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Abstract

The study investigated the possibilities and effectiveness of surgical navigation in the installation of external ventricular
drainage in patients with severe combined traumatic brain injury. In total, 41 patients were examined, and in those with urgent
indications during the first period of traumatic illness, external ventricular drainage was installed (up to 2 days). All patients
were divided into the main group (n = 14) and control group (n = 27). In the main group, external ventricular drainage was in-
stalled using surgical navigation. The control group underwent surgery without surgical navigation. According to the treatment
results of the main group, the use of surgical navigation during the introduction of ventricular drainage significantly increased
the accuracy of its installation and reduced the number of complications and rechecks. The accuracy of ventricular drainage
installation was improved by 35%. Thus, out of 13 drainage installations, 12 (92.3%) had an optimal position, and 1 had a sat-
isfactory position because its tip had a deviation of 2 mm; however, this drainage did not require re-examination, performing
its function. Moreover, in the control group using the classical “free hand” technique, out of 21 cases with drainage installed,
only 12 (57.1%) had an optimal position, 9 (42.9%) drains were rechecked because of deviation from the specified trajectory
over 3 mm, and 4 (19%) required repeated rechecking (p = 0.039). The main causes of errors and complications of the surgical
treatment of patients with craniocerebral injuries are related to the difficulties in installing ventricular drainage, namely, inac-
curate positioning of the drainage tip, placement of the drainage in the brain substance at a distance from the planned point
(28.6%), the drainage is going beyond the ventricular system of the brain (14.3%), re-drainage during the operation (44.4%),
which often (42.9%) leads to incorrect introduction of the drainage into the ventricular system of the brain. Thus, the application
of the navigation technology technique when installing drains into the ventricular system of the brain is very effective in the
treatment of patients with severe combined traumatic brain injury. This innovative technique for ventricular drainage in severe
combined traumatic brain injury will reduce the frequency of errors and complications associated with repeated drains, which
is fundamentally important in unstable patients with multiple traumas. The navigation system allows for accurate installation
of the drainage to the planned location from the first attempt.

Keywords: ventricular drainage; intracranial pressure; ventricle of the brain; severe combined trauma; surgical navigation;
traumatic brain injury; free hand technique; polytrauma; traumatic illness.
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HayuHas craTbs

lpuMeHeHHe HaBUraLMOHHbIX TE@XHONOrUH

NpU YCTaHOBKE HapY)XXHOro BEHTPUKYNSAPHOro ApeHaxa
y NaLMeHToB, CTPAAAIOLLMUX TAXKEI0M COYETAHHOM
YyepenHo-Mo3roBoM TpaBMOM

B.W. baganos, .K. Tionmkos, B.C. MutionnHa, M.U. Cnnupin, K.E. Kopoctenes, K.B.
Tionukos, P.B. Apmowwyk, B.C. ¥ykos, N.X. UcMaunnos

BoeHHo-MeauunHckas akagemus umenmn C.M. Kuposa, Cankr-leTepbypr, Poccus

Pesiome

WccnepoBaHbl BO3MOXKHOCTU M 3D (EKTUBHOCTD MPUMEHEHNS XMPYPIUYECKON HAaBUTaLMW NPY YCTaHOBKE HAPYXKHOTO BEH-
TPUKYNAPHOIO ApeHaa y NaUMeHTOB NpU TSKENOoW CoYeTaHHOW YepenHo-Mo3roBoii TpaBMe. 06cnenoBaH 41 nocTpaaaBLUnid,
KOTOpbIM NPOBOAMNIACH YCTaHOBKA HApYXHOM0 BEHTPUKYNIAPHOrO APEHaXa No CPOYHBIM NOKA3aHWUAM B NepBbIi Nepuof, TpaB-
MaTuyecKoii bonesHu (o 2 cyt.). Bce noctpanaBLume Obinu pasaeneHsl Ha ABe rpynmbl: 0CHOBHYI — 14 YeNoBeK U KOHTPOSIb-
Hylo — 27 YenoBekK. [auneHTaM OCHOBHOI FpynMbl YCTAHOBKA HAPYXKHOTO BEHTPUKYNSPHOrO APEHaXa BbINOJHANACh C NpU-
MEHEHMEM XMPYPrUYecKon HaBuraumu. llaumeHTaM KOHTpONbHON rpynnbl onepaums BeinonHAack be3 Hee. Mo pesynbratam
nleYeHmns NoCTpafaBLUMX OCHOBHOM rpynmbl 6bl10 A0Ka3aHo, YTO MPUMEHEHME XMPYPrYecKoM HaBurauumn Npy BBEAEHUM BEH-
TPUKYNIAPHOO ipeHaXa 3Ha4YMUTeNIbHO MOBLILIAET TOYHOCTb M0 YCTAHOBKM U CHUMKAET KOJIMYECTBO OCIIOXHEHWIA U nepenpo-
BeieHMIA. TOUHOCTb YCTAHOBKU BEHTPUKYNAPHOIO AipeHaxa bbina ynyyweHa Ha 35 %. Tak, u3 13 onepauuii no ycTaHoBKe fpe-
Haxkelt 12 (92,3 %) uMenum onTMMansHoe NonoXeHWe, nonoxeHue 1 apeHaa bbino pacLeHeHo KaK y0BNeTBOpUTESIbHOE, TaK
KaK ero KOH4MK UMes OTK/IOHEHWEe B 2 MM, HO AaHHbIA ApeHaX He noTpeboBan nepenpoBefeHns, BbINOMHAS CBOIO YHKLMIO.
Mpy 3TOM y NOCTpafaBLUMX KOHTPOJBHOW rPYMbl C UCMOb30BaHWEM KacCUYeCKOI TEXHUKN «CBOBOAHOM pyku» u3 21 cnyyas
YCTaHOBJIEHHOrO ApeHaxa mmwb 12 (57,1 %) umenu ontumanbHoe nonoxenue, 9 (42,9 %) apeHaeii bbinn nepenpoBeeHb
B CBA3U C OTK/IOHEHWEM 331aHHOW TPaeKTopuK cBbille 3 MM, a 4 (19 %) npeHaxa notpeboBany NOBTOpPHOro NepenpoBefeHNs,
p =0,039. OcHOBHbIMM NpUYMHAMM OLLMOOK M OCNOXKHEHWUI XMPYPTUYECKOr0 JIeYeHUst NOCTPaAABLUMX MPKU YepenHOo-MO3roBbIX
MOBPEXAEHMAX ABMAKTCA CIOXHOCTM NPU YCTAHOBKE BEHTPUKYNAPHOrO APEHaa, a MMEHHO HETOYHOE MO3ULMOHWPOBaHUE
KOHYMKa [LpeHaxa, pasMeLLeHNe ApeHaxa B BELLeCTBE FOJIOBHOr0 M03ra Ha yAaneHWM oT 3annaHupoBaHHoi Touku (28,6 %),
BbIX0Z, 33 MPefAesibl JKeny404KoBOW cucTeMbl rofioBHoro Mosra (14,3 %), MHorokpaTtHoe nepenpoBeAeHWe ApeHaxa B Xofde
onepauum (44,4 %), uto yacto (42,9 %) npuMBOANT K HEKOPPEKTHOMY BBELLEHMIO APEHANXA B XKENYL04YKOBYH0 CUCTEMY FONIOBHO-
ro Mo3sra. Takum 0bpa3oM, NpUMeHsieMas MeTOAMKA HaBUIaLMOHHBIX TEXHOJOMMIA B JIeYEHUM BOMbHBIX, CTPAAAIOLLMX TAHENOM
COYETaHHON YepenHO-MO3roBoN TPaBMOW, NpK YCTaHOBKE APEHAXEl B ely[0YKOBYHD CUCTEMY FOJIOBHOrO MO3ra BecbMa
pe3ynbTaTuBHa. [laHHas MHHOBALWMOHHAA METOAMKA NpU NPOBEAEHUU BEHTPUKYNAPHOrO APEHUPOBAHUS MPU TAXENON Coye-
TaHHO/ YepenHO-MO3roBOM TpaBMe MO3BOJISET CHU3WUTb YacTOTy OLUMBOK U OCNMOMHEHWH, CBA3AHHbIX C MOBTOPHBLIMM NpoBe-
AEHWAMU SPEHaMeN, YT0 NPUHLMNUATBHO BaXHO Y HecTabunbHbIX NOCTPafaBLUMX C MONMTPaBMOiA. HaBuraumoHHas cuctema
Mo3BOJISIET TOYHO, C NEPBOM MOMbITKU YCTAaHOBUTL APEHAX B 3anaHUpOBaHHYH NOKaLMI.

KnioueBble cnoBa: BEHTPUKYNAPHBINA APEHAXK; BHYTPUYEPENHOE AABJIEHME; enyL04eK roIOBHOMO MO3ra; TAXKeNas coveTaH-
Has TPaBMa; XMpYpruvecKas HaBuraums; YepenHo-Mo3roBas TPaBMa; TEXHUKA «CBOOOAHON PyKW»; NOAMTpaBMa; TpaBMaTu-
yecKas 6onesHb.
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ORIGINAL STUDIES

INTRODUCTION

In the mortality status of the populations of economically
developed and developing countries, injuries rank third
after cardiovascular diseases and malignant neoplasms. In
Russia, injuries among people of working age, in terms of
the total economic and medical-social damage, rank first
in the overall mortality structure (52%) [1, 2]. The social
significance of injuries is associated with the high disability
level of patients (up to 25%—45%) [3].

Severe combined trauma (SCT) [4], particularly trauma
including the craniocerebral region, is the most significant
among injuries [5, 6]. Among severe combined injuries,
traumatic brain injury (TBI) accounts for 42%—69%, and
the severity of the condition in such patients is due to both
TBI and extracranial injuries [7]. Mutual aggravation and
subclinical presentation are the main characteristics of
combined injuries; therefore, the difficulty in diagnosing
and treating patients increases [8]. Because of emergency
resuscitation measures and surgeries to eliminate the life-
threatening consequences of injury, brain surgery may be
delayed, which leads to worse treatment outcomes [9, 10].

Owing to the lack of uniform protocols and algorithms
for treating severe combined TBI, peculiarities of diagnostic
techniques, and individual course of the traumatic disease
(TD), a significant probability of errors remains in the diagnosis
of complications. The introduction of new technologies for
treating patients with severe TBI will improve the results and
reduce the number of errors and complications.

For example, the installation of ventricular drainage in
the case of hypertension-dislocation syndrome (HDS) and
impaired cerebrospinal fluid dynamics in the brain, due to
inaccuracy in positioning, often require multiple reinstallations
using the classical technique of introducing a “free hand”
along anatomical landmarks, which is well described in
the literature [11]. The feasibility of using navigation during
emergency surgeries for intracerebral hemorrhage has been
proven [12, 13].

Thus, the use of navigation systems for treating patients
with severe combined TBI can significantly improve their
treatment outcomes. Currently, no data exist in the literature
on the use of the discussed technology for treating patients
with severe TBI, which determined the relevance of this study.

This study aimed to analyze the possibilities and
efficiency of surgical navigation to improve results when
installing external ventricular drainage in patients with
severe combined TBI.

MATERIALS AND METHODS

The clinical study was based on data on the treatment of
41 patients with combined TBI who underwent installation
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of external ventricular drainage in the military field surgery
clinic of the S.M. Kirov Military Medical Academy between
2012 and 2019. Surgical interventions were performed
according to urgent indications during the first period of
traumatic illness (up to 2 days). All patients were divided into
two groups, where the main and control groups included 14
and 27 patients, respectively. External ventricular drainage
was installed in the main group using surgical navigation,
whereas the control group underwent surgery without it.
A comparative analysis of the ventricular drainage installation
with and without navigation was performed. The identified
groups practically did not differ in the major region of
damage, severity, and nature of brain injury (Tables 1 and 2).

In most cases, the major region of damage in both groups
with combined TBI was the head area (78.6% and 77.8%,
respectively). Among morphological changes in the brain,
contusion lesions with HDS were most often diagnosed in
50% of the patients in the main group and 48.2% in the control
group. Intraventricular hemorrhages with tamponade were
noted in 21.4% of the patients in the main group and 22.2%
in the control group.

The consciousness level was determined using
the Glasgow coma scale (GCS), where most of the patients
in the main and control groups were in a state of coma
(< 8 points), namely, 13 (92.9%) and 24 (88.9%) patients, and
1 (7.1%) and 3 (11.1%) patients were in a state of stupor
(8-10 GCS points), respectively. Moreover, 11 (78.6%) and
20 (74.1%) patients of the main and control groups had open
head injuries, and TBI of a penetrating nature was registered
in 9 (64.3%) and 17 (63%) patients of the main and control
groups, respectively. Severe brain contusions were noted in
12 (85.7%) and 17 (63%) patients in the main and control
groups, respectively.

Characteristics of surgical interventions in the main group
with severe combined TBI. Ventricular drainage was installed
in 13 (92.9%) patients to monitor the level of intracranial
pressure (ICP) for timely correction; 11 out of 13 installed
drains had built-in ICP monitoring sensors. Decompressive
trepanations were performed in 4 (28.6%) patients for
the evacuation of intracranial (meningeal and intracerebral)
hematomas.

The indication for installation of ventricular drainage
(with ICP control sensors) was the need to control ICP
in patients with severe TBI (n = 13; 3-8 GCS points)
with pathological changes on computed tomography
(CT), namely, intracerebral hematomas (n = 4), foci of
contusion (n = 3), cerebral edema with HDS (n = 5),
and intraventricular hemorrhages with tamponade of
the ventricular system with blood (n = 3). Surgeries such as
infratemporal decompressions were performed for patients
with persistent lateral dislocation syndromes and persistent
intracranial hypertension (n = 9).
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Table 1. Distribution of the patients in both groups according to the primary damage
Tabnuua 1. Pacnpegenenre nocTpafasLumx 0bemx rpynn no BeAyLieMy NOBPEXAEHMIO

Group
Region main test
n % n %
Head 1" 78.6 21 71.8
Chest 1 7.1 1 3.7
Abdomen 0 0 2 7.4
Combination of regions 2 14.3 3 1.1
Table 2. Distribution of the patients in both groups according to the nature of morphological changes in the brain
Tabnuua 2. PacnpeneneHue nocTpafaBLUMX 00eux rpynn no xapaKktepy MopgonorMiyeckux M3MeHeHMIA ronoBHOM0 Mo3ra
Group
Nature of brain damage main test
n % n %
Epi-/subdural hematomas 2 14.3 4 14.8
Contusion lesions + HDS 7 50.0 13 48.2
Intracerebral hematomas 2 14.3 4 14.8
Intraventricular hemorrhages 3 21.4 6 222

Note: HDS. hypertension-dislocation syndrome.
lpumeyarue: TAC — runepTEH3MOHHO-AUCTIOKALMOHHBIA CUHAPOM.

In the treatment of patients, drains from Codman “Neuro
Monitor” ( USA) were used. External drainage was performed
with caution in patients with mass effect because of the risk
of developing paradoxical dislocation syndrome with
increased pressure gradient (n = 2). In 12 (85.7%) patients
with combined TBI in the group using surgical navigation,
cerebral ventricular drainage was performed according to
urgent indications in period 1 of TD. In period 2 of TD, 1 (7.1%)
drainage system was installed because of an increase in
HDS. After drain placement, a follow-up CT was performed
in the first 24—48 h (mean 32.2 + 3.2 h) for the assessment of
the drain position and compliance with preoperative planning.

The main group also underwent surgeries on adjacent
organs and systems, and surgeries were most often
performed (78.6%, n= 11) to arrest ongoing external bleeding.
Because of the life-threatening consequences of chest
trauma (e.g., continuing intrapleural bleeding and tension
pneumothorax), 7 (49.8%) patients underwent puncture and
drainage of the pleural cavities.

Characteristics of surgical interventions in the control
group with severe combined TBI. In this group, various
morphological manifestations of brain damage, such as
contusive lesions of the brain with edema and HDS, were
noted in 48.2% of cases. Intraventricular hemorrhages

DOl https://doi.org/10.17816/brmmas30289

were registered in 22.2% of the cases, accompanied by
tamponade of the brain ventricular system. Compression
of the brain by epidural/subdural hematomas was detected
in 14.8% of cases. The degree of loss of consciousness
varied from stupor (44.4%) to deep coma (55.6%). For
urgent indications, 20 (74.1%) patients of the total number
of cases underwent surgeries to arrest continuous bleeding.
Because of the life-threatening consequences of injuries,
10 (37%) patients underwent puncture and drainage of
the pleural cavities.

Ventricular drains were installed according to
the generally accepted technique at Kocher's point. This
procedure is considered “blind” because it is performed
according to anatomical surface landmarks. Inaccuracies
in the drainage location and its repeated reinstallations are
the main problems in the application of this technique.

Both groups with severe combined TBI underwent whole-
body CT. For the main group, preoperative planning and
intraoperative assistance were performed using a surgical
navigation stand model “iNtellect ENT Navigation” (Stryker,
USA). Head CT parameters were as follows: slice thickness
of 1-2 mm, series consisting of 70-200 images, Gantry angle
of 0°, position of anatomical landmarks such as ears, tip of
the nose (should not be pressed or deformed), and the region
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Fig. 1. 3D model of the head injury zone: @ — registration using
an overhead mask (chip with infrared radiation sensors); b — facial
reconstruction

Puc. 1. Moctpoenne 3D-Moaenu 30HbI MOBPEXAEHMS FONOBbI:
0 — perucTpaums ¢ NOMOLLbI0 HaKNaJHOW Macku (MMKpocxeMa
C [aTYMKaMK MHQPAKPaCHOro M3My4YeHus); b — peKOHCTPYKUMS
mua

a b

Fig. 3. Additional marks on the surgical intervention area: a —
registration of anatomical landmarks; b — target points applied
by the pointer

Puc. 3. [lononHutenbHble TOYKU-METKU Ha obnactu xupyprude-
CKOr0 BMeLLATeNbCTBA: @ — PEerucTpauns aHaTOMUYECKUX OpUeH-
TUPOB; b — TOYKU-MULLIEHM HAHECEHHbIE MOIHTEPOM

of study including the maxilla and calvarium. Radiopaque
markers were used to accurately construct a 3D model of
the scanned area.

After downloading, CT data were transferred to the media
selector, images were previewed, and a 3D model of
the damage zone was constructed. After preoperative
planning, automatic registration was performed using an
overhead mask (Fig. 1).

A registration method using radiopaque markers was
also used (Fig. 2). To increase image accuracy, additional
marking points were applied to the surgical site using
a pointer (Fig. 3).

After establishing the reference points, a target point
(damage zone) and an entry point on the head surface were
created, and the access trajectory was determined (Fig. 4).

The instrumentation was registered and validated using
trackers and infrared sensors preinstalled on basic navigation
instruments. The instrument was conjugated with the tracker
in relation to the reference (“zero”) point, which was rigidly
associated with the region of interest (Fig. 5).

After registration, the surgical instrument was
identified in real time on a monitor screen, after which it
was linked to the site of the planned surgical intervention.
The device generating the infrared radiation was located
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a b

Fig. 2. Registration with X-ray-contrast markers: a — radiopaque
markers built on a computed tomography image; b — schematic
representation of the location of markers on the head

Puc. 2. Peructpaums C pPEHTTEHKOHTPACTHLIMU MapKepamu:
0 — PEHTTeHOKOHTPACTHbIE MapKepbl, OTCTPOEHHbIE HA KOMIblo-
TepHO-TOMOrpauyecKoM U3obpaxeHnm; b — cxeMatyeckoe n3o-
BparkeHue pacronoKeHUs MapKepoB Ha rofiose

a b

Fig. 4. 3-D model of the patient’s head with entry points and a target
point: @ — direction vector of the stiletto; b — entry point

Puc. 4. 3D-mopenb ronoBbl NOCTpafaBLUEro C TOYKaMM BXO-
L3 U TOYKOW-MULIEHBID: @ — BEKTOP HanpaBneHus CTUNeTa;
b — Touka BXxopa

Fig. 5. Registration of the toolkit: @ — tracker registration;
b — registered tracker in the navigation tracking camera field;
¢ — registration of the start tracker

Puc. 5. Peructpauus MHCTpYMeHTapus: @ — perucTpaums TpeKepa;
b — 3aperucTpupoBaHHbLIA TpeKep B Nofe ciefsALLel KaMepbl Ha-
BUraLim; ¢ — perucTpaums cTapToBoro Tpekepa
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near the patient’s head. After the skin incision and making
a trephine opening (Kocher’s point) using an active drain
installation device (Fig. 6), under continuous triplanar control
of the direction of movements, the drainage was installed at
the planned point.

Statistical analysis was performed using MS Excel
(Microsoft Corp., USA) and Statistica 10 (StatSoft Inc.,
USA) application package. The sample size was not
previously calculated. Nominal data were compared using
Pearson’s y? test. When analyzing four-field tables with an
expected phenomenon in at least one cell of < 10, the ¥
criterion was calculated with the Yates correction, which
reduces the probability of a type 1 error. In cases where
the number of expected findings in any of the table cells
was < 5, Fisher’s exact test was used to assess the level
of significance of differences. The numerical characteristics
of time (installation of drainage and time of the start of
surgical intervention) are given with an indication of
the mathematical expectation and its mean-square
deviation (M + MSD).

The study was approved by the ethics committee of
S.M. Kirov Military Medical Academy (Protocol No. 261 of
March 22, 2022).

Fig. 6. Active device with adaptive tip
Puc. 6. AKTMBHOE YCTPOWCTBO C aAaNTUBHBIM HAKOHEYHUKOM

a
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RESULTS AND DISCUSSION

Installation of drainage with an ICP control sensor using
navigation in patients with severe combined TBI. An increase
in ICP, which required the installation of a sensor and
subsequent monitoring, was detected in 11 (78.6%) patients
of the main group. They received conservative interventions
aimed at drug protection of the brain substance and ICP
reduction. This technique enabled us dosed decompression
of the brain by removing cerebrospinal fluid. Drainage
was used to wash away and evacuate blood in the case of
intraventricular hemorrhages.

After CT, study data were immediately transferred to
the navigation system because of changes in the brain, such as
edema swelling, displacement of the midline structures, HDS,
and formation of contusion foci in the brain (brain shift); thus,
the intervention was started immediately after preoperative
planning, with an average time interval of 17.6 + 3.7 min.
To assess accuracy and complications, a control CT was
performed 24-48 h after drainage installation. The accuracy
of drainage positioning was assessed using the classification
by U.K. Kakarla, L.J. Kim, and S.W. Chang et al. [14]. Thus,
with navigation support, the installed drains had an optimal
position in 92.3% of the cases.

Comparison of ventricular drainage installation with
and without navigation. The position of drains with ICP
control sensors was assessed based on the position
of their tips in the brain structures, compared with
preoperative planning, and was divided into three accuracy
classes (Table 3).

The main group had 13 drains installed in the ventricular
system of the brain. The control CT detected one drain in
the parietal position of the lateral ventricle with a slight
deviation from the planned preoperative planning point,
whereas the remaining 12 drains were installed in the optimal
position. On day 2, due to a decrease in the amount of

b

Fig. 7. Installation of drains outside the ventricular system of the brain: @ — the tip of the drainage is located in the brain substance of
the frontal lobe near the edge of the anterior horn of the lateral ventricle; b — the end of the drainage is located in the projection of the

Monroe hole

Puc. 7. YcraHoBKa apeHaxeii 3a npefenamu Jemya04K0oBOM CUCTEMBI FOJIOBHOMO MO3ra: @ — KOHUMK APEHaXa pacnosoXeH B BeLLecTBe
roIOBHOro Mo3ra JIo6HOM [onuM BOAM3K Kpas nepefHero pora HOKOBOrO JKeNnynouKa; b — KOHUMK [peHama pacnonioXeH B NpoeKumm

oTBepcTMa MoHpo
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Table 3. Accuracy of the installation of drains into the ventricular system of the brain in the study groups, abs (%)
Tabnuua 3. ToYHOCTb YCTAHOBKU ApeHaeid B XesyLouKOoBY0 CUCTEMY FOJIOBHOIO MO3ra B UCCNeAyeMbIX rpynnax, abc. (%)

Group
Drain tip position ]
main test
Grade 1
Optimal (anterior horn of the lateral ventricle, including the apex of 12 (85.7) 12 (44 .4) 0.02
the third ventricle)
Grade 2
Satisfactory (lateral ventricle, corpus callosum, and longitudinal cerebral 1(.1) 6(22.2) 0.01
fissure)
Grade 3
Unsatisfactory (brainstem, cerebellum, internal capsule, basal ganglia, 0 3(11.1) 0.05
thalamus, and basal cisterns)
Reinstallation of drainage 1@7.7) 9(33.3) 0.047
Complications 0 4 (14.8) 0.04

cerebrospinal fluid in the main group, one drain was
reinstalled. After removal, fibrin clots were identified in
the drainage lumen.

Control CT of the control group with installed ventricular
drains detected nine cases of incorrect installation. That
is, 6 (44.4%) cases, according to the level of deviation,
were “satisfactory” according to the classification by
U.K. Kakarla, L.J. Kim, S.W. Chang, et al. [14], and
in 3 (11.1%) cases, the level of deviation was “poor”.
Three drainage systems classified as “poor” and one
as “satisfactory” were replaced because their tips were
outside the ventricular system (Fig. 7). Reinstallation was
complicated by hemorrhage in two cases and infectious
ventriculitis in two more cases.

Thus, navigation technologies used for treating
patients with severe combined TBI are very effective when
installing drains in the ventricular system of the brain. This
innovative technique for performing ventricular drainage in
severe combined TBI reduces the incidence of errors and
complications associated with repeated drainage, which is
fundamentally important in patients with unstable status and
polytrauma. The navigation system can be used to accurately
install drainage in the planned location at the first attempt.
Importantly, no surgery-associated complications occurred
in the postoperative period. In patients with severe TBI,
when the surgeon encounters difficulties when performing
drainage (swelling, HDS, compression of the ventricles, and
displacement of the midline structures), this intervention
should be performed with navigation assistance.

CONCLUSIONS

1. In the general structure of severe combined injuries, TBI
accounts for 42%—69%, and the severity of the condition of
such patients is related to both TBI and extracranial injuries.
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Given the lack of uniform protocols and algorithms for treating
severe combined TBI, peculiarities of diagnostic techniques,
and individual course of TD, a significant probability of errors
remains in the diagnosis of complications.

2. The installation of ventricular drainage for HDS and in
cases of impaired cerebrospinal fluid dynamics in the brain
due to inaccurate positioning often requires multiple
reinstallations.

3. The use of navigation technologies when installing
drains in the ventricular system of the brain enables accurate
installation of the drain at the planned location during the first
attempt. This significantly improves the treatment outcomes
in these patients and reduces the number of surgery-
associated complications in the postoperative period.

ADDITIONAL INFORMATION

Authors’ contribution. Thereby, all authors made a
substantial contribution to the conception of the study,
acquisition, analysis, interpretation of data for the work,
drafting and revising the article, final approval of the version
to be published and agree to be accountable for all aspects of
the study.

The contribution of each author: V.I. Badalov — gen-
eral concept development, research design, data analysis,
surgical treatment, diagnostic studies; P.K. Tyulikov — data
collection and processing, literature review, article writing;
V.S. Mityunina — data collection and processing, literature
review, article writing; M.I. Spitsyn — general concept de-
velopment, research design, data analysis, surgical treat-
ment, diagnostic research; K.E. Korostelev — development
of a general concept, research design, data analysis, surgical
treatment, diagnostic research; K.V. Tyulikov — development
of a general concept, research design, data analysis, surgical
treatment, diagnostic research; R.V. Yarmoshuk — data analy-
sis, surgical treatment; writing an article; V.S. Zhukov — data

419



420

OPUTMHAJTBHBIE CCTELOBAHKMA

collection and processing, literature review, writing an article;
|.H. Ismailov — data collection and processing, literature re-
view, writing an article.

Competing interests. The authors declare that they have
no competing interests.

Funding source. This study was not supported by any
external sources of funding.

AOMO/IHUTE/IbHAA UHOOPMALIUA

Bknap aeTtopoB. Bce aBTOpbl BHECAM CyLLECTBEHHBIN
BKNaf B pa3paboTKy KOHLeNLmMu, NpoBeAeHune 1ccnenoBaHms
1 NOArOTOBKY CTaTbM, NMPOYM M 0A0BPUIN BUHAMBHYI0 Bep-
cuio nepes NybnvKaumen.

Bknag kaxporo aetopa: B.M. baganos — pa3spa-
boTKa 0OLLEeN KOHLenuuW, AW3alH WuccnefoBaHus, aHa-
/M3 [aHHbIX, XMPYPruYecKoe fedeHune, AMArHOCTUHECKMe

REFERENCES

1. Bel'skikh AN, Samokhvalov IM, editors. Ukazaniya po voenno-
polevoi khirurgii. Moscow, 2013. 474 p. (In Russ.).

2. Vishnevskii AG, Andreev EM. Naselenie Rossii v pervoi
polovine novogo veka. Voprosy Ekonomiki. 2001;(1):27-44.
(In Russ.).

3. Badalov VI, Korostelev KE, Sen'ko IV. Sovremennyi podkhod v
lechenii sochetannykh travm pozvonochnika. Proceedings of the IV
Congress of neurosurgeons of Russia. Moscow, 2006. P. 6—7. (In Russ.).
4. Agadzhanyan VV, Kravtsov SA. Polytrauma, the ways of
development. Polytrauma. 2015;(2):6-12. (In Russ.).

5. Ovsyannikov DM, Chekhonatsky AA, Kolesov VN, Bubashvili Al.
Social and epidemiological aspects of craniocerebral trauma (re-
view). Saratov Journal of Medical Scientific Research. 2012;8(3):
777-785. (In Russ.).

6. Capizzi A, Woo J, Verduzco-Gutierrez M. Traumatic brain
injury: An overview of epidemiology, pathophysiology, and
medical management. Med Clin North Am. 2020;104(2):213-238.
DOI: 10.1016/j.mcna.2019.11.001

7. Konovalov AN, Potapov AA, Likhterman LB. Patogenez,
diagnostika i lechenie cherepno-mozgovoi travmy i ee posledstvii.
Voprosy neirokhirurgii. 2004;(4):18-25. (In Russ.).

Tom 25, N2 3, 2023

DOl https://doi.org/10.17816/brmmas30289

BecTHuK Poccuminckon BOEHHO-MeMLIMHCKOV akaaemmm

nccnenoanms; MK, TonnkoB — cbop v 0bpaboTka gaHHbIX,
0630p NuTEpaTypbl, HanMcaHme ctatby; B.C. MuTioHHa — cbop
1 0bpabaTka AaHHbIX, 0630p IUTEPATYPbI, HAMMCaHWE CTaTby;
MMW. CnunubiH — pa3paboTka 0bLLe KOHLENUUK, An3aiH
“CCNefoBaHUs, aHanM3 [aHHbIX, XMPYPr4YecKoe eyeHwe,
AuarHoctnyeckune mccneposanus; K.E. Kopoctenes — pas-
paboTKa 0bLLer KOHLEeNUMW, An3aiH UCCNefoBaHUs, aHanu3
AaHHbIX, XVMPYPrYECKOoe NleYeHue, AMarHoCTUYecKme mccne-
poBaHust; K.B. TionmkoB — pa3paboTka 0bLue KoHuenumu,
[MW3aliH UCcCne0BaHwWs, aHanm3 AaHHbIX, XMpypruyecKoe ne-
UeHwue, AMarHoCcTUYecKue mccnefosanms; P.B. fipMowyk —
aHanmM3 faHHbIX, XMpYPryeckoe NeYeHie; HanmcaHme CTatby;
B.C. XykoB — cbop v obpaboTka AaHHbIX, 0630p NMTepaTy-
pbl, HanucaHme cTaTbk; M.X. MicmamnoB — cbop 1 0bpaboTka
AaHHbIX, 0630p NUTEpaTypbI, HaNMCcaHWe CTaTby.

UcTounuk dmHaHcupoBaHus. AeTopsl 3asBnsioT 0b oT-
CYTCTBUM BHELLHEro GMHAHCMPOBaHWUA MpUW MPOBEEHUM C-
ClefoBaHus.

8. Grin' AA. Khirurgicheskoe lechenie bol'nykh s povrezhdeniem
pozvonochnika i spinnogo mozga pri sochetannoi travme
[dissertation]. Moscow, 2008. 320 p. (In Russ.).

9. Krylov VV. Cherepno-mozgovaya travma (printsipy diagnostiki
i lecheniya). Intensivnaya terapiya tyazheloi cherepno-mozgovoi
travmy. Moscow, 2004. P. 3—14. (In Russ.).

10. Bullock MR, Chesnut R, Ghajar J, et al. Surgical management
of acute subdural hematomas. Neurosurgery. 2006;58(3):16—24.
DOI: 10.1227/01.NEU.0000210364.29290.C9

11. Werner C, Engelhard K. Pathophysiology of traumatic brain
injury. Br J Anaesth. 2007;99(1):4-9. DOI: 10.1093/bja/aem131

12. Badalov VI, Spitsyn MI, Korostelev KE, et al
Navigational technologies in injury surgery. Russian
military medical journal. 2021;342(9):30-40. (In Russ.).
DOI: 10.52424/00269050_2021_342_9_30

13. Shaklunov AN. Bezramnaya neironavigatsiya v neotlozhnoi
neirokhirurgii vnutrimozgovykh krovoizliyanii [dissertation]. Moscow;
2013. 134 p. (In Russ.).

14. Kakarla UK, Chang SWM, Theodore N, et al. Safety and accuracy
of bedside external ventricular drain placement. Neurosurgery.
2008;63(1):0NS162-166. DOI: 10.1227/01.neu.0000335031.23521.d0



https://doi.org/10.1016/j.mcna.2019.11.001
https://doi.org/10.1227/01.NEU.0000210364.29290.C9
https://doi.org/10.1093/bja/aem131
https://doi.org/10.52424/00269050_2021_342_9_30
https://doi.org/10.1227/01.neu.0000335031.23521.d0

ORIGINAL STUDIES

CMUCOK JIUTEPATYPbI

1. YkazaHus no BoeHHO-NoneBol xupypriv / nog pes. AH. benb-
ckmx, V.M. CamoxsanoBa. Mocksa, 2013. 474 c.

2. Buwwesckuin AT, AHppeeB E.M. Hacenenne Poccum B nep-
BOW MOJIOBMHE HOBOrO Beka // Bonpockl akoHoMukm. 2001. Ne 1.
C. 27-44.

3. bapanos B.W., Kopoctenes K.E., CeHbko W.B. CoBpeMeHHbIN nof-
X0[1 B JIEYEHWM COYETaHHbIX TPaBM MO3BOHOUHMKA // Matepuans IV
cbesfa Hevpoxupypros Poccum. Mackaa, 2006. C. 6-7.

4. ArapxansH B.B., Kpasuos C.A. lMonutpasma, nytn passutvs
(tepmuHonorus) // Monutpasma. 2015, N° 2. C. 6-12.

5. OscsiHHMKoB [1.M., YexoHaukmin AA., Konecos B.H., bybalsu-
am AWN. CoumanbHble v 3NMAEMUONOTMYECKME aCMeKTbl YepenHo-
MO3roBoW TpaBMbl // CapaToBCKMIA Hay4HO-MELMLMHCKUIA KypHa.
2012.T.8,Ne 3. C. 777-785.

6. Capizzi A, Woo J., Verduzco-Gutierrez M. Traumatic brain
injury: An overview of epidemiology, pathophysiology, and medical
management // Med Clin North Am. 2020. Vol. 104, No. 2.
P. 213-238. DOI: 10.1016/j.mcna.2019.11.001

7. KoHoamos AMH. Tflotanos AA. JluxtepmaH J1.b. [llato-
reHes, [OMarHOCTMKA W NeyeHue YepenHo-MO3roBOW TPaBMbl
n ee nocneactsuin // Bonpockl Hepoxupyprn. 2004, Ne 4.
C. 18-25.

AUTHORS INFO

*Ismail H. Ismailov, cadet; Researcher ID: ISS-0771-2023;
ORCID: 0009-0000-0582-0575; e-mail: ismailov.iskn@mail.ru

Vadim I. Badalov, MD, Dr. Sci. (Med.), professor;

ORCID: 0000-0002-8461-2252; Scopus Author ID: 6504224287,
Researcher ID: V-1487-2017; eLibrary SPIN: 9314-5608;
e-mail: vadim_badalov@mail.ru

Pavel K. Tyulikov, cadet; ORCID: 0009-0006-1669-7836;
Researcher ID: 1SS-0816-2023

Vladislava S. Mityunina, cadet; ORCID: 0009-0008-7703-7908;
Researcher ID: 1ISB-6351-2023

Maxim I. Spitsin, MD, MD, Cand. Sci. (Med.);
ORCID: 0000-0002-2059-7399; Researcher ID: ISS-0739-2023;
eLibrary SPIN: 5303-7104

Konstantin E. Korostelev, MD, Cand. Sci. (Med.);

ORCID: 0009-0009-1321-9363; Researcher ID: 1SS-1011-2023;
eLibrary SPIN: 8004-0658; e-mail: neuro-koro@mail.ru
Konstantin V. Tiulikov, MD, Cand. Sci. (Med.);

ORCID: 0000-0002-4700-889X; Researcher ID: 1SS-0358-2023;
eLibrary SPIN: 6047-9941

Roman V. Yarmoshuk, surgeon; ORCID: 0000-0002-8270-4903;
Researcher ID: 1SS-0755-2023; eLibrary SPIN: 1928-0023;
e-mail: ryarmoshuk@inbox.ru

Vladimir S. Zhukov, cadet; ORCID: 0009-0006-1027-2474;
Researcher ID: 1SS-0762-2023

* Corresponding author / ABTOp, OTBETCTBEHHbIN 33 NEPENUCKY

Vol 25 (3) 2023

DOl https://doi.org/10.17816/brmmas30289

Bulletin of the Russian Military Medical Academy

8. [puHb A.A. Xvpypruyeckoe neyeHmne BosbHbIX C MOBPEXAEHNEM
MO3BOHOYHMKA W CMIMHHOMO MO3ra Mpu COYETaHHOM TpaBMe: [C. ..
A-pa Mef. HayK. Mockaa, 2008. 320 c.

9. Kpbinos B.B. YepenHo-mo3roBast TpaBMa (MpUHLMMBI AMArHO-
CTVKM 1 NedeHns) // VIHTeHCUBHasA Tepanus TSKENoM YepenHo-mMo3-
roBoi TpasMbl. Mocksa, 2004. C. 3-14.

10. Bullock M.R,, Chesnut R., Ghajar J., et al. Surgical management
of acute subdural hematomas // Neurosurgery. 2006. Vol. 58, No. 3,
P. 16-24.DOI: 10.1227/01.NEU.0000210364.29290.C9

11. Werner C., Engelhard K. Pathophysiology of traumatic
brain injury // Br J Anaesth. 2007. Vol. 99, No. 1. P. 4-9.
DOI: 10.1093/bja/aem131

12. baganos B.W., Cnmupin MMW., Kopoctenes K.E., n gp. Ha-
BMraLMOHHbIE TEXHOMOTMW B XWpYprum nospexaeHwin // Bo-
eHHO-MeAMUMHCKMIA xypHan. 2021. T. 342, N® 9. C. 30-40.
DOI: 10.52424/00269050_2021_342_9_30

13. WaknyHo A.H. be3paMHas HelpoHaBMraLMs B HEOT/IOXHOM
HEMPOXMPYPruM BHYTPUMO3rOBbIX KPOBOWM3MMAHUMA: AMC. ... KaHA.
Meq, HayK. Mockaa, 2013. 134 c.

14. Kakarla UK., Chang S.W.M., Theodore N., et al. Safety and
accuracy of bedside external ventricular drain placement //
Neurosurgery. 2008. Vol. 63, No. 1. ID ONS162-166.
DOI: 10.1227/01.neu.0000335031.23521.d0

0b ABTOPAX

*Wcmaunn Xanunnaesuy cMannos, KypcaHT;
Researcher ID: 1SS-0771-2023; ORCID: 0009-0000-0582-0575;
e-mail: ismailov.iskh@mail.ru

Baaum U3mainosuy bapganos, o-p Mes. Hayk, npodeccop;
ORCID: 0000-0002-8461-2252; Scopus Author ID: 6504224287;
Researcher ID: V-1487-2017; eLibrary SPIN: 9314-5608;
e-mail: vadim_badalov@mail.ru

MNaBen KoHcTaHTMHOBMY THONMKOB, KYpCaHT;
ORCID: 0009-0006-1669-7836; Researcher ID: 1SS-0816-2023

Bnapucnasa CepreeBHa MuTIOHMHA, KypCaHT;
ORCID: 0009-0008-7703-7908; Researcher ID: 1SB-6351-2023

Makcum Uropesuy CinupiH, KaHA. Mef. Hayk;
ORCID: 0000-0002-2059-7399; Researcher ID: 1SS-0739-2023;
eLibrary SPIN: 5303-7104

Koncrantun EBreHbeBuy Kopoctenes, KaHg. Mef. HayK;
ORCID: 0009-0009-1321-9363; Researcher ID: 1SS-1011-2023;
eLibrary SPIN: 8004-0658; e-mail: neuro-koro@mail.ru

Koncrtanutun Bnagumuposuy Tionukos, KaHa. Mef. Hayk;
ORCID: 0000-0002-4700-889X; Researcher ID: 1ISS-0358-2023;
eLibrary SPIN: 6047-9941

PomMaH BukTtopoBuy ApMoluyk, xmpypr;
ORCID: 0000-0002-8270-4903; Researcher ID: 1SS-0755-2023;
eLibrary SPIN: 1928-0023; e-mail: ryarmoshuk@inbox.ru

Bnapumup Cepreesuy XKykoB, KypcaHT;
ORCID: 0009-0006-1027-2474; Researcher ID: 1SS-0762-2023

421


https://orcid.org/0009-0000-0582-0575
https://orcid.org/0000-0002-8461-2252
https://www.elibrary.ru/author_profile.asp?spin=9314-5608
https://orcid.org/0009-0006-1669-7836
https://orcid.org/0009-0008-7703-7908
https://orcid.org/0000-0002-2059-7399
https://www.elibrary.ru/author_profile.asp?spin=5303-7104
https://orcid.org/0009-0009-1321-9363
https://www.elibrary.ru/author_profile.asp?spin=8004-0658
https://orcid.org/0000-0002-4700-889X
https://www.elibrary.ru/author_profile.asp?spin=6047-9941
https://orcid.org/0000-0002-8270-4903
https://www.elibrary.ru/author_profile.asp?spin=1928-0023
https://orcid.org/0009-0006-1027-2474
https://orcid.org/0009-0008-7703-7908
https://orcid.org/0000-0002-2059-7399
https://elibrary.ru/author_profile.asp?spin=5303-7104
https://orcid.org/0009-0009-1321-9363
https://orcid.org/0000-0002-4700-889X
https://elibrary.ru/author_profile.asp?spin=6047-9941
https://orcid.org/0000-0002-8270-4903
https://elibrary.ru/author_profile.asp?spin=1928-0023
https://orcid.org/0009-0006-1027-2474
https://doi.org/10.1016/j.mcna.2019.11.001
https://doi.org/10.1227/01.NEU.0000210364.29290.C9
https://doi.org/10.1093/bja/aem131
https://doi.org/10.52424/00269050_2021_342_9_30
https://doi.org/10.1227/01.neu.0000335031.23521.d0
https://orcid.org/0009-0000-0582-0575
https://www.scopus.com/authid/detail.uri?authorId=6504224287
https://www.scopus.com/authid/detail.uri?authorId=6504224287
https://orcid.org/0009-0006-1669-7836
https://elibrary.ru/author_profile.asp?spin=8004-0658

