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Dislocations of the cerebellar tonsils in the large occipital foramen and the spectrum

of Chiari malformations Type 1
©EL BOGDANOV

Kazan State Medical Universty of the Ministry of Health of Russia, Kazan, Russia

Abstract

Ateview on the pathogenesis, clinical picture and diagnosis of dislocations of the cersbellar tonsls in the large accipital fora-

men and the specirum of Chiari maliormations Type 1 is provded.

The issues of urgical treatment of such patients are discussed.
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BHEIDEHIe COBPENCHHIX NETO0R HEHpOBH AT
CIETATO BOSMORHHM BHATEHHE TOHKIX 0COBCHHOCTEH CTPO-
s JATHCH SepenHON ANKI (3451) W KpaHHOREPTEGPATE-
HOTO TIEPEXOA, @ TAKAE THCTOKAININ MHIILTHH MOSKETKa
(IMM) B Gomsaoe oo oTheperie (B30), meio-
DS KTMHIECKI MHH(ECTHIE i CYGKTHHIECKIE (BOPMH.
KaK HeMHOTHE JIDYTHe, ZaHHIE pAsEn HEBPOTOTHI TOTOH
HEONPEENCHHOCTEIt I IpOTIHROPESIiE b IOHMMAHIM aTOTe-
e, IIDHHILAIION KIACCH DHILIDOBIHIS 1 METOOB TECHItA
1151 TIaKTHKYIOIEMY HEBPOAOTY  HEHPOXHPYPIY X0PO-
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10 SHAKOMB TDYIIHOCTH BHGOPA TeNEGHOM TAKTIKI Y TaIti-
erron, mveionur Ha MPT pmtciiyio MM n covetarmn
© HABOPO, KaK IpUBILIO, HECTIEUMPHIHBIX KTHHISECKHX
mposCHHi, XoTA nOKasa K feKoMpecciis 345 oTHo-
AT JIMM B 0671CT HEAPOXHPYPIINH, BO MHOTIX CTYTasY,
‘ocoienHo mpi accomrarnni MM ¢ TakWMH pasHOOOPAHH-
M HEBPOTOTHSECKINI CHIIDOMAN, KaK KATIVIERs T0T08-
5% GO, TOTOROKPYXEHHE, AITHO BO CH, TIDHCTYITH Tafte-
Hts, (HEPOMIIIIA H KOTHHTHBHHE HADYIICHINA, HEODX0-
MO YHaCTHE HEBpOSOTa
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Clinical significance of subthreshold cerebellar tonsil ectopia into foramen magnum and Chiari
malformation type 0
©E., Bogdanov

Kazan State Medical Universiy, Kazan, Russia

Abstract
Cerchelar tonsil dislacation inta foramen magnum exceeding 5 mm i traditionally considered as Chiari maliormation ype |
This disease recquires surgical tretment in case of severe clinical manifestations. In patients with hypoplasia of posterior crani-
al fossa (PCF), subihreshold tonsil dislocations or tonsil position nside the foramen magnum can resul clinical igns identical
1o Chiari maliormation type 1. These disorders are presumably referred 1o phenaltypic vaiant of Chiari malformation type 1 (Chiari
malformaion type 0). The authors discuss the data on the prevalence and mechanisms of cerebellar onsil ectopia ito foramen
magnum, the role of hereditary and environmental factors in development of PCF hypoplasia and s role in Chiari malformation
ype 1 and 0. Significance of MR based morphomelry of PCF in denifying the primary forms (Chiari malformation type 1 and 0),
clinical and radiological signs of malformation type 0, as well s data on surgical treatment of Chiari malformation fype 0 com-
bind and non-combined vith syringomyelia ae analyzed. Litrature caia coniirm valdit of the concept of Chiart malformation
ype 0. We emphasize he need for farthe analysisof this problem t identiy sensiive and specific disgnostic signs o Chiari mal-
formation type 0 and determine optimal treatment strtegy.

Keywords: Chiari mallormation type 0 Chiari maliormation type 1, sl posteior fossa, cerebellr onsil ectopis, syringomyelia,
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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 diferences in the prevalence of CM.
METHODS: The population of the Republic of Tatarstan (RT) in the Russian Federation was
evaluated for patients with CM1 symptoms over an T1-yr period. Typical symptoms of CM1
were found in 868 patients. Data from neurological examination and magnetic resonance
imaging (MR) 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 tonsilla ectopia, which we defined as "borderline
Chiari malformation type  (bCMI)? The period prevalence in the entire RT for symptomatic
CM1 was 20:100 000; for bCM1 was 10:100 000; and for CM1 and bCMT together was 30:100
000, Prevalence of patients with CM1 symptoms was greater n the northern than southern
districts of Tatarstan, due to a high prevalence (413100 000) of CM1 in the Baltasy region in
one of the northern districts.

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

KEYWORDS:

hiarlmalformation type ,Epidemiology, Population groups, Syringomyelia
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t the end of the 19¢h century, Professor
A Hans Chiari described the postmortem

fearures of 4 types of craniocervical
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imaging (MRI) showed noninvasively that CM1-
related tonsillar herniation often occurs without
hydrocephalus: therefore, hydrocephalus became

junction anomalies."’ The Chiari 1 malfor-
mation (CM1) was inicially described s
deformed cerebelar tonsils herniating chrough
the foramen magnum (M) - accompanied
by hydrocephalus. Later, magnecic resonance

ABBREVIATIONS: bW, borderline Chiari malfor-
mation type L, livus; M, Chiar | malformation;
CSF, cererbrospinal flud; FM, foramen magnum;
MR, magnetic resonance imaging; NDRT, northern
disrcts of epublicof Tatarstan; PF, posteror cranial
fossa; RT, Republic of Tatarstan; SDRT, southern
disrcts of Republic of Tatarstan; S0, supraocciital
bone
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a nonessential_clement of CML>" Chiari’s
description of CM1 was further modified by an
MRI diagnostic threshold requiring cercbellar
herniation to extend at least 5 mm below the
EM. Later, 2 subsets of patients with CM 1-type
semiology, CMO and CM 1.5, were described
based on their unique MRI findings.’** Patients
with CMO had lessthan 2 mm of onsillar ectopia
and syringomyelia.*” Patients with CM1.5 had
brainstem descent in addition t© the 5 mm of
onsilla descent scen in CM1 patients.'”
Morphological measurcments i 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 cerchellar tonsils extending
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CocyAucTbIe 3260NEBaHAS FONOBHOrO
MO3ra

12.1. MPEXOASALLME HAPYLLEHNA
MO3roBOro KPOBOOGPALLEHUS

B.H. Cxeopyoea, E.HM. Tyces, JL.B. Cmaxoscxas, JLB. Iybckuii, H.A. Ilamanos.
B.H. Bozdanos, M.IO. Mapmunos, K.C. Mewxosa

B HaCTOsiIIlee BPEMA MMEIOTCs /1Ba TOAX0Za K ornpe/iesiennto [THMK. ITepsbiit (Tpamm-
[IMOHHBI) OCHOBAH Ha BPEMEHHBIX KPUTEPHSAX, 1 COTIACHO STOMY MOAXOAY ITHMK nua-
THOCTHPYETCA TIPH MOJHOM MCIe3HOBEHMI HEBPOJIOTHYECKHX CHMITOMOB B TeyeHue 24 5.
BTOpOii N0/XOA; NPEAYCMATPHBAET OLEHKY QOKa/IbHBIX M3MEHEHHI1 B TOJIOBHOM MO3re
Ha OCHOBanMM 1 dY3UOHHO-B3BeleHHOTO i repdysuonHoro MPT B Teverye nepBbx
4acoB 3aGoseBanms. OTCYTCTBUE CTOAKMX M3MeHeHHH Ha IM(Qy3HOHHO-B3BelIEHHOM
y nepdysrorHoM MPT 103BONAET pacieHuTh COCTOAHNE KaK Npexo/isiee HapyleHne
MO3rOBOro KpoBooGpamenusi. Hammiye e CTOMKMX OUAaroBBIX M3MEHEHHil Ha STHX
M MHBIX MojaibHOCTAX MPT faxe TIpH MOJTHOM perpecce KIMHUYECKUX HeBPOJIOrHie-
CKMX CUMITTOMOB DAaCLIEHHBAETCS KaK MIeMHYeCKHil HHCYTILT. B 1ie/I0M, COTTIacHo pesylib-
Taram nposezieHns mu(dysHORHO-B3BemenHoi 1 mepdysuonHoit MPT, y 15-25%
Gombubix ¢ [THMK ¢popmupyiorest HHGAPKTHI MaJlbiX Pa3MepOB M MUKPOTeMOpparui.

B xauecrBe popm [THMK BbiIe/IsIH0T TPAH3UTOPHbIE HIIEMITIECKHE aTaKK (THA)
W TUIEPTOHMYECKMe KPH3bl C LepeGpajbHBIMH TPOABNEHUsIMH — LiepeOpaibHbril
TMIEPTOHUYeCKHH KPU3.

[IpuauHbl BOBHEKHOBEHHs M MexaHusMbl passuthsi TIHMK Bo MHOrOM 61H3KH
TAaKOBEIM [P PA3BUTHH LiepeOpaibHbIX MHCYIBTOB, O/IHM 13 HaHGoee 4aCThiX MpH-
YMH — CTEHO3MPYIOIKe TIOPAKEHHSA MArHCTPATbHBIX apTepuil rONIOBbI MM MUKDO-
OKKJIIO3MH TIPM HApyIeHHsIX reMocTasa. HeobX0/MMO y4UTBIBATH, YTO MOBTOPHbIE
ITHMK, 0co6eHHO B CHCTeMe COHHBIX apTepHii, Hepe/IkO MOTYT OKa3aThCsi MPeaBecT-
HHMKOM TSDKEJIOro MIeMHYecKoro HHCYIbTa.

Knuauyeckue nposinenua ITHMK 3aBucAT OT MOpakeHWA TOTO WX MHOrO
cocyaMcToro GacceiHa M CXO/HBI € TAKOBBIMM NPM MIIEMIYECKOM UHCYJIBTE, HO dale
GLIBAIOT OrPAHIeHHBIMK (3aXBAaTHIBAIOT ONHY KOHEYHOCTh MM JIOKAJIbHbIA y9acTOK
KOYW JINIIA; BOSMOKHBI TTapLUa/ibHble CyA0POKHble npuctynbl). ITpu ITHMK Habuo-
JAIOTCS 0YATOBBIE HEBPOJIOTHYECKHE CHMITOMBI, 3 MEHHHIea bHbie 1 061{eMO3roBbIe
oTcyTcTBYIOT WM He BhipaxeHL Ocobennocthio IIHMK B BepTebpPOGasHIAPHOM
Gacceiine, OMUMO TPEXOAAIUINX ANbTEPHUPYIOIMMX CHMIITOMOB, fABJIAETCA 4acToe
pasBuTHe He(OKANBHBIX CHMOTOMOB (HEYCTOHYMBOCTHM, CIyTAHHOCTH, TOLIHOTEI)
M ronoBoKpyxenus. JIpyruM npossienvem TTHMK ABIAIOTCA rumnepTOHMYECKHe
KPHU3bI € iepebpaIbHbIMKM POABIeHUAMY. [lepebpanbHble IHIePTOHUYECKHe KPH3bL
BO3HMKAIOT P 3HAYMTENLHOM M OBICTPOM mogbeme AJl €O CPBIBOM ayTOperyJsisi-
UK 1epebpaibHOr0 KPOBOTOKA. Mopdonorutecky 0TMEYaIoTCA MOBBIMIEHHME [PO-
HWI[AeMOCTH COCYAMCTON CTEHKH C PasBUTHeM MUKDOTeMOpparui, oTeK BEIlecTsa
TOJIOBHOTO MO3ra ¥ noBbiuieHne BUJI. Knunnueckasi KapTHHA BKJIIOYAET CHIbHYIO
roNoBHYI0 GOJIb, BBIPQKEHHbIE BereTaTHBHbIE PACCTPOMCTBA: TOMIHOTY C MOBTOP-
HOI{ DBOTO{i, MMIIEPIHPO3, TMIEPEMHIO KOXKHBIX NOKPOBOB, TaXMKapAMIO, OAbILI-
Ky, 03HOBOMOZO6HBIH Tpemop. Hepeaxko BO3HHKAIOT 3MOLMOHA/IbHBIE HAPYIIEHUS
B BHM/Ie TPEBOTH, OGECTIOKOWCTBA WIH, HA0BOPOT, 3aTOPMOKEHHOCTH, COHIIMBOCTH.
Bo3MOXHA KPaTKOBDEMEHHAas YTpaTa CO3HaHMs. B TXENbIX CydasX BbIABIIA-
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CHpHHroMuenus

B.U. Bozdanos, E.T. Mendenesuz

CHpHHrOMUeNs — XPOHWYecKas NPOrpecCUpYIOmas MUENONaTHS pas/iit
9THOJIOTMH, XaPAKTePU3YIOIAsACs Pa3BUTUEM B CIMHHOM MO3re JKHKOCTeCozie|
KX [HOJOCTel, KOTOpbIe Yalle JOKaIH3YIOTCA B MEHHO-TPYAHBIX, Dexe MOACHHY
OTZleNIaX I TIO ZJTHHE BCero CIMHHOTO Mo3ra (holocord syringomyelia).

TepBoe oOmucaHMe NPOAOJIbHBIX MHTPAMEAYJUISPHBIX ToJOCTell GBLIO cre!
Charles Estienne B 1546 T., TeDMUH JKe <«CHPHHTOMHUENHS» (OT TPEYECKOro syl
Tpy6Ka) GbLT BBezeH B KauHMYeckuit o6uxox Charles Prosper Ollivier d’Ang:
1827 .

PaCHpOCl‘paHEHHOCTb CUPUHTOMMENIHH, COMJIACHO 3MU/IEMHUOJIOTHIEeCKUM JIaHE
TI0Jly4eHHBIM 10 31I0XH BHezperust MPT, koneGanack o1 8,4 B Aurmuu 10 130:10C
B HEKOTODBIX pernoHax Poccun. Baenperne MPT no3Bo/uio BLIABUTE BLICOKYIO
[POCTPaHEHHOCTh CHPHHIOMUEINH B OTAENbHBIX DETMOHAX M STHUYECKHX TPyl
cocrasisouyio 18,4 (Hosas 3enanaus), 33,4 (Tarapcras, Pocenst) Ha 100 000 E
JIeHUst, KOTOPast, BEPOSITHO, 3aBUCHT OT PACIPOCTPaHEHHOCTH Matbpopmanuu Ki
1-ro Tuma (MK1) u runomia3uu 3agHeii yepenHoit AMbl (39), onpesensomumx
BuTHe cupuHromuenu (Bogdanov E., 2014).

24.1. TEPMUHONOrMs U BUAbI NONOCTEN
B CMIUHHOM MO3TE

BbizensiioT Ba TepMuHa, 0003HAYAIOMMX DOACTBEHHbIE [00CTE0OPa3yio
3a60/1eBaHNA CIIMHHOTO MO3ra: TUAPOMHENHS ¥ CHPMHTOMHUe . [uapoMuenus i
craBister co60it paciMpeHie eHTPaNbHOrO KaHana. CHPHHIOMHeNNA IPeAross
paciuiMpeHne TOJOCTH 3a MNpeJieibl LEHTPAJbHOrO KaHajia C OKPYXeHHeM CTi
NOJIOCTH CNIOEM 3MEeHAUMAaJIbHBIX KJIETOK UIN TJIMANIbHOM TKaHH. HOL[OﬁHOE noa
IeneHHe Ha CHPHHTOMMEIIHIO U THAPOMHUEIIHIO B IIMPOKOM CMBICHIe He uMeeT 6
IOrO NPAKTUYeCKOro 3HAYeHU . B 10 xe BpeMA MMETCA aHHbIe, NIPeAnosararK
PasNMYHbIA XapaKTep TeyeHWsl ITUX BUJOB NojocTei. TepMUH «CHPHHIOMHENH
COBPEMEHHOM MOHUMAHWUH OGbeNMHAET MHOXECTBO Pa3/IMYHBIX [ATOreHeTHdel
¢$opM. B cBA3M ¢ THM MMEIOTCH Pa3THYHble TPHHLMITB Py6pHudHUKaLMY JaHHO I
JIOTHH U, KaK CNIe/ICTBHE, PA3JINYUA B KJlaCCI/Id)HKaL[I/IHX U TEPMUHOJIOTUH.

Ha ocHoBannn MPT-aaHHbIX, IOMMMO CHDHMHTOMMEIMU U THAPOMHUENHHU Bl
JAKT ¥ APYTUe BWMAbI NMOJNOCTEH B COMHHOM Mosre. OIHM M3 HHX IIPeZCTaBl
nepBHYHbIE NTapeHXUMaJbHbIe MONOCTH (MHEIOMAIANHA — HeKPOTHYeCKHe KHC
0GyCIOB/IeHHbIE HETIOCPE/ICTBEHHBIM MOPAXKEHHEM TKAHH CIIMHHOTO MO3Ta MOCTT
MaTMYecKoro, MOCTHIIEMHYECKOro, MOCTreMOPPArMYecKoro MM BOCHAIMTEND)
xapakTtepa. OHH IpeACTaBIAOT c000# QUHANBHYIO CTAAMI0 MPOLeCcca MOpa
CIIMHHOTO MO3ra ¥ He MMeHT IPOrpecCHpyIOIIero XxapakTepa, Kak KIMHUYeCKoro
Y HeHpOBM3yaJbHOrO. JIpyrue BapUaHTBI T0JI0CTei — 3TO HEONJIACTHYeCKUue K1
SBJIAIOIIMECS] Pe3yJILTATOM KMCTO3HOH JereHepaluy IpY MHTPaMe/ylsapHBIX Ol
X, TAKMX KaK aCTPOLMTOMBI, 3TeHANMOMbI U APYTUX. KucTo3HbIi npouecc npu
XO0nAX HaYWHAeT Pa3BUBATLCA B IEHTPAJIbHBIX ee obnacTax u 3aTeM pacnpocrpas
€Al POCTPANIbHO MM KayJa/abHO M XapaKTePH3yeTCs HalM4MeM XHAKOCTH ¢ 60Ib
coziepxkanneM Oenka. ATpouYecKHe MOJNOCTH, IpPeCTABIANINE OTpaHUYel
MHKDOKHCTBI B 06J1aCTH LIEHTPAJIbHOTO KaHala, ABMAIOTCA Pe3yIbTaToM JereH
THUBHBIX MSMEHEHHﬁ, CBA3AHHBIX C nnTepeﬁ HapEHXHMaTOSHUﬁ TKaHH. HaHHble Ki
COMPOBOXK/AIOTCA aTPOueil 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-CM I-only (SPCF with cerebellar ectopia § mm or more without
syringomyelia), and SPCF-CMI-syr (CMI with syringomyelia). Neurological examination data and MRI parameters were
analyzed.

Results All patient cohorts had morphometric evidence of a small, flatened, and overcrowded PCE. The PCF phenotype
of the SPCF-TH0-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 SPCE-THO groups had a more significant narrowing of the superior cervical canal and a smaller decrease in PCF height
than the SPCF-CM 1 grou
Condlusions 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 0 - Syringomyelia - Posterior cranial fossa - Spinal
canal - Morphometric abnormalities
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Abstract: Patients showing typical Chiari malformation type 1(CM1) signs and symptoms frequently
undergo eranial and cervical MRI. In some patients, MRI documents >3 mm of cerebellar tonsillar
hemiation (TH) and the diagnosis of CMI. 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 abnormali
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
igns and symptoms, with or without cervical syringes. This article reviews recent findings and
controversies about CM0 diagnosis and updates current thinking about the clinical and radiological
relationship between CM0, borderline CM1, and CM1.

in and around the

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-
ions include Chiari I (subtypes Chiari 0, Chiari 0.5, Chiari 1.5), Chiari I, Chiari TIl (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 (CM0) s 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, cercbellar 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 CMO 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.

. Clin. Med. 2022, 11, 5472. htps: /doiorg 10.3390 a1 1185472 bitps:/ /wwrwemdpi.com/fournal /jem
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