Bulletin the National academy ofsciences ofthe Republic ofKazakhstan

BULLETIN OF NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

ISSN 1991-3494
Volume 3, Number 385 (2020), 16- 23 https://doi.org/10.32014/2020.2518-1467.64

UDK 616.711-001-089 : 616.8-009-053.2

N. D. Batpenovl A. G. Baindurashvili2 S. V. Vissarionov2, S. S. Abdaliyevl

1Scientific Research Institute of Traumatology and Orthopedy of the Ministry
of Healthcare of Republic of Kazakhstan, Nur-Sultan, Kazakhstan;
ZThe Turner Scientific Research Institute for Children’s Orthopedics, St. Petersburg, Russia.
E-mail: niitokz@mail.ru, info@rosturner.ru, vissarionovs@gmail.com, abdaliev73@mail.ru

MULTIFACTORIAL ANALYSIS
OF NEUROLOGICAL DETERIORATION IN CHILDREN
WITH SPINAL TRAUMA AFTER SURGICAL TREATMENT

Abstract. The article presents a multifactorial analysis of assessing the dynamics of neurological deficit in
pediatric patients with unstable complicated thoracic and thoracolumbar spine fractures. The effect of the terms of
surgery that has passed from the moment of injury, as well as the severity of the damage to the spinal cord and its
elements, has been studied in details. Mager| spinal fractures classification was implemented to evaluate the type of
spine fracture, neurological deterioration were evaluated according to the international ASIA scale.

Longest result follow-up period was 5 years after surgery. Surgical treatment of 36 patients at the age of 3 years
to 17 years with unstable thoracic and thoracolumbar spine fractures complicated by neurologic deficit were
performed.

Longest result was monitored for up to 5 years in all patients. It was in studies revealing that a full recovery of
neurological functions in children with complicated spinal fractures is noted during surgical treatment in the first
6-12 hours from the time of trauma, with the main cause of neurological deficit associated with compression of the
spinal cord.

Key words: spinal trauma, spine cord injury, ASIA, children, spine surgery.

Background. Traumatic injuries of the spine can be observed in 1% - 10% of all traumatic cases in
children reaching the rate from two to twenty per 1 000 000 [1]. In large central city each year more than a
thousand children get a spine fracture, about two to three percents are mechanically non-stable and has
neurological impact [2]. In an up to five percents of traumatized children cord is also damaged, but one
can say that SCI can be found with higher prevalence than initially was thought due to existence of reports
in literature about more frequent rate of cord injury [3].

Spinal cord deficit occur in these patients due to a lot of causes: significant displacement of the
fractured fragments, damage to the neural tissue after development of the traumatic stenosis. Resolution of
symptoms may depend on these primary factors and the surgical activity. Not necessary primary contusion
leads to the deficit development - it can also occur later due to vascular issues which are secondary to
persistent ischemia [4].

One of the most significant injury pattern can be observed in patients with thoracic fractures and
dislocations. This region is distinguished by its narrowness and lack of free space available for the cord [4]
and even non-significant canal compromise can lead to significant problems.

It is unclear whether or not the size of canal left intact plays a role in development of neurological
deficit. Sometimes gross compression ofthe conus leads to no deterioration at all. Atthe same time minor
(less than 1.0 cm) fragment dislocation and non-profound deformity in saggital plane can cause marked
neurological devastation [5].

One of the biggest issues discussed in literature is when to make surgery. It was shown by many
authors that “the sooner - the better”, but there are situations when surgical aggression can deteriorate a
patient. According to different authors different points of view on how long early post-injury is exist
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varying from four weeks [6] to first five days [7] or even 3 days [8, 9]. Many surgeons accept first 8 hours
as “golden hours” for surgery [10].

According to Vaccaro et al. [8] there was no any significant difference between patients with cervical
spine injury who were operated surgically either during first 3 days or five days post-injury. Relationship
between cord compression and function was studied by Wagner and Chehrazi in 44 patients with damage
ofthe subaxial cervical region [10] using such factors like value of stenosis and time to decompression. It
was shown that only stenosis played significant role in the course of neurological deterioration as both
groups of patients (those who were operated in first 8 hours or those - during first 2 days) showed the
same level post-operatively even after a year. Many experienced surgeons such as Fehlings et al. advocate
that neurologically compromised patient should have his operation as soon as possible and no longer than
a day after injury [11]. Although they agree that no universally accepted time limits exist.

Both interesting and controversial data was shown in the article of Bohlman and Anderson who
operated on patients as late as 9 years post injury [12]. There were 58 surgical procedures and 29 patients
became walkers again after being paralyzed. 9 people didn’t show any benefit. Controversy consists in the
fact which authors advocated in paper that those who showed improvement could show it without the fact
of surgery.

Group of Aganesov et al. strongly agree with the hypothesis that timing plays major role and early
decompression with fusion is a key to success [1].

Blood supply of the damaged segments also plays big role as it was experimentally shown that
3 hours of blood watershed leaded to irreversible cell death [13]. Soviet scientists and spine surgeon
Lutsik [14] could show that the most sensitive structures are anterior spinal artery and its branches. This
fact obviates the necessity for early surgical intervention to help free the injured cord. Another interesting
feature is that white and grey matter have different sensitivity to ischemia: later is more sensitive and the
aforementioned first one can last for four hours which gives an opportunity to restore function in terms of
early surgical intervention [15].

Objectives. To explore which factors affect the outcome in children with unstable complicated
thoracic and thoracolumbar spine fractures the most.

Materials and Methods: 36 patients (2/3 were boys and 1/3 were girls) at the age of 3 years to
17 years (with more than 75% older than 11 years) with unstable thoracic and thoracolumbar spine
fractures with neurological deterioration were surgically treated at the hospital with further evaluation of
neurological status.

Table 1- Patient’s distribution according to age

Age 3years - 7 years 7 years - 11 years 1 years - 17 years Total
Males 4 4 16 24 (66,7%)
Females - - 2 12 (33,3%)
Total 4 (11,1%) 4 (11,1%) 28 (77,8%) 36 (100%)

Motor vehicle accident was a leading cause for trauma in 19 (52.8%) patients followed by fall from
height in the rest 17 (47.2%) patients.

Evaluation of neurological deterioration was performed using ASIA score [16] - table 2 presents the
results. Type of fracture, amount of stenosis and type of medulla compression and its condition was
assessed with x-ray, CT scans and MRI.

Data present in table 2 shows distribution of those patients according to ASIA score: almost half of
them (16) were classified as A (complete injury), 14 - class B (sensory function preserved), 4 - class
C and 2 patients as class D. It should be noted that clinical picture of complete spinal cord injury was
observed in 12 patients who had injury at the thoracic area and in 4 patients with injured thoracolumbar
area.
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Table 2 - Patient’s distribution according to results of neurological assessment

ASIA class
Group Level of injury A B C D Total
| Thoracic 2 - - - 8
Thoracolumbar - 6 - -
I Thoracic - - - - 4
Thoracolumbar 2 - - 2
Thoracic 2 - - -
Thoracolumbar - 2 4 -
Thoracic 8 4 - -
v Thoracolumbar 2 2 - - 16
Thoracic 12 4 - - 16
Thoracolumbar 4 10 4 2 20

Magerl spinal fracture classification [17] was implemented to evaluate the type of spine fracture.
Type A3 fractures were observed in 18 (50%) patients, type B - in two (5.6%) and type C in 16 (44.4%)
children. According to the level of injury data distributed in the next manner: thoracic area in 16 (44.4%)
patients, thoracolumbar area (Th10-L2) in 20 (55.6%) patients.

Surgical treatment for all patients consisted of procedure aimed to restore canal clearance and
stabilize injured segments: either only dorsal or combined approach was used with pedicle screw
instrumentation as a primary type of implants [2,3,4]. Patients with complete paraplegia (type A) were
operated from posterior approach to correct the deformity and stabilize an injured segment with metal
device and at the same surgical session anterior approach was performed to clear the canal and replace the
fractured vertebral body with Pyramesh filled with autologous bone. In fracture-dislocation injuries
surgical treatment was performed through the dorsal approach to restore the relationship between
segments, stabilize them in achieved position which all led to cord decompression on its own without the
necessity for anterior decompression. 360 degrees fusion was an obligate step ofthe procedure.

Despite controversial attitude to steroids in neurologically compromised patients in our clinic
NASICS - 1 protocol exists for treatment of such patients: steroid bolus (30mg/kg during first 6 hours)
with further supplementation using dosage of 5.4mg/kg per hour during next 23 hours was used. Post -
surgery patients continued to receive hormone therapy in the same dosage during two days.

After surgery all patients received physical rehabilitation including passive and possible active
exercises, muscle stretching and robotic - assisted kinesiotherapy.

Mean period of treatment of one patient was 24 days. After this period patients were discharged with
further recommendation o f continuing physical rehabilitation.

During the research we analyzed an influence of different factors which could affect the patient’s
outcome after surgical treatment. Next criteria were used: level of injury, amount of canal compromise,
timing to surgery, ASIA scale.

Monitoring of the patient’s neurological status was performed daily during first postoperative week
and every 2-3 days after. After discharge patients were examined every 6 months with neurological
assessment provided and its results saved. Longest follow-up period was 5 years after surgery.

Results. Injury at the thoracic region were accompanied by neurological deterioration much more
often and more severe comparing to thoracolumbar. From 16 patients with trauma at that level 12 were
graded as class A (complete paraplegia) and 4 as class B (sensory function preserved) according to ASIA.
20 patients with thoracolumbar fracture varied in their level ofdeterioration from A to D, with 10 patients
having class B.

Great variance was observed in time past prior surgery: in some patients only few hours took place,
for some 1.5 years had passed. Based on that four clusters of patients were gathered and table 3 presents
these data: unfortunately only 8 patients were able to be surgically treated no longer than 12 hours post-
injury. Almost half of the patients were operated later than two weeks. All the rest were treated in terms of
0.5-3 days to 14 days.

18



ISSN 1991-3494 3. 2020

Table 3- Patients distribution according to type and level of injury and timing to surgery

Type of injury Type A3 Type B Type C
Level of injury : Thoraco , Thoraco : Thoraco 1ot
Timing to surgery Thoracic lumbar Thoracic lumbar Thoracic lumbar

First 6 - 12 hours after injury 6 2 8
(group 1) ) ) ) )
From 12 hours to 3 days
(group 11) ) 2 ) ) ) 2 4
From 3 days to 2 weeks
(group 111) - 4 - - 2 2 8
More than 2 weeks
(group 1V) 4 2 2 - 6 2 16
Total 4 14 2 - 10 6 36

Thus most ofthe patients were operated at intermediate and late trauma periods.
Surgical treatment allowed to achieve complete removal of the stenosis, clear the canal and stabilize
injured area in all patients (table 4).

Table 4 - Amount of stenosis before and after surgical treatment

. Amount of stenosis %
Groups Level of injury
Before surgery After surgery
Thoracic min 90 - max 97 (93,5+3,5) 0
Thoracolumbar min 73 - max ¥4 (83,746,7) 0
I Thoracolumbar min 42 - max 88 (65,0+22) 0
Thoracic min 96 - max 100 (98,0+2,0) 0
Thoracolumbar min 44 - max 82 (53,7+18,2) 0
Thoracic min 18 - max 100 (63,8+18,7) 0
Thoracolumbar min 46 - max 73 (59,0+12,0) 0

In group | patients the amount of stenosis was markedly increased comparing to the rest groups: mean
93% for the thoracic and mean 84% for the thoracolumbar areas.

Neurological examination performed in early post-op period showed improvement of motor and
sensory (pain, light touch) function equivalent to 1-2 points according ASIA, pain sensation improved
faster.

In group | patients improvement of neurological function after surgical decompression occurred on
the 1-2 day after treatment, in group Il - on the 2-3 day, in group Il - on the 5-7 day, in group 4 - after
4-5 months. The most rapid improvement was observed in patients from I group with ASIA class B treated
in first 6-12 hours after trauma.

Evaluation ofthe long-term results showed following data:

Group . 6 patients with incomplete spinal cord injury showed marked improvement especially in
sensory function: 3 children became class E and 3 more patients had an increase of pain and light touch
sensation for a mean of 18 points from the baseline. Their motor function improved for a mean of
26 points from the baseline. In the long-term follow-up (5 years) after surgical treatment patients from this
group were assessed as 71 points (50 - 100) in motor function and 85 points (54-112) in sensory function.
Four of these became ambulatory and two patients were able for assistance walking. In two patients
classified as ASIA - A after trauma no improvement occurred. They remained paraplegic and had bladder
and bowel incontinence.

Group Il. Complete restoration of neurological function was observed in 2 patients with class
D according ASIA at the baseline. In two more patients with class A no improvement occurred. In the
long-term follow-up period mean motor function scores were 73 (50 - 97) points and mean sensory
function scores were 95 (78-112) points.

Group I11. In four out ofeight patients there was an improvement observed as a restoration from class
C to class D, and two patients improved from class B to class D. In 2 patients with class A neurologic
deterioration no improvement was observed after surgery. In the long-term follow - up motor function
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scores were in mean of 77 (50-93) points, and sensory function scored with a mean of 91 (38-107) points.
Mean increase in sensory function score was 10 (6-15) points and in motor function 19 (0-34) points.
After 4-5 years ofobservation no further improvements were observed.

Group IV. In patients with incomplete spinal cord injury improvements were also observed but with a
lower rate. Six out of 16 patients from this group with baseline class B according ASIA improved to class
C in 2-3 years after surgery. In 10 patients with class A there was no improvement observed. Mean motor
function score was evaluated as 59 (50-82) points and sensory function as 67 (24-84) points.

Special attention should be paid to 16 patients with class A neurologic injury. Regardless timing to
surgery none ofthese children improved their function. There was only slight and very slow restoration in
2-3 years after surgery but not more than on 5-8 points from the baseline.

Discussion. Our results shows that injury at the thoracic region were accompanied by much more
pronounced neurological deficit probably due to the fact that this region same as cervical spine is
distinguished by less reserve space available for the spinal cord in situation when canal compromise by
fractured fragment is present. We couldn’t observe this in patients with thoracolumbar fractures.

Another fact which was shown in our study is relationship between time passed prior to surgery and
the end result. Literally “the sooner - the better”: when surgery took place early, much faster resolution of
symptoms and recovery of neurologic deficit occurred. Unfortunately the same couldn’t be applied to
patients with complete loss of motor and sensory function - those graded A score according ASIA: there
were no resolution oftheir neurologic deficit except some tendency for improvement of sensory function.

It should be noted that for those patients who were surgically treated during first 12 hours stenosis of
the cord was significantly more pronounced: up to 97% at the thoracic spine and almost 90% at the
thoracolumbar area. Those patients with A score according ASIA (n=2) had injury in the thoracic region
with marked stenosis and no improvement.

Patients graded class B (n=6) showed better benefit from early surgery rather than those treated late:
improvement of cord functions was observed during first days after surgery. Canal compromise was the
main reason for this and early removal of fractured fragments led to restoration of function prevention of
further edema, vascular disturbances and secondary cord injury.

Significantly less amount of traumatic stenosis in patients from second group was accompanied by
less pronounced neurological deficit. Only two patients were classified as A and two classified as
D according ASIA.

Two patients graded A according ASIA showed no improvement after surgery due to the significant
compression ofthe cord (87% mean) as a primary traumatic factor.

Two kids with D level ofinjury showed benefit even though were surgically treated later than usually
necessary. But it should be mentioned that speed of their restoration was not as high as in first group.
Probably class D played the major role same as the level of injury (thoracolumbar) - both of these are
prognostic positive for the patients.

Patients treated as long as two weeks after trauma according to CT evaluation had distinct size of
stenosis at thoracic (up to 100%) and thoracolumbar (approx. 54%) areas - later was the least amongst all
patients who took part in this study. These patients showed following distribution according to the type of
neurologic injury: ASIA - A in 2 patients, ASIA - B in 2 patients and ASIA - C in 4 patients. Absence of
neurological improvement same as aforementioned amount of class A and B patients in this group can be
connected to the fact of delay for the surgical procedure. Provided later than in first and second groups
surgical treatment led to improvement of neurologic deficit in patients with class B (2 patients) and
C (4 patients) but began later (5-7 post-op day) and with lower rate. There were no improvement in
neurological function 5 years after surgery despite the fact of surgery in D graded patients.

Patients who treated late had the least marked cord stenosis from all ofthe groups both at the thoracic
(63%) and thoracolumbar (60%). Interestingly those patients despite the fact of less canal compromise had
very marked neurological deficit: 10 patients graded as A (complete loss of function) and 6 graded as
B (sensory function preserved). This made us to conclude that primary damage to the cord and secondary
changes which took place in later period were responsible for this phenomenon. Mostly due to this
secondary changes which passed the phase of active resolution surgical treatment aimed to restore the
alignment and stabilize the segment was ineffective.
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Unfortunately no patients graded A according ASIA showed any benefit mostly due to the fact of
severe spinal cord injury. Very insignificant improvement of sensation with limits can be probably
explained by child’s nerve tissue ability to regenerate in some manner.

Conclusion. Particular study confirmed the commonly accepted thesis that thoracic region is most
vulnerable for the development o fneurological deficit in trauma patients. Another significant factor which
influenced on the clinical picture was percentage of traumatic stenosis. One of the biggest issues in
treatment ofthese patients is time passed between trauma and surgery - it can be logistically very difficult
to follow the rule ofperforming decompression no later than 12 hours but this is crucial for restoration of
neurological status. Early and adequate decompression of the cord and its roots may allow a patient to get
better recovery and stabilization of an injured segment using pedicle instrumentation creates an ability to
mobilize patient early and provide more effective rehabilitation.

H. A. batneHosl, A. I'. banHgypawsunu2 C. B. BuccapuoHos2, C. C. Abpanvesl

TpaBMaTon0rus XaHe opToneams roinbIMn-3epTTey UHCTUTYTLI, HAp-C nTaH, KasaxcTaH;
. L. TypHep aTblHAarbl 6ananap TPaBMaTonorusachl XaHe optoneansckiHbly, ¥M30, CaHkT-IMeTepbypr, Peceii

XUPYPIUANbLW, EMAEYAEH KEN1H OMbIPTLACHI 3ALILIMAAHTAH
BANANAPAAIbI HEBPONOINAMNbLL, b¥3blNY bl KBMM®AKTOP/Ibl TANAAY

XK"MbicTa OMbIPTKA 6araHbiHbIH Keyfe X3He Keyge-6en 6eniriHiH OMbIPTKaNbIK- K MIbIHABIK >XapakaTbl 6ap
6ananapga HeBPONOTMANbIK TanWbIbIKTbIH AWHAMUKACBIH 6GaranayAblH Ken blKnangbl Tasgaybl “CbiHblagbl.
XKapakat kesiHeH 6acTan XYPprisifireH onepayuanbiK apanacynap Mep3imMmgepiHiH acepi, COHAan-ak X\ ibiH MeH OHbIH
3NEMEHTTEPIHIH 6”\3biNy aybIp/birbl XeTe 3epaeneHai. OMbIpTKa OaTaHbl CyMenHL, 3akbIMAaHynapbiH Oaranay
MakcaTbiHAa Magerl XikTemeci nmainganaHbingsl, HEBPONOrUAnbIK 6”3binbicTap ASIA XanblkapablK LLKanacbiHa
Caiikec baranaHabl.

OmbIpTKa 6araHblHbIH Key/ie xaHe 6en 6e/mKTepLuLL TApaKchbi3 acKbiHIaH CbiHynapbl 6ap 6ananapiars! HEBPO-
NOrnAnbIK e3repicTepiHiH AMHaMUKacbiHa 3pTY /i (haKTopIapbIHbIH 3CepiH Baranay- ocbl XX MbICTbIH MaKcarbl.

OpTYpni gapexxese HeBPONOTUANBLIK 6”3bIfbICTAPMEH aCKbIHIFaH OMbIPTKa GaraHbiHbIH Keyae X3He Keygae-6en
6emxrepLuLy, cbiHynapbl 6ap 3-TeH 17 xacka AeiiHri 36 nayueHT XMPYPruanbiK eMaeyaiH HITWXeNepiHe Tanjay
XYprisingi. Hatwxkenepgi 6aranay YLWiH TOMbIK HEBPOMOTUA/bIK Garanaygbl, PeHTreHorpauanbiK enwemaepai,
KOMMbIOTepAiK ToMorpaduaHbl (KT) X3He MarHWTTi-pe3oHaHCTbIK ToMorpaduaHbl (MPT) KockaHaa, KIMHUKaNbIK
3epTTey 3A4icTepi NanganaHbIngpl.

OMbIpTKa KaHa/IblHbIH CTEHO3 CaHblH a3aiTy, OMbIPTKa 6araHbl CErMEHTTEPIHIH TY3enyiH KanmblHa KenTipy
X3He 3aKbIMAanraH aimakTbl TApakTaHabIpy YLiH 6ap/iblK NauveHTTepre XMpyprusanbik em XXypnswar 36 naumeHt
iLLiHeH 8 mauueHTKe XapakaTTaH KelliH 12 caraTTaH KellikTipMeli onepauus >xacangbl. [MNauueHTTepaiH xapTbiCbiHa
XybIrblHa ekl anTa eTKeH COH onepauus xacangpl. KanraHgapbl 0,5-3 KyHHeH 14 KYHre geiiiHri mep3iMmae eMaenar

OTkisinreH 3epTTey Keyge OeniriHae OKWaynaHraH >apakarTapfa eH ayblp HEeBpOSOrusa/bIK TanbliblK
6onraHblH KepceTTi. Keyge 6eniriHgeri 3akbiMgaHynapga kKeyge-6en 6eniriMeH casibiCTbipraHAa HEBPOOTMSbIK
Halapnay efayip >xui 6onraHbl 6aikangbl. Ocbl felieigen >kapakaTbl 6ap nayveHTTepgdiH 16-HaH 12-i ASIA
calikec, A Knacbl peTiHae (TonbIK napannerus) »aHe 4-i B knacol peTiHAe (cesy yHKUMSHBIH CaKTanybl) XIiKTeni.
XKapakaTTbIH AigHreili raHa emMec, KaHanablH 3aKbIMAaHy [3PEXECi MeH XKapakaT neH JeKoMnpeccusra aeniHri kesel
[le eMHIH COHTbl HITWKECIHE KaTTbl acep eTeqi. |-TonTarbl NauueHTTepAe HeBPONOTUANbIK YHKUUAHbIH YKaKcapybl
XUPYPruanbiK AeKOMMpeccusfaH KelH 1-2 Taynik emgereH coH, ll-tonta - 2-3 1aynik, Ill-TonTa - 5-7 Taynw,
IV TonTa - 4-5 aii eTkeH COH 6onabl. XKargaablH eH Tes XaKcapybl XapakaTTaH KeluH 6-12 carar iwiHge em anraH
ASIA caiikec B knacTbl |-TonTarsl naumeHTTepae Galikangbl.

Bip nauneHT empeyaw, oprtawa Mep3iMi 24 KYHAI K¥pagbl. [MauveHTTiH HEeBPOMOruAnbIK M3pTebeCiHiH
MOHUTOPMHTa KYH cailblH onepauusgaH KeiiHri GipiHWi anTa iliHAE XX3He 0faH KeLUH 3p 2-3 KPT caliblH eTKi3ingi.
LLbirapbinraH COH NauveHTTEP HEBPONOMUANbIK 6arachbl “CbIHbITYbIMEH XX3He HITVDKENepAiH CakTanybiMeH 3p 6 ait
cailbiH Kapan-Tekcepsar OnepauusgaH KeLWHN eH ¥3ak Gakbinay Kesew, 5 Xbin. bakbinayfplH aibic KesellHae
(5 Xbln) XUPYPrusbiK eMaeyaeH KelH 1-tonTarsl NauyeHTTep KO3rasibiC yHKumANapbl 6oibiHWwa 71 6anra xsHe
cesy (hyHKumscbl 6oiibiHWa 85 6anra GaranaHabl. M-TonTarbl NauMeHTTepAe KO3raybllWTbiK (DYHKLUMSHBIH OpTalla
KepceTkiwTepi 73 6anabl K¥padpl, cesy (PYHKUMSCbIHbIH opTalla KepceTkiwTepi 95 6ann. LL-TonTarbl naumeHT-
TepLiH KO3rayblWTbIK (YHKUMACLIH GaranayfblH anbiC KeselHAe oprawa 77 6andbl, cesy (YHKUMACHI opTalua
91 6angbl mpceT. IV ToMTa KO3raybIWTbIK (YHKUMACBIHBIH OpTatla 6anbl -59, cesy dyHkuusckl - 67 6anra 6ara-
NaHgpl.
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OwmbIpTKa GaraHblHbIH acKblHraH CbiHynapbiMeH 6ananapfa HeBPONOTUANLIK PYHKUMUACHIHBIH TOMbIKKAHAbI
KannblHa KeNyi 3aKbIMAa/iraH KesiHeH 6ipiHLWi 6-12 caraTTa XUpyprusnbik em XY prisifreHae 6aikanatbiHbl 3epTTey
GapbICbiHAa aHbiKTangbl, 6”1 peTTe, HEBPOMOrMANBLIK TanLWbIIbIKTbIH Hen3n ce6ebi X bIHHbIH KbICblNybIMEH
6aiinaHbICTbI.

OwmbIpTKa GaraHbiHbIH Keyfde >k3He 6en 6enikTepiHiH acKblHraH T/paKcbi3 CbIHYy/MapbIMeH MNeAuaTpUAsbIK
naLueHTTEpPAE COLLbI HATWXKeNepre efayip acep eTeTLl Herisri akTopnap: apakar feluell, KaHaigblH KOMIpoMe-
Tauus A3pexeci, XX bIHHbIH EKOMMPECCUACHIHA AeMiIHTI YaKbIT.

TYWin cesfep: OMbIpTKA 6GaraHblHbIH >KapakaTtbl, >XbIHHbIH 3akbiMganybl, A3VHA, 6ananap, OMbIpTKa
6araHbIHbIH XMPYPIUACHI.

H. 4. batneHoBl A. I'. Banngypawsunn2 C. B. BuccapnoHos2, C. C. A6ganvesl

Hay4Ho-nccnenoBaTensCKUiA MHCTUTYT TpaBmaTonorum u optonegum, Hyp-CyntaH, KasaxcTaH;
HMMUWL, petckoin TpaBmaTonorum n optoneguu um. I'. W. TypHepa, CaHKT-MNeTepbypr, Poccus

MHOFOGDAKTQPHbIM AHANN3 HEBPOJIOTMYECKMNX HAPYLLEHWIA Y IETEN
C TPABMOW NMO3BOHOYHUKA MOCNE XNPYPITMYECKOIO JIEHEHUNA

B pabote npenctaBneH My/nbTU(aKTOPHbIA aHanM3 OLEHKU [AMHAMUKW HEBPOOTMYECKOro Aeduumuta y
NaLuMeHTOB AETCKOro Bo3pacta ¢ MO3BOHOYHO-CMMHHOMO3rOBO TPaBMOW FPYAHOr0 U rpyAONOACHUYHOIO OTAEN0B
MO3BOHOYHMKA. [leTafbHO M3YYeHO B/NAHVE CPOKOB OMepaTMBHOIO BMELLATE/NbCTBA, MPOLUEALINX OT MOMEHTa
TPaBMbl, & TaKXe TAKECTU CaMoro MOBPeXEeHUA CMUHHOTO Mo3ra W ero 31eMeHToB. C Le/blo OLEHKM KOCTHbIX
NOBPEXAEeHNI MO3BOHOYHMKA WMCMONb30BaN Knaccudmkaumio Magerl, HEBPOMOrnyeckme HapyLlLeHUs OLEeHMBaM
COrnacHoO MexayHapoaHoii wkane ASIA.

Llensto faHHoOW paboTbl 6bI10 OLEHKA BAUSHUA PasINyHbIX ()akTOPOB Ha AMHAMUKY HEBPOOTMYECKUX U3MeEHe-
HWIA y feTein ¢ HecTabybHO OCNOXHEHHBLIMY NepPesioMamMu rPYAHOI0 U MOSCHUYHOIO OT/AEN0B MO3BOHOUHMKA.

MpoBeAeH aHanM3 pe3ynbTaToB XWPYPruyeckoro neyeHms 36 naumeHToB B BO3pacTe oT 3 A0 17 net c
repesioMaMun rpyAHOro oTAena no3BOHOYHOro CToN6a U rpyonosACHUYHOrO Mepexosa, OCNOXKHEHHBIX HEBPO/Oru-
YECKUMW HapyLIEHWUSMW PasNYHON CTeNeHU BbIPaKeHHOCTU. VCMno/b30BaHbl MeTOAbl KAMHWYECKOro WMCCNefoBa-
HWA, BK/KOYas MOSHYIO HEBPOIOTUYECKYIO OLEHKY, PeHTreHorpauyeckme M3MepeHus, KOMMbIOTEPHYIO TOMOrpa-
tuto (KT) 1 MarHMTHO-pe3oHaHcHYyo Tomorpaduio (MPT) 4ns OLeHKY pe3ynbTaTos.

Bce nauuneHTbl 6blny NOABEPrHYTHI XMPYPruYecKoMy /eUeHUto, YToBbl YMEHbLUMTb KO/MYECTBO CTEHO30B
MO3BOHOYHOI0 KaHasa, BOCCTAHOBWUTL BbIPaBHWMBAHWE CErMEHTOB MO3BOHOYHWMKA M CTabWUIN3MPOBaTbL MOBPEXEH-
Hyto 06nacTb. 3 36 mauyeHToOB 8 mauueHTOB Oblfv NMPOOMEPMPOBaHbl He MO34Hee, Yem Yepe3 12 yacoB nocne
TpasMbl. [OYTM MOMOBMHA NAUMEHTOB ObI/IN OMEPUPOBaHbI MO3Ke, YeM Yepes ABe Hefenu. Bee ocTanibHble nevnnmch
B Cpokw 0T 0,5-3 aHei go 14 gHei.

MpoBeaeHHOe uccnefoBaHue NoKasao, YTo Havmbonee THKeNblli HEBPONOTMYECKMIA AethnLMT CONPOBOXaaCA
TpaBMamu, JIOKaIM30BaHHbIMW B rpyAHOM oTZene. MoBpexaeHns B rpyAHOM OTAeNe 3HAUMTENbHO Yallle COMpPOBOX-
[a/MCb HEBPOJIOrMYECKUM YXYALLEHWEM MO CPABHEHWIO C FPYAHbIM NOACHUYHBIM. 3 16 naumeHTOB ¢ TpaBMO Ha
3TOM YpoBHe 12 6biny KraccuuuMpoBaHbl Kak knacc A (MonHas napannervs) U 4 Kak knacc B (coxpaHeHHas
ceHcopHasa (yHkuwms) cornacHo ASIA. He ToMbKO ypoBeHb camoli TpaBMbl, HO W CTEMEHb MOPAXKEHWS KaHana u
nepuog, npoLlleAlmniA OT TPaBMbl 4O AEKOMMPECCUM, OKasblBalOT CW/IbHOE B/NAHWE Ha KOHEYHbI pesysbTar
NeyeHVs. Y naumeHTos | rpynnbl ynyylleHne HeBPONOTMYECKOW (DYHKLMM MOCe XUPYPruyeckoi Aekomnpeccum
MpounsoLLo Ha 1-2 cyTku nocne neyvexnd, 8o |l rpynne - Ha 2-3 cyTku, Bo Il rpynne - Ha 5-7 cyTku, B IV rpynne -
nocne 4-5 mecaues. Havbonee 6bICTpoe ynydlleHne Habnoganock y naumeHtoB u3 | rpynnel ¢ ASIA knacca B,
Mo/yYaBLUMX IeYEHMEe B TEUEHUW 6-12 YacoB Noc/e TPaBMbl.

CpefHWil CPOK feYeHWst OJHOro nauumeHTa coctaBun 24 aHA. MOHWTOPVIHT HEBPOJIOFMYECKOrO CTaTyca
naumeHTa NPOBOLUCS eXKeJHEBHO B TeUEHMe NepBOi NocneonepaLMoHHO Hegenn 1 kaxable 2-3 fHA nocne. Mocne
BbIMUCKM NaLMEHTbI OCMATPUBANNCH KadKable 6 MECALEB C NPejOCTaB/IEHNEM HEBPOJIOrMYECKON OLEHKMN U COXpaHe-
HUeM pesynbTaToB. Camblii AnWTeNbHbIA Nepuof HabNoAeHNs nocne onepaumu coctasun 5 neT. B oTAaieHHOM
nepuoge HabnogeHns (5 NeT) Nocne XMPYPruyeckoro neyYeHns naumeHTsl 13 | rpynnbl OLeHMBaNnCch Kak 71 6ann no
[BuratenibHOM (yHKUMM 1 85 6aiioB N0 CEHCOpHOW (yHKuMW. Y naumweHTos Il rpynnbl cpegHue nokasatenu
MOTOPHOI (byHKUMM cocTaBisim 73 6GanioB, a CpegHWe MNOKasaTeNn CEeHCOPHON diyHKuun - 95 6Gannos. B
OTZA/IEHHOM NeproAe OLEHKM MOTOPHOM (hyHKUMK NaumeHToB |1 rpynnbl 6b1nm B cpegHem 77 6annos, a CeHCOpHas
thyHKuus - B cpegHem 91 6annos. B IV rpynne cpegHwin 6ann MOTOpPHOM (ByHKUMM OLeHuBancs Kak 59 6ai1nos, a
CeHCopHas (yHKUKMs - 67 6annos.

B xopge vccnefoBaHys ycTaHOBIEHO, YTO MOJHOLEHHOE BOCCTaHOB/IEHWE HEBPONOTMYECKNX PYHKUMN Y feTeld
C OC/IOXXHEHHBLIMU NepenoMamyt NMO3BOHOYHMKA OTMEYaeTCs MPY BbIMOAHEHUN XUPYPTrUYECKOr0 fleYeHns B MepBble
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6-12 4yacoB OT MOMEHTA MOBPEXAEHUS, MPU 3TOM, OCHOBHas MPUYMHA HEBPOMIOrMYECKOro feduLmTa CBs3aHa CO
CAAB/IEHVEM CTIMHHOTO MO3ra.

OCHOBHble (DAaKTOPbl OKa3bIBAMOLLME CYLIECTBEHHOE BIMSIHUE HA KOHEYHbI pe3ysibTaT Y MeAvaTpuyeckux
MaLVEHTOB C OC/TOXHEHHBIMW HECTAGW/IbHBIMM NEPENOMaMy IPYAHOTO U NOSCHNYHOTO OTZAE/0B MO3BOHOYHMKA: YPO-
BEHb TPaBMbI, CTEMEHb KOMMPOMETALIMM KaHasa, BPEMS 40 SEKOMMPECCUM CIMHHOMO MO3ra.

KnioueBble CfioBa: TpaBMa MO3BOHOYHMKA, MOBPEXAEHWE CMWHHOTO Mo3ra, A3UH, getu, Xupyprus
MO3BOHOYHMKA.
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