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Abstract

A review on the pathogenesis, clinical picture and diagnosis of dislocations of the cerebellar tonsils in the large occipital fora-
men and the spectrum of Chiari malformations Type 1 is provided. The issues of surgical treatment of such patients are discussed.
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BHenpeHue cOBpeMeHHBIX METOIOB HEMPOBU3YaTU3alINI
C/IeJ1aJ10 BO3MOXHBIM BBISIBIIEHHE TOHKUX 0COOEHHOCTEM CTPO-
eHus 3aaHeli yepernHoit smku (345) u kpaHuoBepTeOpaib-
HOTO Mepexona, a TakxKe JUCIOKallMi MUHIAIUH MO3XeuKa
(IMM) B 6osbioe 3atbiouHoe oTBepcTue (B30), numero-
LIMX KIMHUYECKU MaHU(DECTHBIE U CYyOKIMHUYEeCKUE (DOPMBI.
Kak HemHoOTrMe npyrue, TaHHBIA pa3ael HeBPOJOTMU ITOJIOH
HEOIpeneeHHOCTE ! U MPOTUBOPEYMi B IOHMMaHUM ITaTOre-
He3a, IPUHIIUITOB KJIacCU(MUIIMPOBAHUS U METOIOB JICYSHUSI
[1—5]. I[TpakTUKYyIOIIEMY HEBPOJIOTY U HEMPOXUPYPTY XOPO-

1110 3HAKOMBI TPYITHOCTH BbIOOpA JIeUeOHOM TAKTUKHU Y ALK~
eHTOB, uMmetolx Ha MPT BeisiBieHHY0 JIMM B couetaHuu
¢ HaboOpOM, KaK IPaBUIO, HeCITeIIM(UIHBIX KIMHUISCKUIX
nposiiaeHuii. XoTs nokaszaHus K aekomnpeccuu 345 otHo-
cat JIMM B obGyiacTh HEMPOXUPYPTrUM, BO MHOTHUX ClIydasix,
0co0eHHO Mpu accouunanuu JIMM ¢ TakumMu pa3HOOOpa3HbI-
MM HEBPOJIOTMYECKMMU CUHAPOMAaMHM, KaK KallljieBast TOJIOB-
Hasi 60JIb, TOJIOBOKPYXKEeHHE, alTHO? BO CHE, IIPUCTYIILI MaIe-
HUsT, GUOPOMUAJITHS Y KOTHUTUBHBIC HapyIIeHUsT, He0OXO0-
IMMO YJ9acTHe HEeBPOJIOTa.
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Wcropus uzyyenus JIMM B B30 TpanMiMOHHO CBS3bIBa-
eTcsl ¢ uMeHeM naTojiora ['aHca Kuapu, onuvcasiiiero yetbipe
THUIIa COYETAHHBIX ¢ TUapouedanueit umu anHomanusamu LTHC
Maibdopmanumii [6]. Manbsdopmanms Kuapu 1-ro tumma (MK1)
SIBJISIETCS JIOKAJIBHOM, M30JMPOBAHHOI U MOTEHIIMAIBHO 00pa-
tuMmoii rarojorueit 344 ¢ pacnonoxenuem JIMM HuxKe 1110~
ckoctu b30, Torma kak manbpopmauuu Kuapu 2—4-ro tu-
1a aCCOLMPOBaHbI C pa3HbIMU (hOpMaMU aHOMATUIA Pa3BUTUS
LIHC. Ucnonb3yemslii panee 1ist ooo3HaueHrss MK 1 aBoiiHoi
3MOHUM — Masibpopmanust ApHonbaa—Kuapu rocie myosm-
KallMU JaHHBIX UCTOPUKO-MEAULIMHCKUX UCCIIEOBAHUI B Ha-
cToglIee BpeMsl UCToib3yeTcst pexe [6]. B cBoeii padote «K Bo-
pocy 00 U3MEeHEHUsIX Mo3KeuKa npu ruapouedanumn» I'. Ku-
apu orucal naTojoruoo, 0003HaYaeMylo B HacTOsIIEee BpeMsl
kak MK1 [6]. [To3xe Hapsay ¢ tuapouedanueii I'. Kuapu tak-
JKe yKaszasl Ha BO3MOXHOCTb JOMOJHUTEIbHOTO MEXaHU3Ma Ia-
toreHe3a MK, 3akmtouaronerocst B «HeIOCTaTOYHOCTH POCTa»
OTIIEJIOB Yeperna, Belyllero K MoBbIIIEHUIO BHYTPUUEPETTHOTO
TaBJICHMS M 9KTOITMY MUHIAIVH [6].

C pa3BUTUEM HEUPOBU3yAIU3ALMU CTAIO OYEBUAHO, YTO
MKI1 1 naTojornyeckoe HU3KOe MOJOXEHUE MUHIATUH MO3-
JKeYKa BOZHUKAIOT MPYU MHOTUX BPOXIEHHBIX U MTPUOOPETEH-
HBIX COCTOSTHUSIX M1 OTHOCUTEIBHO PENKO CBSI3aHbI C TUAPOLIE-
anueit kak mepBonpuYMHOM. Bblla moATBepXIeHa POJIb TH-
norutazuu 3451 B reHese KoHreHutaabHoit MK 1, ycraHOBIEHO
Me3oaepMasibHoe porcxoxaeHrue MK1 u HelipoakToaepMaib-
Hoe — MK2—4, 6bu10 mokaszano uro JIMM B psizie ciryyaeB BO3-
Hukaet 0e3 runormiasuu 344 B pesyabTaTe AeiCTBUS TUAPO-
NMHAMUYECKUX, TPAKIIMOHHBIX U IPYTUX MEXaHU3MOB [7—9].

BBuny paznuuuii B 1eueOHOM TaKTUKE BaXKHO pa3rpaHuye-
HME MEPBUYHBIX UAMOMATUYECKNX, KOHTEHUTAJIbHBIX U TeHe-
TUYECKU JeTepMUHUpoBaHHBIX MK OT mproOpeTeHHBIX BTO-
puuHbix JIMM. B nepBoM cityyae peub MOXKET UATH O IpyIIIe
CUHIPOMOB C NIEPBUYHOI U30JMPOBaHHOM runoruiazueit 34 A
WM BTOpUYHOI runoruiazueit 345 npu KpaHMOCHHOCTO3aX,
koraa Manast 345 He MOXeT BMECTUTh HOPMaJbHO pa3BUBal0-
LIMICS 3aQHUIA MO3T, YTO puBoauT K JIMM. Bo BTOpOM city-
yae JIMM MoryT ObITh 00YCIOBJIEHBI MHTPaKpaHUAIbHBIM 00b-
€MHBIM TpoLIeCCOM, Thapoliedanreil, CMHAIbHON TMIOTEH-
3MeN MPU JIMKBOPEE, CUHAPOMOM HATSIHYTOW KOHIIEBO HUTH,
«rpoBucanremM» 345 mpu HacenCTBEHHBIX 3a00JI€BAHUSIX CO-
€IMHUTEJIbHON TKaHU C aTJIaHTO-aKCUAJIbHOUN HecTabUJIbHO-
CThIO U, B OTJIMYME OT MepBUYHOM (Kinaccuueckoit) MK1, pas-
BUBAIOTCS 0€3 I'MITOIJIa3uu 3aThlI0OuHOM KoctH |8, 10]. Bropuy-
Hbie JIMM He MOTYT CUMTAThCSI BAPUAHTOM Majib(hopMalvu,
U MX 0003HAYaIOT KaK «dKTOIMMY MUHIAIUH MO3KeUKa», «Ie-
dopmanusa MK1», «bpopmarus MK1», «<aHoMausi» UK «CUH-
npom MK1» [1, 3, 9].

MK ¢opmupyeTcst BCIeACTBHE BbI3BAHHOM FeHETUYECKM -
MM WM CPeNOBBIMU (haKTOpaMU HEIOCTATOYHOCTH MapakCH-
aJIbHOI MEe30IepMbl, BEAYyIlIei K HEMOPa3BUTUIO OKLIMITATATb-
HBIX COMUTOB, (POPMUPOBAHUIO N30JMPOBAHHON TMITOILIA3UN
3aThIJIOYHON KocTu U «Mmajoii» 344 [7, 8]. Takke nokasaHo,
yTO B OnHMX ciydasix MK 1 runoriazust 3aTbllIOUHON KOCTHA MO-
KeT ObITh 00Jiee BhIpaXKEHHOU B MEepeIHUX €€ OTAeax ¢ mpe-
00J1a1aoIIMM YKOpOUYeHHeM cKaTa (KJIMBYC), B IPYTMX — OHA
0oJiee BbIpaxkeHa B 3aIHUX OTAeJax ¢ IpeodiajaHueM YKOPO-
YEeHMSI YeLIyH 3aTbUIOYHOI KocTH [9]. DTa nucnponopliusi Be-
JIeT K u3MeHeHu10 KoHdurypanuu 345 u nemoHcTpupyer-
csl METOJIOM MOCTPOEHMUS ITIEHTaroHa Ha caruTTajibHbix MPT-
n3obpaxeHusix [9]. U3smeHeHre reoMeTprUU KOCTHBIX CTPYKTYD
U YMeHbllIeHre pazmepoB 3US, Beayiiee K q1ucaoKaluym MUH-
anuH npu Kiaccuyeckoit MK1, Bo3HMKAIOT Kak CJIeJCTBUE
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He TOJIBKO MPY M30JIMPOBAHHOM TUITOILIa3UH 3aTHUIOYHOM KO-
CTH, HO U MPpH 3a00JIeBaHMSIX C HApYIIIEHHEeM OCTeoreHe3a Bce-
ro yepena (cunapombl KprozoHna u Anepra, akpomeranusi, 60-
ne3Hb Ilemxkera, runodocdareMuyeckuii paxut u ap.). Bos-
MoxHO paszButue runormiazuu 345 u MK1 nipu n1okaabHOM
KpaHuocuHocTo3e 3YSl, a Takke MpH 3amepXKKe pocTa 3aThl-
JIOYHOM KOCTH MocJie JydyeBoii Tepanuu [11].

OTtaenpbHOE MECTO B MOHMMaHUM naToreHe3a MK1 3aHu-
maet Teopust A. Goel [1], cormacHo Kotopoii runoruiasust 344
¢ YKOpo4YeHUeM cKaTta 1 BbicoThl 3Y$l pa3BuBaeTCss BTOpUYHO
KakK alanTUBHBINM (PeHOMEH B OTBET Ha aTJJAaHTOAKCHAIbHYIO He-
CTabMIILHOCTD, KOTOPast paCCMaTPUBAETCs KaK ITePBOIPUIMHA
MKI1 u npyrux aHoMasuii KpaHUO-BepTeOPaIbHOTO Mepexoaa
(KBIT). IIpakTtuyeckast LIeHHOCTb 3TOI TEOPUU 3aKJIoyaniach
B OTKa3e oT nekoMmpeccuu 3YS ¢ 3aMeHoil ee Ha aTIaHTOAK-
cHalIbHYIO hrKcaluio Kak Metona iedeHust MK 1 u anomanuii
KBII, 4T0 Mojy4nio KpUTUYECKYIO OLIEHKY B HEHPOXUPYpPru-
YECKOM COOOIIECTBE.

Paauonoruveckue kputepuu MM u MK1

Panuonornyeckue KpuTepry HOPMbI Y TTATOJIOTUU B OLIEH-
K€ IOJIOXKEeHMsT MUHAAIMH MO3XeuKa oTHocuTe1bHO B30, a Tak-
K€ 3HAYMMOTO KOMITPMMUPOBAaHMSI 3aIHETO MO3Tra M IMKBOPO-
nposoasux npoctpaHcTs 3YS u B30 ocratorcst mpeameToM
nuckyccuit. MM B 2 mm 1 meHee Huxke B30 y B3pociibiX, co-
IJIACHO OOILENPUHSATHIM KPUTEPHSIM, CYUTAIOT HOPMOIA, OHA 00-
HapyxuBaetcs y 14—17% 3mopoBbix B3pocibix [12, 13]. Tpagu-
LIMOHHBIM KPUTEPHEM ITaTOJIOTMIeCKOTO OITyLIeHUSI MUHIATNH
B B30 y B3pocibix cunTaeTcs oIylieHre Ha 5 MM 1 00Jiee HUXKe
ypoBHs1 B3O onHOI/AByX MUHAAIMH WIK 3 MM U 00Jiee HUXe
ypoBHs1 B30 nBYX MMHIAIMH MO3Ke4YKa Ha CaruTTaIbHBIX IIPO-
exuusax MPT [12]. OnHako 3T KpUTEpUU UMEIOT HEJIOCTATOY -
HO BBICOKYIO IMarHOCTUYECKYIO HaaexKHOCTh [13].

BoJIbIIMHCTBO 3KCIIEPTOB MOJIATaloT, YTO CTapast Paauosio-
ruyeckasi akcuoma — JIMM MeHee 5 MM He UCKJIIOYaeT aua-
rHo3 MK1 [2]. B uensix yrouHeHUs1 KpUTepreB MaToJI0THYECKO-
ro onyueHus MuHaaauH B B30 610 npoBeneHo MaciTabHoe
PETPOCIEKTUBHOE UccaenoBaHue 2378 malueHTOB, pa3aeaeH-
HbIX Ha 8 Bo3pacTHbIX rpymni ot 0 1o 70 u Gosee JIeT, KOTOPbIM
nposoawiock MPT no npuurHaM, He cBs3aHHbIM ¢ MK [13].
Bbiio yctaHOBIIEHO, YTO Y 5% 3MOPOBBIX BBISIBIISIETCS TTPEBBI-
aloliee IoporoBoe 3Ha4eHUe B S MM ONyIeHUe MUHIATIMH
Mo3xeuka u'y 20% — moammoporoBoe onyieHue MAHIAJIMH Ha
3—5 MM Huzke B30. B To Xe BpeMsl y MaleHTOB ¢ CUMITTOMA-
tukoit MK1 B 8,7% cityyaeB BBISIBIISIETCS] TTOAIIOpOroBast (Me-
Hee 5 MM) IMM Huxke B3O [14]. BeipaxXeHHYI0 CUMIITOMATH -
Ky MK npu «moanoporoBoii» 3KTOINUU OMUCHIBAIN U Ipyrue
uccienonarenu [4, 15, 16]. OHa TakKe BBISBJISIACH Y MALlMEH-
TOB ¢ MOp(hOMETPUUECKUMMU TTpU3HaAKaMu ruroriaszuu 3441 6e3
SKTONMMU MUHAAIUH [17]. YcraHoBIeHO, 9TO oT 2 o 68% ma-
LIMEHTOB ¢ 3KTonuei 6osiee 5 Mm Huxke B3O MoryT He UMeTh
KJIuHU4Yeckux nposisnenuit MK1 [13, 18, 19].

TpynHocTU B onpeaeaeHUN 3HaYMMbIX CTEIEHE 9KTO-
MUY Ha CAaTUTTAIbHBIX TTPOEKIIMSIX MPU OTCYTCTBUM KOPpeJsi-
LMK MeXIy cTerieHblo JIMM 1 BbIpaXKeHHOCTBIO CUMIITOMOB,
a TaKKe MOTPeGHOCTD BBISIBJICHUS HAIEXKHBIX TIPU3HAKOB TUITIO-
ruta3zuu 344 ciogBurim nccienoBaTelieii K pa3padboTKe 100~
HMTEJIbHBIX [TApaMETPOB PaIMOJIOTMIecKoi nuarnocTuku MK1
[10, 20]. bblu BbISIBJIEHBI 3HAYMMbIe MOPp(OMETPUUECKUE Xa-
paktepuctuku MPT knaccuyeckoro peHoruna MK1: ykopo-
YeHMe cKaTa M/WJIK Yelllyu 3aThIJIOYHOM KOCTH, BbICOThI 3Y S,
pPaAcCTOSIHUI OT MO3OJIMCTOrO Tejla, MOCTa, IIaTpa MO3KeuKa,
3aBUXKKM (2am.: obex) 1o b30, yBennueHue 6a3ajibHOrO yria
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1 nosioxeHre MuHaaauH B B30 Ha akcuabHOM cpese, a TAKXKe
napameTpbl HaTSDKEHUs Mo3KeuKa 1 cTBojia [21—23]. [Tpemio-
>KeHo ucnoyibzoBaTh MPT kputepun auarHoctuku MKI1: ka-
yIaJbHOE OIMyIeHHe MUHIAIMH Ha 5 WK 3 MM IIpU YCJIOBUU
TECHOTHI KPAaHUOIIEPBUKAILHOTO TTEPEeX01a, BEI3BAHHOM KOM-
npeccueil cybapaxHOUIaIbHOTO IIPOCTPAHCTBA C3aau 1 COOKY
MO3XeuKa, a TAKXKe IPU YKOPOYSHUU YeIlIyH 3aThIJIOYHOM KO-
CTU, U/VUIHM TIPU YBEJTMYESHUH HAaKJIOHA MO3XKEYKOBOTO HaAMeTa,
/W1 TIpy nedopMaliuy MpoaoJiroBatoro Mosra [24].

Hapsiny ¢ monoxeHreM MUHAAJIMH MAaTOTeHETUYECKUM
dakTopom MK 1 byHKIIMOHAIBHOM OKKIIIO3UM IUKBOPOIIPO-
BOJISIIIUX ITyTeH SIBJISTIOTCS COITYTCTBYIOIIEE CY>KEeHME BEHTPaIb-
Horo otaena b30 3a cyer perpodexcun 3yda C, uiau rumnep-
Tpouu TKaHel Ha 3TOM yPOBHE, aTJlaHTOAKCHaJIbHAsI M Kpa-
HUOILIEPBUKAIbHAsI HECTaOMJIbHOCTD, TUIOTUIA31sI OOJIBIION
LIMCTEPHBI U, HAKOHELl, CHUXKEHUE MHTPaKpaHUAJIbHOI KOM-
TUTAEHTHOCTU TIpu Masibix pa3dmepax 3Y4. [1pu 3HaunTenbHOM
BBIPaKEHHOCTH OHOTO MJIM HECKOJBKHUX U3 IMePeUMCACHHBIX
(aktopoB kKimHnyeckrue MK1-nmonoOHbIie MPOsSIBIIEHUSI MOTYT
Pa3BUTHCS TP HOPMAJILHOM ITOJIOXKEHUU MUHIAIMH, UX He-
penko obo3HavaloT Kak cuHapombl ciektpa MK1 win Kua-
pu-Iono6HbBINi cuHapoM [16, 17].

BbollieckazaHHoOe MO3BOJISIET 3aKJIIOYUTh, YTo JIMM 60-
see 5 MM Hike B3O siBisieTcst omHUM U3 BaXKHBIX, HO He pelia-
JOIIMX MPU3HAKOB Kiaccuyeckoit MK 1, koTopast, Kak ¥ MHOTUE
npyrue Mopdoioruueckue npusHaku kiaccuueckoit MK1, sB-
JISIETCS CJIENCTBUEM TUIIOTUIA3UK M M3MEHEHUST KOH(UTYpaIun
3451, HO He uMeeT abCOMIOTHOM IMAarHOCTUYECKOM 3HAYMMO-
cTU. MakcuMaIbHO TOYHAs paaIuoIOrMIecKast XapaKTepUCTH -
Ka KJIMHUYECKU MaHU(ECTHBIX U aCUMIITOMHBIX (hOpM KJ1ac-
cudeckoit MK 1 1 ee TOATUITOB TOJIKHA OCHOBBIBAThCSI HA KOM-
IJICKCHOM aHaIM3e¢ MOP(MOMETPUIECKUX ITAPAMETPOB KOCTHBIX,
HEBPAJIBHBIX CTPYKTYP U JTUKBOPOIIPOBOASIIMX ITPOCTPAHCTB
344 u B30 [10, 20, 21, 23].

Knaccudukanusa IMM u MK1

Ha ocHoBanuu uzyyenust KT u MPT mopdomerpruekux
napametpoB 3U, B30 u 3arbliouHoit koctu 500 mauueHToOB
¢ JIMM B B30 u 100 711l KOHTPOJIBHOI TPYIIIBI MPeIIoXeHa
HOBas KJlaccHbUKaIM, Mo3BoJIsIonas 1udbepeHINpOBaTh
BTopuuHble JIMM ot knaccuyeckoit MK1, a Takxe BbIIEIUTh
nontunbl Kiaccuyeckoir MK1 [10]. B 3aBucumMocTu oT HaJIu-
Yusl U OTCYTCTBUSI MPU3HAKOB runoriazuu 344 u ee ocobeHHO-
cTeii BelaeeHbl moarun sropuyHoiit IMM (MK1A), nBa noa-
tuna nepsryHoit MK1 (MK1B u C) u nonrtun 6e3 3HaUMMOM
JAMM [10]. ns mocyieqHero BapuaHTa XapakKTepHbl HOpMaJib-
HbIil 00beM 3Y 4, ymeHbIIeHHBI 00beM obJ1actu 3YS, okpy-
xkatomeir B30, yMeHbIlIeHHbIe pa3Mephl 3aThIJIOYHON KOCTH.
B ocHoBe naHHoro noarumna kinaccudyeckoit MK1 nexur jo-
KaJlbHasi KOCTHasl TUTOILJIa3usl 30HbI, okpyxatoieit B30, 6e3
yMeHblIeHust oobeMa 3YS. BrineneHue 3Toro rnoaTumna Briep-
BbI€ M03BOJIsIET BbIsABIATL MK Tuma «0», 00513aT€IbHBIM yCII0-
BHMEM JUTS TUATHOCTUKKM KOTOPOIO PaHee CYMTAIN TOJIBKO Ha-
Juue cupyuHromMuenuu [25—27]. O60CHOBaHHOCTb BbIIEICHUSI
3TOTO MOJTUMNA MOAIEPXKUBACTCS HEJaBHO OMYOJIMKOBAHHbI-
MM pe3yJbTaTaMM 00CIeNIOBaHUSI U XMPYPTUUYECKOTO JIeUeHUs
97 nauueHToB, y KoTopblx MK1-nono6Has cuMnToMaTnka
(B96% ciryyaeB 6e3 COIMYTCTBYIOIIEY CHUPUHTOMUEIMH ) BO3HU -
KaJla BCJIeICTBUE OrpaHrYeHMs ITpoctpaHcTBa B30 MuHmanm-
HaMM MO3Xeyuka, Haxomsiumucs BHyTpu B30, Ho He orycka-
IOIIMMUCS HUXKE ee TIJIOCKOCTH [22, 28].

BenTtpanbHasi kommnpeccust Ha ypoBHe B30 siBisieTcst Bechb-
Ma CyIIEeCTBEHHBIM (DAKTOPOM ISl pa3BUTHSI CUPUHIOMUETMI
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npu MK1. Y nauupento ¢ MK1 6asuisipHast MHBaruHaius Bbl-
sBysutach B 6% citydaeB [14]. CoueTaHue 6a3uIsipHOI MHBArk-
Hauuy 1 MK1 tpeOyeT oTaeIbHOM TAKTUKY JISYSHUST «OCT0X-
HeHHoit MK 1». Ipyrum conyTcTBytonmm npusHakom MK1 siB-
JIIETCST YaCTO MOP(HOMETPMUYECKY BBISIBIIIEMOE KOHTCHUTAIbHOE
CyXXeHHEe LIEPBUKAIBHOTO CIIMHAIBHOIO KaHajla, KOTOPOe MO-
KeT OBITh CYIIIECTBEHHBIM (haKTOPOM Pa3BUTUSI LIEPBUKOOpa-
XUQJITUI, a TaKKe pa3BUTUSI cupuHroMueauu npu MK1 [29].
MeTtonamu ¢a30BO-KOHTpacTHOM U BUuaeo-MPT st olieHKu
MyJIbCUPYIOLLEro ToKa LiepedpocnuHaibHo )xuakocty (LLCXK)
Ha ypoBHe B30 BbISIBISIOTCS (DEHOMEHBI YBEJIMUESHUSI CKOPO-
CTeil CUCTOJIMYECKOTO M TUACTOIMYECKOTO TOKOB, HEOTHOPOI-
HOCTb M pa3HOHAIPABJICHHOCTb TOKOB, BApUabeIbHOCTh BEH-
TPaJIBHOTO ¥ OPCATBHOIO TOKOB. HeKoTOphIe aBTOphI peKOMEH-
IIYIOT BO3IEPKMBATHCS OT XMPYPrudecKou gekommpeccuu 34U
B CJIyJasiX, Koraa Ipu 3Haunmoii JIMM He BBISIBIISIETCS U3Me-
HeHue TokoB LICXK npu Buneo-MPT uccinenoBanuu. Y nauu-
eHToB ¢ MK1 meTonom nuddy3noHHoit teHzopHoit MPT, no-
3BOJISTIOLIIIM OLIEHMBATD Ae3UHTErpPallMOHHbIe U3MEHEHMS Oe-
JIOTO BEIIeCTBa, MPOSIBIISTIOIIMECS 10 TOTO, KaK CTPYKTYPHBIE
usMeHeHust Ha MPT cTaHyT 04eBUITHBIMU, BBISIBISTIOTCSI U3ME-
HEHUS BO BHYTPEHHEH Karicysie, MO30JIMCTOM TeJie, TyIHCTOM
BeHIIe, MO3xkeuKe, cmuHHOM Mo3re [30]. JlaHHbIN moaxon aa-
€T BaxKHbIE TIONOJTHUTEIbHbIC CBEICHUST B U3YYeHUN KOTHUTHB-
HBIX HApyILIeHW U MexaHu3MoB 6osu ipu MK1.

Iloomune: MK1. Y nauueHToB ¢ cumntoMaTukoit MK1
B COYETAHMU C PAIMOJIOTMYECKIMU Mpu3HakamMu Majoir 3441,
Ho 6e3 JIMM B B30 6511 BBeieH TepMuH «Kuapu Maibhopma-
us 0 Tuna» (KMO) [25—27]. Obpa3oBaHue CUPUHTOMUEIIH -
TUYECKUX ITOJIOCTEM OOBSICHIETCS HApyIIEHUSIMU JIMKBOPOIH -
HaMMKU B yciioBuUsX «recHoTh» 3US u B30 [17, 25]. Mopdo-
MeTpudyeckue udmepeHus nmpu MKO Hapsiny ¢ yKOpodeHUSIMEI
JIMHEIHBIX KOCTHBIX padmepoB 3Y4 [16, 17] BISBUIN Kayaaib-
HOE CMeIIeHKe CTBOJIa MO3Ta, IIPY KOTOPOM OYJIbOapHBIii OTae]
CTBOJIA, UMEIOIMIA OOJIBIINIA TUAMETP, OKa3bIBaeTCs Ha yPOB-
He B30, uTo ycyry0Jsier cyxkeHue nepuMeayJuIsipHOTO JIUKBO-
POMPOBOISIIEIO MPOCTPAaHCTBA [25], TpUBOIS K HAPYLLIEHUSIM
JIMKBOPOIMHAMUKY 1 COOTBETCTBYIOIIMM KIMHUYECKUM TPO-
SBJICHUSIM. YCI0BMEeM MJisd MocTaHOBKU auarHo3za MKO, ko-
TOpYIO paccMaTpuBaloT Kak rmontun MK1, npemnaraercs cum-
TaTh MCKJIIOYMTEIbHO HaJIUIUe CUPUHTOMUETNU U MOJIOXM~
TeJbHBIN 3hdeKT nekommpeccun 3YS [26, 27]. Cnenys 3Toit
JIOTHKE, TTALIMEeHTHI C ITOJIOXKEeHeM MUHIAIMH Ha ypoBHe B30
MPY HAJTUIMK KOCTHBIX YKOPOUEHMIA, YKa3bIBAIOIIMX Ha «Ma-
nyio» 3US, u umeroue xapakrepHyio s MK1 cumnromaTu -
KY HO He UMEIOIIe CHPUHTOMUEIINH, XOTS M PACCMaTPUBAIOTCS
Kak umetonive narosoruto cnekrpa MK1, Ho He 0603HayaroTCs
kak MKO. I'unomnnasus 345 npu MK1 ¢ IMM 3—5 MM 1 60-
Jiee MOXKET OCJIOXKHSITBCS WIM HE OCIOXHSTBCS CUPUHTOMUE-
e, a runorutaszust 344 npu MKO (MM 0—2 MmM) nojikHa
00s13aTeIbHO OCJIOKHSTHCS CUPMHTOMUeMeit. OMHaKO aHaIN3
psifa oryOJMKOBAaHHBIX JAHHBIX Tonyckaet, uyto K MKO mMoryT
OBITb OTHECEHBI CJTyYaH KaK C CAPMHTOMUEIIHEN, TaK 1 6e3 Hee
[16, 17, 20, 22]. OTcyTcTBHE Mpoaanca MAHIAIWH MPU TTOJI0-
JKeHUM MUHIAJUH Ha ypoBHe Wi BHYTpU B30 He nckioya-
eT yacTuuHoI okkmo3uu B30 6e3 pa3aBUTUSI CHPUHTOMUEINU.
B 3TOM ciyyae 3a c4eT CHUKEHUST MHTPaKpaHUaIbHOM KOMILIA-
E€HTHOCTH B ycnoBusix runoriazuu 345 moxeT pa3sutbest MK1-
momo6Hasi CUMIITOMAaTHKa, MHOTIA axe 0oJjiee BhIpakeHHasl,
yeM ripu MK 1, KoTopasi yCreIrHo pa3pelaeTcst ociie J1eKOM-
npeccuu [22, 28]. JlaHHBII MOATUIT BbIAEJIEH B HOBOI MpUBeE-
JIeHHO# Bblle Kiaccudukamu MKI1 u xapakTepusyercs Jo-
KaJIbHbIM YMeHbIlIeHUeM 00beMa obnactu 3US, okpyskaronieit
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B30 [10]. MKO 1 MK1 npu runomnasuu 345 npeacrasisiior
c0001 eIMHBIN KOHTMHYYM C BapHalMsIMU (heHOTHUIa eIMHOMK
natoJyioruu [4, 27]. Tak, B HallleM paHee OMyOJIMKOBAHHOM UC-
cJIeIOBaHUM, BKIIIOUMBIIEM 56 CYOBEKTOB U3 7 ceMeil, 46 nme-
1 MPT-MmopdomMerpuueckue npusHaku rumnoriazuu 344,
u3 Hux 14 umenu MK ¢ akronueii 6osee 5 MM, 9 — morpaHuy-
Huiit BappaHT MK1 ¢ akronueit 3—5 mm u 20 — MKO ¢ u 6e3
cupuHromuenuu. Beinenen Takke MK 1,5-i1 moatumn manbgop-
MalllM, P KOTOPOM Hapsiay ¢ 6oJiee BBIpaKeHHOM, YeM TP
MKI1, IMM umeeT MecTo yIJUHEHUEe U KaydaJlbHOe CMelle-
HME CTBOJIa MO3I'a C AMCJIOKAIIMEeM 3aIBMKKI HIKE TNTOCKOCTH
B30 [27, 31]. PacipocTpaHEHHOCTb JAHHOTO MOATUIIA HEU3-
BECTHa, OYEBUIHO, OH BcTpevaeTcs pexe, yeM MK1. MK1,5 He
cjeyeT CYUTaTh OTAEJbHBIM BUIOM MalbhopMalinii, ee, Kak
u MKO, otHocsaT K nonrunam MK1 [27]. TTpenyioxkeHo Takke
BoiaeaeHue MK 0,5-ro nonruna manbdopmaluu, K KOTOpOMY
OTHOCSIT (DOPMBI € «ITOANOPOroBbiMu» JIMM MeHee 5 MM un
BapUaHThI, MPU KOTOPBIX MUHAAJIMHBI MO3XeUKa OKPYXaloT
IPOIOJITOBAThIA MO3T BEHTPOJIaTePaIbHO, HE OITyCKasiCh 3Ha-
yuTesibHO HIKe miockoct B30 [4].

DNuIeMHOIOTHYECKask U TeHeTHYECKAsA XapaKTePUCTHKA
MKT1 u ee noaTunos

KaynanpHoe mojioxxeHrne MUHIAIUH MO3XeyKa Ha 5 MM
u 6oJiee HUkKe B30 B pa3HbIX BO3pACTHBIX TPYIMIIaX BbISIBISI-
sock B 0,24—3,6% caydaeB npu MPT oGcnenoBaHuy mam-
€HTOB, TPOBOIMMOM T10 PAa3HBIM MEIUIIMHCKIM ITOKA3aHUSIM,
u B 0,9% — nipu ckpuHuHroBoM MPT o6c¢cienoBaHuu 3m0po-
BbIX 100poBoJIbLIeB cTapiie 45 net [19, 32]. AMM u MK, nu-
arHOCTUPOBaHHbIE TOIBKO 110 MPT-KpuTepusiM, BBISIBIISIOTCS
3Ha4YuTeJIbHO vaile, yeM JIMM u MK 1, nuarHoctupoBaHHbIe
1o MPT-kputepusiM B COYeTAHUU C KIMHUISCKUMU ITPOSIB-
nenusmu [33]. CortacHO pacuyeTHBIM JaHHBIM [32], B o011t
nortyJsiiinu CILIA pacripocTpaHeHHOCTh KIMHUYECKHU MaH -
dectHbix popm MK cocraBmsier 36:100 000 (0,036%), uto
CYILIECTBEHHO HUXKE BBIIICIIPUBEIEHHBIX 3HAYEHHUI Pacpo-
CTPaHEHHOCTHU Ci1y4yaiiHO BbIssBIeHHBIX JIMM npu MPT 006-
CJIeZIOBaHMU, TPOBEICHHOM T10 pa3HBIM IToBoaaM. Huskoe mo-
JioxxeHue MuHnaauH 1 MK1 y B3pocibix yalie BbISIBJSIIOTCS
y KEHILWH, TPU 9TOM TeHAEHUMHU U3MEHEHUSI MOpDOMETPU-
YeCKHX IapaMeTpoB, XapaKTepU3yoIIuX rumnormiasuo 3451
npu Kiaccuyeckoir MK1, He UMEIOT reHIAepHbBIX pa3IUuduii,
XOTS Y MY>KYMH HaGIomaeTcs 60JbInasi BRIpaskeHHOCTh M3Me-
HeHuit [13, 14, 19]. BeposiTHO, 3a cueT BO3pocClIeii BbISIBIIsIe-
Moctu MK1 ormedeH poct pacnipoctpaHeHHoct MK1, KoTo-
past B Bo3pactHoii rpymirie ot 0 1o 20 et B CILIA yBennuuiaach
BaBoe 3a repuoz ¢ 2003 mo 2012 1. 1 coctasumta 96:100 000 [33].
YacroTa Xupypruueckmx BMelaTeIbcTB 1o mosoay MK1 3a ne-
puon 2001—2014 rr. Takxe BbIpoc/ia BABOE y N€Tei M Ha '/, —
y B3POCJIBIX, @ PACIIPOCTPAaHEHHOCTh XUPYPIrMUECKUX BMeIla-
TeabeTB B pa3Hbix pernoHax CIIA cocrasnsiia 0,2—2,0 Ha
100 000 HaceneHus [34]. Y naiueHTOB, 0OpaTUBIIMXCS 32 aM-
OyJIaTOPHOI1 HEBPOJIOTMYECKOM ITOMOIIIBIO B OTIETbHBIX IIeH-
tpax Poccun, MK1 BoisiBistnace y 1—3,4% [35, 36]. Onucans
PETMOHBI C UCKIIIOYUTEIbHO BEICOKOM paCcIpOCTPaAaHEHHOCThIO
KJIMHUYecku maHugectHbix popm MKI1 1 accoummpoBaH-
Hoit ¢ MK cupuHromuenuu c npeodjagaHueM B OnipeaeieH-
HBIX OTHUYECKHUX Ipynnax u u3ojsrax [37]. B onHom u3 paiio-
HoB Pecniyonmku TatapcraH BoisiBieHa 3a6o1eBaemMocth MK1
275:100 000 (mpu aKTOMUM 5 MM U OoJiee), a TpU yyeTe maiu-
eHToB ¢ MK ¢ KinHn4Yecky MaHU(DECTHOM MOAIOPOTOBOI K-
Tonueit 2—4 MM 3abosieBaeMocTb coctaBuiia 413:100 000 [15].
YacroTa BcTpeyaeMOCTH BTOpUYHbIX JIMM 3aBucuT oT pac-
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MPOCTPAaHEHHOCTH OCHOBHOTO 3a00JIeBaHUSI, BbI3BaBILIETO
JAMM. VY nauueHToB ¢ 100pOKaYeCTBEHHOM MHTpaKpaHU-
anpHOU rurnepteHsueit JIMM Bctpevaetcs B 10%, npu Kpa-
HuocuHocto3e Kpiosona — B 32%, npu HECUHIAPOMAIbHOM
KpaHMOCHHOCTO3¢ — B 5,6% [32]. Y mauuenToB ¢ MK1 xu-
pyprudeckoii cepuu B 12,7% citydaeB BBISIBISUIMCH AllAEHThI
C HacJeICTBEHHbIMU 3a00J€BaHUSIMU COETMHUTEbHON TKa-
HU CIIeKTpa cuHapoMa Diepca—JlaHiio, BHI3BIBAIOIIETO 0K~
LUMUTO-aTIaHTOAKCHAJIbHYIO TUIIepMOOUIbHOCTD [38]. CuH-
JIPOM HATSTHYTOM KOHIIEBOI HUTH BBISIBIISIICS Yy 63% marieH-
T0B ¢ IMM 1 14% — ¢ xnaccuueckoii nepsuaHoir MK1 [39].
[IpuBeneHHbIe TaHHBIE TOATBEPKAAIOT MHEHHE OOJIBIIIMHCTBA
akcnepToB, uTo MK1 u JIMM He cienyeT OTHOCUTD K peji-
KuM 3a0ojeBaHusgM no kputepusm 2002 r. [2]. Pacnipocrpa-
HeHHocTh MKO B coueTaHMM ¢ CUpMHTOMUEINER He U3yYeHa,
nMeloTcs naHHble o 3,7% marmentoB ¢ MKO B o61eit Korop-
Te maureHToB ¢ MK1 [26]. B npyrom nccienoBaHuy KJINHU-
yecku MmaHudectHas MK0 6e3 cupyHroMueauu ¢ 9KTOIuei
MMHAaIUH B cpenteM Ha 0,4 mm Huke B30 ormeuena y 23%
(98 u3 428) nauumeHTOB XUpyprudyeckoit cepuu MK1, npuuem
y HallMEeHTOB JaHHOM I'PYIIITBI OTMeUeHa BbICOKast 3 HeKTUB-
HOCTb Xupypruuyeckoit nekomnpeccuu 344 [22, 28]. MoxHO
JIOIYCTUTh, YTO pacnpocTpaHeHHOCTh MKO 6e3 cupuHromu-
eJIMU MpU KOHTeHUTaabHOU runomiaszuu 345 Moxer ObITh
BeChbMa BBICOKOM, €CJIM Y4eCTbh, YTO YKOPOUYSHUE CKaTa B CO-
YeTaHWM C OTCYTCTBHEM OOJIBIION peTpoliepeOeUIIPHOM 1T~
CTepHBI BCcTpevaroTcs y 8%, a moyloxKeHue MUHIAIUH 1—2 MM
Huxke B30 y 25% MPT o6GcnenoBaHHBIX 310poBBIX [13, 40].
TpanuMOHHBII ITOIXO/ PaIUOJIOTUIECKOM TUarHOCTUKH, OC-
HOBaHHBII Ha MCITOJIb30BaHUU HETOCTATOYHO YyBCTBUTEIBHBIX
KpUTEpHEB OIpenesieHrs matoiorndeckoit MM, a Takke He-
JIOCTaTOYHAas Crelu(pUIHOCTh KIMHUYECKON CUMITTOMAaTUKKU
MKI1 1 MKO npu runtoriazuu 344 [16, 22] naoT ocHoBaHUE
MPearoiaraTb BO3MOXHOCTb TMIIOIMATHOCTUKYM CUMIITOMHBIX
M MaJIOCUMITTOMHBIX (hOpPM He aCCOLIMMPOBAHHOM C CUPUHIO-
muenueir MKO u MKO,5. HeodxonumMo nponoJikeHre uccie-
NMOBAaHMI, HAIleJICHHBIX Ha OIpeleIeHue COCTOSTHUS MSITKUX
TKaHel U JUKBOPOIpoBoAsIuX pocTpaHcTB 3US, kKoHpu-
rypalnuy ¥ aHaATOMUU KOCTHBIX cTpyKTyp B30, ¢ ncnosb3o-
BaHUEM UMEIOIINXCS MMOAXOI0B aKCUAIbHOI HEMPOBU3YaTH-
3anuu B30 [22] aist u3ydyeHust paclipoCTpaHEHHOCTH U KJTH -
Huueckux ocobeHHocteit MKO. Bepudpukanus MKO BaxHa
M B IPYTHX CIIy4YasiX, MOCKOJIbKY KOHTeHUTaJbHAas MJIK UINO0-
MmaTuyecKasi TUITOIIa3Ksl 3aThUIOYHOM KOCTH C U3BMEHEHUEM
obbeMa uiau KoHpurypauuu 345 6e3 IMM MoxeT UMeTh
3HaYeHUe KakK (haKTOp pa3BUTHs KAlllJIEBOM TOJIOBHOM GOJIH,
OuaTepalbHOM TPUTEeMUHAIBHOM HEBPAJITHU, OCIOXKHSIIO-
Mt TeyeHue remopparuii B 344, unu kak dakrop, crnocoo-
CTBYIOIIMI pa3BUTHIO auciokaiuii B B30 npu npoBeneHun
JroMOanbHOM yHKIuM [41, 42].

B03MOXHOCTB HACIEACTBEHHO IeTePMUHUPOBAHHBIX TIPH -
YMH pa3BUTHUS Kjaccudyeckoit MK1, peanusyroimxcst nmocpe-
CTBOM HapyIIIeHW TeHETUYECKOM PETyIISIIIUI Me30IePMBI, BbI-
CKa3bIBaJlaCh paHee MPekIie BCero Ha OCHOBAHUY OTHOCUTEIBHO
BBICOKOI YaCTOTHI CEMEMHBIX CJTyJaeB, COCTaBIsTIommx 8—12%
B 061X Koroptax |14, 43] u 35% y naiueHTOB peruoHa ¢ Bbl-
COKoIi 3a00eBaeMocThlio [ 15]. M3ydyeHre pogocioBHBIX Malu-
eHToB ¢ MK 1mokasajio ayToCOMHO-TOMUHAHTHBII TUIT HaCJIe-
JIOBaHUS C HEIMOJHOM MeHeTpaHTHOCThIO [14]. YcTaHOBIIeHA
KOppeJsiLivsl IMHEHHBIX TTapaMeTpoB 1 o0bema 35, a Takcke
HacJienyemMocTh pa3mepoB 3YS, B To BpeMst Kak COOCTBEHHO
JAMM npu MK1 He Hacnenyetcs [44] u ee pa3BUTHE 3aBUCUT
OT BHEITHUX (haKTOPOB Y CYOBEKTOB C TPEMOPOMIHOIM TUIT0-

XKypHan Hesposnorum v ncuxmatpum um. C.C. KopcakoBa, 2022, 1. 122, N°4







Ob630pbi

mnasueit 345, B mocneaHue 5 neT BblAeICH psi Mpearoara-
€MBIX TeHOB, OTBETCTBEHHBIX 3a pa3Butie MK1 B pa3HbIX 1o-
MyJSIUMSIX, B TOM YKciie B poccuiickoii [31, 45]. Bricka3biBa-
eTcsl MHeHMe o nojureHHoi npupone MKI1 [45]. Mexnay Tem,
Kak IT0Ka3bIBaeT 3KCIIEPUMEHTAIbHOE MOIEIUPOBAHUE C U3~
OBITOYHBIM BBEICHMEM BUTaAMUHA A, BO3MOXHasl POJIb CPeIo-
BBIX (haKTOPOB TaKxKe 3HAUMTeIbHA [7].

MK1 u cupuHromMueus

IpuuunHoii pazBuTusi cupuHromueauu npu MK1, omy-
XOJISIX, apaXHOUIMTAX, MOCTTPABMATUISCKUX MUETOMaTUSIX
W APYIUX MOPAXEHUSIX SBISIOTCS HapylLIEHUS JIUMKBOPOIU-
HaMuKu [46—48]. HuteBumHOE Hemporpeccupyloiiee pac-
IKMpPeHUe [IEHTPAJIbHOrO KaHajla He CYMTAeTCsl MaTOJIOTH-
eil 1 BBISAIBIIsIeTCST IpuMepHO Yy 1,5% nuu mo nanusiM MPT
[49]. B onHoi1 U3 Hauboiee 3HAUUTEIbHBIX XUPYPTUUECKUX
BBIOOPOK, BKJIIOUatomeit 1535 mauueHToB ¢ CHPUHIOMMETU -
eii (6e3 yyeTa MallMEHTOB ¢ TOOPOKAYeCTBEHHBIM HUTEBUI-
HBIM pacllMpeHUueM LeHTpalbHOro kaHana), MK1 6bl1a oc-
HOBHOM MPUYMHOM Pa3BUTHSI CHPMHTOMMEINU U BBISIBIISI-
nach B 35,4% (543) cayvaeB, npu 3ToM Yy 73,2% TallueHTOB
KM1 MaHudecTrpoBaja UMEHHO MPOSIBJICHUSIMUA CUPUHTO-
muenuu [48]. Kak npaBujio, BbIsIBJIEHUE CUPUHTOMUEINN
npu MK cunraercs mokazaHueM Il OTIEPAaTUBHOTO Jieue-
Hust MK 1, mosToMy B Xupypruueckux BbIOOpKax CUpUHTOMMU -
enus BeisiBIsieTcst y 60—85% marmentoB ¢ MK1 [14]. B BbI-
GopKax 13 00IIero perucTpa Win paguoIoTHIEeCKUX CepUii
CHUPMHIOMMENNS BhIsIBIsIach y 12—36% manuentos ¢ MK1
[19]. HecMoTps Ha ofliiee Mpu3HaHUE oNpeaesiolieil poau
00CTPYKIIMK CyGapaxXHOMIATLHOIO IPOCTPAHCTBA B TATOTeHE -
3¢ CHPUHTOMUEIMY, MEXaHU3MbI MHTPaMe Iy UISIPHOTO HAaKO-
IUIEHWS] CHPUHTOMUEIMTHYECKOM XXKUIKOCTHA OCTAIOTCS IPeI-
MeToM nuckyccuii [47, 48]. [1o COBOKYMHOCTH TMOJYYEHHBIX
(akToB yoeauTenbHo npuHsaTo cuutath Teopuio E. Oldfield
u J. Heiss [47], cortacHO KOTOpOIi MeXaHU3M KJIalTaHHOTO
apdexTa MUHIAIUH MO3Xeuka Ha ypoBHe B30 ycunupaer
naBjieHue myabcoBoro Toiauka IICXK Ha cmuHHO# MO3T, 4TO
BEIET K €€ TIeHeTpallMy Yepe3 IepUBacKyJ/ISIPHbIC TPOCTPaH-
CTBa B TKaHb CIIMHHOTO MO3Ta ¢ 06pa30BaHUEM MHTpaMeIy-
JIIPHOTO OTeKa 1 MOCIeayIoleli TpaHchopMaIreil ero B Tu-
IPO- VI CUPUTOMUEIUTHYECKYIO ITOJOCTh.

KiuHuueckue nposiBiaeHust cupuHromuenuu rnpu MK1
XOPOIIIO U3YYEHBI U XapaKTepU3YIOTCSI CeTMEHTapHBIMU (Ja-
1IIe 3aIHEPOTOBBIMU) U IIPOBOTHUKOBBIMU HAPYIIIEHUSIMU, YTO
B COYETAHUM C KIIMHUYECKUMHU IPOsIBJIeHUsAMU cuHapoma B30
BBI3BIBAET KAPTUHY MO3KEUKOBBIX, CTBOJIOBBIX 1 CITMHAJIBHBIX
CUMIITOMOB |5, 46]. Bosbliye CMpMHTOMUETUTHYECKIE TTOJI0-
CTU, Pa3BUBIIMECS B IETCKOM BO3pacTe, MPUBOIAT K (OopMHU-
POBaHUIO CKOJIMOTUYECKOI NepopMaliiy TO3BOHOYHMKA, TIPO-
IPECCUPOBaHKE KOTOPOI IMTPeKpaIlaeTcst IOCIIe MTOCTOIEPaLy-
OHHOTO criamaHus nojiocty. [lojaraioT, 4To XapaKTepUCTUKI
CHPUHTOMMETUTUYECKOM TTOJIOCTH, HO He cTereHb JIMM mnipu
MK1, onpenensior BepoITHOCTb pa3BUTUSI cKono3a. Ecre-
CTBEHHOE TeueHue odycnoBiaeHHoi MK HeonepupoBaHHOI
CHPUHTOMMEINU OOBIYHO MEIJICHHO MpOorpeccupyloliee, a Ha
cTanusX yxe chopMHPOBABIIErocsi HEBPOJOTUIECKOro edu-
uta ¢ MPT-nipusHakaMu cyXeHuUsI MOJOCTe — MOCTENIEHHO
cradbwiusupyionieecs [50].

Kmnnuueckue nposisienns MK1 u IMM

JlaHHBIE O YACTOTE BCTPEYAEMOCTU aCUMIITOMHBIX (hOpM
MK BecbMa BapbUpPYIOT, YTO OOBSICHSIETCS pa3IUYUSIMU B KPU-
TepHsiX OTOOpa MALIMeHTOB B IPYIIIBI cpaBHeHUs. [1o naHHBIM
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[18], mumb B 14% MKI1 npoTekaeT acCUMIITOMHO, TOTIa Kak,
10 IpyruM naHHbM [51], 75% nammenToB ¢ MK1 6e3 cupuH-
romuenuu U 40% — ¢ MK1, accolmmpoBaHHOM C CUPUHIO-
MMEJIMeil, He MMeJI COOTBETCTBYIOIIEH KIMHUISCKOM CUM-
nroMaTuku. CocTaB M BBIPAXKEHHOCTh KIIMHUYECKUX ITPOSIB-
seHuii ipu JIMM onpeneisiioTcst BKJIaIoM KOMITPECCHOHHBIX,
TPaKIIMOHHBIX ¥ OKKJTIO3MOHHBIX MEXaHM3MOB Ha ypoBHe 530
M aCCOLIMMPOBAHHBIX HAPYIIIEHUI, TAKMX KaK ruapoledanys,
CIMHAJIbHASI TUTIOTEH3Ms, TUTTOTLIA31sT M/ WJIM U3MEHEHHasl Te-
ometpust 34, kaynaabHast AMCITIOKALIMSA MAHIAIMH MO3Xed-
Ka M CTBOJIa, HapyIIeHUsI KOMIUIAaeHTHOCTH CTPYKTyp 34,
BesimurHa U ¢dopma B30, BbicoTa CTOSIHUS U/WUIU PETPOD-
nexcus 3y6a C,, aTjaHTO-aKCHalbHas HECTaOUILHOCTD, 1IEp-
BHMKAJIbHBIM CIMHATBHBIN cTeHO03. OK010 50 CHUMITTOMOB C Ya-
CTOTOI1 BcTpeyaeMocTH oT 98% (ronoBHast 601b) 10 0,3% (ma-
pecTe3uu 1 60U B JIMIIE) OTMEUYAETCsl y B3POCIIBIX MAallMeHTOB
¢ MK [52]. ITo MHeHUIO OOJILIIMHCTBA 3KCIEPTOB, HAU0O-
Jiee BeposiTHoe oTHoleHue K MK 1 umeroT: a) 3aTbljiouHast ro-
JIOBHas1 60J1b, CBSI3aHHAsI C HArPY304HBIM BasibcabBa-1m1ono6-
HBIM HaIpsDKeHUeM; 6) HeCUCTEMHOE TOJIOBOKPYXKEHUE, YCH-
JIMBAIOIIeeCs TP ITepeMeHe TOJIOKEeHUS Tejla, M HapylleHue
paBHOBECUSI ITPU OBICTPHIX ABMKEHMSIX; B) O0JIb 1 OIyIIEHUE
NABJICHUS B IIee, PaTUKYISIpPHbIC 6O, OHEMEHUS U TIOKAJIbI-
BaHU; T) KTy4re 60K B Illee M Ha CPeTHEM TPYITHOM YPOBHE;
1) YTOMJIIEMOCTb U TeHepau30oBaHHas cjiadbocts [5, 14, 52].
VY 74% nanmenToB ¢ MK 1 BBISIBISTMCH OTOHEBPOJIOTUYECKIE
HapylIeHUs, Hapsioy ¢ TOJIOBOKPYXXEHUEM OTMEeYaauch IIyM
M 3aJI03KEHHOCTD B YIIIaX, CHYDKEHUE CITyXa WJIM TMIIepaKy3us,
ocuuorncust 1 Huctarm [14]. Cpenu aTUITMYHBIX aCCOLUUPO-
BaHHBbIX ¢ MK HapylieHuit Bo3MoxXHbI rape3 VI HepBa, Ju-
1IEBOI reMKCcIa3M, HapyIIeHUsI pUTMa CepJlia, CTPUAOP, ST~
JIETITUYECKKE MPUCTYIIBI M BHe3aITHble aneHust («drop attacks»
nnm «cerebellar fits») [53]. AccouuupoBaHHbie ¢ MK1 HeTu-
IMMYHBIE TIPOSIBJICHMSI BO MHOTHUX CJTyJasiX MCYe3atoT MOCIe XM~
pypruueckoit nekommpeccuu 345 [53]. 3aBucuMbIMU OT 00-
CTPYKLMU JTUKBOPOIIPOBOIALIUX IIYTENH CYUUTAIOT IPOBOLM-
pyembie BajibcasibBa-moa0OHBIM BO3/IEMCTBUEM 3aThIJIOUHbIE
U 1ieiiHble 6011 U ruapouedanuio. OOycIOBIEeHHBIMU KOM-
Mpeccueil CTBOJIa, MO3XKeUKa MJIM YePEITHBIX HEPBOB CUMTAIOT
nucdaruio, TM3apTpuio U AMCGHOHUIO, CHIKEHUE TIIOTOYHOTO
pediexca, IIEHTpaJbHOE alTHO? U Xparl, HallpaBJIeHHbI BHU3
HMCTarM, TYJOBUIIHYIO aTaAKCHUIO, IITYM B yIIIaX, TOJIOBOKPYKe-
HMe, BereTaTUBHbIC HapyIIeHMsI, CAHKOIIbI, BHE3aITHbIE Majie-
HMSI, CHHYCOBYIO OpaIMKapauio, TPUTeMUHATBHYIO U TJII0CCO-
dapuHreasbHyl0 HEBPAJITUU, TPUTEMUHAIbHBIC HAPYIICHUSI
YYBCTBUTEIBHOCTHU, CJIA0OCTh U J€BUALIUIO SI3bIKA, CBUCAHUE
HeOHoli 3aHaBecku [53, 54].

K 00ycI0BIeHHBIM CIIMHATBHBIMU HAPYIICHUSIMU U CU-
PUHTOMUEHNEN OTHOCST KIIMHUIECKUE IPU3HAKY HEIOCTATOY -
HOCTH IIEHTPAJIbHOTO U/WJIU TIeprepHUIECKOro IBUTaTeIbHO-
ro HelipoHa, 6O U TePMaHECTEe3UI0, CIAaCTUYHOCTh, CKOJIM-
03 (TpyIHOi1, yale JeBOCTOpOHHUI) [53, 54]. BonbIIMHCTBO
KJIMHUYeCKUX rposiBieHunii MK1 Bapuabe1bHO M HEI0CTaTOu -
HO CITeIM(UIHO, YTO JeJTaeT KIMHUYECKYIO TUarHOCTUKY TTPU
otcyrctBur MPT-BepuduKauum JTuib MPearnooKUTETbHON.
DTHUM, BEPOSITHO, OOBSICHSIOTCS TOJyUYEeHHBIE 110 pe3yIbTaTaM
ornpoca 768 nmanueHToB cBeAeHus, 4yTo MPT-o6Hapy:keHue
MK 6b110 crydaitHbIM y 24,8 % MallMeHTOB, UMEIOIIX KITU-
Huyeckue nposiBieHus [55]. Cumnromaruka MK1 y B3pocibix,
3a PeIKUM MCKIIOYEHHEM, pa3BUBaeTCsS MEIJIEHHO, PeXe —
CKayKoo0Opa3HO HapacTasi MJIM BHE3aITHO CTabMIn3npysich. Ba-
puaHTHI ocTporo pa3sutust MK 1 BcTpevaroTcst OTHOCUTETBHO
peaKo, HO MOTYT MPOTEKATh C YTPOXKAIIIUMU XKU3HU MPOSIB-
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JIEHUSIMU KOMITPECCUU CTBOJIA, U3 KOTOPLIX 14,5% cocrtaBiisi-
0T CJIyyau OCTPOIl OCTAHOBKU cepaua, 29% — abIXaTeJbHbIX
HapylieHui, 36,5% — nBurateabHbIX HapylueHuii. [lepeHec-
1 TpaBmy 24% manmentoB ¢ MK1,y 12,9% paHee acuMITom-
HbBIX MALIMEHTOB JieTKasi TpaBMa IlIer WJIU TOJIOBbI BbI3bIBajia
KJaMHu4Yeckue nposiieHuss MK1 [14].

Tonosuas 6osb (I'B) npu MK1

Pasnbie o xapakrepy I'b ormeuaror 73—98% mnarueH-
toB ¢ MK1 1 MKO [14, 52, 55, 56]. I1pu moarmoporoBoii 3KTo-
mn B 2—4 MM 74% neteii ¢ MK1 ucnbIThIBaIv 3HAYUTETBHYIO
I'b [33]. B HEKOTOpBIX cllydasix OHa MOXKET ObITb €AUHCTBEH -
HbeIM nposiBeHreM MK1. CorinacHo MeXIyHapoaHO# Kjac-
cupuxkauuu, nuarHo3 I'b, odycnosiaeHHblit MK1, npaBomMe-
peH nocie MPT-nonteepxneHust MK1 npu Hanuuuu cieny-
IOIIUX MPOSIBJICHUIA:

1. OnHoro wim aByx: a) I'b npu MPT-noarsep:kaeHHO
MKI1; 6) I'b, pa3peruBiiasicsi B TedeHue 3 Mec Mocje Xupyp-
ruyeckoro JeyeHusst MKI1.

2. I'b umeeT Kak MUHUMYM OJIHY U3 TPeX HUKETTPUBOANMbBIX
XapaKTEePUCTUK: a) TOSIBJISICTCS TIPH Kalllle WK Ipyrux Bajb-
caJbBa-IT000HBIX BO3MEHCTBUSX; 0) MMEeT OKIIMITUTAIbHYIO
WJIU CYOOKITUITUTAIBHYIO JIOKAJIU3ALIMIO; B) MMEET ITPOIOJIKI -
TeJIBHOCTh MEHee 5 MUH.

3. I'b accouunpoBaHa ¢ IpyruMu CUMIITOMaMU U/ WK MpU-
3HAKaMy TUCHYHKIIMU CTBOJIA, YePEITHBIX HEPBOB WIIM CITMH-
Horo moasra [24].

Taxoke nmpem1oxkeHo BbIAEAATh cieaytoiue noaTuns I'b
npu MK1: 1) TpaH3UTOPHYIO CYOOKLIMITUTAIBHYIO KaIlIEBYIO
(TpoBOLIMPYEMYIO KalllJIEM, YUXaHbeM, (PU3NUYECKOIT Harpy3-
KO, CMeXOM, HAaKJIOHOM TYJIOBHIIIA BIiepe, prueMoM Baib-
CaJIbBBI); 2) TPAH3UTOPHYIO JIOKAJTM30BAHHYIO HEOKIIUITUTAb-
HYIO WIM TeHepaIM30BaHHYIO KalllJIEBYIO; 3) TOCTOSTHHYIO JIO-
KaJ130BaHHYIO (OKIIUITUTAIBHYIO WU HEOKIIUITUTATIbHYIO)
WK TeHepanu3oBaHHyo ['B, KoTopast MOXeT yCUIMBAThCS
npu Kaiuie; 4) TPaH3UTOPHYIO MJIM TTOCTOSIHHYIO CYOOKIIM-
nutanbHyto I'B, He cBsI3aHHYIO C KalljieM; 5) TpPaH3UTOPHYIO
WJIY TTIOCTOSTHHYIO JIOKAJIM30BaHHYI0 HEOKIIMITUTAIBHYIO VIK
reHepanu3oBaHHylo I'B, He cBs3aHHYyI0 ¢ KanuieM [57]. B mpu-
BeZleHHOM nepevHe roartunoB I'B, BcTpevarommxcs y namu-
eHtoB ¢ MK1, Bce, KpoMe IepBOro, He MO3BOJISIIOT B 1OCTa-
TOYHOM CTENEeHU TOYHOCTU UCKIIOUUTH apyrue dopmel I'b.
Creuuduyeckum suaom I'b npu MK cienyer cumtaTh TONb-
KO MPOBOLMPYEMYIO KalllleM WM BasibcanabBa-momnoGHbBIM
NeiCTBUEM 3aThlI0uHYI0 I'B BBICOKO# MHTEHCMBHOCTH C IIJTU -
TEJIBHOCTBIO IIPUCTYIIA OT HECKOJBKUX CEKYHII 10 MEHee 5 MUH
U YBEJIMYCHHBIM KOJIUYECTBOM IPUCTYIIOB B IeHb, XOTS Ta-
Kasi 00JIb BCTpeyaeTcs Jajeko He y Bcex nmauueHToB ¢ MKI1.
JaHHast XapaKTepHUCTUKa COOTBETCTBYET KPUTEPUSIM, TIPEeI-
ycMOTpeHHbIM Kiaccubukauueit I'b nist MK1 [24], u umeH-
Ho Takoii Tun I'b ycTpaHseTcs mociie Xupypruaeckoro jede-
Hust MK1. Bo Bcex ciayuyasix I'b npu IMM u MK1 Heobxo-
IMMO MCKIIIOYUTS cienetonue npudrHel I'B: runporedanuio
C MHTpaKpaHUaJIbHOI IMIIepTeH3Me U TUIIePTeH3MOHHO-TH -
nporiedadbHbIM CHHIPOMOM, MHOTIA BEAYIIIMM K BTOPUYHOM
JAMM B B30, uHTpacnumHaabHyIO TMIOTEH3UIO ITPU CITMHAb-
Hoit tukBopee ¢ IMM B B3O u pazButueM cuHIApOMa «ICEB-
no-Kuapu». Mexny TeM ObIJIO YCTaHOBJICHO, YTO CTEHO3 0~
MePEeYHOro CUHYCa, YaCTO BEAYIIUIA K TTOBBIIIEHUIO BHYTPH-
YepeImHOro NaBJIeHUsI, TOCTOBEPHO Yalle 0OHapyKUBaETCsI
y nauueHToB ¢ MK1 [58]. IIpennonoxeHus 06 yBeIUUYeHUU
4acTOThl MepBUYHBIX Anu3oaudeckux I'b y nauuenTos ¢ MK1
HE TTOJIyYMIU TTOATBEPXKICHUS.
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Duodpomuanrus npu MK1

OnpeneneHue GUOGPOMUATITUY MPEATIONAraeT UCIIOIb30-
BaHME TIPUHSATHIX PEBMATOJIOTUYECKUM COOOIIIECTBOM Ira-
THOCTUYECKUX KpUTeprieB. MHOIMe KIMHUYECKKE TIPOSIBIIe-
Hus pudpomuanruu, I'b u meitHast 60J1b, 001 U MapecTe3uun
B KOHEYHOCTSIX, CJIaG0OCTh ¥ YTOMJISIEMOCTh B 3HAYUTEILHOMI
Mepe TMepeKphIBalOTCS ¢ CYObeKTUBHBIMU cuMmnTtoMamu MK1
[59]. MK BoIsiBisieTcst y 4—20% maliieHTOB ¢ hrOpOMUAITH -
eil. Y namueHToB ¢ pudbpomuanrueit npu MPT He BbIsIBIEHO
aHATOMUYECKUX U (DYHKITMOHATBHBIX JIMKBOPOIMHAMUYECKIX
u3meHeHuit Ha ypoHe KBII. BMecTte ¢ TeM UMeloTCs cBeieHUS
00 3¢ (HEeKTUBHOCTH EeKOMITPECCMOHHBIX OIepalnii B ycTpa-
HeHuM ubpomuanruu [59]. LlepBUKaIbHBIN CTEHO3 HEPEIKO
sBJsieTCs accoluupoBaHHO ¢ MK 1 KOHreHuTalbHOM aHOMa-
nueit [29]. CencopHast AMcYHKIMS, BbI3BaHHAS CIABJIEHUEM
CTBOJIAa M CITMHHOTO Mo3ra mpyr MK1 u 1iepBUKaIbHOM CTEHO-
3¢, MOXET OBITh IPUYNHON PUOPOMHAIITUIESCKUX TTPOSIBIIC-
Huii. Heobxoammo nanpHeiilee usyyeHue cBsisu ¢hpudbpoMu-
anruu ¢ MK1 u cunapomoB MK criekrpa.

DMOIHMOHAJIbHbIE M KOTHUTHBHbIE Hapymenus npu MK1

XKanytoTcs Ha «TyMaH B rojioBe», TPYITHOCTH KOHIICHTpa-
LMY BHUMAaHUST, CHYKEHIE TaMSITH, TTOBBIIIEHHYIO TPEBOKHOCTh
30—40% mauuentoB ¢ MK1 u 6omee [52, 55]. MccnenoBanust
C MICTIOJIb30BAaHUEM CTaHIAPTU3MPOBAHHBIX HEMPOIICUXOJIOT -
YECKHUX METOIUK BBISIBIISIOT ITpyu MK psim mpr3HaKOB KOTHM-
TUBHOTO e(OUIIMTA C PACCTPOIMCTBAMU OIEPATUBHOM MaMSITH,
MPOCTPAHCTBEHHOTO THO3KCAa, BHUMAHMS, MCTIOJTHUTEIbHBIX
(GyHKUMIA, HapylIeHui BepbaibHoii 6ertoct. MPT ¢ ucrnonb-
30BaHUEM TU(GOY3MOHHO-TEH30PHBIX N300paXkeHUI y Talu-
eHToB ¢ MK1 BbIsiBIISIET TP PY3HBIE MUKPOCTPYKTYPHbBIC U3~
MEHEHHMsI B 6€JI0M BellleCTBe, BKJII0Yasi BHYTPEHHIOIO KarlCyy,
JIYJUCTBIA BEHELI, MO30JIMCTOE TeJI0, 00YCIIOBICHHBIE KOMIIPEC-
CHOHHO-TPAaKIIMOHHBIMU MeXaHu3MaMu ripy JIMM u cTtBosa.
ITokazaH perpecc Takux HapyleHui nocie ngekomnpeccuu 34,

Jucdarus u qucnnod Bo cHe npu MK1

PaccrpoiicTBa qbIxaHusI BO CHE, IOMUMO CHYDKEHMSI Kade-
CTBa XM3HM, YACTO BEAYT K Pa3BUTHUIO CEPACIHO-COCYIUCTHIX
3abonesanuii. OHM BHISBIIAIOTCA NPUMEPHO y '/, MALMEHTOB
¢ MKI1. LlenTpanbHoe artHO® BO CHe, OOYCIOBJIEHHOE TpaK-
IIMOHHBIMU U KOMITPECCUOHHBIMU BO3MEUCTBUSIMUA Ha CTBOJI
Mo3ra, mpu MK1 y B3poc/IbIX MalilieHTOB BCTPEYAETCST PEIKO.
3HaYMTENbHO Yallle BOBHUKAET OOCTPYKTUBHOE UM CMELlIaH-
HOE aIrtHOd WJIX TUCITHO3, KOTOPOEe BO3HUKAET BCJSICTBHE KOH-
TeHUTAJIbLHON aHOMAJIMY Pa3BUTHsI OpodapUHTeaIbHBIX TTOJI0-
CTeli ¢ yMeHBIIeHHeM 1X 06beMa M KOH(MUTYpAIUK Y MallMeHTOB
¢ MKI1 [60, 61]. HeiiporenHas mucdarust mpyu MK1 BbIsIBIIS-
eTCsI B psAlie ClTydaeB KaK pe3ysIbTaT CTBOJIOBOM U MO3KEUKO-
Boit nucyHkuuu [54]. [Iist Hee OoJibliie XapaKTepHBI MOnep-
XMBaHUE MMPY MUThe U 3aTPYIHEHMS [JIOTAHMS KUIKOM UL,

Teuenue u mporao3 MK1

BrnaronpusitHoe Teuenre MK1 otmeueno y 27—47% naum-
eHTOB. OTCYTCTBYE KIMHUYESCKUX TTPOSIBICHUI MU TOGpOKa-
YECTBEHHOE TeYCHUE C MUHUMATbHBIMUA KIIMHUYECKUMU ITPO-
SIBJICHUSIMU TIPY OTCYTCTBUY CUPUHTOMUEIMM VUTA TUAPOIIE-
damuu umeet MecTo B 37—45,4% cnydaeB MK1 [62]. B Takux
CJIydasix peKOMEHIYIOTCsI KOHCEPBAaTUBHOE JIeUeH1e 1 HabIi0-
nenue. CreneHb IMM B B3O npu no6pokayecTBEeHHBIX (hop-
max MK1 o6buHO He npeBbiaet 12 Mm. MPT-oleHka no-
JIOXXKEHMSI MUHIAJIMH B TMHAMKKE IT0Ka3aja, YTo ¢ TeYeHUEM
BpeMEHU B OOJILLIMHCTBE cllyyaeB crerneHb JIMM He uaMeHs -
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ercs, B 4,8% — Moj0XKeHUEe MUHIAIMH BO3BpalllaeTcs K HOp-
Mme, B 31% — crenenb JIMM ymenbiaercst u B 4% — Hapac-
taeT [19]. Pannonoruyeckue u3aMeHeHUsI HE BCerna KOppeau-
PYIOT C IMHAMUKOM KIMHUYECKUX TIPOSIBIICHMI. B OTIeIbHBIX
ciydasix cupuHromuenus npu MKI1 octaercs acuMITOMHOI
Ha MPOTSIKEHUU JJIUTEbHOTO BPEMEHU, UTO MO3BOJISIET BO3-
NIEPKUBATBCS OT XUPYPTUISCKOTO BMEIIaTeIbCTBA 1 TIPUAEP-
JKMBaThCsI HAOJIOAaTeIbHOM TaKTUKK. OMKMCaHbI CITy4au IMpo-
HM3BOJILHOTO perpecca CUPMHIOMUETMTHISCKUX ITOJIOCTEl, 00-
YCJIOBJICHHBIE CITOHTAHHBIM IPEHaXXeM MM YMEHbIIEHUEM
skrormuu MuHganuH B B30 [63—65] ¢ coxpaHeHreEM MKEITO-
MaTUYECKUX HApYIIEHMH, 0003HAYEHHBIX HAMU KaK «ITOCTCH-
PUHKC CUHApPOM» [65].

Jleyenne

Bri6op cTpaTternu, TaAKTUKY BeleHUs U METOIOB JICUEHHUSI
nauveHToB ¢ MK1 u JIMM onpenensiercsi KOHKPETHBIMU yC-
JIOBUSIMU 1 pa3inyaeTcs B pa3HbIX lieHTpax. B 88% ciydaes Be-
Iylye 3KCrepThl B obaactu Helipoxupypruu MK1 nonaraor,
YTO MPYU MUHMMAJIbHOM CUMIITOMATHKE MJIM B Ka4eCTBE MPO-
(GUIAKTUKY TIPU aCUMIITOMHOM TeueHun MKI1 xupypruue-
CKO€ JIedeHre He ToKa3aHo [66]. B ciyyasix BeIpakeHHBIX 60-
neit ipy MK1 1 cuprHroMuenuyu peKOMEeHIYeTCsl CTpaTerusi,
MPUHSTAsH VTS JICYSHUST HeMpOaTUIecKoi 6O IPH MUEJI0-
MaTUYECKUX MOPaKeHUSIX. XPOHMYECKast, yCUIIMBAIOIIASICS TPU
BanbcanbBa-nogooHbix HanpskeHusix I'b, mpuzHaku KoMmmpec-
CHUM CTBOJIa MO3ra ¢ OyJIbOapHBIMU HapyIIEHUSIMU, TUchar-
eif, TMCITHO?, CHPUHTOMMENIUS C KITMHUISCKUMHU TTPOSIBIICHM -
SIMU, TUApoLiedannsi, CKOJIMO3 pacCMaTPUBAIOTCS KaK ITOKa-
3aHUs K Xupypruueckoii gekommpeccuu 345, O6cyxnatorcst
MPEUMYILECTBA Pa3HbIX METOIOB XUPYPTUIECKOT0 JISYSHUSI CH~
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punromuenuu pu MK1 1 mokasaHus K ux BeIOOpy [54, 66].
BpdekTuBHOCTL XUpypruueckoro jeuyeHust MK1 Bapbupyer
B Pa3HBIX LIEHTPax, OKOJIO 98 % MalreHTOB COO0IIa0T O HEKO-
TOPOM YJIy4IIIEHUH Yepe3 MoJIroa rmocie aekommnpeccuu 344,
IIPY 3TOM OKOJI0 78% MallMeHTOB OTMEYaloT COXpaHEHHE Psi-
I1a CUMIITOMOB 4epe3 3 Mec Mmociie neKoMmpeccuu, 71% — de-
pe3 1 ron, 68% — yepe3 2 rona [67]. DbdHEKTUBHOCTS JieUeHMST
MK -accounnpoBaHHON CUPUHTOMUETINH, TTOATBEPKICHHAS
MPT-BepuduipoBaHHBIM CITAJaHUEM CUPUHTOMUEIUTHYC-
CKUX IOJIOCTel, cocTaBsieT mopsinka 80% [68], mpu 9TOM B Te-
YyeHue 3 MOCTOoIepallMOHHBIX Mecs1ieB y 18,7% nanumeHToB oT-
MEYaJIuCh OCJIOXKHEHMS. B OMTHOM M3 0Te4eCTBEHHBIX LICHTPOB
y 56% nanuentoB ¢ MK 1/cupuHromuenveir oTMeYeH 4acTUY -
HBII WJIY TTOJTHBIA perpecc HeBPOJOTrMIeCKoi CUMITOMATUKH,
y 40% — crabunusanus coctosiuus, y 3,7% — 3aboseBaHue
o06ocTpmIoch, v 3,2% — pa3BWINCh paHHUE ITOCIeONepariy-
OHHBIE OCJIOXXKHEeHUs [69]. [ malMeHTOB ¢ pa3HBIMU Bapy-
aHTamu aHomanuiit MK1 cniekTpa onpeaensiiolnuM siBjisieTcst
BBIOOP ONTUMAJIbHO 3(D(EKTUBHBIX XMPYPIrUUYECKUX ITOCOOUIA,
cpely KOTOPbIX Hapsiay ¢ o0lLIepU3HAHHBIMY BapUaHTaMMU Je-
kommnpeccuu 345 B psize cirydaeB UCIONIb3YIOTCS XUPYpPIrude-
CKHYe MeTobl (hMKCALUM aTJIAaHTOAKCHUAJIbHOTO cowleHeHus [ 1]
U TiepeceveHMsi KOHIIeBOi HuTH [69].

MOXHO BBIPa3uTh yBEPEHHOCTD, YTO IIPOTPECC B TIOBHIIIIE-
HUM 3(PpHeKTUBHOCTU JieueHUsT OyIET 3aBUCETh OT BbIpaOOTKU
MPUHIIAIIOB OTOOpA MALIMEHTOB IJISI COOTBETCTBYIOIICH TaK-
THUKU BelleHYs] U TEXHUKH OIIEPaTUBHOTO BMEILIATEILCTBA ITPU
pa3HbIX noatunax narojaorun MKI1 criektpa.
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KnmHanyeckas 3Ha4MMOCTD MOANOPOrOBbIX IKTONMIA MUHIAJIMH MO3KEYKa
B 00JIbIIIOE 3aThLI0YHOE OTBepPCcTHE U Maibhopmanus Kuapu HyneBoro
THIIA

© 2.1. boraaHoB

DI6OY BO «KaszaHcknit rocyAapCTBeHHbIA MEAMLIMHCKMIA YHUBEpCHTeT» Munsapasa Poccun, Kasanb, Poccus

Pesiome

AncArokaLMM MUHAQAMH MO3KeuKa B 60AblLIOe 3aTbiAouHOe oTBepcThe (530), npeBbllaioLume NOPOroBbiit ypoBeHb 5 MM, TPaAULU-
OHHO OTHOCST K MaAbcopmaumnn Krnapu 1-ro Tuna (MK1), siBasiiollencst nokasaHMeM K XMPYPruyeckoMy A€HEHUIO B CAYYasiX Bbl-
PaXKeHHBIX KAMHUYECKMX MPOSIBAEHUI. B yCAOBMSIX TMMOMAA3nK 3aAHeN YepenHoi smku (3451) noanoporosble AMCAOKALIMKM MUH-
AAQAMH UAM MOAOXKEHUE MUHAAAMH BHYTPU B30, 6e3 BbixoAa 3a ee NMpeAeAbl, MOTyT MMETb KAMHUYECKME NMPOSABACHUS, MACHTUYHbIE
MK1, 1, NpeAnoAoXMTeAbHO, OTHOCSTCS K theHoTUnMYeckomy BapuaHTy MK1 — manbcopmaumnn Knapu Hyaesoro tvna (MKO).
B 0630pe 0bCyKAaloTCA AaHHbBIE O PACAPOCTPAHEHHOCTM M MeXaHM3MaX Pa3HbIX CTeNeHer 3KTONMM MUHAAAMH Mo3xedka B 630,
0 3HaYeHUN HACACACTBEHHbIX U CPEAOBbIX (DAaKTOPOB B pa3BuTMK runonAasmmn 344 n ee poan B popmmposann MK1T n MKO, npu-
BOAATCS CBEAEHUS O BO3MOXHOCTAX MPT-mopdomeTpun 344 B anarHocTmke nepsuunbix hopm — MKO 1 MKT1, kAMHMKO-paamno-
Aorndecknx npusHakax MKO, a Takke AaHHbIE O XMPYPrUYeCKOM AeHeHNM COYETaHHBIX U He COYeTaHHbIX C CUPUHIOMUeAneR (hopm
MKO. Pe3yAbTaTbl aHaAM3a AQHHBIX AUTEPATYPbl MOATBEPXKAAIOT 06OCHOBAHHOCTbL BbiaeAeHMs MKO 1 noadepkuBaioT HeOOXOAM-
MOCTb AAAbHEMIIEro U3y4eHNUs AQHHOI MPODAEMbI AASI BBISBAEHMS YYBCTBUTEABHbBIX M CMEUM@PUUHBIX AMArHOCTUHYECKMX NPU3Ha-
koB MKO 1 onpeaeAeHns TaKTUKKM AUEHNS.

KatoueBbie croBa: Ma/\b(pOpMaLlMﬂ Kmapw HYyAeBOro Tuna, Ma/\b(POpMaLlMﬂ KMapM 1-ro Thra, Manas 3aAHss HeperHas siMKa, 9KTo-
s MMHAAaAMH MO32KedKa, CMPUHIOMUEANS.
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Clinical significance of subthreshold cerebellar tonsil ectopia into foramen magnum and Chiari
malformation type 0

© E.I. Bogdanov

Kazan State Medical University, Kazan, Russia

Abstract

Cerebellar tonsil dislocation into foramen magnum exceeding 5 mm is traditionally considered as Chiari malformation type 1.
This disease requires surgical treatment in case of severe clinical manifestations. In patients with hypoplasia of posterior crani-
al fossa (PCF), subthreshold tonsil dislocations or tonsil position inside the foramen magnum can result clinical signs identical
to Chiari malformation type 1. These disorders are presumably referred to phenotypic variant of Chiari malformation type 1 (Chiari
malformation type 0). The authors discuss the data on the prevalence and mechanisms of cerebellar tonsil ectopia into foramen
magnum, the role of hereditary and environmental factors in development of PCF hypoplasia and its role in Chiari malformation
type 1 and 0. Significance of MR-based morphometry of PCF in identifying the primary forms (Chiari malformation type 1 and 0),
clinical and radiological signs of malformation type 0, as well as data on surgical treatment of Chiari malformation type 0 com-
bined and non-combined with syringomyelia are analyzed. Literature data confirm validity of the concept of Chiari malformation
type 0. We emphasize the need for further analysis of this problem to identify sensitive and specific diagnostic signs of Chiari mal-
formation type 0 and determine optimal treatment strategy.

Keywords: Chiari malformation type 0, Chiari malformation type 1, small posterior fossa, cerebellar tonsil ectopia, syringomyelia.
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CnmMcoK CoKpaleHuit

B30 — GouiblI0€ 3aThIJIOYHOE OTBEPCTUE
AMM — nuciiokalusi MUHAQJIMH MO3XKeuKa
3YA — 3anHss1 yepernHas ssMKa

MPT — MarHuTHO-pe30HaHCHasi Tomorpadusi
MKO — manbhopmanust Kuapu HyaeBoro tvuna
MKI1 — manbdopmanust Kuapu nepsoro tuna

OnpeaeaeHne n knaccupukaums

Jncnoxkanuio MUHIATUH Mo3xkeuka (JIMM) B 601b-
mwoe 3atbimouHoe otBepcTre (b30), BeI3bIBaloOILyI0 00-
CTPYKIIMIO TUKBOPHBIX IMyTeil M KOMIIPECCUIO CTBOJIA
MO3ra, BHE 3aBUCUMOCTU OT 3TMOJIOTUU TPAIULIMOHHO
OTHOCAT K Manbdopmanun Kuapu 1-ro tTunma (MKI1).
Panuonornyeckum kpurepuem auarHoctuku MK1 mpu-
HaTo cuntath JIMM Ha 5 MM u 6onee Huzke B30 Ha ca-
TUTTAJIBHBIX MAaTHUTHO-PE30HAHCHBIX TOMOrpaduye-
ckux (MPT) uzo6paxenusix [1, 2]. KonrenurtanapHyto,
WM «KjaccuuyecKyto», MK1 cBS3bIBalOT ¢ HapylIeHU-
SIMU PETYJISTIIAY ME30IePMBI, BEIYIIUMU K Pa3BUTUIO
TUMOILIa3uu 3agHeil yepemHoit smku (34A) u MM
B B30 [3—5]. [ToMuMoO «KJ1accu4ecKoi», BBIACSIOT
n apyrue dpopmbl MK, X0Ts ennHOI, 0OIEeNpUHATON
KJ1accubUKalMy 3TO MaToJIOTUU He cyliecTByeT. Onpe-
neneHsl cnenytommve moaTumsl MK 1: MKO ¢ IMM MeHee
3 MM u cupuHromuenueit; MK1,5, aist Kotropoii Hapsi-
Ity ¢ 6osiee BeipakeHHOU JIMM xapakTepHO MOJI0XeHUE
obex nuxe miockoctu b30 [6]. TTpennoxkeHo TakKe BbI-
nenutb MK 0,5 ¢ «<mognoporosoii» IMM 3—35 mu [7, §].
Ioarunsr MK1 paccmaTpuBaloTcsl Kak €IMHBIN MaTo-
TeHETUYECKUIT KOHTUHYYM C pa3HOU BBIPaXKEHHOCTHIO
deHoTUIMYECKUX TTpossBiaeHuil [6]. [ToaTBepxxaeHnEM
reHoTunuueckoro enuHctea MKI1 u MKO nocnyxu-
am paHuble MPT-00cnenoBaHus YJIEHOB MATU ceMei
namueHToB ¢ MK 1, mpu KOTOpoM BBISIBJIEHO 7 CyOb-
ektoB ¢ MKI1 u 5 — ¢ MKO [9]. B Hamiem uccnenona-
HUU C ydyacTheM 7 ceMeil, BKIIovYamIieM 56 CyObeKTOB,
y 46 umenucb MPT-mopdoMeTpuueckue MpU3HaAKu
runornaszuu 344, y 14 u3 koropeix — MK ¢ akTO-
nuemn 6osee 5 MM, y 9 — «IOAMOPOTOBBII» BapUaHT
MK ¢ skromnueit 3—5 mm 'y 20 — MKO ¢ cupuHromu-
enueii u 6e3 Hee [10]. IMM MoxXeT pa3BUBaTbCsl BTO-
PUYHO IIPU HOPMaJIbHBIX padMepax 3Y BciencTue
WHTpaKpaHUAJIbHON TUIEPTEH3UU, CIIMHAIBHON TH-
IMOTeH3UH, «IIpoBUcaHusg» 3YS mpu reHeTMIeCKHU Je-
TePMUHUPOBAHHON HECOCTOSITEIbHOCTA COCTUHUTEIb-
HOW TKaHW, a TAaKXXe TIPU CUHIPOME HATSHYTOM KOHIIE-
Boit HUTH [4]. Bropuunsie popmbl MM B B30 unoraa
0003HAYAIOT KaK «aHOMAaJIHsI», «(DOpMalns» WU CUH-
npom Kuapu 1, usberast TepMuHa «Maib(popMaiims».
ITo Mepe HaKOIJIEHUST TaHHBIX HAlEeXXHOCTh TPaIUIIv-
OHHOTO KpUTEPHS AMArHOCTUKY 3ToM nmaTonoruu (MM
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5 MM u 6osee Huke B30) crana nmoaBeprarbcsi COMHe-
Huio [11, 12]. Y3 63 onpoleHHBIX 9KCIIEPTOB-HENPO-
XUPYproB 88% cornacuianch ¢ HEOOXOMUMMOCThIO OTKA-
3aTbCS OT «CTAPOU PAIMOJIOTUUYECKON aKCUOMBI», UC-
kmouatoieit nuario3 MK1 npu JIMM menee 5 mwm [5].
B nepByro ouepens 3T0 CBSI3aHO C TeM, YTO HEPEOKO Y T1a-
ueHToB ¢ JIMM MeHee 5 MM UMEET MECTO XapaKTepHast
st MK1 cumniromaruka, a npu JIMM Gonee 5 MM HU-
xe B30 3avacTyio He ObIBaeT KIMHUYECKUX TPOSIBIIE-
Huiit MK1 [2, 12—14]. B BeiOOpKax NallMeHTOB U3 XU-
pypruueckux cepuit MK1 cupyuHroMuesast BhISIBISIETCS
B 60—85% ciyuaeB, a B BHIOOpPKaX MMaLIMEHTOB 13 OOIIETO
perucrpa — juib B 12—36% ciyyaes [3, 14, 15]. [Ipu-
TOM YTO BCEMU UCCIICAOBATEISIMU TTPU3HAETCS POJIb 00-
crpykunu B30 1 TMKBOPHBIX TTyTEi B TTaTOreHE3¢ CH-
punromuenuu npu MK, HeT enMHOro MHEHUSI OTHOCH -
TEJTbHO MEXaHU3MOB Pa3BUTHSI CUPUHTOMUCTUTIICCKIX
noJiocteil. HauGosnblliee 41CciI0 CTOPOHHUKOB UMEET Te-
OpUst «KJIAITAHHOTO» MEXaHM3Ma CUpUHroreHesa [16].
Konuenuust manshopmanu Kuapu HyaeBoro tumna
(MKO0) npennoxeHa mocjie OnucaHus cy4yaeB CUPUHIO-
MUEJIMU Y TalMEeHTOB ¢ cuMmIiitomatukoir MKI1 mnipu ot-
cyrctBuu MM B B30 [17, 18]. O6pazoBaHuEe CUPUHTO-
MUeTUTHYeCKUX moocteid mpu MKO Takske CBSI3BIBAIOT
C HapyLIEHUSIMU JINKBOPOIMHAMUKH B YCIIOBUSIX «TECHO-
Tel» 344 npu ciaBiaeHnn OOJBIION IUCTEPHBI U CITUTI-
yuBbIX Mpolueccax Ha ypoBHe b30 [17—19]. Mopdome-
Tpuueckue udmepenust npu MKO ¢ IMM meHee 2 MM,
a Takxe Mpu «roamnoporosoit» IMM 3—5 MM mokasa-
JIU XapakTepHoe 111 «kjiaccuyeckoit» MK1 ymeHblie-
Hue pasMepoB 3YS, kaynanbHOE CMEIIeHUE CTBOJIA MO3-
ra v HapyuleHue JukBopoauHamuku [11, 13, 17, 20, 21].
Junarno3z MKO, 1o MHEHUIO psiia aBTOPOB, TOKEH OBIThH
YCTaHOBJIEH TOJILKO B CJIyJasix CAPMHTOMMETNH Oe3 Ipu -
3HaKoB 3HaunMmoi JIMM Ha MPT nipu uckinoyeHuu npy-
T'MX MIPUIUH CUPDUHTOMUEIUHU U MIPYU OOPAaTHOM pa3BUTUU
CHPUHTOMUETUTIYECKOH ITOJIOCTH TIOCIIe JEKOMITPECCUN
344 [6]. [IpennoxenHast nepuuunys MK0O — «ymMeHb-
meHue oobema 344 ¢ obauTepaliueii 60JbIION HUCTEP-
HBI, TT0JIOKeHUueM MuHaanuH B b30 u nepBukaibHO
IIeJIEBUIHON CUPUMHTOMUEINEH» TIPUHSTA HEe BCEMU 3KC-
neptamu [5]. «IlleneBuaHass CMpUHTOMUETUST» MOXKET
0KazaThCsl paclIMpeHUeM IEeHTPaJIbHOTO KaHaja, KO-
TOPOE BbISIBISIETCSI IpUMEPHO Y 1,5% MHAMBUIYYMOB
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U He SIBJISIETCS MaToJIorueii [22], nin xe BO3HUKATh B pe-
3yJIbTaTe CIIOHTAHHOTO KOJUlarca CUPUHIOMUETUTHYE-
ckoit mostoctr [23—26]. Ipu MKO Hapsimy ¢ cupuHTO-
MUeNMel pa3BUBAeTCsl CUMIITOMATUKA, OOYCIOBJIEHHAS
KOMIIpECCHE CTBOJIa U OOCTPYKIIMEN TUKBOPHBIX MyTei
MWHAATMHAMY MO3XEUKa, HAXOMSIIUMUCS BHYTPU TeC-
Horo b30, 6e3 KaynajJbHOro UX CMELLEeHMS 3a Mpeaeibl
B30 [12, 18, 21].

AunarHocrtuka

Juarnoctuka MKO ¢ runormiaszueit 344, ocodeH-
HO 1ipu cJ1aboBbIpakeHHbIX MK 1-11ogo0HbBIX KIMHUYE-
CKUX TIPOSIBJICHUSX C HeCTIeHU(UIHON CUMITTOMATH -
Koii [27, 28], MOXeT UMEThb OOJIbIIIOE 3HAUEHNE B HEBPO-
JIOTUYECKON TTPAKTUKE BBUIY €€ BEPOSTHOI 3HAYNTEIEHON
PacIIpOCTPaHEHHOCTHU B TIOMYJISILIMU. AHAJIN3 CBEICHUMA
0 «<HOPMAJTLHOM» TTOJIOXKEHUHM MUHIAJIMH OTHOCUTEIHHO
B30 moxkaszain: a) B Bo3pacte oT 15 1o 35 n1eT MUHIATUHBI
HaxonaTcst Ha ypoBHe wiu Ha 0,5 MM Boilie B30, B mo-
cienyouue roabl, 10 70 1 6oJee aeT, MUHAATUHBI O/~
HUMAaIOTCH, ToCcTUras rmojoxeHus o6ojee 2,5 Mmm Hazg B30;
6) B Bo3pacTHbIX rpynmnax ot 21 go 50 ner 50% auu ume-
0T MosiokeHne MuHgauauH Boeitie B30, 25% — Hu-
xe B30 Ha 1—2 MM, 15% — nuxe B30 Ha 3—4 MM,
5% — nuxe B30 Ha 4—5 MM u 5% — Huxe B30 Goiee
yeM Ha 5 MM [29]. XapakrtepHas nis1 MK1 cumntoma-
THKa MHOTJA MOXET Pa3BUBAThCS TP «ITOATIOPOTOBOI»
skTonuu [8, 13, 30]. BodHuKaeT BONpocC: KaKylo LeH-
HOCTb JiJist nuarHocTuku uMmeeT JIIMM ot 1 1o 5 MM HIKe
B30, ecniu oHa BcTpeyaeTcsl Kak y 3M0POBBIX CYObEKTOB,
TaK U y NMalMeHTOB ¢ BbipaxkeHHbIMU MK 1-nmomoOHbIMU
cumnTomMamMu? BeposTHO, Kak e IMHCTBEHHbIN pagnono-
TUYECKUI IIPU3HAK — HEOOJIBIIIYIO, HO SIBJISICTCSI OYEBUI -
HBIM IIPEIOTOM UISI IPOBENECHUSI Y MAlIMEHTOB C KJIM-
HUYEeCKMMU cuMnTomamMu Mopdomerpuu 344 B 1e-
JISIX BBISIBJICHUS TIPU3HAKOB TUTIOTUTA3MH, XapaKTEPHBIX
17151 «kjaccuyeckoit» MKO, a mpu HopMajbHbIX MOp-
GOMETPUICCKUX TTOKA3ATEIISIX — IIPOBEACHUS KMHO-
MPT nns BbIsIBACHUS HapyIIEHUH JTUKBOPOAUHAMUKU
Ha YpOBHE KpaHHOBEPTeOPaIBHOTO TIepexoaa, XapaKkTep-
HBIX T apaxHonatuu. AkcuaabHoe M PT-u3o6paxkeHue
MTO3BOJISIET BEIIBUTH ITOJIOXEHE MUHIAINH U CTeTICHb
JmKBopHOro 6Jioka B B30, 4T0 0cOOEHHO BaXXHO B 1Ua-
THOCTHKE «IOJMOPOroBbix» hopM skrtonuu [7, 12, 31].
ITpuznakamu mamoit 34U pu «xnaccuuyeckoit» MKI1 sB-
JistitoTest: BoisiBasiemoe npu MPT-MopdomeTprn ymeHb-
IIeHNe TMHEWHBIX pa3MepOB, TUIOMIAIN, 00beMa 1 hop-
Mbl KOCTHOT'O U CyO0apaxHOMAAJbHOTO MPOCTPAHCTB
3441, kaymaiapHOE CMEIIeHIE CTBOJIA, a TAaKKe (DYHKIIM -
OHaJIbHbIE XapaKTepUCTUKU OJIOKA JUKBOPHBIX MyTeH
W CTeTIeHU Bo3aeicTBus Ha ctBoj [3, 4, 7, 11, 32, 33].
Kaxk n y nartmentoB ¢ MK 1, y maunenros ¢ MKO (B co-
YeTaHUU 1 0€3 COUCTaHUS C CHPUHTOMHUEITNCIH) BBISBIICH-
HbIE U3MEHEHMUS psia MOPHOMETPHIECKUX ITapaMeTPOB
345 cBUAETENBCTBYIOT O TUMOIJIA3UM 3aThUIOUHOM KO-
ctu 1 Manoit 344 [11, 20, 33—35]. M. Nishikawa u co-
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aBT. [34, 36] pa3paboTain KIMHUKO-PaaAUOJIOIMUYECKYIO
Kinaccupukanuio cuaapomo MK1, BeiaeauB MoaTUTT
MK ¢ «HOpManbHBIM» MOJIOKeHUeM MUHAAIUH B B30,
JJISI KOTOPOTO XapaKTepHbI HOpMaibHbI1 00beM 3Y S
Mpu YMEHbIIEHHOM o0beMe obsacTu 3YHA, okpyxaro-
wmeit B30. YcranoBieHHble MOpoMeTprUIEeCKIe 0CO-
OEHHOCTH TTO3BOJISIOT IuarHoctupoBath MK HyseBoro
THUIIa BHE 3aBUCUMOCTH OT HAJUUMSI CUPUHTOMMEITNH.
Krnaccudukanus naet obocHoBaHKEe BbIOOpa ONTUMAIb-
HOTO XMPYPIUIECKOTO MOIX0Ha IS KaXKIOro ITOATUIIA
MK [34, 36]. [Tpy nmerommxcst OYEBUIHBIX PATUOJIO-
rudyeckux pasnmnuusix denorunos MKO u MKI1 Her cy-
LIECTBEHHBIX Pa3IUYUi B KIMHUYECKUX MPOSBICHM-
ax [12, 27]. Mopdonoruuyecku 000CHOBAaHHOE BbIIEIe-
HHE He aCCOIMMPOBAHHON C CUPUHTOMUENINENH (POPMBI
MKO sBasieTcss 0CHOBOIOJIAraloKUM, TTOCKOJbKY B OT-
mmane oT MKO, acconmmnpoBaHHOI ¢ CHPUHTOMMEITHEH,
NMarHo3 TnepBoil ocHoBbIBaeTcsl Ha MPT-mop-
domeTpuueckux nmapamerpax 3. Husa onpenene-
Huss MPT-ocobenHocteit MKO 6e3 cupuHromuenuu
HaMU NpoBeaeHO KIMHUKo-MPT-o0cineqoBanue ma-
LIUEHTOB ¢ XapakTepHbiMU 1is1 MK KIMHUYeCKUMU
MPOSIBJICHUSIMU, OTOOPAHHBIX B TPYIITEI UCCIICIOBAHNUS
MpY HAJIWYUKU YKOPOYEHUs cKaTa Y/WJIM YeITyr 3aThl-
JiouHoit Koctu [35]. [TatmeHTs! pa3neneHsbl Ha 4 TPYIITbI
o 30 yenoBek B Kaxnoii: MK1 B coueTaHUM ¢ CUPUHTO-
muenueit (JIMM 8,714,3 mm); MK1 6e3 cupuHromuenuu
(AMM 9,5+4.2 mm); MKO B coueTaHUM ¢ CUPUHTOMHU-
enueit (MM 0,8+2,1 mm); MKO 6e3 cupuHromuenuu
(MM 0,1£0,5 mMm). KoHTpoabHas rpyIma cocTosia
M3 COOTBETCTBYIOLIMX 10 MOJY U Bo3pacTy aull (JIMM
3+2,9 mm) [35]. MccenoBanue mokasaio, 4To y Talu-
€HTOB BCEX YEThIpeX IPYII MO CPaBHEHUIO C MallMEH-
TaMU KOHTPOJIBHOM TPYITITEI OTMEUEHO CTaTUCTHUCCKU
3HAYMMOE YKOPOUYEHUE KOCTHBIX TMHEHHBIX TTapaMe-
TpoB 3YA, yMeHblIIeHUE paCcCTOSIHUSI MEXIY CTPYKTY-
paMu CTBOJIa M KOCTHBIMHU obpazoBanusmu 3Y S u mro-
ckoctbio b30, ymenbiueHue mmiomaau 345, cyxxeHue
JIMKBOPHBIX TIPOCTPAHCTB, BEPXHEU 1 OOJIBIIION IIUCTEPH
MO3Xe4yKa, U3BMEeHeHUe yIrIoBbIX MapameTpoB 34U, yka-
3BIBAIOIINX Ha ee yIuromeHue. OTININTEIbHOMN 0CO-
6eHHocThio MKO0 6e3 cMpMHTOMMUEINM TI0 CPaBHEHUIO
¢ MK1 6e3 cuprHroMuennuu ObLI0 CTAaTUCTUYECKU 3HA-
YUMO€E YMEHbIIIeHUEe B TIepBOM ciydae romani b30
U CyXeHUEe BEPXHUX OTAEJIOB KOCTHOTO IIEPBUKAIBHO-
ro crimHanbHoOro KaHana [35, 37]. KonreHuranbHoe cy-
JKeHUE IIePBUKAJIbHOTO CITMHAJIBLHOTO KaHalla MOXEeT
OBITh CYIIIECTBEHHBIM (DaKTOPOM B Pa3BUTUU IIEPBU-
KoOpaxuaiaruit u/unu cupuaromuenuu |38, 39]. IMomxy-
YeHHBIC HAMU JTaHHbBIC TTOKA3bIBAIOT, YTO KIMHUYECKH
nposiBuBLInecs ¢hopmbl MKO xapakTepu3yloTcst TUIIO-
IUTa3Meil HUKHIUX OTIEJIOB 3aTEUIOYHOM KOCTH, (DOpMM-
pyromieit B30, cyxkeHreM MpoCTpaHCTB BX0JA B CITMHHO-
MO3TOBO KaHall, 9TO MOXET IPEISITCTBOBATh ITPOoJIal-
Cy MUHIQJIMH, OMHOBPEMEHHO CO3/aBast TIPEATIOCHUIKHA
IS KOMITIPUMUPOBAHMS CTBOJIA MO3Ta B YCIIOBUSIX MaJIOi
344 [35]. [Tpu xupyprudeckoii Bepudukauny u3MeHe-
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HUH y 98 manmeHToB ¢ XapakTepHoit m1g MK1 cummto-
MaTukoii pu cpeareit MM 0,4 MM, mpuHaaIeKalmx
Kk MKO-noatuny 6e3 CUpUHTOMUETUU, YCTAHOBJIEHBI
Te 3Ke MPU3HAKU KOMIIPECCUM CTBOJA, YTO U Y MallMEeH-
TOB co 3HauMuTenabHOi JIMM Huxe B3O, npuHamiexa-
mwux K MK1-noarurny, npyu MAEHTUMHOCTU KJIMHUYECKUX
MPOSIBJIEHUI Y TTallMeHTOB obeunx rpymi [37].

SMMAEMUOAOTHUS U FreHETUKA NaTOAOTMU
cnekTpa maabcpopmaunu Kuapu
1-ro Tvna

JAMM Ha 5 MM u 6osiee Huxke B30 B pa3HbIX BO3-
pacTHBIX rpynmax BuIABasM B 0,24—3,6% ciydaes
npu MPT-ob6cnenoBaHuu, NMpOBOAMMOM MO Pa3HbIM
MEIUIIMHCKUM TIOKa3aHMUSIM, TOTOa KaK pacipocTpa-
HEHHOCTb KIMHUYecKu nposBusLiuxcs dopm MKI co-
crapisiet auib 0,01—0,04% [40]. OTMedeH pocT pac-
npoctpaHeHHocTH MK, BeposiTHO, 3a cYeT Bo3pocieit
YaCTOTHI BBISIBICHUS, KOTOpasi B BO3PACTHOM TI'pyI-
ne g0 20 net B CHIA yBeauuuiach BABOE 3a MEPUO/I,
¢ 2003 mo 2012 r. YacToTa Xxvpypruyeckux BMeIIaTeIbCTB
o toBoay MK 3a nmepuox 2001—2014 rr. Takke BbI-
pocia BABOE y IE€Teil U Ha TPETh Y B3POCJIbIX, a PACIpO-
CTPAaHEHHOCTDb XUPYPIrUUSCKUX BMEIIATEIHCTB B pa3-
Hbix pernoHax CIIA coctaBuna 0,2—2,0 Ha 100 ThIC.
HaceneHUd [41]. OnucaHbl peTMOHBI ¢ UCKITIOYUTEIBHO
BBICOKOI pacnpOCTPaHEHHOCThIO KIMHUYECKUX (hopM
MKI1 u accouuupoBaHHoit ¢ MK1 cupuHrommenuei,
¢ mpeobjiafaHUeM B OIpeneJeHHbIX STHUYECKUX IPYyT-
max u usojisitax. B omHom u3 paiionoB Pecnyonvku Ta-
TapcTaH pacripoctpaHeHHOCTh MK ¢ KIMHMYecKUMU
MPOSBJACHUSIMU (ITPU SKTOMUU 5 MM U 00Jiee) COCTaBU-
na 275 cinyyaeB Ha 100 ThIC. HaceJIeHUs, a TPY yUeTe ma-
nueHToB ¢ MK1 ¢ KMMHUYECKU 3HAYUMOM «ITOATOPO-
roBoi» sKkTonueit 2—4 Mm — 413 cnygaeB Ha 100 ThIC.
HaceneHus [30]. PacnpoctpanenHocts MKO B couera-
HUU ¢ CHpUHTOMUEINEH He N3ydyeHa, UMEIOTCST JaHHBIC
0 3,7—7,0% naunentoB ¢ MKO B 00111eit KoropTe mawu-
eHtoB ¢ MK1 u3 xupypruueckux cepuii [ 18, 33]. MoxHO
JIOITYCTUTD, UTO pacrpocTpaHeHHOCTh MKO 6e3 cupuHro-
MUEUU TPU KOHTeHUTaIbHOM rumnoruiazuu 344 Moxer
OBITH BeCbMa BBICOKOI, €CIM YIECTh, UYTO YKOPOUCHUE
cKaTa B COYETaHUU C OTCYTCTBHEM OOJIbIION peTpoliepe-
OCIUTIPHOI IIMCTePHBI (BaxKHBIC TTPU3HAKK TUITOILIA3UN
3aTBIOYHOM KOCTU U «TecHOThI» 3USA [3, 19, 32]) BcTpe-
yaetcs y 8%, a MoJI0KeHWe MUHAAIMH Ha 1—2 MM HILKe
B30 — y 25% ob6cnenoBaHHbIX ¢ ToMolbio MPT 310po-
BBIX JINII [29, 42]. M3yuyeHNe pOIOCIOBHBIX ITAIIMEHTOB
¢ MK1 noka3zajio ayToCOMHO-ITOMMHAHTHBIN TUIT HAaClIe-
JIOBaHUSI C HETIOJHOM MeHeTpaHTHOCTHIO [3]. YcTaHoBIe-
Ha HacnienyeMocTh pa3mepoB 3US [43], moka3aHa yacTast
accoluanus ¢ IPyTuMU TeHETUYECKUMU 3a00J1eBaH S -
M. B mocienHee nsaTuieTre BhIIEICH PSI IIPEAToarae-
MBIX T€HOB, OTBETCTBEHHBIX 3a pa3putrie MK, B ToM uuc-
Jie B poccuiickoii monyisunu [10, 40].
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KAuHMu4eckue nposiBA€HUsI U AeyeHne
maabchopmauun Kuapu HyaeBoro tuna

Crentenb JIMM nHixe B3O nmeet ciadyro Koppensi-
LIMIO C BBIPA’KEHHOCTBIO KIMHUYECKUX MPOsIBAeHUI [ 3].
Kaxk mpaBuio, KImHAYeCcKass CUMIITOMAaTHKA MMaTOI0-
ruu crnekTpa MK1 BapuabenbHa u ManocnenubuydHa,
YTO JeaeT KIMHUYECKYIO TMarHOCTUKY Oe3 yueTa JaH-
Hbix MPT numb npennonoxurtenbHoil. KnuHuyeckue
CHUMIITOMBI TPAIUIIMOHHO NEJISIT Ha HelipoodTaabMo-
JIOTMYECKHUE, OTOHEBPOJIOTMYECKUE, CTBOJIOBBIE 1 CITH-
HaJbHbIe [3]. ¥ 768 MalueHTOB ¢ KITMHUIECKUMU MTPO-
sapieHusiMu BoisiBieHrne MK1 o MPT 6bu1o «ciyvaii-
HBIM» B 24,8 % ciydaeB [28]. Okojo 50 HeBpOJIOTUIECKIX
CHUMITOMOB C Pa3HOM YaCTOTOM BBISIBIECHBI Y B3POCIIbIX
nanueHToB ¢ MK [44]. [Tonaratot, uto HauboJjiee Be-
positHoe oTHoIIeHre K MK 1 nMeroT: a) 3aTbtouHast ro-
JIoBHas1 00Jib, BbI3BaHHAas1 BanbcanbBa-mogoOHbIM Ha-
MIpsDKeHUEM; 0) HECUCTEMHOE TOJIOBOKPYKEHUE 1 HApy-
IIEHUEe PaBHOBECUSI, YCUIUBAIOIIMECS] TTPU U3MEHEHUU
TTOJIOKEHUSI TeJIa; B) OIIYIIEHNE JaBJICHNS 1 OOJIH B IIiee,
OHEMeHUe, OLIYIIEeHNE TTOKaJbIBAaHUSI B KOHEYHOCTSIX;
') FeHepaJu30BaHHasl CJ1ab0CTb U YTOMJISIEMOCTD [ 3, 44].
K atunmuuHbIM NposIBIEHUSIM OTHOCAT: nape3bl VI He-
pBa, HApYIIEHUs pUTMa Cepara, CTPUAOP, MTPUCTYITEI
mageHus (drop attacks miau cerebellar fits), koTopsie,
BIPOYEM, KaK ¥ TUITMYHbBIC, B OOJIBIIMHCTBE CIyJIaeB Ky-
MMMPYIOTCS TIOCTIe XUPyprudeckoit gekommpeccnu 34U,
Jannbie o cBs13u MK1 ¢ ¢pubpomuanrueit mpoTuBope-
yuBbl, X0TsT MK1 BcTtpeuatorest y 4—20% mnammeHTOB
¢ pubpomuanrueii, a Takxke nokazaHa 3(p(peKTUBHOCTb
JMIEKOMIIPECCUOHHBIX OTIepallnii B JICUCHNH 3TOM MmaTo-
norum [40].

Knununueckue nposiBieHnss MKO uaeHTUUHBI TaKO-
BbeIM ipu MK [12, 13, 18, 27]. [Taumentsl ¢ MKO co cpea-
Heit IMM 0,6 MM MMeJIH TOT e HabOp U Ty XK€ CTENEHb
BBIPAXKEHHOCTH KIIMHUIECKUX CUMITTOMOB, UTO 1 TTAIINCH-
Tbl ¢ MK co cpeaneit JIMM 9,17 mm, npu 3ToM apdek-
TUBHOCTb XUPYPTrU4ecKoii nekomripeccuu ipu MKO0 6puta
naxe Boie [12, 37]. BaxHa Bepudukauusi cyokanHuve-
ckux popm MKO, mockonbKy npemMopOuaHasi KOHTEHU -
TaJIbHasl TUTIOIIA3UsI 3aThbUIOYHOI KOCTU C U3MEHEHHUEM
o0bema unn kongurypauuu 344 6e3 oueBuaHoii JIMM
MOKET IMOCTYKUTH (DaKTOPOM, OCJIOXKHSIOIINM TeUCHUE
JIPYTUX TTATOJIOTUIECKUX COCTOSTHUI, TAKMX KaK TeMOop-
paruu B 3Y4, mepBuuHas KaljieBas rojioBHas 00Jb, O1-
JlaTepajibHasl TPUreMUHaIbHAasi HEBPAITHS, a TAKXKE CIO-
CcOOCTBOBATh PAa3BUTHIO AUCIOKAIIMM MuHAAMH B B30
MPpY TPOBEACHUM AMATHOCTUYECKOI JIIOMOATbHOM MyHK-
uuu [45—47]. Onucana Tpancdopmaumst MK1 ¢ cupuH-
romuenareit B MKO ¢ «mocTcupruHKC» CMHAPOMOM [26].

HccaenoBaHus eCTECTBEHHOTO TEUCHUS ITATOJIOTUN
cniektpa MK 1 gaiot ocHoBaHMS 17151 TOATBEPKASHUS 110~
JIOXKeHUS 00 OTCYTCTBUM MOKA3aHUI K XUPYPrUUeCcKOMY
JICYSHUIO TIPU MUHUMAJIbHOW CUMITTOMATHKE WX B 11e-
Jisix mpodwinakTuku [48]. TTokazaHUSIMU K XUpypruye-
CKOMY JICYCHUIO, KaK ITPAaBWIO, SIBJISTIOTCS KIIMHUYECKU
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MPOSIBUBIINECS CUPUHTOMMEIINST VI TUIPOMUECIIHS,
rugapouedanus, CTBOJIOBbIE CUMIITOMBI C OyJbOapHBI-
MU U/WIU TIPOBOIHUKOBEIMU TIPOSBIACHUSIMU, TVCII-
HO3, a TaKXXe XpoHuyeckue «BanbcaabBa-poBoLupye-
Mble» W/WJIN TTIOCTOSTHHBIE MHTEHCUBHBIE TOJIOBHBIE 00-
u. Xupypruueckue 1mocoousi B OCHOBHOM BKJIIOUYAIOT
WHTpaaypajbHble TEXHUKKM OTIEPAaTUBHOIO BMEIIIATETh-
CTBa KaK Hanbosee 3 (PeKTUBHBIC ¥ BepUGUITNPYIOIINE
naToreHeTUYeCcKu 3HauuMyto narojoruto [40, 48, 49].
B pabotax, mocBgamenabix MKO0, coueTaHHOI ¢ CUpUH-
romMuenueit, nokaszaHa a(p(HeKTUBHOCTh XUPYpPrudecKo-
ro nevyenud [18, 37]. Xupypruueckoe neyenue 98 na-
ueHToB ¢ MKO0 6e3 cupyHroMueanu ObUI0 TaKXKe BbI-
CcOKO9((HEKTUBHBIM 3a CYET YCTPAHEHUST KOMIIPECCUU
CTBOJIA U 3aJHEW HUXKHE MO3XKEUYKOBOI apTEpUM, HEB-
POM MEPBOTO HIEHHOr0 KOPEUIKOBOTO U BO3BPATHOTO
HepBoB [37]. M. Nishikawa 1 coaBT. Ha OCHOBaHUY CO0-
CTBEHHOM Ky1accubUKalMKU MPEATOXUIA TPUMEHSTD Jie-
koMmmpeccuio 34YS y manmeHToB 6€3 BhIpaxkeHHoi JIMM
npu MopoOMETpUUECKUX MpU3HaKax runoriazum 3440
(MKO 1 MKO,5) 11 5KCITaHCUBHYIO CYOOKIIUTTUTATILHYIO
kpanuoractuky it MK1 tuna C, Torma Kak Jajs Ta-
LIMEHTOB CO BTOPUYHBIMU NpuodpeTeHHbIMU MK Tu-
na A peKOMEHIOBaHbI XUPYPIrUIeCKue MOIX0IbI, CO-
OTBETCTBYMWOIIME TiepBonpuurHe [36]. Hecennduy-
HOCTh U BapHaOETbHOCTh KIMHUYCCKUX IIPOSIBICHUMA
MKI1 npu TpaguuonHoit MPT-Bepudukaiuu 1ol na-
TOJIOTMM, OCHOBAaHHOM JIMIIIb Ha onpeaeieHun MM,
HEeU30€XXHO JOKHBI BECTU K TUIIOAMArHOCTUKE, OCOOCH -
HO onurocuMIToMHBIX opm MKO n MKO,5, He acco-
LIMMPOBAHHBIX C CUpUHTOMMereit. OLeHKa mapaMeTpoB
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aKcHMaNbHOM HelipoBuayanmu3aunu b30, xapakTepusyio-
LIHUX COCTOSIHUE MSITKMX 1 KOCTHBIX CTpYKTYp B30, muk-
BOPHBIX MPOCTPAHCTB, TIoaAu U KoHpurypaiuu b30,
SBIIsIeTCS HanboJiee BaxHOi B auarHoctuke MKO Haps-
Iy C OLIEHKOU MapamMeTpoOB, XapaKTePU3YIOIIUX YMEHb-
menue pasmepon 34U [4, 7, 12, 31, 34, 35].

3akAloueHue

IIpencraBieHHAas] B HACTOSIIEH pabOTe KOHIICITITNS
KOHIEHUTAJIbHOM TUIIONUJIa3UY 3aHEW YEPETHOM AMKU
KaK IPUYMHBI KIIMHUIECKU IIPOSBIISIONIEiCS MaTbhop-
Maruu Kuapu HysneBoro Tvmma ocHoBaHa HA OTHOCUTE/Ib-
HO HEOOJBIIOM 00beME JAHHBIX, YTO 00YCIOBIUBAET HE-
00XOIMMOCTD ITPOBEIeHMS JaTbHEHIIINX UCCIIeTOBaHMIA.
Ha ceronHsmHuit 1eHb MaTOre HETUYECKKUE COCTABISIIO-
IIKMe W KIMHUYECKUI «ITOPTPET» CUHIAPOMa Malb(op-
mauuu Kyapu HyleBoOro Tura ocTaloTcsl HEAOCTaTOYHO
obOpucoBaHHbIMU. HeoOXxonuMel gajibHeIIe UCCIen0-
BaHUSI U1 COBEPIICHCTBOBAHMSI HEPOBU3YyaTU3aLIMOH -
HOI TMarHOCTUKH BCETO CIIeKTpa Maabhopmaruu Kuapn
MEePBOro TUIIA C UCMOJIb30BAaHMEM MAlIMHHOI 00paboT-
KM MarHUTHO-Pe30HAHCHBIX MOP(OMETpUUEeCKUX Mapa-
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nposiBuBLIMXCS hopM Manbhopmanu Kuapu HyneBoro
THUIIA Y TTAIIMEHTOB HEBPOJOTMUECKOTO IPOMIIISI U BBI-
paboOTKM MOKa3aHUI K XMPYPruueckoMy WM KOHCepBa-
TUBHOMY JICUCHUIO.
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KommenTapuii

IIpencraBneHHbI 0030p JTUTEPATYPhI XOPOIIO pacKpbiBa-
et temy aHoManun Kuapu (AK) 0. JaHHbIil BUI aHOMaIUu
NOJITO€ BpPeMsl He YYUTHIBAJICS B KIMHUYECKOUN MPaKTUKe
M TIPU3HABAJICS eMMHUYHBIMU criermanrctaMu. [Toxoxas cu-
Tyauust 6suta 1 ¢ nauueHTamu ¢ AK 0,5 u 1,5. B pesyabrare
0OJIbHBIE C KJTACCUYECKON CUMITOMATUKOM, HO 6€3 CMEeIeHUSs
MHWHIAIMH MO3Xe4YKa He MOTJIM TTOJIyIUTh HEOOXOIUMYIO ITO-
Mmolilb. B 0630pe, ocHoBaHHOM Ha aHaiu3e 49 oTeueCTBEHHBIX
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M 3apyOeKHBIX UCTOUHUKOB JIMTEPATYPhl, OMYOIMKOBAHHBIX
3a rocaeaHue 20 JeT, peAacTaBIeHbl BO3MOXHOCTH M P-1ua-
THOCTUKU B BbIsiBieHUM AKQ, Kjlaccuueckue KIMHUYECKUE
MPOSIBJIEHUsI 3a00J1€BaHUS 1 TTOJIXObI K XUPYPTUYECKOMY Jie-
yeHuto. PaboTa B 1eJloM MpeacTaBisieT OOJbIION MHTEpeC
JIJISI HEBPOJIOTOB U HEHPOXUPYPTOB.

A.A. 3yee (Mockea)
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Epidemiology of Symptomatic Chiari Malformation
in Tatarstan: Regional and Ethnic Differences in

Prevalence

BACKGROUND: Epidemiology can assess the effect of Chiari | malformation (CM1) on the
neurological health of a population and evaluate factors influencing CM1 development.
OBJECTIVE: To analyze the regional and ethnic differences in the prevalence of CM1.
METHODS: The population of the Republic of Tatarstan (RT) in the Russian Federation was
evaluated for patients with CM1 symptoms over an 11-yr period. Typical symptoms of CM1
were found in 868 patients. Data from neurological examination and magnetic resonance
imaging (MRI) measurement of posterior cranial fossa structures were analyzed.
RESULTS: MRI evidence of CM1, defined as cerebellar tonsils lying at least 5 mm inferior
to the foramen magnum, was found in 67% of symptomatic patients. Another 33% of
symptomatic patients had 2 to 4 mm of tonsillar ectopia, which we defined as “borderline
Chiari malformation type 1 (bCM1)." The period prevalence in the entire RT for symptomatic
CM1 was 20:100 000; for bCM1 was 10:100 000; and for CM1 and bCM1 together was 30:100
000. Prevalence of patients with CM1symptoms was greater in the northern than southern
districts of Tatarstan, due to a high prevalence (413:100 000) of CM1 in the Baltasy region in
one of the northern districts.

CONCLUSION: One-third of patients with typical symptoms of CM1 had less than 5 mm
of tonsillar ectopia (bCM1). Assessments of the health impact of CM1-type symptoms on
a patient population should include the bCM1 patient group. A regional disease cluster
of patients with Chiari malformation was found in Baltasy district of RT and needs further

study.
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Neurosurgery 84:1090-1097, 2019

DOI:10.1093/neuros/nyy175

www.neurosurgery-online.com

t the end of the 19th century, Professor
A Hans Chiari described the postmortem

features of 4 types of craniocervical
junction anomalies.!> The Chiari I malfor-
mation (CM1) was inidally described as
deformed cerebellar tonsils herniating through
the foramen magnum (FM) accompanied
by hydrocephalus. Later, magnetic resonance

ABBREVIATIONS: bCM1, borderline Chiari malfor-
mation type 1; CL, clivus; CM1, Chiari | malformation;
CSF, cererbrospinal fluid; FM, foramen magnum;
MRI, magnetic resonance imaging; NDRT, northern
districts of Republic of Tatarstan; PF, posterior cranial
fossa; RT, Republic of Tatarstan; SDRT, southern
districts of Republic of Tatarstan; SO, supraoccipital
bone
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imaging (MRI) showed noninvasively that CM1-
related tonsillar herniation often occurs without
hydrocephalus; therefore, hydrocephalus became
a nonessential element of CM1.>* Chiari’s
description of CM1 was further modified by an
MRI diagnostic threshold requiring cerebellar
herniation to extend at least 5 mm below the
FM. Later, 2 subsets of patients with CM1-type
semiology, CM0 and CM 1.5, were described
based on their unique MRI findings.’"!° Patients
with CMO had less than 2 mm of tonsillar ectopia
and syringomyelia.’"? Patients with CM1.5 had
brainstem descent in addition to the 5 mm of
tonsillar descent seen in CM1 patients.'
Morphological many
patients with CM1 revealed a small posterior
fossa, a normal-sized hindbrain, and obliteration
of the cererbrospinal fluid (CSF) of the cisterna
magna by the cerebellar tonsils extending

measurements in
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below the FM. A primary genetic abnormality or secondary
injury presumably impeded development of the cephalic paraxial
mesoderm, causing premature fusion of the spheno-occipital
synchondrosis. The latter stunted growth of the basiocciput (the
inferior segment of the clivus) and supraocciput,!’"!? reduced
posterior cranial fossa (PF) volume,'""!>"1® and led to herni-
ation of the cerebellar tonsils and CM1."%2! Genetic factors
were involved because 12% of symptomatic CM1 patients
had a positive history of CM1; 21% of asymptomatic first-
degree relatives of symptomatic CM1 patients had CM1 and/or
syringomyelia.!>*?2:23 Studies of families in the United States with
more than 1 member affected by CM1 identified several plausible
candidate genes for CM1."7:2* The small posterior fossa trait,
sometimes referred to as occipital hypoplasia, was more consis-
tently inherited than tonsillar descent and CM1 expression.”>24-2¢
In nonfamilial cases of CM1, posterior fossa dimensions may
be influenced by the expression of many genes, as occurs with
morphometric features such as height and head circumference.”’
Epigenetic modifications of somatic DNA and environmental
factors could also restrict development of the posterior fossa and
lead to CM1.,28-3°

Factors related to developing symptoms in CM1 patients
include: (1) greater amounts of tonsillar herniation; (2)
hypoplastic PF dimensions; (3) PF overcrowding characterized
by constriction of CSF spaces including the cisterna magna;
and (4) physiological measures of reduced and distorted CSF
flow.11-33 Symptoms of CM1 rarely improve spontaneously,
but can if tonsillar ectopia decreases **-*° from PF growth in
children or other factors.>’-4* Tonsillar herniation greater than 12
mm almost invariably causes symptoms,® but lesser amounts of
tonsillar herniation may or may not evoke symptoms. Therefore,
factors other than tonsillar herniation must be involved in
symptom production in this group. Some asymptomatic CM1
patients have “spacious” subarachnoid spaces and no crowding
of neural structures.*! Patients with typical CM1-symptoms
but tonsillar herniation even less than the 5-mm threshold for
CM1 often have MRI evidence of a small posterior fossa and
hindbrain overcrowding and cine-MRI findings of abnormal
CSF velocity/flow.**42-4 Some asymptomatic CM1 patients
(incidental CM1) later became symptomatic 34-36
trauma, Valsalva maneuver, and heavy manual labor.
Quantitative, imaging-based physiological factors may more
accurately predict positive outcomes after surgery for CM1 than
morphological measures.!!"13:17:243147 Up to 40% of adults

with CM1 and 12% to 23% of children with CM1 have
15,34,36,48,49

after minor
15,45,46

syringomyelia.

The CMO malformation is characterized by clinical and MRI
findings of cervical syringomyelia, a crowded posterior fossa, CSF
obstruction around the FM, and less than 2 mm of tonsillar
ectopia.’?+42:59-53 Tn one study, normal subjects had no more
than 2 mm of tonsillar ectopia below the FM and more than
2 mm of ectopia was 100% sensitive in capturing patients
with CM1-type symptoms.> Symptoms in patients with 2 to
4 mm of tonsillar descent below the FM may be identical to
those with CM1.34:43:44.51.54 Guch symptomatic patients may be
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diagnosed with “variant CM1, borderline CM1, or Chiari I-like
syndrome,”!44:55

Our current study investigated the prevalence and regional,
ethnic, and gender distribution of symptomatic CM1 (Figure 1),
Chiari I-like syndrome associated with minimal borderline
tonsillar ectopia borderline Chiari malformation type 1 (bCM1),
and CM-associated syringomyelia in the Republic of Tatarstan
(RT). RT is a federal subject of the Russian Federation, found
in the center of the East European Plain about 800 km east of
Moscow. It lies between the Volga and Kama Rivers, and extends
east to the Ural Mountains.

Currently, there are few epidemiologic studies of CM1 and
Chiaril-like syndrome.?®:5¢5” The existing research has detection
bias because: (1) the prevalence of CM1 diagnosed by MRI
criteria alone is considerably higher than CM1 diagnosed by
coexistent CM1 semiology and MRI criteria; and (2) not all
patients with CM1 semiology undergo MRI scanning.?$->

Previous reports suggest that CM1 has a female prepon-
derance in the United States but not in Europe or Asia.?® A
regional preponderance of syringomyelia in some areas of the
RT was previously reported.’®8°%" The present study seeks to
identify population groups in RT that are prone to developing
symptomatic CM1, CMI1-like syndrome (bCM1), and CM-
associated syringomyelia.

METHODS

The study was conducted at the Hospital of RT (Figure 2). Patient
consent was not required because this retrospective study presents only
aggregated archival data. An institutional review board approved this
study. In our epidemiological research, we followed STrengthening the
Reporting of OBservational studies in Epidemiology (STROBE) rules.
This hospital cares for the entire RT population. It is a large, integrated
tertiary medical center with 1300 inpatient beds, including 50 neuro-
logical and 80 neurosurgical beds, and weekday visits for 100 to 120
referred neurological and neurosurgical outpatients. The population of
adults in RT during the study was 2876 000, with an ethnic mix of 54%
Tatars, 39% ethnic Russians, and 7% others.®!*®® The ethnic mix seen
by the neurological and neurosurgical departments was 58% Tatars, 40%
ethnic Russians, and 2% others. Patients lived in one of the 44 separate
districts of RT, or Kazan city, the capital of RT (Figure 2).

In the first stage of the study, we analyzed archival data of patients
hospitalized in our clinic between January 1998 and December 2008.
During the study period, data were processed from 29 008 hospi-
talizations to select cases with ectopia of the cerebellar tonsils and
CMI1-like symptoms, including: (1) CM1-type headaches, such as
suboccipital headache, pseudotumor headache with visual phenomena,
and cough headache; (2) dizziness; and (3) symptoms of cervical
syringomyelia.!>*%4 Patients who had secondary causes of cerebellar herni-
ation such as craniosynostosis and tumors were excluded. A total of 868
patients with tonsillar ectopia and CM1-like symptoms were found. We
documented age, gender, nationality, residency in RT, district (Northern,
Southern, or other), radiological, physical, and neurological findings
(Tables 1-4).

MRI was performed using 1.0 and 1.5 T scanners (EXCITE, GE
Healthcare, Waukesha, Wisconsin). One trained researcher (A.E) took
linear measurements of the PF structures on a midsagittal T'1-weighted

VOLUME 84 | NUMBER5 | MAY 2019 | 1091

6102 Aen zo uo 1senb Aq | 266661/060 L/S/778/A0el1sqe-ajo1e/Aiabinsoinau/woo dno-ojwapeoe//:sdpy woly papeojumoq







BOGDANOV ET AL

FIGURE 1. Tjpical Chiari I (CM1), b6CMI, and Chiari O malformation
(CMO) on the sagittal cut MRI scans (from RT population). A, M70, CMO
with syringomyelia (the tonsils are at the level of the FM). B, F40, bCMI
with syringomyelia (tonsillar herniation = 3 mm). C, F41, CM1 without
syringomyelia (tonsillar herniation = 17 mm).
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image. Measurements were defined as follows: (1) clivus (CL) length
was the length of a line drawn from the dorsum sella to the basion;
(2) supraoccipital bone (SO) was the distance between the opisthion
and the internal occipital protuberance; (3) the McRae line was the line
connecting the opisthion and basion; and (4) tonsillar herniation was the
distance from the McRae line to the most inferior extent of the cerebellar
tonsils. The diagnosis of CM1 was given to all symptomatic patients with
one or both cerebellar tonsils extending 5 mm or more below the FM,
with and without syringomyelia.®>** Tonsillar herniation was commonly
asymmetrical.®¢” All symptomatic patients with one or both cerebellar
tonsils extending 2 to 4 mm below the FM (Figure 1), with and without
syringomyelia, were diagnosed with bCM1.>* CMO patients were not
included in this study.*?

In the second phase of the study (after detecting regional differences
in the CM prevalence), we performed a more extensive MRI morpho-
metric study of 228 of the 868 patients. This included 200 patients
from different districts of RT (male/female 108/92, mean age 43 =+
13 yr, Tatars 79%) and 28 patients from the Baltasy district (male/female
12/16, mean age 41 &£ 15 yr, Tatars 100%) to measure the length of
their posterior fossa bones (CL, SO). We also measured the length of the
posterior fossa bones in a control group of 100 individuals (male/female
39/61, mean age 47 = 7 yr, Tatars 58%) who had previously undergone
brain MRI after presenting with (1) nonspecific symptoms and no neuro-
logical impairment or (2) symptoms suggestive of multiple sclerosis or
other conditions not affecting intracranial volume or PF anatomy.

Measurements from CM patients and control subjects were compared
using the U-test (IBM SPSS Statistics 23, Armonk, New York). P values
< .05 were considered statistically significant.

RESULTS

The Period Prevalence of CM1and bCM1 for the Entire RT

The period prevalence of CM1 and bCMI for the entire
RT population was 30:100 000. Further analysis of the 868
RT patients showed that 118 (13.6%) were from 4 northern
districts of Republic of Tatarstan (NDRT) with a population of
95 000 (Figure 2; Table 2) and 53 (6.1%) were from 4 southern
districts of Republic of Tatarstan (SDRT) with a population of
104 000.°'°% The period prevalence of symptomatic CM1
and bCM1 patients in NDRT was therefore significantly more
(122:100 000) than in SDRT (49:100 000; Figure 2, Table 2).
Syringomyelia, a disorder often associated with CM1 and bCM1,
was previously reported to be more prevalent in NDRT than
SDRT.’® The proportion of ethnic Tatars among CM1 and
bCM1 patients in NDRT was 87% and in SDRT was 70%,
whereas the proportion of ethnic Tatars in the entire population
of NDRT compared to SDRT was 87% and SDRT was 41%,
respectively (Table 2).

The Period Prevalence of CM1and bCM1 for the Baltasy
District

Of the 118 CMI1 and bCMI patients from the NDRT, 95
inhabited its Baltasy district (Figure 2), of whom 33 (35%)
were first-degree relatives from 13 families. The 33 familial cases
included 23 (64%) with CM1 and 10 (36%) with bCM1. The

population of adults in the entire Baltasy district during this
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Baltasy
~— District

FIGURE 2. Maps of the Russian Federation, RT, and Baltasy district. A, Map of the Russian Federation. Tatarstan is shown in black. Kazan, the capital of The RT, is
Jound 720 km East-Southeast of Moscow. B, Map of Tatarstan. The southern districts of Tatarstan are shown in white with crosses and the northern districts in dark gray
with stars. The Baltasy district (arrow) is Northeast of Kazan and on the northern border of Tatarstan.

TABLE 2. Characteristics of Northern and Southern (Control)
Districts of RT

TABLE 1. Population of Adult Patients With CM1 and bCM1 in
Hospital of RT Between January 1998 and December 2008
Male Female All

(n =438) (n =430) (n =868)
Age, years 41+£15 44 +13 43£13
Tatars, n (%) 319 (73%) 292 (68%) 611 (70%)
Russians, n (%) 101 (23%) 122 (28%) 223 (26%)
Others, n (%) 18 (4%) 16 (4%) 34 (4%)
Syringomyelia, n (%) 212 (48%) 150 (35%) 362 (42%)

period was 23 000, with an ethnic composition of 84% Tatars,
10% Russians, and 6% others. Period prevalence of symptomatic
CM1 and bCM1 patients in the Baltasy district was 413:100 000
(CM1 275:100 000; bCM1 138:100 000). The higher period
prevalence in the Baltasy district more than accounted for the
higher period prevalence of symptomatic CM1 and bCM1 in
NDRT compared to SDRT, with the period prevalence in NDRT
outside the Baltasy district being 32 per 100 000 compared to 49
per 100 000 in SDRT. The mean lengths of CL and SO in the
CM1 patients in Baltasy were similar to CM1 patients in other
RT regions and countries (Tables 5 and 6), but the mean length
of CL in the bCM1 patients in Baltasy was significantly shorter
than in other RT regions (respectively, 35 mm and 40 mm; P =
.002).

Clinical and Radiological Findings

Tonsillar descent in the evaluated 200 patients with CM
symptoms met the CM1 threshold (5 mm or more tonsillar
ectopia) in 134 (67%) and the bCM1 threshold (2-4 mm of
tonsillar ectopia) in 66 (33%; Table 5). There were 108 males,

NEUROSURGERY

Northern Southern
districts districts
Adults (during 2002)
Tatars (n, %) 83000 (87%) 44 000 (41%)
Non-Tatars (n, %) 12000 (13%) 61000 (59%)
Total adult population 95000 104 000

Frequency of referral to our 29 28
center, per 1000 adult inhabitants
Patients with CM (n, %):

Tatars 103 (87%) 37 (70%)
Non-Tatars 15 (13%) 16 (30%)
Total 118 53
Patients with CM and
Syringomyelia (n, % of CM):
Tatars 54 (52%) 17 (46%)
Non-Tatars 4 (27%) 5 (31%)
Total 58 (49%) 22 (42%)
Period prevalence of CM, per
100 000 adult inhabitants:
Tatars 124 76
Non-Tatars 12 26
Total RT population 122 49

61 (56%) with CM1, of whom 35 (57%) had syringomyelia; and
47 (44%) with bCM1, of whom 17 (36%) had syringomyelia
(Table 4). There were 92 females, 73 (79%) with CM1, of whom
33 (45%) had syringomyelia; and 19 (21%) with bCM1, of
whom 8 (42%) had syringomyelia (Table 4). The frequency and
types of symptoms in the CM1 and bCM 1 subgroups were similar
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TABLE 3. Results of Clinical Study of Patients With CM1and bCM1

bCM1 v All

(n=66) (n=134) (n =200)

Age, years 42 +16 44 +12 43+ 13

M/F 47/19 61/73 108/92
All CM-related headaches, n (%) 58 (88%) 115 (86%) 173 (87%)
Suboccipital headache 32 (48%) 69 (51%) 101 (50%)
Pseudotumor headache with 27 (41%) 51(38%) 78 (39%)

visual phenomena

Cough headache 7 (11%) 19 (14%) 26 (13%)
Dizziness, n (%) 26 (39%) 77 (57%) 103 (52%)
Syringomyelia, n (%) 25 (38%) 68 (51%) 93 (46%)
Numbness, n (%) 22 (33%) 50 (37%) 72 (36%)
Paresthesia, n (%) 18 (27%) 42 (31%) 60 (30%)

TABLE 5A. Results of Radiological Study SO in Patients With CM1
and bCM1

Groups of patients, n SO, mm (M £ m) p?

CM1 (RT), 134 38+5 .0001
bCM1 (RT), 66 40 + 4 .059
CM1 (Baltasy district), 18 37+6 .001
bCM1 (Baltasy district), 10 38 +£3 .013
Control group, 100 42 +5

2Statistical significance of differences with control group (Mann-Whitney test).

TABLE5B. Results of Radiological Study CL in Patients With CM1and
bCM1

TABLE 4. Characteristics of Patients With CM1and bCM1

Male Female All

(n =108) (n=92) (n =200)
Age, years 41+£15 47+ 43 +13
Tatars, n (%) 85 (79%) 73 (79%) 158 (79%)
Non-Tatars, n (%) 23 (21%) 19 (21%) 42 (21%)
CM1, n (%) 61(56%) 73 (79%) 134 (67%)
CM 1 with syrinx, n (%) 35 (32%) 33 (36%) 68 (34%)
bCM1, n (%) 47 (44%) 19 (21%) 66 (33%)
bCM1 with syrinx, n (%) 17 (16%) 8 (9%) 25 (13%)

(Table 3).** Valsalva-related and other typical headaches were
identified in 86% of CM1 and 88% of bCM1 patients. The MRI
measurements for these 200 patients showed that the clivus and
supraocciput lengths were significantly shorter in the CM1 group
compared to the control group (Table 5). The cisterna magna
was small or obliterated in all patients in the CM1 and bCM1
subgroups, but was preserved in controls.!>*44

DISCUSSION

Ethnic Differences

This study of the RT population enrolled 868 patients with
symptomatic CM1, CM1-like syndrome (bCM1), and CM-
associated syringomyelia over an 11-yr period. The predom-
inant ethnic group affected was Tatars, consisting of 70% of RT
patients, including 70% of SDRT, 87% of NDRT, and 91% of
Baltasy district patients. Tatars was disproportionally affected by
CM compared to their percentage in the population in all but
NDRT because they make up 54%, 41%, 87%, and 84% of the
population of RT, SDRT, NDRT, and Baltasy district, respec-
tively. Referral patterns cannot account for this disparity because
the proportion of Tatars referred to the Hospital of RT reflected
the proportion of Tatars in the population. Syringomyelia is more
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Groups of patients, n CL, mm (M +m) P2
CM1 (RT), 134 38 + 4 .0001
bCM1 (RT), 66 40 £+ 4 .068
CM1 (Baltasy district), 18 37+6 .0001
bCM1 (Baltasy district), 10 35+ 4 .0001
Control group, 100 41+ 4

2Statistical significance of differences with control group (Mann-Whitney test).

prevalent in Ethnic Tatars than in other ethnic groups in RT and
neighboring regions of the Russian Federation, which may result
because Tatars are more likely to have CM1 and bCM1, which
predispose to syringomyelia.>¢-¢8:¢9

Clinical-Radiological Associations

In the second phase group of 200 patients, 66 (33%) had
bCMI1 (tonsillar descent of 2-4 mm) and 134 (67%) had CM1
(tonsillar descent of 5 mm or more). The proportion (33%) of
patients with symptoms typical of CM1 but tonsillar ectopia less
than 5 mm (bCM1) was much greater in our study compared
to other studies (7%-9%).">7% Milhorat reported that in 364
patients with typical CM1 symptoms, 32 (9%) had tonsillar
ectopia less than 5 mm.!> In another study of 200 CM1 patients,
14 (7%) had tonsillar descent of 3 mm or less below the FM.”°
The percentage of symptomatic bCM1 (33%) in our study
was considerably higher than in these other studies, possibly
reflecting a higher proportion of patients with a small PF in
our population. The case-control evaluation of posterior fossa
measurements revealed similar changes in bone phenotype in
CM1 and bCM1, manifested as reduced posterior fossa bone
lengths (Tables 5 and 6). Symptoms and MRI evidence of PF
hypoplasia were identical in CM1 and bCM1 patients, differing
only in the extent of tonsillar descent (Table 4).

Geographical Differences

Ethnic, racial, and geographical differences in the prevalence
of tonsillar ectopia were studied in other countries. In Japan,
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TABLE 6. Linear Measurements of CL and SO in CM1 Patients and
Control Group Compared to Findings in Other Studies

cm Control

RegionorCountry n CL,mm SO,mm n CL,mm SO, mm

Baltasy district 28 374+6 37+6 100 414+4 4245
RT 200 384+ 4 38+5 100 414+4 4245
Milhorat (USA)™ 50 37+4 38+6 50 40+5 42+5
Karagoz (Turkey)'® 22 36 +7 38+5 21 40+4 4 +7
Heiss (USA)2° 48 39-+3 40+4 18 43+4 42+4

tonsillar ectopia 1 to 4 mm below FM occurred in only 12 of
5000 subjects (0.24%).% In a study of 200 American patients
with clinical signs or symptoms unrelated to CM1, 14% had
tonsils extending 1 to 3 mm below the FM.> In a multicenter
European-American study of 600 normal individuals, more than
5% had tonsils 1 to 5 mm below FM, while only 0.5% had
greater than 5 mm of tonsillar ectopia.47 Based on these studies,
it appears that the prevalence of tonsillar ectopia in the 1 to
5 mm range is much greater (5%-14%) in the Euro-American
population than in Japan (0.24%). This conclusion agrees with
observations that tonsillar position is generally higher in Japanese
than Americans.”® The higher position of the cerebellar tonsils in
the Japanese population could explain why Japanese are affected
less often than Europeans by CM1 and bCM1-related obstruction
of CSF pathways at the FM, leading to a lower prevalence of
syringomyelia in Japan (1.9 per 100 000) than in England or
New Zealand (8.4 and 8.2 per 100 000, respectively).7l’73 In
the US and European populations, 0.77% to 0.90% of normal
adults and 0.97% to 3.6% of children undergoing MRI scanning
have cerebellar tonsillar ectopia of 5 mm or more, which is radio-
logically diagnostic of CM1.22:34:36.74.75 The estimated preva-
lence of symptomatic CM1 in the general American population
is 9 to 36 cases per 100 000.?® Closer examination of our CM1
patients showed a prevalence of CM1 in the entire RT of 20 per
100 000, which is similar to that of the American population.
Our study included separate CM1 and bCM1 subgroups while
the CM1 group in the studies mentioned above, in fact had
7% to 9% of bCM1 cases. Patients in the bCM1 group had
symptoms compatible with CM1, tonsillar herniation less than 5
mm, and PF hypoplasia, consistent with a variant of CM1.7-2¢-44
Determining population prevalence accurately requires evalu-
ation of every individual within a population. The prevalence of
symptomatic CM1 would have been higher if all symptomatic or
minimally symptomatic patients sought medical care at our center
during the study.

Regional “Clusters” of CM1and Syringomyelia

The prevalence of symptomatic CM1 in the Baltasy district
was much higher than in other regions of the RT. The preva-
lence of adults with symptomatic CM1 in the Baltasy district of
NDRT was over 10 times that of the rest of the RT. Clusters
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of CM1 and syringomyelia in other regions and ethnic groups
have been reported. A higher prevalence of syringomyelia was
noted in one area of Germany and regions of Russia with
a large proportion of Tatars.>¢:00:68:69-76 Tncreased prevalence
of CM1, basilar impression and syringomyelia was found in
Northeastern Brazil and in some states in India.”’>’® In New
Zealand, the prevalence of CM1-associated syringomyelia was
greater among Maori and Pacific people than in those of European
descent.”? Familial clustering of CM 1 patients in the state of Utah
supported a genetic predisposition to CM1 in those American
families.”

CONCLUSION

Epidemiological studies can measure the prevalence of CM1
symptoms in different countries and regions. In this study, two-
thirds of patients with CM1 symptomatology had 5 mm or
more tonsillar ectopia and met the MRI diagnostic standard for
CM1I. Another one-third of patients who manifested CM1-type
symptoms had only 2 to 4 mm of tonsillar ectopia. A regional
disease cluster with a high prevalence of symptomatic CM1 and
bCM1 patients and a Tartar ethnic preponderance was found
in the Baltasy district of RT. In that district, about one-third
of affected patients had an affected first-degree relative. Further
study of this disease cluster for genetic and environmental factors
predisposing to CM1 and bCM1 is necessary.
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f we are to eventually understand the etiologies of congenital malfor-

mations with coexisting familial and environmental predispositions,
a thorough analysis of epidemiological factors along with cultural, ethnic,
dietary, and other influences is required. Understanding geographic
influences, especially in endemic regions in industrialized and devel-
oping countries alike, carries special significance and may point to non-
Mendelian heritable factors yet to be identified. This article is a step
forward in that direction.

Bermans J. Iskandar
Madison, Wisconsin

he authors detail a group of individuals in central Asia that appear to

have a high incidence of Chiari I Malformations, syrinx associated
with the CIM, and a diminished posterior fossa volume. In addition to
the patients with more than 5 mm of caudal descent of their cerebellar
tonsils and a syrinx, the authors have included a group with less than
5 mm of descent, no syrinx, and predominantly subjective symptoms.
In the setting of a high prevalence Tartar population, inclusion of the
less objective group of patients seems reasonable. Using these same,
less objective, criteria of tonsillar descent less than 5 mm, no syrinx
and totally subjective clinical symptoms to recommend surgery to other
populations is problematic.

W. Jerry Oakes
Birmingham, Alabama
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CocyaucTbIe 3260NEBaHAS FONOBHOr0
M3ra

12.1. MPEXOASALLME HAPYLLEHNA
MO3roBOro KPOBOOBPALLEHUS

B.H. Cxeopyosea, E.HM. Tyces, JL.B. Cmaxoscxas, JLB. Iybckui, H.A. Ilamanos.
B.H. Bozdanos, M.IO. Mapmunos, K.C. Mewkosa

B HaCTOsiIIee BPeMA MMEIOTCs /1Ba TOLX0Za K onpe/iesiennto [THMK. ITepsbiit (Tpamm-
[IMOHHBII) OCHOBAH Ha BPEMEHHBIX KPUTEPHSAX, 1 COTIACHO ITOMY MOAXOAY ITHMK nua-
THOCTHPYETCA TIPH TTOTHOM MCIe3HOBEHUM HEBPOJIOTHIECKHX CHMITOMOB B TeueHue 24 .
BTOpOii N0IX07 TPeAyCMATPUBAET OLEHKY (OKa/bHbIX H3MEHEHHUIl B TOTIOBHOM MO3re
Ha OCHOBanMM 1 dY3UOHHO-B3BeleHHOro i repdysuonHoro MPT B Tederye nepBbx
4acoB 3aGoseBanms. OTCYTCTBUE CTOAKMX M3MeHeHHH Ha IMdQy3HOHHO-B3BelIeHHOM
u nepdysrorHoM MPT 1o3BONAeT pacieHuTh COCTOAHNE KaK Npexo/isiiee HapyleHne
MO3roBOro KpoBooGpamienus. Hammiye XKe CTOMKMX OUaroBBIX M3MEHEHHil Ha STHX
¥ MHBIX MojaibHOCTAX MPT faxe TIpH MOJTHOM perpecce KIMHUYECKUX HeBPOJIOrHie-
CKMX CUMITTOMOB DACLIEHHBAETCS KaK MIeMHIeCK il HHCYTILT. B 1ie/10M, COTTIacHo pesylib-
Tatam nposezieHns mu(dysHoRHO-B3BemenHoi 1 mepdysuonnoit MPT, y 15-25%
GonpHbIx ¢ [THMK dopmupyiores HHOapKTBI MaJlbIX Pa3MepOB M MUKPOreMOPParku.

B xauecrBe dopm [THMK BbiIe/IsH0T TPAH3UTOPHbIE MIIEMITIECKHE aTAKK (THA)
¥ TMIePTOHMYECKMe KPU3BI C HepeGpajbHBIMM TIPOSIBIEHUAMH — epebpanbHbIi
THIEePTOHUYeCKHE KPU3.

[IpuauHbl BOBHEKHOBeHHs M MexaHusmbl passuthsi TIHMK Bo MHOrom 61H3KH
TaKOBBIM IPH Pa3BUTHH LiepeOpa/ibHbIX MHCYIBTOB. OfHN U3 HauboJiee 4aCTHIX IPH-
YMH — CTEHO3MPYIOILKe TIOPAKEHHS MArHCTPATbHBIX apTepUil rOJIOBbI MM MUKDO-
OKKJIIO3MH TIPM HApyIEHUsIX reMocTasa. HeobX0/MMO y4UTBIBATH, YTO MOBTOPHbIE
ITHMK, 0co6eHHO B CHCTeMe COHHBIX apTepHii, Hepe/Iko MOTYT OKa3aThCsi MPeaBecT-
HHMKOM TSDKEJIOro MIeMHYecKoro HHCYJIbTa.

Knuauyeckue nposineHna ITHMK 3aBuCAT OT MOpakeHWA TOTO WX MHOrO
cocyaMcToro GacceiHa M CXO/HBI € TAKOBBIMM NPM MIIEMIYECKOM HHCYJILTE, HO Hale
GLIBAIOT OrPAHIeHHBIMK (3aXBATHIBAIOT ONHY KOHEYHOCTh WM JIOKAJIbHbIA yIaCTOK
KOYW JINIA; BOSMOKHBI TapLMaibHble CyA0POKHbIe npuctynbi). ITpu ITHMK Habuio-
JAIOTCS OYATOBBIE HEBPOJIOTHYECKHE CHMITOMBI, 3 MEHHHIea bHbie 1 061eMO3roBbIe
OTCYTCTBYIOT MM He BhipaxeHel. Ocobennocrsio TTHMK B BepTe6pPOGasHIAPHOM
Gacceiie, OMUMO TPEXOASAIINX ANbTEPHUPYIOIMX CHMITOMOB, fABJIAETCA 4acToe
passuTHe HeQOKANBHBIX CHMOTOMOB (HEYCTOHYMBOCTH, CIYTAHHOCTH, TOLIHOTEI)
M ronoBOKpyXeHus. JlpyruM npossienvem TTHMK fBAfIOTCA rumnepTOHMYECKHe
KPHU3bI € TiepebpaibHbIMKM POABIeHHAMY. [lepebpanbHble IHIePTOHUYECKHe KPH3bL
BO3HMKAIOT P 3HAYMTENLHOM M OBICTPOM mogbeme AJl €O CPBIBOM ayTOperyssi-
MK 1epe6paibHOr0 KPOBOTOKA. Mopdonorutecky 0TMEYaIOTCA MOBBIMIEHHME [1PO-
HWI[AeMOCTH COCYAMCTOI CTEHKH C PasBUTHeM MUKDOTeMOpparui, oTeK BEIlecTsa
TOJIOBHOTO MO3ra ¥ nosbiuieHne BUJI. Knunnueckasi KapTHHA BKJIIOYAET CHIbHYIO
ronoBHYI0 GOJb, BBIPAKEHHbIE BereTaTHBHbIE PACCTPOMCTBA: TOMIHOTY C MOBTOP-
HOIf DBOTO{i, IMIIEPIHPO3, TMIEPEMHIO KOXKHBIX NMOKPOBOB, TaXMKaPAMIO, OAbILLI-
Ky, 03HOB6OMOZOOHBI Tpemop. Hepeaxko BO3HHKAIOT 3MOLMOHA/IbHBIE HAPYIIEHWS
B BHM/Ie TPEBOTH, GECTOKOWCTBA WM, HA0BOPOT, 3aTOPMOKEHHOCTH, COHIIMBOCTH.
Bo3MOXHa KPaTKOBPEMEHHAas YTpaTa CO3HaHMs. B TMXeNbIX CydasX BbIABIIA-
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CHpHHroMuenus

B.1. Bozdanos, E.T. Mendenesuz

CHpHHrOMUeNns — XPOHWYecKas NPOrpecCHpYIOmas MUENONATHS pasiii
9THOJIOTMH, XaPAKTePU3YIOIAsACs Pa3BUTUEM B CIMHHOM MO3re JKHUAKOCTeCOzie|
KX [HOJOCTel, KOTOpbIe Yalle JOKaIH3YIOTCA B MEHHO-TPYAHBIX, Pexe MOACHHY
OTZIeNIaX I TIO ZJTHHE BCero CMHHOTo Mo3ra (holocord syringomyelia).

TlepBoe OnucaHWe NPOAOIbHBIX MHTPAMeAYJUIAPHBIX TOJIOCTel GbIIO ce!
Charles Estienne B 1546 T., TeDMUH K€ <«CHPHHTOMHUENHS» (OT rPEYECKOro syl
Tpy6Ka) GbLT BBeZeH B KauHMYeckuit o6uxox Charles Prosper Ollivier d’Ang:
1827 .

Pacnpocrpzmennoc’rh CUPUHTOMMENIHH, COIJIACHO 3MU/IEMHUOJIOTHIECKUM JIaHE
IOy 4eHHBIM /10 3110XM BHeperust MPT, konebanacs ot 8,4 B Aurmuu 10 130:10C
B HEKOTODBIX pernoHax Poccun. Baeperne MPT no3Bo/uio BLIABUTE BLICOKYIO
[POCTPaHEHHOCTh CHPHHIOMUEIHH B OTAENbHBIX DETMOHAX M STHUYECKHX TPyn
cocrasisouyio 18,4 (Hosas 3enanaus), 33,4 (Tarapcras, Pocenst) Ha 100 000 E
JIeHUs1, KOTOPast, BEPOSITHO, 3aBUCHT OT PAaCIPOCTPaHEHHOCTH Manbpopmanuu Ki
1-ro Tuna (MK1) u runonra3uu 3agHeii yepenHoit AaMbl (349A), onpesnensomux
BuTHe cupuHromuenu (Bogdanov E., 2014).

24.1. TEPMUHONOrMs U BUAbI NONOCTEN
B CMTUHHOM MO3TE

BbizenfiioT /Ba TepMuHA, 0003HAYAIOMMX DOACTBEHHbIE [00CTE0OPa3yio
3a60/1eBaHHSA CIIMHHOTO MO3ra: TUAPOMHEHS ¥ CHPMHIOMHUe s, [uapoMuenus i
craBisteT co60it paciMpeHie eHTPaNbHOrO KaHana. CHPHHTOMHeNNA IPeAnoss
paciuiMpeHne TOJOCTH 3a MpeJieibl LeHTPAJIbHOrO KaHajia C OKPYXeHHeM CTi
MOJIOCTH CJIOEM 3MEeHAUMAJIbHBIX KJIETOK UJIN TJIMaJIbHOM TKaHH. HOZIOﬁHOE noa
IeneHye Ha CHPHHTOMMEIHIO U THAPOMHUEIIHIO B IIMPOKOM CMBICHIe He uMeeT 6
IIOro NPaKTU4YeCKOro 3HaYeHU . B 1o xe BpeMA MMETCA JaHHbIe, [IPeAnoarax
PasNMYHBIA XapaKTep TeyeHWsl ITUX BUJOB NojocTei. TepMUH «CHPHHIOMHENH
COBPEMEHHOM MOHUMAHWUH OObeNMHEeT MHOXECTBO Pa3/IMYHBIX [ATOreHeTHYel
¢$opM. B cBA3M ¢ THM MMEIOTCH Pa3THYHble IPHHLMITB Py6pHudHKALMY JaHHO I
JIOTHH U, KaK CIIe/ICTBHE, PA3JINYUA B Knaccmdmxaumx U TEPMUHOJIOTUH.

Ha ocHoBannn MPT-aHHbIX, IOMMMO CUDMHTOMMEIUH U THAPOMMENHH Bl
JAKT ¥ APYrUe BWAbI NMOJOCTEH B COMHHOM Mosre. OIHM M3 HHX IIPe/CTaBl
nepBHYHbIE NTapeHXUMaJbHbIe MONOCTH (MHeIOMaIANHA — HeKPOTHYeCKHe KHC
0GyCIOB/IEHHbIE HETIOCPE/ICTBEHHBIM MOPAXEHHEM TKAHH CIIMHHOTO MO3Ta MOCTT
MaTUYecKoro, MOCTHIIEMHYECKOro, MOCTreMOPPArMYecKoro MIM BOCHAIMTENb)
xapakTtepa. OHH IpeACTaBIAT c000# QUHANBHYIO CTAAMIO MPOLECca MOpa
CIIMHHOTO MO3ra ¥ He MMeHT IIPOrpecCHpyIOIero XxapakTepa, Kak KIMHUYeCKoro
M HeHpOBM3yaJbHOrO. JIpyrue BapUaHTBI T0JI0CTei — 3TO HEOMJIACTHYeCKue K1
SBJISAIOIIMECS Pe3yJIBLTATOM KMCTO3HOH JlereHepaluy IpY MHTPaMe/lylsapHBIX Ol
X, TAKMX KaK aCTPOLMTOMBI, 3TIeHANMOMBI 1 APYTUX. KHCcTO3HBII npouecc npu
XO0NAX HAaYWHAeT Pa3BUBATLCA B LIEHTPAJIbHBIX ee o6nacTAx u 3aTeM pacnpocrpas
sl POCTPANIbHO MM KayJa/ibHO M XapaKTePH3yeTCs HalM4MeM XHAKOCTH ¢ 6oIb
cozepxkanneM Genka. ATpouuecKde MOJNOCTH, MpPeCTABIAIONINE OTPaHUYel
MHKDOKHCTBI B 06J1aCTH LIeHTPAJIbHOTO KaHala, ABMAIOTCA Pe3y/bTaToM JereH
THUBHBIX MSMEHEHHﬁ, CBA3AHHBIX C nm"epeﬁ HapEHXHMaTOBHUﬁ TKaHH. HaHHble Ki
COMPOBOXK/IAIOTCA aTPOueit CIMHHOTO MO3ra.
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Abstract

Background To better understand how anatomical features of Chiari malformation type 0 (CMO) result in the manifestation
of Chiari malformation type 1 (CM1) signs and symptoms, we conducted a morphometric study of the posterior cranial fossa
(PCF) and cervical canal in patients with CM1 and CMO.

Methods This retrospective study had a STROBE design and included 120 adult patients with MRI evidence of a small
PCF (SPCF), typical clinical symptoms of CM1, and a diagnosis of CM1, CMO, or SPCF-THO-only (SPCF with cerebellar
ectopia less than 2 mm and without syringomyelia). Patients were divided by MRI findings into 4 groups: SPCF-THO-only,
SPCF-THO-syr (CMO with SPCF and syringomyelia), SPCF-CMI-only (SPCF with cerebellar ectopia 5 mm or more without
syringomyelia), and SPCF-CM-syr (CM1 with syringomyelia). Neurological examination data and MRI parameters were
analyzed.

Results All patient cohorts had morphometric evidence of a small, flattened, and overcrowded PCF. The PCF phenotype
of the SPCF-THO-only group differed from that of other CM cohorts in that the length of clivus and supraocciput and the
height of the PF were longer, the upper CSF spaces of PCF were taller, and the area of the foramen magnum was smaller.
The SPCF-THO groups had a more significant narrowing of the superior cervical canal and a smaller decrease in PCF height
than the SPCF-CM1 groups.

Conclusions Patients with SPCF-THO with and without syringomyelia developed Chiari 1 symptoms and signs. Patients with
SPCF-THO-syr (Chiari 0) had more constriction of their CSF pathways in and around the foramen magnum than patients
with SPCF-THO-only.

Keywords Chiari malformation type 1 - Chiari malformation type O - Syringomyelia - Posterior cranial fossa - Spinal
canal - Morphometric abnormalities
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SPCF-CM1-only
SPCF-CM1-syr

CM1 with SPCF and without S
CM1 with SPCF and with S

SPCF-THO Joint group SPCF-THO-only and
SPCE-THO-syr

SPCF-CM1 Joint group SPCF-CM1-only and
SPCF-CM1-syr

SPCF-only Joint group SPCF-THO-only and
SPCF-CM1-only

SPCF-syr Joint group SPCF-THO-syr and
SPCF-CM1-syr

TH Tonsillar herniation

Introduction

Chiari malformation type 1 (CM1) has been diagnosed by
MRI using a cerebellar tonsillar herniation (TH) threshold
of at least 5 mm below the foramen magnum (FM) [3,
7]. However, some patients with lesser TH and a small
posterior cranial fossa (PCF) have CM1-like symptoms,
and conversely, many patients with TH of 5-12 mm are
asymptomatic [1, 11, 25, 38, 42]. The International Clas-
sification of Headache Disorders guidelines permits diag-
nosis of CM1 with only 3 mm of TH if the CSF spaces
are narrowed posterior and lateral to the cerebellum, the
supraocciput is short, the tentorium has increased slope,
or medulla oblongata is kinked [16]. Small PCF character-
izes primary (classic) CM1 and not secondary (acquired)
TH [27, 32].

Chiari malformation type 0 (CMO) initially described
patients with Chiari I malformation type symptoms, less
than 3 mm of TH, and cervical syringomyelia resolving
after craniocervical decompression, a CM1 operative
procedure [22, 46]. More recently, CMO has been used
to describe patients without syringomyelia, minimal TH,
and typical signs and symptoms of Chiari I malformation,
including occipital headache, posterior cervical pain, and
cerebellomedullary dysfunction [12, 28, 48].

To better understand how small posterior fossa with
minimal tonsillar ectopia results in Chiari malformation
type 1 signs and symptoms, we conducted a retrospective
study identifying morphometric abnormalities of the PCF
and cervical canal in patients with CM1, CMO0, and small
posterior cranial fossa without syringomyelia.

Methods and materials
Participants

This study included adult patients (age > 18 years) with
typical clinical symptoms of CM1, a diagnosis of CM1,

@ Springer

CMO, or SPCF-THO-only, and MRI evidence of SPCF
(shortened clivus, supraocciput, or both). The study
included data from patients examined in 2003-2019
that met the inclusion criteria and had enough high-
quality MRI images for MRI morphometry. Patients
were divided by MRI findings into 4 age/gender-matched
groups: (1) SPCF-THO-only (SPCF with cerebellar ecto-
pia less than 2 mm and without syringomyelia; 15 M/15F,
43 + 14 years), (2) SPCF-THO-syr (CMO with SPCF and
syringomyelia; 15 M/15F, 49 + 14 years), (3) SPCF-CM -
only (SPCF with one or both cerebellar tonsils extend-
ing 5 mm or more below the FM without syringomyelia;
15 M/15F, 46 + 11 years), and (4) SPCF-CMI-syr (CM1
with SPCF and syringomyelia; 15 M/15F, 48 + 11 years).
Symptoms and signs of CM were compared among the
patient groups, including (1) occipital headache; (2) neu-
rologic deficit involving the brainstem, cerebellum, or cra-
nial nerves; and (3) neurologic deficit from syringomye-
lia-related central cervical myelopathy [26]. The control
group (CON) comprised 30 age-/gender-matched subjects
(15 M/15F, age 43 + 11 years) who underwent MRI for
any reason and had normal brain and spinal cord imaging.

Radiological evaluation

We used 1.0 and 1.5 T MRI scanners (EXCITE, GE Health-
care, Waukesha, Wisconsin). One trained researcher (A.F.)
analyzed the images. Measurements were linear, angular,
and calculated (Fig. 1). Evans’ index (EI), a radiological
marker of abnormal (values > 0.30) ventricular enlargement,
was calculated by dividing the maximum width of the frontal
horns (HW) by the entire width between the inner tables of
the skull (BTW). Each MRI was qualitatively evaluated and
characterized as one of (1) five types of cisterna magna—
A, B, C, D, E (A-CM, B-CM, C-CM, D-CM, or E-CM)
[51]; (2) three types of PCF: small supraocciput (SmSO
pf), small basiocciput (clivus) (SmCL pf), or shortness of
both supraocciput and clivus in the midsagittal plane (global
smallness, GISm pf) [36]. The clivus and supraocciput were
considered abnormally short if their lengths were <40 mm
[8, 12], which is one standard deviation below the control
group mean. These and other control values conformed to
those in other studies [20, 26].

Study exclusion criteria

The study excluded patients (1) without symptoms (asymp-
tomatic); (2) with one or both cerebellar tonsils extending 2
to 4 mm below the FM, considered borderline Chiari mal-
formation type 1 or Chiari malformation type 0.5 [5, 12];
and (3) with CM associated with CNS anomalies and with
basilar invagination (tip of the dens more than 5 mm above
Chamberlain’s line), atlantoaxial dislocation, occipitalization
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of the atlas, Klippel-Feil anomaly, or other craniovertebral
junction (CVJ) bone malformation; with acquired cerebellar
tonsillar ectopia from intracranial tumors, craniosynostosis,
tethered spinal cord, Ehlers-Danlos syndrome, etc.; with cer-
vical spondylotic myelopathy; and with severe obex descent
(> 10 mm inferior to the FM) if associated with other fea-
tures of “complex” CM1 [35, 40, 41, 47].

Statistical analysis

Measurements from CM patients and control subjects were
compared using the U-test and chi-square test (IBM SPSS
Statistics 23, Armonk, NY). P values < 0.05 were considered
statistically significant. Statistical analysis compared PCF
morphometric measurements between cohorts of patients
and controls (CON) to 1) discover abnormal morphometric
measurements characterizing SPCF-CM1-only, SPCF-CM -
syr, SPCF-THO-only, and SPCF-THO-syr patients, (2) find
morphometric measures differentiating the SPCF-THO (com-
bined SPCF-THO-syr and SPCF-THO-only) and SPCF-CM1
(combined SPCF-CM1-syr and SPCF-CM1-only) cohorts
from each other and control (CON), and (3) find morpho-
metric measures differentiating syringomyelia patients
SPCF-syr (combined SPCF-THO-syr and SPCF-CM1-syr)
from non-syringomyelia patients SPCF-only (combined
SPCF-THO-only and SPCF-CM1-only) and controls (CON).
Receiver operating characteristic analysis (ROC-analysis)
identified the area under the ROC curve (AUC) and the
highest sensitivity, specificity, and diagnostic significance
factors.

Results
CM patients vs. CON

Figure 2 a and Tables 3 and 4 present the comparison of the
consolidated patient groups with CON. Tables 1 and 2 show
comparisons between individual patient groups and CON.
ROC analysis identified C-SO angle (AUC 0.834; a value
greater than or equal to 71.5 degrees having 79% sensitivity
and 67% specificity) and obex-McR (AUC 0.811; a value
less than or equal to 6.5 mm having 76% sensitivity and
70% specificity) as the most sensitive and specific measures
distinguishing CM groups from control.

CM patients with syringomyelia vs. CM patients
without syringomyelia

Figure 2 b, ¢ and Tables 3 and 4 present the comparison of
the SPCF-syr cohort with the SPCF-only cohort. Tables 1
and 2 show the subgroup analyses of the SPCF-syr and
SPCF-only cohorts. ROC analysis identified apsc C1 (AUC

0.694; value less than or equal to 18.5 mm having 77% sen-
sitivity and 53% specificity) and TR C1-7 (AUC 0.690; value
less than or equal to -0.84, having 70% sensitivity and 58%
specificity) as the most sensitive and specific measures dif-
ferentiating SPCF-syr and SPCF-only cohorts.

SPCF-THO patients vs. SPCF-CM1 patients

The CM and SPCF-THO cohorts had a small, flattened, and
overcrowded PCF. However, the SPCF-THO group had less
PCF size and greater narrowing of the upper cervical canal
than the SPCF-CM1 group (Fig. 2d, Tables 3 and 4). ROC
analysis identified that for obex-McR (AUC 0.861), a value
greater than or equal to 2.5 mm was 88% sensitive and 75%
specific in differentiating SPCF-THO from SPCF-CM1.
VER-ISCC was increased in the SPCF-THO-only group but
not the SPCF-CM1-only group. TR C1-7 was reduced in
the SPCF-THO-syr group but not the SPCF-CM I-only group
(Tables 1 and 2). The SPCF-THO-only PCF phenotype dif-
fered from other CM cohorts (SPCF-THO-syr, SPCF-CM -
only, SPCF-CM1-syr) (Fig. 2g; Tables 1 and 2) because (1)
CL, SO were longer and S pf was greater, (2) Z (total height
of the PF) was taller, (3) VER-ISCC (the upper CSF space
of PCF) was greater, and (4) S fm was lower. ROC analysis
identified that a value of S fm (AUC 0.725) less than or
equal to 777 mm? was 70% sensitive and 63% specific in
differentiating SPCF-THO-only from the other CM cohorts
and CON.

Clinical findings

The age of onset of clinical symptoms did not differ signif-
icantly between groups: SPCF-THO-only (28 +12 years),
SPCF-CM1-only (29 +15 years), SPCF-THO-syr
(30 + 19 years), and SPCF-CM1-syr (30+ 13 years).
Tables 5 and 6 show the clinical findings in the patient
cohorts. Clinical symptoms and signs did not differ signifi-
cantly between the SPCF-THO-only and SPCF-CM1-only
groups, the SPCF-THO-syr and SPCF-CM-syr groups, nor
the combined SPCF-THO group and combined SPCF-CM1
group. Figure 2 e and f show MRI and clinical data of the
SPCF-THO-only group.

Discussion

Our study identified PCF morphometrics that differentiated
cohorts of patients with TH<2 mm and TH>5 mm and
with and without syringomyelia from each other and a con-
trol (CON) group.

Using the CM1 MRI diagnostic standard of 5 mm or
more of TH, a radiologic diagnosis of CM1 could be made
in 0.8-0.9% of normal adults and 1.0-3.6% of children
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Spfb=S1+S2+S3+S4+85
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undergoing MRI [25, 42, 49]. The prevalence of sympto-
matic CM1 is much lower, only 0.01-0.04% [19]. The CMO
term was introduced to describe cases of cervical syringo-
myelia with less than 3 mm of cerebellar TH that resolved
after PCF decompression [22, 46]. Some authors argued
that CMO was a CM1 variant [2, 24] because patients with
CMO-syringomyelia had an SPCF and caudally located obex
like CM1-syringomyelia [4, 6, 46]. The CMO term was later
applied to patients with Chiari-like symptoms, an SPCF,

@ Springer

Scsf=Sfm-Ssc-St1-St2

abnormal PCF configuration, and less than 3 mm of TH,
even in the absence of syringomyelia [12, 28, 48]. A short
clivus and wider angle of the tentorium to Twining line was
found in 22 patients with CM1-like signs and symptoms, less
than 3 mm of TH, and no syringomyelia (SPCF-THO-only)
[38]. In another study, eight PCF morphometric measures
predicted which patients with CMO (9 patients with and 5
without syringomyelia) and CM1 would be symptomatic
[28]. Another study demonstrated that CMO patients with
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«Fig. 1 Morphometric measurements for assessing Chiari malforma-
tion. Linear, angular, and calculated variables. Linear variables (a—
d). C-FM, F-FM, P-FM—distances from FM to corpus callosum, to
fastigium, and to pons, respectively [21, 48]. ChD—distance between
the Chamberlain line and tip of the dens axis [35]. CL—the length of
the clivus [6]. FM—the anteroposterior diameter of the foramen mag-
num [21]. FV—distance between the fastigium and the floor of the
fourth ventricle [46]. h—height of the osseous part PCF—distance
from opistion to Twining line [6]. H—height of the skull above the
Twining line. h ant.—anterior height of PCF [52]. M-FVV—distance
between the M-line (Line M is drawn across the clivus vertex and
perpendicular to the C-2 endplate) and fourth ventricle vertex [45].
obex-McR—the distance between the obex and the basion-opisthion
line [14, 46]. pB-C2—perpendicular length between a line connecting
the basion and the inferoposterior edge of the C2 to the ventral dural
[21]. ROST—the anteroposterior distance of the soft tissue, shown as
a hypointensity behind the odontoid process [15]. SC-ISCC, VER-
ISCC—distance from the uppermost part of the superior colliculi
and the uppermost part of the culmen of cerebellar vermis, respec-
tively, to the inferior part of the splenium of corpus callosum [31].
SO—the length of supraocciput [6]. v—the anteroposterior width of
the ventral subarachnoid space [6]. Y—the anteroposterior length of
the PCF [4]. Z —the height of the PCF [4]. Angular variables (a, b,
e). BA (basal angle)—angle formed by the nasion, dorsum sellae,
and basion [35]. BoA (Boogaard angle)—angle formed by the dor-
sum sellae, basion, and opisthion [6]. C2DRv (odontoid retroversion
angle)—angle between a line drawn along the inferior margin of C2
vertebral body and a line drawn from the mid-point of the inferior
margin through the dens apex [21]. CAA (the clivoaxial angle)—
angle between the dorsal surface of the clivus and the posterior sur-
face of the odontoid process [15]. CAAm (the modified clivoaxial
angle)—angle between the dorsal surface of the clivus and the pos-
terior surface of the retro-odontoid soft tissue [15]. CLgr (the clivus
gradient)—angle of the McRae’s line to the clivus [52]. C-SO—the
angle between clivus and supra-occiput [4]. kink—cervicomedul-
lary kinking. TA (tentorium angle)—angle formed by the tentorium
and a line from the internal occipital protuberance to the opisthion
[21]. TTw (tentorium-Twining angle) [4]—the angle at the intersec-
tion of the tentorium and the Twining line. Calculated variables: h/H
ratio (d) was used to compare the skull compartments below (osseous
part of the PCF) and above the Twining. S fm (f)—FM surface area
[43] subdivided into the surface areas of the spinal cord (S sc), of
the herniated cerebellar tonsils (S tt=S t;+S t,), and of the CSF (S
csf); S fm, S sc, St;, and St, were calculated as the area of the ellipse:
(m X semi-minor axis X semi-major axis). Also calculated were relative
indicators — S tt/S fm and S csf/S fm ratios. S pf (e)—mid-sagittal
PCF area [48] was delimited by the tentorium, the occipital bone, the
McRae line, and clivus; subdivided into osseous part (S pf b, located
below the Twining line) and extra-osseous part (S pf eb), and calcu-
lated as the sum of the areas of right-angled triangles. TR C1-4, TR
C4-7, TR C1-7 (¢)—the C1-C7, C1-C4, and C4-C7 taper ratio calcu-
lation [37]: the antero-posterior diameters of the spinal canal — apsc
C1 — apsc C7 (apsc C3-7 not shown)—were plotted against the cervi-
cal level; a trend line was fitted by linear regression to the diameters
between C1 and C7, and the slope of this line was calculated; the
slope of the trend line was recorded as the taper ratio for that spine
(mm/level). V cm (Fig. 1a)—volume of the cisterna magna [51] was
calculated using formula: [height X width x depth]/6 (width of the cis-
terna magna not shown). V pf (d) — PCF volume was calculated using
formula [4]: [4/3 Xx(X/2XY/2XZ/2)], where X is the width of the
PCF (not shown)

(3 patients) and without (4 patients) syringomyelia had
smaller PCF area, PCF width, and clivus length compared
to controls [48]. In another study of 98 patients with MRI
findings of cerebellar tonsils within but not below the FM,
craniocervical decompression significantly reduced CM1-
like symptoms and signs [18]. Another study of patients with
CM1-type symptoms, no syringomyelia, and less than 3 mm
of TH, showed that PCF underdevelopment around the FM
led to mild hindbrain ptosis [32]. These studies used the term
“CMO” to describe patients with CM signs and symptoms,
less than 3 mm of TH, and no syringomyelia.

In one surgical series, CM-related cervical syringomyelia
arose from CM1 in 96.3% and CMO in 3.7% of cases [9].
One study of the prevalence of small PCF without syringo-
myelia reported that 8% of people who underwent head MRI
had tight cisterna magna and short clivus length [51]. About
25% of adults 21-50 years of age who underwent head MRI
had at least 2 mm of TH [39]. Minimal TH can occlude the
FM and predispose to acute development of CM1 symptoms
[17].

Our results agree with earlier reports comparing classi-
cal CM1 (TH>5 mm) to CMO (TH <2 mm) morphomet-
rics [6, 12, 38, 48]. In our study, underdeveloped PCF was
present in all 4 CM groups [8, 26, 33, 34, 48] (Tables 1
and 2). Similar MRI morphometric features were reported
in five CMO with S and seven CM1 subjects from fami-
lies affected by CM [24]. In seven families with multiple
members with CM, 46 subjects had MRI-findings of small
PCF, 17 of which had CM1 (TH 5 mm and more) with or
without S, 9 had “intermediate” CM1 (ranging from 3 to
5 mm) with or without S, and 20 had CMO (TH <3 mm)
with or without S (Suppl. Table 1 in [30]). Patients with
CM1 and CMO related to PCF hypoplasia manifest identi-
cal symptoms and signs consistent with a CM phenotype
[6, 24, 38].

Angular measurements in all our CM groups demon-
strated horizontal inclination of the clivus and PCF flatten-
ing compared to CON. An increase in EI, but not into the
hydrocephalus diagnostic range, was seen in all CM groups
compared to CON. Constriction of the fourth ventricular out-
lets or PCF subarachnoid space could have obstructed CSF
flow sufficiently to expand the lateral ventricles in some CM
patients. The PF total height (Z) was the same as in CON
only in the SPCF-THO-only cohort, suggesting that enlarge-
ment of the superior part offset the underdevelopment of the
inferior part of the PCF in that cohort.

Abnormal PCF morphometric features in the CM
cohorts

Consistent with other morphometric studies of classical

CM1 and CMO with and without syringomyelia, our patient
groups had shorter CL, SO, h, and S pf b than CON [6, 21,
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Fig.2 Comparative characteristics of the PCF phenotype in control
group and CM cohorts. a MRI parameters that differ between all CM
group and CON (a down arrow indicates a decrease, and an up arrow
indicates an increase in the parameter in all CM group in compari-
son with CON, p <0.05), as well as a schematic representation of the
main changes in the PCF phenotype (decrease, narrowing is high-
lighted by a thin arrow, increase by a wide arrow). b MRI param-
eters that differ between SPCF-syr and SPCF-only cohorts (a down
arrow indicates a decrease, and an up arrow indicates an increase in
the parameter in SPCF-syr cohort in comparison with SPCF-only
cohort, p<0.05), as well as a schematic representation of the main
changes in the PCF phenotype (decrease, narrowing is highlighted by
a thin arrow, increase by a wide arrow). ¢ Reduction of the anteropos-
terior range in the upper part of the cervical spinal canal (SPCF-syr
vs. SPCF-only, p<0.05) and tendency to increase in the lower part
leads to the formation of the “crossing” phenomenon. d MRI param-
eters that differ between SPCF-THO and SPCF-CM1 cohorts a down
arrow indicates a decrease, and an up arrow indicates an increase in
the parameter in SPCF-THO cohort in comparison with SPCF-CM1
cohort, p<0.05), as well as a schematic representation of the main
changes in the PCF phenotype (decrease, narrowing is highlighted by
a thin arrow, increase by a wide arrow). e, f SPCF-THO-only patient:

37, 38, 43]. Reduction of S pf b reflects hypoplasia of the
inferior part of the PCF [32]. The SPCF-THO and SPCF-
CM1 cohorts compared to control also had (1) reduced
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4| SPCF.THO vs. SPCF-CM1

02 t
Sc-Iscc T Spfb SO

apscC1 E-CM Obex-McR hant.
apscC2 Sfm ScsfiSfm P-FM
apscC4 Ssc D-CM C-FM
apscC6 Sttt SmCLpf F-FM
GISm pf Vem v

S t/S fm S csf

y other CM groups

CON SPCF-THO-only , Oer LIS
SPCF-CM1-syr)

SPCA-THOOny V8. CON SPCF-TH0-only vs. other CM groups
3+ e
il Bt Sfm  VERASCC

woman, 53 years old, for a long time notes complaints of aching
headaches, episodic double vision, mainly complicating the descent
from the stairs, and attacks of dizziness, tinnitus and instability; on
neurological examination—convergent strabismus on the left, left-
sided brisk tendon reflexes and Babinski sign, instability in sensitized
Romberg’s test. At the brain MRI: (e mid-sagittal T1 MRI) the lower
pole of the cerebellar tonsils is located at the level of the foramen
magnum (f axial T2 MRI through the plane of the foramen magnum)
the cerebellar tonsils occupy the foramen magnum with compres-
sion of the brain stem, non-visible cisterna magna (posterior to the
cerebellar tonsils); CL h41 mm, SO 32 mm, FM 32 mm, h 24 mm,
CAAm 139 grad., pB-C2 10 mm, ROST 5 mm, S fm 509 mm?. g
Comparative characteristics of the PCF phenotype in SPCF-THO-only
and in other cohorts: (1) the smallest among other forms of CM, but
statistically significant in comparison with CON, decrease in CL, SO
and Spf; (2) change in the configuration of the PF (decrease in the
osseous—below the Twining line—part, and increase in the extra-
osseous—above the Twining line—part) while maintaining the total
height and volume of the PF (Z and Vpf do not differ from CON); 3)
the upper CSF spaces of the PCF (VER-ISCC) are narrower than in
CON, but significantly wider in comparison with other forms of CM;
(4) a decrease Sfm compared to CON and other forms of CM

P-FM and C-FM, measures of PCF shallowness and
reduced distance between neural and bony structures [21,
48]; (2) reduced distance between the cerebellar vermis and
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Table1 The MRI-

. Lo Variables SPCF-THO-only
morphometric findings in CM

SPCF-CM1-only  SPCF-THO-syr SPCF-CM1-syr  CON

M m M m M m M m

patients’ groups and control M m

subjects: linear (mm) and

angular (grad.) variables CL 39.0* 2.9
SO 39.4% 55
T 0.1* 0.5
obex-McR 5.3% 2.7
v 7.5 2.6
pB-C2 7.4% 1.9
ChD 0.4 2.5
ROST 4.0* 1.4
CAAm 142.1 12.0
CAA 151.3 10.9
FM 349 33
h ant 30.3* 32
h 26.8* 42
H 83.5 8.0
BoA 127.9% 7.8
CLgr 52.1% 7.8
C-SO 79.9% 104
apsc C1 18.0 2.8
apsc C2 16.6 23
apsc C3 14.7 1.8
apsc C4 13.2 29
apsc C5 12.7 1.9
apsc C6 12.1 1.6
apsc C7 12.3 1.8
HW 36.2% 39
BTW 139.1 9.0
SC-ISCC 4.9 2.0
VER-ISCC 8.5% 1.9
P-FM 36.8* 4.1
C-FM 55.9% 4.0
F-FM 28.0 2.7
TA 86.7 8.3
TTw 389 49
X 104.0 5.5
Z 63.0 6.3
Y 82.6 5.6
BA 116.1 5.8
kink 156.9 9.0
C2DRv 73.4 8.7
FV 8.8 1.9
M-FVV 29.7 39

38.4% 43 38.1% 4.8 37.4% 3.1 4277 3.0
36.6% 2.8 38.6% 3.9 36.9% 29 436 33

9.5%n 42 —0.8%# 2.1 8.7* 43 =36 29
—3.3% 8.1 6.0# 31 —1.7% 55 7.5 1.7

6.3 1.8 6.6 22 5.7% 2.0 72 20
7.1 1.7 7.4 1.9 6.9 1.7 6.5 1.8
1.2% 2.8 0.9% 1.8 1.3* 20 -08 25
3.8% 1.4 4.0% 1.3 4.0% 1.0 3.0 1.1

140.9* 12.1  142.4% 10.7  138.9* 89 1484 7.6
150.0 121 150.2 104 148.4% 87 1543 8.1
359 2.8 34.7 2.4 349 2.6 358 29
28.8% 4.7 29.2%# 4.0 27.0% 35 348 39
26.1% 3.7 27.5% 4.3 25.3% 43 334 44
84.2 7.1 82.3 6.9 83.6 7.7 814 63
128.7% 9.7  130.1% 85  132.7% 74 12311 5.0
54.0% 16.8 49.9% 8.5 49.9* 16.8 569 50
79.7% 7.7 80.3* 13.5 84.2% 9.1 690 73

19.3% 4 2.4 15.9%M 2.0 17.7 23 174 29
17.2 1.8 15.7% 1.7 16.7 1.9 16.9 1.5
15.4 1.7 14.2 2.1 14.8 1.8 15.0 1.5
14.4 1.4 139 2.1 14.3 1.7 14.1 1.9
13.6 1.7 134 2.8 13.5 1.9 130 20
13.57 1.6 13.5 29 13.4 1.7 13.0 20
13.2 1.6 134 2.8 13.4 1.9 133 24
37.0% 4.7 36.8% 4.3 37.8% 53 339 33
138.6 6.3 1349 6.5 1379 60 1376 53

6.1" 1.9 6.0 25 6.1 22 5.6 1.5

7.5%n 32 6.6%" 1.9 7.0% 24 99 26
35.0% 54 35.7%# 4.1 33.2% 3.6 392 32
53.7% 5.2 54.3*%M 2.9 52.3% 33 584 4.0
25.3%A 39 27.8# 3.0 25.0% 34 285 2.6

87.3# 6.7 87.1 10.7 82.1% 8.5 89.0 6.7
39.3 5.5 38.6 72 374 5.1 374 39
103.7 5.1 1012~ 45 1029 52 1027 45
62.4%# 5.2 60.7% 5.6 59.5% 4.4 653 438
81.9 5.5 81.6 6.3 83.8 4.9 82.6 4.0
113.8%* 84 1163 84 117.8* 57 1140 47
156.5 11.7  156.4 103 156.8 81 1599 171
71.9% 5.4 74.4 6.5 71.7% 6.7 75.1 5.5

8.4# 1.3 9.1 2.4 9.7 29 8.9 1.2
29.6 3.6 29.1 43 28.1 4.3 299 35

Statistically significant differences (p <0.05): (*) with control group, (*) with SPCF-THO-only group, (#)

with SPCF-CM1-syr group

splenium of the corpus callosum (VER-ISCC) [31] charac-
teristic of crowded PCF in CM1 [44]; (3) reduced volume
of the cisterna magna (V cm) typical of classical CM1 [26]
and CMO [23]; (4) ventriculomegaly involving the lateral
and 3" ventricles; (5) retro-odontoid tissue hypertrophy

constricting the ventral CSF space at the cervicomedullary
junction (ROST) [15], presumed to develop from atlanto-
axial ligament strain and atlantoaxial hypermobility; (6)
narrowing of anatomical angles (C-SO, CLgr., BoA) and
flattening of the PCF [4, 50, 52]; and (7) reduced CSF space
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Table 2 MRI-morphometric

s . Groups SPCF-THO-only SPCF-CM1-only SPCF-THO-syr SPCF-CM1-syr  CON

findings in CM patients’ groups

and control subjects: calculated CalcV M m M m M m M m M m

variables (M +m) and

qua]itative parameters (n, %) EI 26.0* 2.2 26.7* 34 27.3% 3.0 27.4% 3.5 24.6 2.1
Vem, mm®  57.1% 479 31.2%*~  50.0 100.0*%# 2053 33.4%* 59.6 241.6 1984
h/H 0.3%* 0.1 0.3* 0.1 0.3* 0.1 0.3* 0.1 0.4 0.1
V pf, cm® 285.0 43.6 2794 37777 263.1* 358 269.6% 325 291.0 28.0
S pf, mm? 2961.6* 318.1 2886.6% 333.2 2804.8¥" 279.2 2782.5*% 246.8 31749 289.5
Spfb,mm?  1728.0% 217.8 1657.7% 2304 1683.9%# 189.8 1569.4* 179.5 2094.1 2513
Spfeb, mm? 1233.7*% 238.1 1229.0+ 219.4 1120.9 209.3 1213.1* 207.6 1080.8 144.9
S fm, mm? 717.6% 1729 855.00 159.6 833.9 260.8 872.6 167.3 876.6  208.3
S sc, mm? 123.9 303 145.00  36.2 122.1# 373 131.6 22.0 1365 307
S tt, mm? 183.0 1247 315.2%~ 182.8 196.5# 1752 3934* 1520 1759 165.0
S csf, mm? 410.8*  127.6 394.9*  128.8 515.2# 193.6 347.5% 1162 5642 1495
S csf/S fm 58.0 15.1 47.3*~ 158  62.7# 172 40.3* 125 655 15.1
S tt/S fm 12.5 8.8 20.7#~ 131 9.8# 8.7 26.3% 141 9.2 8.0
TR C1-4 -1.6 0.8 -1.6 0.7 -0.87 0.9 -1.2 0.8 -12 1.1
TR C4-7 -0.2 1.0 -0.3 0.5 -0.1 0.6 -0.3 0.6 -04 0.6
TR C1-7 -0.9 04 -09 0.5 -0.5%M 0.5 -0.7 04 -0.8 04
QualP n % n % n % n % n %
A-CM 1% 3.0 0* 0.0 1* 3.0 0* 0.0 19 63.0
B-CM 1 3.0 0 0.0 2 7.0 0 0.0 4 13.0
C-CM 13* 430 8 27.0 11* 37.0 11* 370 3 10.0
D-CM 8 27.0 2 7.0 8 27.0 3 100 4 13.0
E-CM 7* 23.0 20%A 67.0 8% 27.0 16* 53.0 0 0.0
SmSO pf 13 43.0 14 470 11 37.0 11 370 0 0.0
GISm pf 4 14.0 300 4 13.0 10 330 0 0.0
SmCL pf 13 43.0 23.0 15 50.0 9 30,0 O 0.0

Statistically significant differences (p <0.05): (¥) with control group, (*) with SPCF-THO-only group, (#)

with SPCF-CM-syr group

CalcV calculated variables, QualP qualitative parameters

within the FM (S csf/S fm) [43] due to CSF displacement
by the presence of the tips of the tonsils in CMO and the full
tonsils in CM1 [43].

All patients had a small, flattened, and overcrowded PCF
and TH, and some had syringomyelia. The anteroposterior
diameter of the FM in our study and Botelho’s [8] was not
elongated, which was proposed [1, 10, 21] to facilitate TH in
CM [1]. We noted and others noted a trend toward reduced
FM anteroposterior diameter in the SPCF-THO groups [38]
(Table 1). The CMO and CM1 groups had similar M-FVV
distance, signifying cerebellar deformity within a crowded PCF
[45], and included patients with cervicomedullary kinking. We
identified five measurements (P-FM, C-FM, F-FM, BA, CAA)
that differentiated SPCF-CM1 (TH > 5 mm) from SPCF-THO
(TH <2 mm) and controls (Table 1). The SPCF-THO groups had
normal P-FM and C-FM (Table 1), as previously reported [48].
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Characteristic PCF morphometric features of CM1

By definition, CM1 patients have more TH than CMO
patients. The SPCF-CM1 cohort had significantly greater
odontoid retroversion (C2DRv) and a lower obex position
(obex-McR) [14, 46] than the SPCF-THO cohort. The obex
was positioned below McRae's line (FM plane) in the SPCF-
CM1 cohort, slightly above it in the SPCF-THO cohort, and
significantly superior to it in controls. The SPCF-CM1
cohort compared to the SPCF-THO cohort had (1) smaller
depth of ventral CSF spaces (v) at the FM (especially SPCF-
CM1-syr patients) and (2) more pronounced reduction of
SO, h, P-FM, C-FM, F-FM, S pf b area, and especially V
cm (Tables 3 and 4). Reduced supraocciput length (SO) was
reported previously in CM1 [33, 36].
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Table 3 The MRI-
morphometric findings in CM
all, SPCF-only, SPCF-syr,
SPCF-THO, and SPCF-CM1
cohorts: linear (mm) and
angular (grad.) variables

Variables CM all SPCF-only SPCF-syr SPCF-THO SPCF-CM1
M m M m M m M m M m

CL 38.2% 3.8 38.7 3.7 37.8 4.0 38.6 4.0 379 3.7
SO 37.9% 4.0 38.0 45 37.8 35 39.0# 4.7 36.8 2.8
T 4.4% 5.7 4.8 5.6 39 5.8 —0.4# 1.6 9.1 4.2
obex-McR 1.6% 6.6 1.0 7.4 22 5.8 5.6# 29 -25 6.9
v 6.5 23 69" 23 6.1 22 7.1# 24 6.0 1.9
pB-C2 7.2% 1.8 73 1.8 7.2 1.8 74 1.9 7.0 1.7
ChD 1.0% 23 0.8 2.7 1.1 1.9 0.7 22 1.3 24
ROST 3.9% 1.3 39 1.4 4.0 1.1 4.0 1.4 39 1.2
CAAm 141.1% 11.0 1415 120  140.7 9.9 142.2 11.3 139.9 10.6
CAA 150.0 10.5 150.6 114 149.3 9.5 150.8 106 1492 105
FM 35.1 2.8 354 3.1 34.8 24 34.8 2.8 354 2.7
h ant 28.8% 4.0 29.60 4.0 28.1 39 29.8# 3.7 279 4.2
h 26.4% 4.1 26.4 4.0 26.4 44 27.1 42 25.7 4.0
H 83.5 7.4 83.9 7.5 83.0 73 83.0 7.5 83.9 73
BoA 129.8%* 8.5 128.3 8.8 131.4 8.0 129.0 82  130.7 8.8
CLgr 51.5% 13.2 53.1~0 13.0 499 132 51.0 8.2 52.0 16.8
C-SO 81.0% 10.4 79.8 9.1 822 11.6 80.1 12.0 82.0 8.7
apsc C1 17.7 2.7 18.60 2.7 16.8 23 17.0# 2.6 18.5 2.5
apsc C2 16.5 2.0 16.9 2.1 16.2 1.9 16.1# 2.1 16.9 1.9
apsc C3 14.8 1.9 15.1 1.8 14.5 2.0 14.5 1.9 15.1 1.8
apsc C4 13.9 2.1 13.8 24 14.1 1.9 13.5# 2.6 14.3 1.5
apsc C5 133 22 13.1 1.9 13.5 2.4 13.1 2.5 13.5 1.8
apsc C6 13.1 2.1 12.8 1.7 13.4 2.4 12.8# 2.5 13.5 1.6
apsc C7 13.1 2.1 12.7 1.7 134 2.3 12.9 24 133 1.8
HwW 36.9% 4.6 36.6 43 374 4.9 36.5 4.1 374 5.0
BTW 137.8 72 1389 7.7 136.5 64 1372 82 1383 6.1
SC-ISCC 5.8 22 5.5 2.0 6.1 23 5.4# 23 6.1 2.0
VER-ISCC 7.4% 2.5 8.0 2.6 6.8 22 7.6 2.1 73 2.8
P-FM 35.2% 4.5 359 4.8 34.4 4.0 36.3# 4.1 34.1 4.6
C-FM 54.1% 4.1 54.8~ 47 533 33 55.1# 3.6 53.0 4.4
F-FM 26.5% 35 26.6 3.6 26.4 3.5 27.9# 29 25.1 3.6
TA 85.8% 8.8 87.0n 75 84.6 9.9 86.9 9.5 84.7 8.0
TTw 38.6 5.7 39.1 5.2 38.0 6.2 38.8 6.1 38.4 53
X 103.0 5.1 103.9 52 1020 49 1026 52 1033 5.1
zZ 61.4% 5.5 6270 5.7 60.1 5.1 61.8 6.1 60.9 5.0
Y 82.5 5.6 82.3 5.5 82.7 5.7 82.1 59 82.9 53
BA 116.0 72 114.9 72 1171 7.1 116.2 7.1 115.8 7.4
kink 156.7 9.7 156.7  10.3 156.6 9.2  156.7 9.6 156.6 9.9
C2DRv 72.8 6.9 72.6 72 73.0 6.7 73.9 7.7 71.8 6.0
FvV 9.0 2.2 8.6 1.6 9.4 2.7 8.9 22 9.1 2.3
M-FVV 29.1 4.0 29.7 3.7 28.6 43 29.4 4.1 28.9 4.0

Statistically significant differences (p <0.05): (¥*) with CON, (*) with SPCF-syr, (#) with SPCF-CM 1

Characteristic PCF morphometric features

of SPCF-THO

The SPCF-THO-only group had reduced FM (S fm) area,
increased pB-C2 distance, and constriction of the ventral

CSF space compared to CON. The obex (Obex-McR) and
medulla in the SPCF-THO groups were caudally positioned
compared to CON. The SPCF-THO-only group compared
to SPCF-CM1-only had (1) longer VER-ISCC and F-FM
distances, (2) larger cisterna magna volume (V cm), (3) less
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Table4 The MRI-

. L Cohorts CM all SPCF-only SPCF-syr SPCF-THO SPCF-CM1

morphometric findings in CM

all, SPCF-only, SPCF-syr, CalcV M m M m M m M m M m

SPCF-THO, and SPCF-CM1

cohorts: calculated variables EI 26.8* 3.1 26.4 2.9 274 3.3 26.6 2.7 27.0 34

(M +m) and qualitative Vem, mm®  55.4% 1143 44.1 502 66.7 153.6  78.5# 149.3 323 54.5

parameters (n, %) h/H 03%* 01 03 01 03 01 03 01 03 o0l
V pf, cm® 274.3 38.1 2822~ 405 2664 341 2741 41.1 2745 353
S pf, mm? 2858.9* 301.0 2924.1~ 325.1 2793.6 261.5 28832 307.1 28345 2954
Spfb,mm?  1659.7* 211.0 16928 2251 1626.6 1920 1705.9# 203.7 1613.5 209.5
Spfeb,mm?> 11992% 221.0 12313 227.0 1167.0 211.8 11773 2294 1221.0 2119
S fm, mm? 820.9 199.8 787.6 178.7 8543 2153 7747# 2260 8640 162.3
S sc, mm? 130.9 327 1346 348 127.1 303 123.0# 33.6 1382 303
S tt, mm?> 275.3*  180.7 250.3 169.3 300.3 189.8 189.6# 1502 3549 170.9
S csf, mm? 414.8% 1542 4027 127.3 4268 1774 462.0# 170.1 370.8 123.8
S csf/ S fm 51.7* 174 525 16.3 509 185  60.3# 16.1 437 14.5
S tt/S fm 17.6* 132 167 119 185 144 1124 8.8 23.6 13.8
TR C14 -13 0.9 -1.6~ 038 -1.0 09 -12 0.9 —-14 038
TR C4-7 -0.2 0.7 -0.3 0.8 -02 0.6 -0.2 0.8 -03 06
TR C1-7 -0.7 0.5 -09" 04 -0.6 0.5 -0.7 0.5 -08 05
QualP n % n % n % n % n %
A-CM 2% 2.0 1 2.0 1 2.0 3.0 0 0.0
B-CM 3 3.0 1 2.0 2 3.0 3 5.0 0 0.0
C-CM 43% 36.0 21 350 22 370 24 40.0 19 32.0
D-CM 21 180 10 170 11 18.0 16# 270 5 8.0
E-CM 51% 43.0 27 450 24 40.0 15# 250 36 60.0
SmSO pf 49 41.0 27 450 22 37.0 24 40.0 25 42.0
GISm pf 27 220 13 220 14 23.0 8# 13.0 19 32.0
SmCL pf 44 370 20 330 24 40.0 28# 470 16 26.0

Statistically significant differences (p <0.05): (¥) with CON, (*) with SPCF-syr, (#) with SPCF-CM1

CalcV calculated variables, QualP qualitative parameters

frequent absence of the cisterna magna (E-CM), and (4) sig-
nificantly reduced S fm, apsc C1, and apsc C6 (Tables 1 and
2). The SPCF-THO-only cohort had narrowing of CSF path-
ways, increased pB-C2 distance, reduced FM area, reduced
apsc C1 diameter, and slightly less reduction of PCF volume
compared to SPCF-CM1-only. The FM area was smaller,
narrower, and tighter (S fm, S sc, S tt) in the joint SPCF-THO
group than the collective SPCF-CM1 group. The location of
the hypoplasia, tightness, and neural crowding in the SPCF-
THO group was in the PCF immediately above and within
the FM and cervical spinal canal. In contrast, the superior
PCF was less crowded in the SPCF-THO than the SPCF-
CM 1-only group. Patients with syringomyelia (SPCF-THO-
syr) had the least cervical spinal canal anterior-to-posterior
depth (apsc C1, apsc C2, apsc C4, and apsc C6).

The caudal PCF, FM, and upper cervical spinal canal
form a bony funnel around the medulla, tonsils, and CSF
lumina. Axial MRI of the PCF, FM, and upper cervi-
cal spinal canal can detect bony and soft tissue structures
constricting CSF pathways and promoting development of
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syringomyelia in CMO and CM1 [17, 32, 37, 43]. Odontoi-
dal retroflexion and retro-odontoidal tissue hypertrophy can
constrict ventral CSF pathways in both CM0 and CM1. In
CMO patients, axial MR-images can show abnormal wrap-
ping of the cerebellar tonsils around the medulla when the
tonsils appear normal on midsagittal MR-images [7, 17, 29].

Characteristic PCF morphometric features of CM
patients with syringomyelia

Previous studies of PCF and upper cervical spinal canal
morphometrics and CSF flow in CM1 patients with and
without syringomyelia identified factors associated with
syringomyelia [37, 42, 52]. In our study, syringomyelia in
SPCF-THO patients was associated with more significant
tapering of the cervical spinal canal (TR C1-7) [37]. Several
factors that reduced PCF volume and increased crowding were
associated with syringomyelia, including (1) shorter distance
from basion to the peak of the tentorium (Z), from the culmen
of cerebellar vermis to the splenium of the corpus callosum
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Table 5 Clinical findings in SPCF-THO-only, SPCF-CM1-only, SPCF-THO-syr, SPCF-CMI-syr patients' groups

Clinical signs and symptoms SPCF-THO-only SPCF-CMI-only SPCF-THO-syr SPCF-CM1-
(n=30) (n=30) (n=25) syr (n=30)
n % n % n % n %
CSF obstruction
Valsalva- or strain-induced occipital/upper cervical pain/headache 15 50 14 47 7 28 12 40
Hydrocephalus 1 3 3 10 6* 257 TH* 24
Compression of brainstem, cerebellum, or cranial nerves
Swallowing difficulty/choking/aspiration, dysphagia 1 3 5 17# 7 287 12 40
Hoarseness/dysarthria 3 10 3 10 7 28 6 20
Absent gag reflex 1 3 2 7 4 16 4 13
Central sleep apnea/snoring 0 0 0 0 1 4 3
Downbeat nystagmus 0 0 2 7 1 4 3 10
Truncal ataxia 15 50 16 53 13 52 22 73
Tinnitus 8 27 9 30 6 24 9 30
Vertigo/dizziness 16 53 16 53 10 40 15 50
Autonomic symptoms (syncope, drop attacks, sinus bradycardia) 6 20 4 13 3 12 5 17
Trigeminal/glossopharyngeal neuralgia 2 7 0 0 1 4 2 7
Trigeminal sensory loss 6 20 2 7 2 8 6 20
Tongue weakness/deviation 1 3 0 0 2 8 0 0
Palatal weakness 1 3 0 0 1 4 2 7
Spinal cord dysfunction (syringomyelia)
Upper motor neuron signs 3 10 4 13 7 28 8 27
Lower motor neuron signs 5 17 7 23# 19 76" 23 77
Pain and temperature sensory loss 6 20 9 30# 20 807 25 83
Spasticity 0 0 0 0# 1 4 20
Scoliosis (primarily thoracic levoscoliosis) 4 13 3 10 9 36 8 27
Motor weakness 5 17 4 13# 18 727 14 47

(*) 6 from 24; (**) 7 from 29; statistically significant differences (p <0.05): (") with SPCF-THO-only group, (#) with SPCF-CM 1-syr group

(VER-ISCC), and from the corpus callosum to the FM
(C-FM); (2) decreased PCF area (S pf); (3) narrower ventral
CSF space at the FM (v) [6, 20]; (4) lower clivus gradient
(CLgr) [52]; and (5) smaller PCF volume. Comparing the
SPCF-THO-syr group with SPCF-THO-only group, we found
that the SPCF-THO-syr group had significantly shorter
anterior—posterior diameter of the cervical canal at C1 (apsc
C1), greater tapering of the cervical spinal canal (TR C1-4,
TR C1-7), and greater PCF “crowdedness” (VER-ISCC, S
pf), underscoring that upper cervical spinal canal narrowing
and PCF crowding predisposes to syringomyelia in CMO
patients. The hindbrain was caudally located in SPCF-THO-
only and CM patients. SPCF-THO narrowed the inferior PCF
around the FM area while SPCF-CM1 reduced PCF volume
more broadly. The spinal canal cross-sectional area caudal
to the FM (S fm, apsc C1) was smaller in SPCF-THO than
SPCF-CM1. SPCF-CM1 had greater TH, more inferior
obex positioning, and greater odontoid retroversion than
SPCF-THO. Reduced PCF volume and neural element
crowding associated with syringomyelia in both SPCF-THO

and SPCF-CM1. Our study's type, frequency, and severity
of clinical signs and symptoms replicated those of other
studies of patients with a small PCF and CM1 or CMO [13,
17, 26, 38]. Only patients with syringomyelia had signs and
symptoms of cervical central myelopathy (Table 5).

Our study has some limitations. Patients were diagnosed
as having a small PCF if their clivus and supraocciput lengths
were less than 40 mm, not by confirming a small PCF by volu-
metric measurements. We also excluded patients with complex
Chiari, basilar invagination > 5 mm, evidence of spinal insta-
bility, or atlantooccipital assimilation, so our morphometric
values could vary from those of other studies in which com-
plex Chiari patients were included.

In conclusion, reliable radiographic criteria to diagnose
SPCF-THO and SPCF-THO-syr (CMO) cases are essential.
Symptomatic cases of SPCF-THO without syringomyelia
have Chiari 1 symptoms and signs, tonsillar ectopia less than
2 mm, and morphometric evidence of a small PCF. Patients
with SPCF-THO-syr (CMO) often have signs of cervical mye-
lopathy from syringomyelia.
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Table 6 Clinical findings in CM all, SPCF-only, SPCF-syr, SPCF-THO, and SPCF-CM1 cohorts

Clinical signs and symptoms CM all SPCF-only  SPCF-syr SPCF-THO  SPCF-CM1

(n=115) (n=60) (n=55) (n=55) (n=060)

n % n % n % n % n %
CSF obstruction
Valsalva- or strain-induced occipital/upper cervical pain/headache 48 42 29 48 19 35 22 40 26 43
Hydrocephalus 17* 15 4 n 13%%* 25 7*° 13 10* ~ 17
Compression of brainstem, cerebellum, or cranial nerves
Swallowing difficulty/choking/aspiration, dysphagia 25 22 6 107 19 35 8 15 17 28
Hoarseness/dysarthria 19 17 6 10 13 24 10 18 9 15
Absent gag reflex 11 10 3 5 8 15 5 9 6 10
Central sleep apnea/snoring 2 2 0 0 2 4 1 2 1 2
Downbeat nystagmus 6 5 2 3 4 7 1 2 5 8
Truncal ataxia 66 57 31 52 35 64 28 51 38 63
Tinnitus 32 28 17 28 15 27 14 25 18 30
Vertigo/dizziness 57 50 32 53 25 45 26 47 31 52
Autonomic symptoms (syncope, drop attacks, sinus bradycardia) 18 16 10 17 8 15 9 16 9 15
Trigeminal/glossopharyngeal neuralgia 5 4 2 3 3 5 3 5 2 3
Trigeminal sensory loss 16 14 8 13 8 15 8 15 8 13
Tongue weakness/deviation 3 3 1 2 2 4 3 5 0 0
Palatal weakness 4 3 1 2 3 5 2 4 2 3
Spinal cord dysfunction/syringomyelia
Upper motor neuron signs 22 19 7 n2n 15 27 10 18 12 20
Lower motor neuron signs 54 47 12 201 42 76 24 44 30 50
Pain and temperature sensory loss 60 52 15 25N 45 82 26 47 34 57
Spasticity 7 6 0 on 7 13 1 2 6 10
Scoliosis (primarily thoracic levoscoliosis) 24 21 7 12 17 31 13 24 11 18
Motor weakness 41 36 9 157 32 58 23 42 18 30

(*) 17 from 113; (¥*) 13 from 53; (*¥°) 7 from 54; (* ~) 10 from 59; statistically significant differences (p <0.05): (*) with SPCF-syr
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Abstract: Patients showing typical Chiari malformation type 1 (CM1) signs and symptoms frequently
undergo cranial and cervical MRI. In some patients, MRI documents >5 mm of cerebellar tonsillar
herniation (TH) and the diagnosis of CM1. Patients with 3-5 mm TH have “borderline” CM1.
Patients with less than 3 mm of TH and an associated cervical syrinx are diagnosed with Chiari “zero”
malformation (CM0). However, patients reporting CM1 symptoms are usually not diagnosed with
CM if MRI shows less than 3-5 mm of TH and no syrinx. Recent MRI morphometric analysis of
the posterior fossa and upper cervical spine detected anatomical abnormalities in and around the
foramen magnum (FM) that explain these patients’ symptoms. The abnormalities include a reduced
size of the posterior fossa, FM, and upper cervical spinal canal and extension of the cerebellar tonsils
around the medulla rather than inferior to the foramen magnum, as in CM1. These morphometric
findings lead some neurologists and neurosurgeons to diagnose CMO in patients with typical CM1
signs and symptoms, with or without cervical syringes. This article reviews recent findings and
controversies about CMO0 diagnosis and updates current thinking about the clinical and radiological
relationship between CMO0, borderline CM1, and CM1.

Keywords: small posterior cranial fossa; Chiari malformation type 0; Chiari malformation type 1;
cerebellar tonsil herniation; morphometric analysis; syringomyelia

1. Introduction

Hans Chiari described four different anomalies of the cerebellum that now carry his
name. Subsequently, other investigators added subclassifications, and current classifica-
tions include Chiari I (subtypes Chiari 0, Chiari 0.5, Chiari 1.5), Chiari II, Chiari III (subtype
Chiari 3.5), Chiari IV, and Chiari V malformations [1,2].

The definitions and systems of classification of the Chiari malformation type 1 (CM1)
spectrum abnormalities are controversial and broadly discussed in contemporary litera-
ture [3-10]. Some researchers believe that CMO is a unique posterior cranial fossa (PCF)
malformation [2,3,11-13]. Others believe that Chiari malformation type 0 (CMO) is a sub-
type of CM1 and that CMO subtyping is imprecise and lacks clinical relevance [9]. Recently,
38.9% of 63 international experts defined CMO as “a volumetrically small posterior fossa,
obliteration of the cisterna magna, cerebellar tonsils positioned at the foramen magnum,
and the presence of a slit-like syringomyelia (SM) cavity within the cervical spinal cord” [4].
The inability to reach a consensus among all experts may reflect concerns about imprecise
diagnostic criteria leading to incorrect CMO0 diagnoses and unnecessary surgery [4]. In
another study, 81.3% of 34 experts reached agreement on this CMO definition: “obliteration
of the cisterna magna (due to arachnoid adhesions) and/or volumetrically small posterior
fossa, with cerebellar tonsils positioned at the foramen magnum and a syringomielia in
the cervical spinal cord” [14]. The posterior fossa characteristics of CM0 mentioned above
can be present without syringomyelia in patients with CM1-like clinical manifestations.
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Clinical and radiological features of two subtypes of CM0 with and without syringomyelia
were described [15,16]. These subtypes of CMO need further elaboration to differentiate
them from the much larger group of people with minimal tonsillar ectopia and mild or
absent symptoms.

This article aims to review findings and controversies about CMO0 diagnosis. It will
update current thinking about the clinical and radiological findings in symptomatic patients
with cerebellar tonsillar ectopia, a small cranial posterior fossa, and CMO0, borderline CM1,
or CM1. Finally, it will contrast the posterior fossa morphology of patients with CM with
that of asymptomatic people with cerebellar tonsillar ectopia.

2. Materials and Methods

This literature review was conducted based on an electronic search of the MEDLINE
database using PubMed (https://pubmed.ncbi.nlm.nih.gov) and Google Scholar (accessed
on 1 February 2022). The following terms were used in the Electronic Search Strategy:

VZa7i Zam

“Chiari type zero malformation”, “small posterior fossa syndrome”, “tight cisterna magna”,
“posterior cranial fossa crowdedness”, “borderline tonsillar herniation”, “(posterior fossa
morphometry) OR (craniometry) AND (Chiari malformation)”, “low-lying cerebellar ton-
sils”, and “Chiari malformation classification”. The search included published articles
through March 2022. A total of 600 sources were received. The subsequent screening
included the removal of duplicate publications, publications published before 1980 (due
to the low prevalence of MRI-verified observations), and links to inaccessible full-text
sources. As a result, 95 publications were selected (Figure 1), including prospective (n = 7),
retrospective (n = 25), cohort (n = 7) studies, family studies and genetic studies (n = 7),
case-control studies (n = 27), and reviews and discussions (n = 16). Pertinent historical
articles (n = 2) and book chapters (n = 4) provided additional information and perspective
for the review.

=
o
§ Records identified from Records  removed  before
E Databases (n = 600) »| Screening.
i Duplicate records removed
(n=121)
—
I
g
c Records screened Records excluded
§ (n =479) (n=383)
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Figure 1. Flow diagram of the search strategy.
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3. Results
3.1. Symptomatic Conditions with Low-Lying Cerebellar Tonsils Found by the Article Search and
Selection Process

Milhorat and colleagues studied radiographic PCF morphology in 741 patients with
TH. In 52% of these patients, PCF size and volume were significantly smaller than normal.
CM1 with a small PCF was named classical (primary) CM1 [17]. However, occipital
bone size and PCF volume were normal in the other 48% of patients with cerebellar
tonsillar herniation (TH), who had occipitoatlantoaxial joint instability (34%), tethered cord
syndrome (7%), intracranial mass lesions (4%), and lumboperitoneal shunts (3%) [17]. The
authors referred to these latter forms as secondary CM1 or CM1 mimics.

Several studies have reported patients can have CM1-like symptoms without having
significant TH [15,16,18-22]. These patients shared many PCF morphologic traits of classical
CM1, including isolated hypoplasia of occipital bone, a small PCF, and PCF constriction
from a mismatch between the volume of the PCF and its contents [23-26]. Some authors
use the CMO or CM1-like terms for patients with CM1 symptoms, diminished PCF volume,
and minimal tonsillar descent [20-22,27], whereas others use CMO only for patients with
minimal tonsillar ectopia and cervical syringomyelia [3].

3.2. Characteristics of Studies Differentiating CMO from CM1 and Other Conditions

Early MRI studies reported that the lowest normal tonsillar position was 3 mm of TH,
with a sensitivity of 96% and specificity of 99.5%. An MRI finding of >5 mm of TH was
adopted as the diagnostic criteria for CM1 because it predicted CM1 symptoms with 100%
sensitivity and 98.5% specificity [28]. Later investigations showed that the discrete 5 mm
cutoff was less specific for CM1 symptoms than earlier reported [16,29]. Most but not all
individuals with typical CM1 complaints have at least 5 mm of TH below the foramen
magnum (FM), an amount of TH that lies in the tail of the normal distribution of asymp-
tomatic persons [29]. Patients with MRI-diagnosed classic CM1 may exhibit symptoms of
varying severity or be asymptomatic [30-32]. More recent studies report that a radiographic
diagnosis of CM1 based on at least 5 mm of TH on midsagittal MRI is relatively insensitive
and nonspecific for predicting CM1 symptoms [33,34]. CM1 clinical manifestations are
associated with factors other than TH, including PCF shallowness, cerebrospinal fluid
(CSF) space tightness, CSF pathway obstruction, brainstem and cerebellar compression,
and syringomyelia [35].

Typical CM1-like clinical manifestations can develop in patients with TH less than
5 mm and a small posterior cranial fossa (SPCF) [15,16,19,21,22]. CM1-like symptom:s,
TH less than 5 mm, and hindbrain overcrowding occurred in 9% of patients in a CM1
surgical series and 33% in a neurology institutional database [18,24]. Patients with CM1-
like symptoms and TH of 3-5 mm may be diagnosed with borderline CM1 on midsagittal
MRI [36]. CMO diagnosis initially required patients to have cervical syringomyelia with
<3 mm of TH before and syrinx resolution after PCF decompression [2,3]. In CMO0, many
authors proposed that SPCF reducing the cross-sectional area around the FM was the
factor responsible for symptom development [15,20,27,37,38]. Several studies examined the
radiologic characteristics of CMO [15,22,27,37]. In one study, in six 3-16 year old children
with CMO and syringomyelia (CM0-syr), the obex was located more than two standard
deviations below its normal position [13]. Bogdanov et al. measured 11 parameters
in 17 adult CMO-syr patients and demonstrated that patients with CMO0-syr had SPCF
and narrow CSF spaces such as patients with classical CM1 and syringomyelia (CM1-
syr) [27]. A recently published definition of CMO includes (1) obliteration of the cisterna
magna, (2) volumetrically SPCEF, (3) cerebellar tonsils positioned at the FM, and (4) cervical
syringomyelia [4,14].

Some investigators have used CMO to refer to patients with and without syringomyelia
with minimal or absent TH, radiological features of SPCF, and typical clinical signs and
symptoms of CM1, including occipital headache, posterior cervical pain, and cerebel-
lomedullary dysfunction (Figure 2) [19,21,39,40]. Sekula et al. reported 22 patients with
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CMl-like signs and symptoms, an abnormally short clivus, abnormally wide angle of
the tentorium to the Twining line, less than 3 mm of TH, and no syringomyelia [22].
Heffez et al. documented brain stem compression by radiologic and surgical criteria in
97 adult patients with Chiari-like symptoms who had TH within but not below the FM.
Only 4% of those patients had syringomyelia [16]. These investigations support classify-
ing CM0 without syringomyelia as a classical CM1 variant because CM0 and CM1 share
findings of an SPCF and caudally located obex [3,5,13,15,27,41,42]. In addition, studies of
monozygotic twins, triplets, and families affected by CM1 demonstrate other members
affected with CMO, suggesting that the families have a heritable SPCF trait with variable
TH expression [42—44]. TH variability among monozygotic triplets and twins suggests
that the environment and epigenetics influence SPCF expression and the extent of TH. In
families with CM1, the occipital hypoplasia phenotype documented by SPCF radiological
traits was inherited more consistently than tonsillar descent or CM1 clinical signs and
symptoms [38,42,45,46]. Families with abnormal PCF morphometric features had five
patients with CMO and syringomyelia and seven with CM1 [42]. In our study of seven
families with multiple members affected by CM1 spectrum disorders, 46 subjects had
MRI-morphometric findings of SPCF, 17 of which had CM1 (TH > 5mm) with or without
syringomyelia, 9 had borderline CM1 (TH 3-5 mm) with or without syringomyelia, and
20 had CMO (TH < 3 mm) with or without syringomyelia [47]. Occipital hypoplasia re-
duces PCF volume without affecting neural content volume, resulting in neural crowding,
herniation of the tonsils into or below the FM, and Chiari-like clinical manifestations with
or without syringomyelia [5,15,27]. Occipital hypoplasia arises from insufficient growth
of the para-axial mesoderm, underdevelopment of the occipital somites, and abnormal
development of the basichondrocranium. Para-axial mesodermal derangement in CM1
and CMO may extend to the cervical spine [48-52]. Steeper spinal canal tapering in CMO0
and CM1 may create CSF pressure craniocaudal gradients encouraging syrinx formation or
cervical paraspinal muscle alterations [15,48,49,53].

Figure 2. Cont.
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Figure 2. Types of CMO without syringomyelia. The McRae line (white line) is shown on the T1-
weighted sagittal images (left panels). Axial images at McRae’s line are shown (right panels) on
T1-weighted (3) and T2-weighted (1,2,4) images. Adult symptomatic CM0-only patients with tonsillar
herniation <2 mm (panels (1-3)) and borderline CM1-only patients with tonsillar herniation 3 mm
(4). All patients demonstrate short bones (CL and SO < 40 mm), crowdedness of the PCF, tight
foramen magnum, and CM1-like clinical manifestations: transient localized suboccipital cough-
related headaches (1) or constant and transient suboccipital headaches (2-4), truncal ataxia, vertigo,
dizziness, and upper motor neuron signs. The sagittal images in (1,3) (left panels) also show spinal
canal narrowing at the level of the odontoid.

Most studies of CM0 and CM1 demonstrate abnormally small PCF bone length, PCF
volume, and crowding of the PCF neural structures [15,17,20,22,24,25,27,41,54-62]. In
contrast, other studies reported similar PCF volumes in CM1 and normal controls [8,63,64].
The discrepancies across CM1 studies of PCF linear, angular, cross-sectional area, and
volume measurements could arise from the different study populations and the inclusion
of patients with acquired TH. Patients with a normal-volume PCF can develop CM1 from
obstruction of the FM and foramen Magendie by arachnoid veils and adhesions, creating a
craniospinal pressure gradient [65].

Nishikawa et al. radiologically examined 500 symptomatic patients with CM1 with
TH > 5 mm below the FM, 50 patients having CM1-like symptoms with low-lying ton-
sils (<5 mm), and a healthy control group [20]. They identified three subtypes of CM1:
(1) type A was characterized by a normal PCF volume, normal volume around the FM,
and normal occipital bone size. This CM1 subtype was associated with hindbrain ptosis
and not shallowness of the PCF. It arose from conditions such as tethered cord syndrome,
craniovertebral junction instability, and increased intracranial pressure [66]; (2) type B was
characterized by normal PCF overall volume, reduced PCF volume around the FM, and
reduced PCF bone size; (3) type C was characterized by small PCF volume, reduced PCF
volume around the FM, and small occipital bone size. Thus, the PCF was underdevel-
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oped in the B and C CM1 subtypes. CM1 type A arose from secondary (acquired) TH
unrelated to occipital hypoplasia. In the group with TH < 5 mm, named “CM-absence”
by the authors, the PCF volume around the FM was reduced, but the entire PCF volume
was normal. CM-absence, referred to as CMO or borderline CM1 by other authors, also
included narrowing of the FM CSF pathways and compression of the brain stem by ectopic
tonsils and scarred arachnoid [16,39-41,67]. The CM-absence group shared the abnormal
PCF morphology seen in the CM1 B and C subtypes, suggesting that CM-absence fits the
classic CM1 disease spectrum.

In a study of 137 CM1 symptomatic patients (51% with syringomyelia) and 14 CMO
symptomatic patients (64% with syringomyelia), both CM1 and CMO0 patients had an
abnormally short clivus, reduced sagittal PCF area, and a narrowed (more acute) tentorium-
occipital bone angle. The clivo-axial (Wackenheim’s) angle was significantly wider in the
CMO group compared to the CM1 group, but other PCF morphometric measurements were
similar between CM0 and CM1 [39]. In a study of 7 symptomatic CMO0 patients, 3 (43%)
with syringomyelia, and 141 symptomatic CM1 patients, 77 (55%) with syringomyelia, the
CMO patient group had a longer clivus and supraoccipital bone than the CM1 group, but
smaller PCF cross-sectional area and a shorter clivus than the control group [40]. Defining
factors of CMO in other studies were (1) cerebellar tonsils located within but not below the
FM, (2) brainstem caudal displacement and compression, (3) cerebellar tonsils obstructing
CSF flow, and (4) membranes, adhesions, and scarring around the FM [16,37,68,69]. Heffez
et al. studied a series of patients with Chiari-like symptoms and divided them into three
groups by their amount of TH: (1) from 0 to less than 3 mm, (2) 3-5 mm, and (3) >5 mm [16].
Only 4% of patients in Group 1 and 7.7% in the other two groups had syringes. These
authors noted neural compression within the FM [16]. Group 1 patients had cerebellar
tonsils within the FM compressing the brain stem and more severe symptoms than Groups
2 and 3. The presence of neurologic signs was not related to TH extent (mm) by logistic
regression analysis. All groups received the same type of surgical decompression procedure
for CM1. The surgeon noticed no difference in intraoperative anatomy and physiology,
such as deformity of the brain stem, neuroma of the C1 root, neural compression, posterior
inferior cerebellar artery compression, or change in brain stem auditory evoked potentials
between groups. Surgical decompression benefited all groups similarly and without regard
for TH [67]. The authors concluded that typical CM1 signs and symptoms are more critical
than TH extent in diagnosing CM1 spectrum disorders and predicting surgical outcomes.

To better understand how anatomical features of CMO result in CM1-like clinical
manifestations, we conducted a morphometric study of adult symptomatic patients with
CM1 and CMO [15]. The clivus length and supraocciput length in all patients were <40 mm,
one standard deviation below the control group means [15,19,57]. Patients were divided
by MRI findings into four groups (1) SPCF with TH < 2 mm and without syringomyelia
(SPCF-THO-only); (2) SPCF with the TH < 2 mm and with syringomyelia (SPCF-THO-syr);
(3) SPCF with the TH > 5 mm without syringomyelia (SPCF-CM1-only), and (4) SPCF with
the TH > 5 mm with syringomyelia (SPCF-CM1-syr). We compared the four patient groups
to an age and sex-matched control group. Compared to control, all four patient groups had
significantly lower mid-sagittal PCF height, PCF area below the Twining line, and clivus and
supraocciput length, consistent with hypoplasia of the inferior osseous PCF [17,20,22,24,27].
All four patient groups had a small, flattened (shallow), and overcrowded PCF compared
to the control. The combined SPCF groups without syringomyelia compared to control
demonstrated (1) reduced PCF height with reduced distance between neural and bony
structures; (2) reduced distance between the cerebellar vermis and splenium of the corpus
callosum consistent with a crowded PCF; (3) reduced volume of the cisterna magna, typical
of classical CM1 and CMO [24,70]; (4) retro-odontoid tissue hypertrophy constricting the
ventral CSF space at the cervicomedullary junction; (5) shallowness of the PCF; (6) reduced
CSF space within the FM [71]; and (7) caudal position of the obex and medulla [15]. The
SPCF-THO-only group, compared to the control, had reduced FM area and constriction of
the ventral CSF space. The SPCE-THO-only group but not the SPCF-CM1-only group had
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a narrowing of the ventral CSF pathway, reduced FM area, and reduced anteroposterior
diameter of the spinal canal at the C1 level. The authors compared the SPCF-THO-syr group
to the SPCF-THO-only group. They found that the SPCF-THO-syr group had a significantly
shorter anteroposterior diameter of the cervical canal at the first cervical vertebral (C1)
level, more significant tapering of the cervical spinal canal, and greater PCF “crowdedness”,
suggesting that upper cervical spinal canal narrowing and PCF crowding predispose to
syringomyelia in CMO patients [15,71]. In CM1 and syringomyelia patients, the spinal canal
anteroposterior diameter is often narrower at C1 than at the FM [71]. The SPCF-THO-syr
group had a smaller anteroposterior spinal canal diameter at the C1 vertebra level than the
SPCF-CM1-syr group [15]. The PCF was abnormally small in CM1 and SPCF-THO patients,
and the hindbrain was abnormally caudal. In SPCF-THO, boney hypoplasia, tightness, and
neural crowding occurred immediately above and within the FM and the upper cervical
spine. In contrast, in SPCF-CM1, hypoplasia reduced the PCF volume throughout the PCFE.
The SPCF-CM1-only group had more neural crowding in the superior part of the PCF than
the SPCF-THO group. In patients with SPCE-THO, narrowing of the inferior part of the PCF,
the FM, and the upper cervical canal was associated with syringomyelia development [15].
Nishikawa et al. reported similar findings in patients with CM1 symptoms, SPCF, and the
absence of significant TH [15].

Arachnoidal scarring in and around the FM may play a role in CM1 pathogenesis,
CMO symptomatology, and syringomyelia development [11,37,65,72,73]. Syringomyelia is
significantly more likely in CM1 cases with arachnoid changes than without [65]. About
half of operated CMO and syringomyelia patients had arachnoid veils occluding the fourth
ventricular outlets or arachnoid adhesions in the cisterna magna [11,37]. Arachnoid changes
in CM1 spectrum disorders may be a primary or secondary phenomenon. FM arachnoiditis
or tonsillar herniation can obstruct CSF flow through the cisterna magna. Kyoshima et al.
described four adult patients without TH but with syringomyelia, tight cisterna magna,
intraoperatively verified obstruction of foramen Magendie, and syrinx resolution after cran-
iocervical decompression, consistent with CMO0 [70]. Milhorat et al. reported obliteration of
the cisterna magna in all their symptomatic CM1 patients [24].

Oldfield proposed that syringomyelia in CM1 arose from the cerebellar tonsils pul-
sating on an enclosed spinal subarachnoid space and creating enlarged CSF subarachnoid
pressure waves that drive CSF into the spinal cord parenchyma [74-76]. The spinal sub-
arachnoid space can be enclosed by lesser TH in the setting of SPCF, obliterated cisterna
magna, and CMO0, allowing tonsillar pulsation during the cardiac cycle to initiate syrinx
formation and progression by the exact mechanism postulated in CM1. The cisterna magna
is obliterated in about half of CM0 and CM1 patients and narrowed in the others [15].
Chiari-like symptoms may arise in patients with cisterna magna narrowing but without
TH or syringomyelia. In patients with typical symptoms, narrowing of the cerebellar
retrotonsillar CSF space supports a CM1 diagnosis [14,77]. Symptomatic CM1 patients
have abnormal CSF flow and tonsillar pulsatility by imaging. In one study, phase-contrast
cine-MRI of seven symptomatic adult patients with CMO-syr, suboccipital headache, neck
pain, dizziness, and motor and sensory deficits demonstrated the severity of CSF circu-
lation obstruction at the craniovertebral junction correlated with the severity of clinical
symptomatology [69]. A crowded FM, cisterna magna arachnoidal adhesions, or a fourth
ventricular outlet arachnoidal veil were surgically identified in the CMO patients. Surgical
decompression resolved CSF flow abnormalities and reduced syrinx size [69]. This study
concluded that patients with CMO clinically improved after CSF flow-restoring surgery,
confirming that CM1-like pathophysiology could exist despite minimal or absent TH [69].

3.3. Risk of Bias in Studies: Epidemiology, Clinical Presentation, and Diagnosis of CMO

Using an MRI diagnostic threshold of 5 mm or more TH below the FM, a radiologic
diagnosis of CM1 could be made in 0.8-0.9% of normal adults and 1.0-3.6% of children
undergoing MRI in the US and the Netherlands [32,78-80]. The prevalence of symptomatic
and asymptomatic CMO0 is unknown. Available information in the literature is indirect







J. Clin. Med. 2022, 11, 5472

8of 13

and scarce. The estimated prevalence of symptomatic CM1 is 0.01-0.04%, although it
could be substantially higher [18,78]. Surgical series of symptomatic patients have a
higher percentage of CM1 patients (92-96%) than CMO patients (4-8%) [37,39,81]. In a
morphometric study of 333 patients with classical CM1 and 50 with CMO0, the CM1 and
CMO cohorts had occipital bone hypoplasia of different types [20]. In another cohort of
patients with CM1 signs and symptoms, 97 patients had MRI findings of CMO (only 4%
with the syrinx), 148 patients with MRI-borderline CM1, and 183 with MRI-verified CM1
with TH > 5 mm [16]. The prevalence on MRI of SPCF, short clivus length, and tight
cisterna magna in the US is 8% [82]. Therefore, that population could harbor occult, latent
asymptomatic, and minimally symptomatic CMO.

There is a weak relationship between the extent of TH and the severity of CM1
symptoms [16]. Therefore, the amount of tonsillar ectopia on MRI cannot serve as the sole
diagnostic criterion for validating or refuting that an individual’s symptoms arise from CM1
or its variants. In CM1, FM and PCF crowding measures may be better than TH extent in
predicting which patients have CM1 symptoms [15,20,40,56,68,83,84]. Patients with CMO-
only display symptoms and signs like CM1 and can be categorized by (1) FM obstruction,
(2) brainstem caudal displacement and brainstem or cerebellar compression, (3) traction
on cranial nerves, and (4) central myelopathy from syringomyelia [15,16,22,27,35,37 42].
Patients with SPCF without TH and other CM1 spectrum subtypes continue to experience
delays in diagnosis and misdiagnoses. The average period from the first physician visit to
a CM1 diagnosis in the US was reported as 3.4 years [85].

Headaches and neck pain are the most common complaints of CM1 and CMO pa-
tients [15,16,24,30,85,86]. The cerebellar tonsils applying pressure to the surrounding dura
or obstructing CSF flow at the FM probably provokes this headache. Pathognomonic occipi-
tal headaches are more common in presurgical patients than non-surgical patients [24,30,87].
The prevalence of headaches and 28 other clinical symptoms did not differ between three
groups of symptomatic CM1 spectrum patients with “zero” (0-2 mm), borderline (3-5 mm),
and full TH (>5 mm) below the FM [16]. Most CM0 and CM1 patients report otoneurological
disturbances, including dizziness, vertigo, disequilibrium, and decreased hearing [24,85].
These symptoms were verified by an otoneurological examination in patients with less than
5 mm tonsillar ectopia, confirming their occurrence in CMO0 patients. Mild or nonspecific
symptoms of non-Valsalva-related generalized headache and neck pain, tinnitus, numb-
ness, fatigue, memory impairment, and “brain fog” are common in patients with SPCF
and CMO or CML1. Because these symptoms are nonspecific to CM0 and CM1, reliable MRI
diagnostic measures should be used to evaluate SPCF in those patients. In one study, six
MRI morphometric measures of the PCF were compared between healthy persons with
normal (<0 mm) and borderline TH (1-5 mm) and symptomatic patients with borderline
(1-5 mm) and severe (6-13 mm, CM1) TH [21]. A comparison of the two control groups of
asymptomatic subjects with normal (<0 mm) and low-lying tonsils (1-5 mm) showed that
PCF area was significantly less in those with low-lying tonsils, suggesting that subclinical
SPCF caused the low-lying cerebellar tonsils (and low fastigium) in that group [21]. Symp-
tomatic CM0 and borderline CM1 patients significantly differed from the healthy controls
without tonsillar ectopia on four measurements. The group of symptomatic patients with
borderline TH (1-5 mm) had a shorter clivus than asymptomatic patients with borderline
TH but no other significant measurement differences. The finding that only symptomatic
patients with low-lying tonsils had a short clivus suggested that finding a short clivus
in patients with atypical symptoms could validate that those symptoms were related to
low-lying tonsils. Symptomatic CM1 patients with severe TH had significantly different
PCF measurements compared to the healthy controls [15].

Ventrolateral TH (the tonsils extending anterior to a line bisecting the caudal medulla
at the FM level on axial MRI) is a relatively common radiographic finding in adult CMO0
and CM1 patients [68]. Ventrolateral TH can compress the lateral brainstem nuclei and
cranial nerves, unlike caudal TH, which compresses the dorsal brainstem and obliterates
the CSF space between the dorsal brainstem and tonsils [1,68]. Ventrolateral TH (mm) is
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independent of the extent (mm) of caudal TH on sagittal MRI. Ventrolateral TH can produce
Chiari-like symptoms in patients without TH below the FM. Headache is significantly more
likely in adult patients with than without ventrolateral TH [68]. Medullary symptoms in
young children with ventrolateral TH and less than 5 mm of TH improved clinically with
PCF decompression [1]. Ventrolateral tonsillar ectopy is, therefore, a clinically relevant
radiographic measure to evaluate, especially in patients with Chiari-like symptoms but
without TH on midsagittal MRI [68].

3.4. Synthesis: Using Automated Radiographic Measurements May Reduce the Risk of Bias in
Studies of CMO

Automated radiographic measurement of PCF volume, dorsal TH, ventrolateral TH,
and basilar invagination (BI) could improve the detection of CM0 and CM1. Post-processing
diagnostic methods driven by machine learning may lead to better detection of CMO [40,88].
MRI or CT morphometric analysis can also identify CMO0 with focal hypoplasia restricted
to the inferior PCF and FM region [1,16,20,39,68,69,71,89,90].

4. Discussion

Craniocervical decompression is indicated in CM1 and CMO0 patients with brainstem
dysfunction, cranial nerve deficit, symptomatic syringomyelia, and life-dominating oc-
cipital tussive headache [35,67]. Most patients with severe symptoms and clinical signs
undergo surgical management. In patients with nonspecific or less severe symptomatology,
imaging features of boney hypoplasia of the PCF, FM, and upper cervical canal would
support a diagnosis of symptomatic CM0. Latent CM0 and SPCF predispose to the develop-
ment of acute FM syndrome from lumbar puncture, bilateral trigeminal neuralgia, primary
cough headache, and the need for surgical decompression to treat PCF hemorrhage [91-94].
Morphometric analysis of the PCF can diagnose unsuspected CM0 and SPCE.

Syrinx morphology and spinal location differ according to syrinx etiology [95]. Gen-
erally, syringes associated with CM1 and CMO0 extended more superiorly in the cervical
spine than syringes of spinal origin [27,95]. The width of syringes in adult patients with
CMO is similar to or narrower than in patients with CM1 [27,95]. Pediatric patients with
CMO presented with syringes of various lengths [37]. The similarity in syrinx morphology
between CM1 and CMO patients is consistent with shared syrinx pathophysiology.

This study has several limitations. The number of studies was limited, as CMO cases
defined by the original criteria, including syringomyelia, are uncommon. Studies reporting
CMO cases without syringomyelia only appeared in the past few years. The sample sizes
in several studies were small. The various studies did not use the same definitions. Most
studies consisted of surgical series. The studies differed in their patient demographics.
Usually, symptomatic patients were compared to normal control subjects rather than
asymptomatic patients with minimal tonsillar ectopia. Our review considers the limitations
of previous studies in reporting current thinking about the place of CM0 within Chiari 1
spectrum malformations.

5. Conclusions

Classical CM1 and CMO0 may occupy the same phenotypical continuum and have
multifactorial etiologies. MRI morphometric characteristics of CM1 and CMO include
isolated congenital occipital bone hypoplasia and alterations of other skull base bones
affecting PCF configuration and volume. The CMO subtype also has absent or minimal
TH on midsagittal MRI, a shallow boney “funnel” around the FM, narrow CSF spaces,
and squeezing of neural elements on axial MRI (Figure 2). The CMO subtype, like CM1,
may be associated with syringomyelia, presumably resulting from disturbed CSF flow
at the foramen magnum. Specific CM1-spectrum symptoms and signs are required to
diagnose CMO without syringomyelia because MRI morphometric abnormalities typical
of CMO can be seen in asymptomatic patients or those with other conditions. Because the
natural history of patients with minimally symptomatic CMO0, radiologically identified
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SPCE, and absence of syringomyelia is unclear, more research is needed to study the
morphological and clinical findings of these patients and their potential implications for
surgical decision-making. The benefit of surgical treatment in CM0 without syringomyelia
should be evaluated by prospective, controlled trials comparing the outcomes of surgical
and non-surgical treatments.
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