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IPSILATERAL CEREBELLOPONTINE ANGLE CISTERN WIDENING -
A RADIOLOGICAL INDICATION FOR TIMELY CISTERNAL DRAINAGE IN
PATIENTS WITH TRAUMATIC BRAIN INJURY

Objective: Cerebellopontine angle (CPA) cistern widening occurs as a result of herniating temporal lobe as it
pushes the midbrain and thus the pons away from the petrous temporal bone throughout its descent. This is clin-
ically observed as pupillary asymmetry (reactive or non-reactive) and as the herniation progresses, deterioration
of neurological status follows. The aim of this study s to assess the radiological feature of ipsilateral CPA cisternal
widening in patients with traumatic brain injury, as a prognostic indicator for timely cisternal drainage and bone
flap replacement.

Methods: In this retrospective study, 31 patients undergoing cisternal drainage for traumatic brain injury were
included. The presenting demographic, clinical and radiological signs were recorded and results were analyzed to
assess the significance of intervention when CPA cisterns were widened, and its correlation with clinical presen-
tation and prognosis.

Results: The overall mean age was 35.68 + 8.95 years, with 61.3% males and 38.7% females. All patients pre-
sented with anisocoria and out them, 26 had unilateral obliterates suprasellar cisterns and widened CPA cisterns;
with 2 of them showing unilateral pupil non-reactivity as well. The other 5 patients presented with bilaterally
dilated fixed pupils and the corresponding scans showed complete obliteration of CPA cistern. These findings were
statistically significant (p-value<0.05, Cramer’s v=0.812). There was a significant association between CP angle
cistern morphology and corresponding motor scores (p-value<0.005; Cramer’s V: 0.759). The outcome in patients
after 6 weeks follow up was significantly correlated to the CP angle cisternal widening and obliteration (p-value:
0.001; Cramer’s V: 0.718) and the consequent changes in motor scores (p-value<0.05; Cramer’s V: 0.880).
Conclusion: CP Angle cisternal widening is a clear indication of impending uncal herniation, identified clinically
by pupil asymmetry. Timely surgical intervention using a cisternal drainage can prevent progression to involve-
ment of more posterior structures, which otherwise result in a decreased motor score and a poor prognosis.
Keywords: Brain Herniation, Cerebellopontine Angle; Uncus; Parahippocampal Gyrus; Pupil Dilatation.
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pocampal gyrus completely occupy and obliterate
the entire ambient cistern and the cerebellopontine
(CP) angle cisterns. As this progression happens, the
brainstem is compressed as well as undergoes tor-
sion, resulting in rapid clinical deterioration.

The consequent clinical findings would start with
a constriction and then dilatation of the ipsilateral
pupil due to oculomotor nerve compression [1, 2],
however para-hippocampal gyrus herniation, caus-
ing further compression and torsion of the brainstem

INTRODUCTION:

Brain herniation is a late event amongst the com-
pensatory mechanisms for raised intracranial pressure
due to an intracranial space occupying lesion. Supra-
tentorial space occupying lesions usually displace the
anteromedial temporal lobe (uncus) into the tentorial
incisura, a phenomenon called uncal herniation. An-
atomically the ambient cistern is located in both the

lype Cherian, email: drrajucherian@gmail.com



OPUTNHANBHBIE CTATBA

would worsen the picture and clinical deterioration
would result, with bad prognosis.

Time is of the essence in such pathologies and
early surgical intervention might result in a better
prognosis [3]. In this study, we present the results of
surgery in a group of patients with widened ipsilater-
al cerebellopontine angle cisterns.

PATIENTS & METHODS:

A total of 31 patients undergoing emergency Cis-
ternostomy for traumatic brain injury were included
in this study. The selection for cisternal drainage was
based upon presenting neurological status and the
corresponding CT imaging. Patient data including
age, gender, pupillary asymmetry and reactivity, mo-
tor score and the asymmetry pre-operative CT scan
findings were assessed and recorded. Patients were
categorized based on their pupil status as asymmet-
ric reactive and asymmetric non-reactive. All patients
were followed prospectively over a 6 weeks period
to determine the surgical outcome using the 5-point
Glasgow Outcome Scale.

Figure 1: Pupil reactivity and CP angle cistern

morphology in patients with asymmetric pupils

Figure 2: Motor Scores corresponding to CP angle morphology
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An analysis was conducted to determine the as-
sociation of pupillary status with cerebellopontine
angle cistern widening and obliteration. Motor score
in the GCS was used as an association to determine
the outcome of the immediate surgical intervention
in the patients.

RESULTS:

Out of the total population, 61.3% were male and
38.7% were females. Mean age of males and females
was 36.84 + 8.85 and 33.83 + 9.18 respectively. Over-
all mean age was 35.68 + 8.95 years.

Among all the 31 patients with asymmetric pupils,
26 had had unilateral CP angle cistern widening with
2 of them showing unilateral pupil non-reactivity as
well. The other 5 patients presented with bilateral-
ly dilated fixed pupils and their corresponding scans
showed a complete obliteration of CP angle cistern.
These findings were statistically significant (p-val-
ue<0.05, Cramer's v=0.812) [FIGURE 1].

There was a significant association between CP
angle cistern morphology and corresponding motor
scores (p-value<0.005; Cramer’s V: 0.759) [FIGURE 2].

Figure 3: GOS at 6-weeks follow-up with corresponding
motor scores at time of presentation

H Dead Moderate Disability B Good Recovery

The outcome in patients after 6 weeks follow up
on 5-point GOS was significantly correlated to the CP
angle cisternal widening and obliteration (p-value:
0.001; Cramer’s V: 0.718) and the consequent chang-
es in motor scores (p-value<0.05; Cramer’s V: 0.880)
[FIGURE 3].
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DISCUSSION:

Brain herniation is a consequence of the mass ef-
fects due to trauma, tumor or cerebral abscess. A rise
in the intracranial pressure leads to shift in the brain
compartments giving rise to a series of anatomical
distortions with clinical and radiological manifesta-
tions.

The tentorium cerebelli separates the occipital
lobes of cerebral hemispheres from the cerebellum. It
is attached anteriorly to the clinoid processes of the
sphenoid bone, anterolaterally to the petrous part
of the temporal bone, and posterolaterally to the in-
ternal surface of occipital and the parietal bone [4].
Superiomedially, tentorium cerebelli continues as falx
cerebri; giving it a tent-like appearance. The tentorial
notch or incisura is a semi-ovular opening through
which the brain stem descends into the infratentorial
compartment. The midbrain is located in the tento-
rial opening (incisura) and the uncus and para-hip-
pocampal regions of the temporal lobe lie along the
lateral margins of the tentorial incisura.

Trans tentorial herniation occurs when the tempo-
ral lobe herniates down the tentorial notch. Trans ten-
torial herniation can be categorized into ascending or
descending depending upon the infratentorial or su-

pratentorial location of expanding lesion, respective-
ly. Descending tentorial herniation has further been
classified by Azambuja et al [5] into three subtypes:
anterior, posterior and complete herniations. In ante-
rior herniation, only the uncus is involved and is her-
niated down into the ipsilateral crural cistern causing
shifting and rotation of the brain stem. This anterior
(uncal) herniation is the initial event in most cases of
tentorial herniation, usually followed by herniation
of more posteriorly located structures at a more ad-
vanced stage. A posterior herniation is present when
the hippocampal gyrus (behind the uncus) has herni-
ated down into the posterolateral part of the tento-
rial hiatus. The posterior herniations encroach upon
the lateral part of the quadrigeminal plate cistern and
will cause a displacement, rotation and compression
of the brain stem. When both anterior and posteri-
or herniations are present and join each other, the
result is a complete herniation. Bilateral descending
tentorial herniations, which correspond to the axial
pressure cone syndrome of Liliequist [6], occur most-
ly with frontal and central tumors, while lesions that
are temporal or parietal in location tend to produce
unilateral herniations or, herniations that are consid-
erably larger on one side than on the other [7].

Figure 4 — Sequel of widening of Cerebellopontine angle cistern as the anterior temporal lobe begins to descend the
tentorial notch. A: Normal Anatomy; B: Descent of anterolateral temporal lobe (uncal herniation), pushing the midbrain
and pons on the contralateral side, notice widening of CP angle cistern, C: Trans-tentorial Herniation and complete
obliteration of CP angle Cistern.

Space occupying lesions secondary to traumat-
ic brain hemorrhages present with significant mass
effects resulting in a mid-line shift and an obvious
herniation as detected by obliterated basal cisterns

upon CT imaging [8]. Medial dislocation of uncus en-
croaches the lateral aspect of the suprasellar cistern
indicating an impending tentorial herniation. In very
early stages, the herniating anterior temporal lobe
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pushes the midbrain and the pons away, and occu-
pies the ambient cistern resulting in the increased
distance between the petrous bone and the pons
thereby widening the cerebellopontine angle cistern
on the same side as the expanding lesion [9] [FIGURE
4]. This gives rise to clinical manifestations of third
nerve paresis and indicates increased intracranial
pressure [10]. These changes can be appreciated in
very early CT imaging or Magnetic Resonance Imag-
ing (MRI) [11]. Cranial CT is the mainstay of imaging
and is preferred over magnetic resonance imaging
(MRI) due to availability and speed of imaging [1, 4]
[FIGURE 5 - 7].

(@)

Figure 5 —Identifying CP angle cistern dilatation on CT
imaging

Figure 6 — (a) 25 years old male, GCS 8 (M4), Left Pupil dilated, reacting. Severe brain swelling preoperative. (b)
Cisternostomy performed — extubated in 48 hours, 15 days in the department and 8 weeks later the patient came back
walking (M6)
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Figure 7 — (a) 25 Y/O Male, GCS 7 (E2V1M4), Right pupil dilated; right temporal contusion and temporo-parietal acute
SDH; small craniotomy for SDH; severe brain swelling; (b) Conversion to trauma flap and cisternostomy, brain lax. Post-Op
GCS 15. Residual CN III palsy

The earliest sign of uncal herniation is the ipsilat-
eral dilation of the pupil. A depressed state of con-
sciousness is not a reliable early sign, but the patient
may be confused or agitated [12]. Other signs include
contralateral or ipsilateral hemiparesis, resulting from
compression or displacement of brainstem affect-
ing ascending arousal pathways, oculomotor nerve
(Ilf), and corticospinal tract by the displaced medial
temporal lobe [4, 13]. Once the brainstem is compro-

mised, the conscious state may deteriorate rapidly to
a deep coma.

Once the herniation prevails more posteriorly in-
volving the para-hippocampal gyri, as observed in
a small subset of our patient population, the motor
score dropped rapidly whereas the pupil reactivity re-
mained more or less the same. These factors have a
high prognostic value described by a study in Austria,
where GCS motor score and pupillary reactivity were
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assessed in the field and at hospital admission to as-
sess their prognostic value for 6-month mortality in
patients with moderate or severe TBI [14]. Bilateral di-
lated pupils, and a decreased GCS with a motor score
of 3 defines the progression to an advanced stage of
herniation with the para-hippocampal gyrus involve-
ment, that causes effacement of cisternal spaces at
the tentorial level and compressing the contralateral
anterior cerebral peduncle (crus cerebri) against the
tentorium, resulting in ipsilateral hemiparesis (Kerno-
han's false localizing sign) [15]. The herniation of pa-
ra-hippocampal gyrus should not however be mis-in-
terpreted as a posterior fossa tumor on radiological
imaging [16, 17]. These findings were consistent with
the pre-operative CT scans in more severe patients,
with accompanied complete third nerve palsy and
took a longer time for improvement in clinical status.

The magnitude of rise in intracranial pressure sec-
ondary to traumatic brain injury can be observed by

(a)

(b)

ok

the edematous brain per-operatively. In our setup, all
patients presenting with signs of impending hernia-
tions as identified by widened CP angle cisterns on
the same side as the expanding lesion, underwent
Cisternostomy to let out Cerebrospinal Fluid from the
basal cisterns and reduce the cisternal pressures at
atmospheric levels [18]. This rapidly decreased cere-
bral edema, getting the brain lax enough for bone
flap re-apposition at the end of the procedure. This
not only allowed for a rapid reversal of the CSF shift
edema [19] that occurs as a consequence of increased
cisternal pressure but also prevented progression to
herniation of the edematous brain into an artificial
cavity, stretching of axons and neural structures and
probably high intra-parenchymal pressure despite
decrease in intracranial pressure which later would
contribute to a higher morbidity and vegetative pa-
tient outcome otherwise seen in traditional Decom-

pressive Hemicraniectomy [20, 21, 22] [Figures 6 — 10].

Figure 8 — 23 Y/O Male, GCS 4 (M2), left pupil dilated; decompression of temporal bone to the MCS floor, reapposition of
frontal bone flap. Post-op GCS 15, and talking
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(a)

(b)

Figure 9 — 43Y/O Female, GCS 6 (ELV1M4), left pupil dilated. (a) Tentorial herniation. (b) Extubated in 4 days with GCS 14,
residual hemiparesis, CN III palsy
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Figure 10 — 33 Y/O Female, GCS 4 (E1V1M2), bilateral fixed pupil; posterior fossa hematoma evacuated and cisternostomy
performed. Post-Op GCS 14/15

One important factor in management of cerebral
herniation is the time lapsed before presenting to the
ED. Majority of the patients presenting to our depart-
ment had very early signs of brain injury, and hence,
widened CP Angle cisterns were well appreciated in
the images obtained upon arrival. Clinical presenta-
tion of almost all these patients involved unilateral
(ipsilateral) pupil dilation at the which corresponded
to the same side as the widened CP angle cisterns.
The initial events of anterior temporal lobe hernia-
tion present with a GCS above 8 and a motor score
of 5 and 4 only in some patients. This determines a
good prognostic value as seen by our post-operative
outcomes.

In a later sequel, trans tentorial herniation may
cause ipsilateral cerebral infarction due to occlusion
of the posterior cerebral artery and the Duret hemor-
rhage, which typically occurs in the ventral and para-
median midbrain/pons following rapid downward
herniation. Other signs of uncal herniation on com-
puted tomography (CT) include shift of mesenceph-
alon, obliteration of suprasellar cisterns, aqueductal
compression, hydrocephalus and Descending tento-
rial herniation (DTH) [23]. It is of extreme importance
to correlate the clinical signs with the radiological
findings [24], as seen by the strong association seen
in our study.
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CONCLUSION

Our results indicate that widening of ipsilateral
CP angle cisterns on CT imaging strongly correlates
clinically with ipsilateral pupil asymmetry (reactivity
and dilatation). Widening of CP angle cisterns on the
same side as the expanding lesion should be consid-
ered as an early sign of impending herniation. The
presenting motor score is a significant predictor of

prognosis and a decrease in motor score by 1 point
leads to a poor prognosis. It should be clear that ip-
silateral pupil dilatation is an early indication of im-
pending or on-going herniation and timely manage-
ment using a cisternal drainage is required to prevent
progression to a complete trans-tentorial herniation
and thus poor prognosis.
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Hobesnb HelipofelnbiM uHcmumymel, Hobesne MeduyuHanelk Konneoxi MeH oKy aypyxaHacel,

bupamnaeap K., Henan

MunLbIK KOMnIPI LUCTEPHACBIHbIH, UTICUNATEPA/IbAbI ¥/1¥AIObI - BAC
MWbIHbIH XXAPAKATbI BAP NMAUMEHTTEPAIH LUNCTEPHAJIAPbIH YAKTbIJ1bI
APEHAXAAYAAFbI PAANONOTNANBIK NHAUKATOP

Makcameor: Muwbik  Kenipi  LWCTEPHAChIHbIH
(MKL,) ynfatobl — opTaHfbl MU MeH KenipAiH TacTbl
Cy/MeKneH KpICblIFaHHaH caMaWblK YAECTiH >Kapbik
peTiHAe LWbIFbIN TYPYbIHbIH, HaTUXeci 60/bin Tabbl-
nagbl. byn xafgarifia KAMHUKaNbIK TypFblfaH Ke3 Ka-
paLbIKTapbIHbIH, aCUMMETPUACH Galkanaibl >aHe
ANCNOKAUMANBIK CUHAPOMHbIH, KYLUEHIHIH, canja-
pblHaH HEBPOIOTUABIK, XKafaal Hallapaangbl. 3epT-
TeyAiH MaKcaTbl — LMCTePHaHbl yakTbilbl ApeHaxxaay-
AblH XOHE CyMeK KeCiHAICIH anmacTbipyablH 601KaMm-
Ablk dakTopbl peTiHae H6ac MUbIHbIH, XapakaTbl 6ap
nauneHTtTepge MKLU-HbIH nncunatepanbapl yafarobl-
HblH, PaAVONOTUANBIK epeKLLenikTepiH Hbaranay.

90dicmepi: byn peTpocnekTuUBTIK 3epTTeyre 6ac
MWbIHbIH, >KapakaTblHa 6alNaHbICTbl LUCTEPHAHbIH,
ApeHaxzanybl xacanfaH 31 Haykac eHrizingi. [e-
MOrpaduANbIK, KAVHUKaNbIK >XXoHe PaAvONOrUANbIK
nepektep MKLU-HbIH, yafatobl Ke3iHAEr XMpPYprusabik,
apanacyAblH, MaHbI3AbINbIFbIH, OHbIH KJAVHUKaNbIK,
KepiHicTepMeH XaHe boskayMeH balinaHbliCbiH baFa-
nay yuiH TangaHabl.

Hamukenepi: Xannbl optalua >acbl 35,68 + 8,95
XacTbl Kypajbl, OHbIH iWiHae epnaep 61,3% >xaHe
aviengep 38,7%. bapsbik HaykacTapza aHWU30KOpUS
604bl, OHbIH, 26-HAa cynpacennsapibl LucTepHanap-
AblH, 6ip >akTbl KbiCblaybl XaHe MKL-HbIH, yafatobl
6onabl; 2 HaykacTa Kapallblk peakuuanapbiHbiH, 6ip
XakTbl 6onMaybl Tipkengi. 5 Haykacta pagvosoru-
ANbIK 3epTTeynepain, AepekTtepiHe cavikec MKL,-HbIH

KbICbINybl MEH KapallblKTapAblH, eKi XakTbl dukca-
LUuAnaHfaH yafatobl 6ankangpl. byn Hatuxenep cra-
TUCTUKANbIK MaHpbI3abl 6onabl (p-mMaHi<0.05, Kpa-
mep 6orbiHwa v=0.812). MKL, mopdonorusacel meH
KO3fanbiC GYHKUMANAPbIHBIH, TUICTI KepceTKiwTepi
(p-MaHi<0.005, Kpamep 6owbiHWwa v: 0.759) apacbiH-
Aa anTapabiKTan koppensumsa 6oaabl. 6 antagaH ken-
iHF HaykacTapAafbl KAMHUKanbIK HaTvxenep MKL-
HblH, Y/IfatObIMEH XXaHe 06mTepaLmAaCcbIMEH (P-MaHi:
0.001), Kpamep 6oMbiHwWa Vv: 0.718) xaHe KO3fasbiC
KepceTKiWwTepiHiH e3repyimeH (p-maHi<0.05, Kpamep
6onbiHWa v: 0.880) anTapabiKTan AeHrengesi koppe-
avaunsaa bonaapl.

Kopeimoeinder: MKLL-HiH yafatobl — camain-
NblK-TEHTOPUaNAbl CblHaNaHbIN KipyAiH AaMy MyM-
KiHAIrHIH, alKblH MHAWKATOPbL! 6ObIN Tabblaagbl, ON
KAVHWKaNbIK TypFbiAa KapallblKTapablH acuMMeTpu-
ACbl apKblbl KepiHeai. LinctepHanapabl apeHaxaay
TYPIHAEr yaKTblibl XUPYPrUANblK apanacy OHbIH
aHafFypAbIM Kayaanblk KypblibiMAapFa AamybiHa >KO
b6epmengi, aFHN by Ko3FanblC QyHKLMANAPbIHbIH Ha-
LapayblHbIH XaHe KONalCbl3 HATUXENEPAiH, anabiH
anagpl.

Heziz2i ce3dep: pncnokauusanblk CUHAPOM;
MULLbIK, KOMIPiHiH LMCTepHachl; YHKYC; naparunno-
Kamnangbl Katnap; KapallblKTapablH YaFatobl.

(byn MakanaHblH, kenbip 6eniktepi ISMINS kyp-
CTapblHAa yCbiHbIAFaH, 2018 Xblifbl KblpKyliek, To-
poHTO, KaHaga)



22 |

HEMPOXWPYPTIAA I HEBPOJTOT Sl KASAXCTAHA

Ne21 (54) 2019

| K
I

I. Cherian, H. Burhan

Hobenesckuli uHcmumym HelipoHayk, Hobenesckuli meduyuHckuli ko1e0x u y4yebHas 6016HUYA,

2. bupamwazap, Henan

UMNCUNATEPAJIbBHOE PACLUMPEHVNE MOCTOMO3)KEYKOBOW
LLUCTEPHbI - PALUOJIOTMYECKUNA NHOWUKATOP AN11 CBOEBPEMEHHOIO
APEHUPOBAHMA LUCTEPHbI Y MALUMEHTOB C TPABMOW rOJIOBHOIO
MO3TA

Ljenw: PaclumpeHne MOCTOMO3XKEYKOBOW LMCTEP-
Hbl (MML) sABnsetca pe3ynbTaTOM rPbIXKEBOrO Bbl-
NAYMBaAHUA BUCOYHOW A0V CAABAMBAHWA CpesHe-
ro Mo3sra v MocCTa OT KaMeHWCTOW 4YacTu. [Mpu 3Tom
KAVHMYecKN HabarogaeTcs acMMMeTpusi 3paukos,
N KaK CneAcTBMe NMPOrpeccMpoBaHmsa AUCIOKALIMOH-
HOro CMHAPOMaA YXYALLAeTCs HEBPONOTMYECKUIA CTa-
Tyc. Llenbto faHHOro nccnesoBaHva ABAAETCA OLeHKa
paAnoNornyecknx 0CobeHHoOCTer nncmnaTepasbHoro
pacwmnpeHna MMLL y nauneHToB ¢ TpaBMaTUYECKUM
NMOBPEXAEHNEM rOJIOBHOIrO MO3ra Kak MporHoctmye-
CKOro dakTopa CBOEBPEMEHHOIO LIMCTEPUaNbHOro
APEHNPOBaHNA 1 3aMeHbl KOCTHOTO JI0CKyTa.

Memodeli: B faHHOe peTpocrnekTUBHOE UCCaeso0-
BaHWe Obl1O BKAOYEHO 31 nauueHT ¢ TpaBMaTuye-
CKMM MOBpPEXAEHNEM TOJI0BHOrO MO3ra, KOTOPbIM
NpoWn3BeNn peHnpoBaHne uuctepHsl. [poaHannsm-
poBaHbl gemorpaduyeckne, KIMHUYeCcKne 1 pagmo-
Nornyeckre AaHHble C Leabt0 OLEHKM 3Ha4yuMMOCTH
BMellaTenbCTBa nNpu pacwmpeHmn MML, n ero kop-
pensumm ¢ KIMHNYECKOM KapTUHOM 1N MPOrHO30M.

Pesynemamer. O6wmii cpesHuii BO3pacT Co-
ctaaan 35,68 + 8,95 roga, n3 Hux 61,3% My>uunH
n 38,7% >eHWuH. Y Bcex nauMeHTOB OoTMeuvanacb
aHM30KOPWA, U3 KOTOPbIX Yy 26 OblIV OAHOCTOPOHHEE
CAaBNeHVe CynpacesnsipHbIX LUCTEPH W paclumpe-
Hne MML,; y 2 oTme4anocb OAHOCTOPOHHEE OTCYT-
CTBME 3PAYKOBbIX peakumit. ¥ 5 naymeHToB oTMeya-
NOCb [BYCTOPOHHee GUKCMPOBAHHOE pacliMpeHune
3payYkoB C NOAHbIM caaBneHnem MML, no gaHHbIM

PaZMONOrNYECKUX WUCCAeAOBaHUN. 3TV pe3yabTathl
OblNN CTATUCTUYECKM 3HAUNMMBIMK (3HaueHre p<0,05,
3HaueHne no Kpamepy v=0,812). OTmeuanacb 3Ha-
ynTesNbHaa Koppenaumsa mexay mopdonornert MML,
M COOTBETCTBYIOLWMMMN MOKasaTeNsMn  MOTOPHbIX
byHKUMI (3HaueHne p<0,005; 3HaueHve no Kpame-
py v: 0,759). KanHnueckme ncxogbl y naymeHToB no-
cne 6 HeaeNb HabAoAeHNA B 3HAUNTEIbHOW CTEMNEHN
KOppPenMpoBaan C paclumpeHvemM u obautepaumer
MML, (3Hauenune p: 0,001; 3HaueHne no Kpamepy
v: 0,718) n nocneayoWMMN N3MEHEHUAMW [ABUra-
TeNbHbIX Moka3aTenel (3HauyeHne p<0,05; 3HaueHue
no Kpamepy v: 0,880).

3aknro4veHue: pacwpeHe MML, saBnsetca yet-
KUM WHAMKAaTOPOM BO3MOXHOIO Pa3BUTUS BMCOY-
HO-TEHTOPWAIbHOFO BKJAWHEHWSA, KOTOPOE KANHWUYe-
CKW MPOABASETCA 3paykoBOr acummeTtpuein. CBoeB-
peMeHHOe XMpypruyeckoe BMeLLaTeNbCTBO B BUAE
APEHVPOBaHMA  LMCTEPHbI  CNOCOBCTBYeT npeay-
NpexJzeHnto NporpeccMpoBaHns B H6onee kaygaib-
Hble CTPYKTYPbl, KOTOPOE MPUBEAET K YXYALIEHWUHO
MOTOPHbIX QYHKLIMIA 1 HE6aronpuUATHOMY NCXOAY

Knroyesble c/oea: [VCNOKaLMOHHBIA CUHAPOM;
MOCTOMO3XEUKOBasA LMCTEPHA; YHKYC;, naparvnno-
KamnajbHas U3BUANHA; pacluMpeHne 3payKkoB.

(Yactm 3TOM CTaTbM GbIAN NpeacTaBAeHbl Ha Kyp-
cax ISMINS, ceHTa6pb 2018 r., TopoHTO, KaHaza)



