russian sources data, in emergency
situations (ES), including military conflicts, sanitary
losses with neurosurgical trauma account for up to one
third of all surgical losses: the proportion of trauma of
the skull and brain is 12%; spine and spinal cord - up
to 2.4; lesions of large nerve trunks — up to 11%. More
than half of neurotraumas have multiple and combined
character, which is due to the predominance of shrap-
nel wounds and mine-explosive injuries. Among spinal
cord injuries, the prevailing mechanism is closed
trauma, which accounts for 68% [1]. At the same time,
it should be noted that the technical means of the Dis-
aster Medicine Service (DMS) of the Russian Ministry
of Defense do not allow timely diagnosis of neuro-
trauma.

Thus, the study of opportunities for further development of
the neurodiagnostic system in the prehospital period re-
mains an important task for military medicine.

In the armies of NATO countries, traumatic brain injury
(TBI) is also an important problem, since it is the most recur-
rent cause of sanitary and irrecoverable losses. Thus, during
the hostilities in Afghanistan and Irag, head lesions were de-
tected in 29.4% of cases [2]. Despite the fact that severe and
penetrating Bls were defected in only 8% of all head injuries,
the share of nervous system injuries in the overall structure of
combat losses was 33%. The patients with mine-explosive
wounds of the central nervous system (CNS) constituted the
most numerous — over 60% — group of severe neurosurgical
patients at the stage of specialized medical care [3].

The aim of the study was to analyze the use and to deter-
mine the prospects for the development of computed to-
mography (CT) complexes, biomarkers and test systems for
rapid assessment of the functional state of the central nerv-
ous system as elements of a comprehensive diacrisis of neu-
rotrauma in the prehospital period during the elimination of
the emergencies' consequences.
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Materials and research methods. The subject of the re-
search is Russian and foreign experience of complex diacrisis
of neurofrauma in those injured in emergencies. Based on the
results of the study, a report "Neurodiagnostics-VM" was pre-
pared [4].

Research materials: medical and technical characteristics
of devices used to diagnose neurotrauma: a complex of mo-
bile computed tomography; test systems for rapid assessment
of the level of blood biomarkers, reflecting the main patho-
logical mechanisms of neurotrauma; test systems for rapid as-
sessment of the functional state of the central nervous system.
Some means of craniography, echoencephaloscopy, radi-
ography of the spine and other diagnostic methods used at
the stage of rendering specialized medical care have been
studied and analyzed.

Research results and their analysis. When eliminating the
consequences of emergencies, including military conflicts, the
main treatment and diagnostic work upon the provision of
neurosurgical care is carried out during the hospital period,
since the technical means for diagnosing trauma of the nerv-
ous system available at medical units and posts of the ad-
vanced echelon do not fully meet up-to-date requirements.

The means of radiation diagnostics of Russian Minisiry of De-
fense DMS subdivisions, where the pre-assessment, diacrisis
and pre-evacuation preparation of the wounded are carried
out, include a foreign-made X-ray machine with a wired flat-
panel detector, as well as an X-ray complex, consisting of a
portable X-ray machine and a digital imaging system (avail-
able only in special operations medical unit - SOMU) - Fig-
ures 1, 2. The specified equipment has the design limitations
that do not allow the radiologist to effectively perform the en-
tire range of diagnostic measures to identify neurotrauma and
to give a preliminary assessment of its severity.

That is why, in order to carry out the entire scope of nec-
essary diagnostic measures within the subdivisions of the
DMS of the Ministry of Defense of Russiq, it is necessary to

Puc. 1. [MoprateHbiit peHTreHOBCKMIM annapaTt
Fig. 1. Portable X-ray apparatus
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Puc. 2. PentreHogmarHoctuyeckuit komnnekc (KPLLM)
Fig. 2. Diagnostic X-ray Complex




have a more advanced system of comprehensive diagnostics,
which must first of all be equipped with CT unit.

Improving the field system for nervous system injuries diacri-
sis by introducing CT increases the general efficiency of pro-
viding neurosurgical care, since in this case the following fea-
tures become possible:

- timely diagnosis of neurotraumg;

- objective assessment of its volume and severity;

- determining the scope of optimal therapy in the framework
of pre-evacuation preparation;

- safe escort of the wounded during medical, including avia,
evacuation.

In military mobile hospitals of foreign armies, CT is used to di-
agnose severe concomitant and multiple trauma (injury), in-
cluding the implementation of the widely used whole-body CT
protocol [5]. Such radiation diagnostics, being a modern
highly informative method, gives a full overview of the state of
the spine, skull, intrathecal spaces, wound canal, brain, which
allows to draw conclusions about the presence and severity of
edema, about the presence of contusion foci and about the dis-
placement of the midline structures. Computed fomography also
expands diagnostic capabilities in neurological pathology,
most of which are CNS injuries — concussion and mild brain
contusion, both isolated and combined, most characteristic of
mine-explosive frauma. In this case, timely radiation diagnos-
tics and monitoring of the effectiveness of medical measures are
of particular relevance: with proper treatment, this category of
wounded is a significant source of replenishment of the loss of
personnel. In opposite case, such wounds result in disability.

As the experience of a number of countries has shown, CT
is the leading method for diagnosing TBI and spinal cord injuries
in the system of neurosurgical care provision. Therefore, within
the provision of medical care in an emergency, it is necessary
to infroduce CT to the pre-hospital period of medical care.

As part of the DMS units of the Russian Ministry of Defense,
mobile computer tomographs must be used in the form of a hos-
pital module (container) — a CT room. It is proposed fo use them
in the daily work of diagnostics and treatment units, since this
increases the operational efficiency of mobile CTs [5].

According to the results of research and testing of domestic
and foreign medical and diagnostic equipment used to detect
neurofrauma in the prehospital period, it was determined that
the most optimal tool is the Mobile Medical Computed To-
mography Complex (MMCTC), produced in the following
versions:

- a mobile complex based on the chassis of KamAZ, MAN,
Scania and others;

- a mobile complex based on a container body (Fig. 3);

—complex module.

The complex is placed in a container-body of a variable vol-
ume, which allows to organize a working area corresponding
to the available examination room space in stationary medical
insfitutions. The body of the mobile CT complex consists of
isothermal panels placed on a welded frame base. To ensure
radiation safety, the walls, doors, floor and ceiling of the ex-
amination room are covered with a 2-millimeter layer of lead,
thanks to which the X-ray radiation is attenuated to a level at
which the permissible dose limit will not be exceeded. The
viewing window for patient observation has an X-ray protec-
tive glass.

CT mobile complexes are equipped with systems for heating,
air conditioning, humidification and ventilation, which allow cre-
ating a comfortable indoor climate in all rooms. Utilities are lo-
cated under the suspended ceiling, which has built-in ventila-
tion grilles and lamps. The water supply system of the CT
mobile complex consists of a reservoir for clean water, a wa-
ter pump, a sink with a boiler, a hose and a reservoir for col-
lecting contaminated water. Mobile complexes are connected
to an external power source. If the power supply is not avail-
able, one can use a standard 130 kVA autonomous diesel-elec-
tric generator, which turns on automatically in the event of an
external power failure. The deployment of the complex on site
takes up to 35 minutes.

When eliminating medical and sanitary consequences of an
emergency, it is proposed to include a study of the neurologi-
cal status using a rapid assessment test system, consisting of 4
blocks, within the system of complex diagnostics of neuro-
trauma:

- Tst block - screening for concussion, allowing to describe
the history of frauma, containing questions about loss of con-
sciousness, its change and post-traumatic amnesig;

- 2nd block - cognitive exam, during which points are as-
signed to assess orientation, immediate memory, concentration
and delayed feedback;

- 3rd block - neurological examination, including fests: for
the pupil reaction to light, for fluency of speech and of word
search, for grip strength, for pronator drift — an indicator of mus-
cle weakness and compensation — and for balance;

- 4th block - screening of symptoms, including: headache,
dizziness, memory problems, balance problems, nausea /
vomiting, difficulty concentrating, irritability, visual disturbances
and tinnitus.

This test, presented in the form of a ready-to-fill brochure
(questionnaire), combined with a medical examination, al-

Puc. 3. Komnnekc mobunbHbii komnbiotepHoi Tomorpadmun (KMMIIKT)

Fig. 3. Mobile complex of computed tomography
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lows to assess whether a soldier can return to his duties or fur-
ther medical treatment and monitoring are required.

In the complex diagnostics system, the prospects for the use
of biomarkers, which may contain important information on the
pathological cascade connected to TBI, are explored.

A number of foreign companies have developed and im-
plemented the analyzers for detecting the biomarkers of neu-
rotrauma — Fig. 4 [6].

The use of separate classes of biomarkers, reflecting the
main pathological mechanisms, makes it possible to identify and
to assess the volume of primary damage to the nervous tissue
and the dynamics of the development of secondary processes.
It should be borne in mind that one biomarker does not have
the necessary sensitivity and specificity fo be sufficient for the di-
agnosis of TBI. The combination of biomarkers for the im-
provement of the diagnostic accuracy is a logical addition to
tracking the dynamics and activity of pathological processes,
to conducting molecular targeted therapy, and to monitoring
the therapeutic response in TBI [7].

The diagnostic role of TBI biomarkers in clinical practice
continues to be confroversial issue due to the imperfection of cri-
teria, o the lack of reliable data on the validity and clinical ef-

Puc. 4. KomnakTHbI QHONM3aTOp ANS Onpepenequs yposHs Guo-
MAPKEepOB HEMPOTPABMbI

Fig. 4. Compact analyzer for determining the level of biomarkers
of neurotrauma
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fectiveness of the indicators of damage to the nervous system.

Atthe stage of specialized medical care provision, the stan-
dard protocol for examining a patient with a wound or trauma
of the head and spine is extended and includes craniography,
echoencephaloscopy, spinal x-ray, neurological examina-
tion, which are promising for use in the prehospital period. At
the same time, craniography in four projections — anteropos-
terior, posterior semi-axial, right and left lateral - comple-
ments the surgical and neurological examination of the
wounded. Under these conditions, not only absolute radio-
logical signs are assessed — such as a presence of a patho-
logical shadow in the cranial cavity, but also indirect signs of
a penetrating craniocerebral injury and other bone-traumatic
changes — pneumocephalus, a presence of bone fragments,
displacement of calcified structures — are analyzed in detail.

Conclusions

1. Thus, the analysis of medical and technical character-
istics of existing and projected neurodiagnostic tools, carried
out in order to optimize the complex diagnosis of neuro-
trauma, indicates that the most promising tools for eliminat-
ing the consequences of emergencies are: a complex of mo-
bile computed tomography; test systems for rapid assessment
of the level of blood biomarkers, reflecting the main patho-
logical mechanisms of neurotrauma; test systems for rapid as-
sessment of the functional state of the central nervous system.

2. The use of complex diagnostics of neurotrauma in the
prehospital period may increase the efficiency of medical as-
sistance to those injured in emergencies.

3. The results of the study indicate the room for further im-
provement of diagnostic and treatment measures in the field.
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