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Case analysis of crossed cerebellar hemispheric
diaschisis in acute stroke patients

Abstract. Background. Stroke is the second-leading global cause of death behind the heart disease, accounting
for 11.8 % of total deaths worldwide. The Monakow concept of diaschisis describes neurophysiological changes that
occur distant to a focal brain lesion. Diaschisis plays a significant role in the severity of acute neurological deficit and
spontaneous stroke recovery. However, currently there are not enough published prospective hospital-based cohort
studies that report and analyze clinical characteristics of crossed cerebellar hemispheric diaschisis in acute stroke
patients. The purpose of this study is to determine the features of the clinical manifestations of crossed cerebellar
hemispheric diaschisis after acute cerebral stroke and to improve the efficiency of its diagnosis by comparing the
obtained data with the results of the magnetic resonance imaging. Materials and methods. We prospectively recruited
124 acute stroke patients, who were admitted to a single department at an academic tertiary care hospital in Kyiv,
Ukraine. The primary outcome was the combined incidence of stroke and diaschisis. In the secondary analyses, we
evaluated pathophysiological, anatomical, and clinical features specific to crossed cerebellar hemispheric diaschisis
in a cohort of acute stroke patients. Results. Among 124 selected acute stroke patients admitted to the department,
42(33.9 %) persons were diagnosed with different forms of diaschisis. Crossed cerebellar hemispheric diaschisis was
diagnosed in 6 patients. We described clinical manifestations and analyzed pathophysiological and clinical features
of crossed cerebellar hemispheric diaschisis in acute stroke patients. The main mechanism of crossed cerebellar
hemispheric diaschisis is an interruption of efferent impulses at the cerebellar dentate or dentate-thalamo-cortical
pathway. Conclusions. Consequently, isolated cerebellar infarctions were manifested not only in ataxic disorders,
but also in motor and sensory impairments due to the damage of the frontal-parietal cortex (diaschisis) of the op-
posite hemisphere of the brain.
Keywords: crossed cerebellar hemispheric diaschisis; cerebellar stroke; cerebellum; distant diaschisis; forms of
diaschisis; clinical manifestations; diagnosis, case report

Introduction

Stroke is the second-leading global cause of death behind
the heart diseases and is a leading cause of severe long-term
disability worldwide [1—9]. Death rates and disability from
stroke are generally higher in Central and Eastern Europe
compared to other countries [10—14]. Severity of acute neu-
rological deficit in stroke patients and spontaneous stroke
recovery, as well as neurophysiological changes that occur
distant to a focal stoke lesion, are described in the Monakow
concept of diaschisis [15—19].

The purpose was to conduct a prospective hospital-
based cohort study in acute stroke patients to analyze

clinical features of all forms of distant diaschisis in modern
treatment.

Materials and methods

The materials and methods of this study have been re-
ported in detail previously [20—22]. Briefly, we have con-
ducted a prospective, hospital-based, cohort study of acute
ischemic stroke patients (n = 124), who were admitted to
the department of cerebrovascular diseases at the University
Hospital (Oleksandrivska Clinical Hospital, Kyiv, Ukraine)
within the first 24 hours after the stroke occurred. All cases
were reviewed by at least two board-certified neurologists
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Figure 1. Patient N., 78 years old: a — MRI of the brain, axial projection: an infarction in the right hemisphere
of the cerebellum (posterior inferior cerebellar artery) is shown (arrow 1); b — diffusion-weighted MRI:
hyperintense focus of infarct without clear boundaries is shown on the right-side (arrow 2);
¢ — on a T2-weighted image, a hyperintense focus of a small cortical infarct is detected (arrow 3) in the left
parietal lobe

trained in cerebrovascular diseases. All participants under-
went standardized investigation to obtain: clinical history,
12-lead electrocardiogram, blood testing, carotid ultra-
sound, head computed tomography (CT) and brain mag-
netic resonance imaging (MRI), magnetic resonance angio-
graphy within 24—72 hours after the onset of symptoms and
in dynamic during the period of maximum severity of symp-
toms. A chest radiograph was done if pulmonary disease or
heart failure was suspected. Stroke was defined according to
criteria of the World Health Organization, American Heart
Association/American Stroke Association guidelines for
adult stroke and was confirmed by neuroimaging [23, 24].
The etiology of stroke was classified according to the TOAST
(Trial of Org 10172 in Acute Stroke Treatment) criteria [25].
The National Institutes of Health Stroke Scale, modified
Rankin scale, and the Barthel index were determined in all
participants. Secondary stroke prevention was prescribed
according to the American Heart Association/American
Stroke Association and the European Stroke Organisation
guidelines, immediatley after the stroke diagnosis was made
[26—32]. Stroke education programs on recurrence preven-
tion behaviors among stroke patients were provided to all
study participants [13, 33—35].

Parametric and non-parametric univariate compari-
sons were performed with y?, Fisher exact, Mann-Whitney
U, and Student’s #-tests, as appropriate. The log-rank test
was used for univariate comparisons of event-free survival
between groups. A two-sided p < 0.05 was considered signifi-
cant for all analyses. All statistical analyses were performed
using IBM SPSS Statistics Version 22 (IBM, Armonk, NY).

Results and discussion

In total, 124 patients aged 28 to 84 years old with acute
ischemic stroke were screened. The localization of primary
stroke lesion confirmed by the neuroimaging was as follows:
cerebral hemispheres (n = 68), brainstem (n = 11), cerebel-
lum (n = 45).

Among the 124 patients, 42 (22 men and 20 women)
were diagnosed with the remote diaschisis. These 42 patients

had a mean age of 60.8 £ 12.5 years (from 32 to 84 years).
Primary brain lesions in the study group were localized: in
brain hemisphere (n = 31), pons Varolii (n = 5), cerebellar
hemisphere (n = 6).

Based on the localization of the primary brain lesion
and considering secondary dysfunction of brain neighboring
structures, we have analyzed and described clinical manifes-
tations and characteristics of the following forms of distant
diaschisis: crossed cerebellar diaschisis (n = 5), crossed ce-
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Figure 2. Scheme of the afferent and efferent
connections of the cerebellum and the mechanism
of crossed cerebellar hemispheric diaschisis
development in patients with cerebellar infarction
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rebellar hemispheric diaschisis (n = 6), and ponto-cerebellar
diaschisis (n = 5). Clinical features of crossed cerebellar di-
aschisis were analyzed in detail in our previous publications
[18, 22]. This article analyzes clinical manifestations and
course of crossed cerebellar hemispheric diaschisis.

The crossed cerebellar hemispheric diaschisis was di-
agnosed in 6 (4.8%) of 124 screened acute stroke patients.
Contralateral cortical focus of ischemia was detected in these
six patients with unilateral cerebellar infarction. Acute iso-
lated cerebellar infarcts were caused by embolism from the
heart or atherosclerotic occlusion of one of the branches of
the superior cerebellar artery or posterior inferior cerebellar
artery and were combined with ischemic damage (diaschisis)
of the parietal cortex of the contralateral hemisphere of the
brain (Fig. 1).

In such a situation, the neurological deficit in the uni-
lateral cerebral infarction was characterized not only by the
symptoms of cerebellar dysfunction (dizziness, limb ataxia,
intention tremor, imbalance, lateropulsion, dysarthria, nys-
tagmus), but also by motor and sensitive deficits on the side
of the primary lesion in the cerebellar stroke [18, 22].

In a published in 2010 study [36], based on a survey of 24
patients with cerebellar infarction using positron emission
tomography, CT, and MRI, 95.8 % of patients had hypo-
metabolic disorders in the cortex of the contralateral hemi-
sphere of the brain; structural and morphological changes
in the brain tissue according to CT and MRI data were not
revealed. Concurrently, the author notes that cerebellar in-
farction manifested itself not only in cerebellar deficiency,
but also in sensitivity disorders and limb paresis.

In our opinion, such conduction neurological dis-
orders could be determined not only by metabolic, but
also by morphological changes in brain tissue. After all,
even after the transitory ischemic attack with complete
regression of the neurologic deficit, approximately half of
the examined patients have brain infarction according to
diffusion-weighted MRI [37]. Crossed cerebellar hemi-
spheric diaschisis after acute cerebellar infarction is often
accompanied not only by circulatory metabolic problems,
but also by structural and morphological disorders of neu-
rons and white matter of the contralateral hemisphere of
the brain [38].

The main mechanism of crossed cerebellar hemispheric
diaschisis is considered to be an interruption of efferent im-
pulses at the cerebellar dentate or dentate-thalamo-cortical
pathway to the Wernicke cross in the superior cerebellar pe-
duncle (Fig. 2).

Consequently, isolated cerebellar infarctions can mani-
fested not only in ataxic disorders, but also in motor and
sensory impairments due to the damage of the frontal pa-
rietal cortex (diaschisis) of the opposite hemisphere of the
brain. The neurological deficit in patients with a focal ce-
rebellar lesion that has developed after an isolated infarction
(hematoma) does not always correspond to the anatomical
localization of the lesion. This leads to the violation of the
well-known in neurology Holmes’ rule: “the relationship be-
tween the focus of cerebellar lesion and cerebellar deficiency
in humans and animals” [39].

Conclusions

Isolated cerebellar infarctions often cause crossed ce-
rebellar hemispheric diaschisis in the contralateral cortex
of frontal or frontal parietal lobe of the brain accompanied
by structural and morphological findings on MRI in 87.5 %
of observations. Neurologists should know that cerebellar
stroke can manifest not only in typical symptoms of cerebel-
lar dysfunction (dizziness, static and coordination disorders,
dysmetria, intentional tremor, nystagmus, dysarthria), but
also in the remote symptoms such as limb paresis, impaired
sensitivity and mental functions caused by crossed hemi-
spheric diaschisis.
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BiHndyk C.M.",@aptywHa O.€.2
TONEKCAHAPIBCBKA KAIHINHA AIKQPHSI, M. KuiB, YkpaiHa
2YKpQiHCbKQ BIICBKOBO-MEAMYHA aKaAemisi, M. Kuis, YkpaiHa

KAiHIY4HUI AHAAI3 BUNOAKIB NepexpecHOro MO3o4YKOBO-MiBKYAbHOTO AidLLN3Y
B MALEHTIB i3 rOCTPUM iHCYABTOM

Pesiome. Axmyaavnicmo. IHcybT € 1pyrolo 3a 4acTOTOIO MPH-
YUHOIO CMEPTHOCTI Yy CBIiTi, MOCTYNAaOUYUCh JULIE CMEPTHOCTI
Bil cepleBO-CYOAMHHUX 3axBopioBaHb. KoHIemiis miammu3y
MoHakoBa onucye HeiipodizionoriuHi 3MiHu, 1110 BiAOyBalOThb-
csl Ha BiCTaHi BiJi 0CEPENKOBOIO ypaxkKeHHs TOJIOBHOTO MO3KY
i Bili-rpaloTh 3HaYHY POJIb Y BUPAXKEHOCTI FOCTPOTO HEBPOJIO-
rivHoro mediuuTy B MaLi€HTIB 3 iHcyabTOM. [IpoTe Ha 1eit yac
ony01iKOBaHO HEIOCTATHHO MPOCHEKTUBHUX KJIiHIYHUX AOCTi-
IKEeHb, Y SIKUX MPOaHaTi30BaHO XapaKTePUCTUKHU MEPEXPECHO-
ro MO30YKOBO-ITiBKYJIbHOTO Aialiu3y B Mali€HTIB i3 rOCTPUM
iHcynberoM. Mema docaidyceHHs: BUSHAYEHHST OCOOIUBOCTEM
KJIIHIYHUX TIPOSIBiB MEPEXPECHOT0 MO30YKOBO-TiBKYJIbHOTO dia-
1IM3Yy B MAL€HTIB i3 TOCTPUM ilIEMIYHUM iHCYJBTOM U MiABU-
meHHs e(eKTUBHOCTI MOT0 MiaTHOCTUKY IUISIXOM 3iCTaBICHHS
NaHUX KJIiHIKO-HEBPOJIOTIYHOTO MOCHIIXKEHHS 3 pe3yJbTaTaMu
MarHiTHo-pe3oHaHcHOI Tomorpadii. Mamepiaiu ma memodu.
Mu nipoBeJii POCNEKTUBHE IrOCIiTalbHE KOTOPTHE TOCTiIXKEH-
Hs 124 mauieHTiB i3 TOCTPUM ilIEMiYHUM iHCYJIBTOM, sIKi Hamili-
IIJIM 00 BigAiJIeHHS LepeOpoBacKyIsIpHUX 3aXBOploBaHb OJieK-
caHIpiBCbKOI KIIiHiuHOI JikapHi KueBa mpotsirom mepiuux 24

BuHndyk C.M.", @apryiuHas E.E.?

TAAEKCAHAPOBCKAST KAMHMYECKQAST GOAbHMLQ, I, Knes, YkpauHa
2YKpQuHCKQs1 BOEHHO-MEAMLIMHCKAST aKkaaemums, I, Knes, YkpamHa

TOIMH i3 MOMEHTY PO3BUTKY iHCYJBTY. YCi MaLliEHTU MPOUIILIA
KOMIUIEKCHE KJIiHiKO-HEBPOJIOTiuHe, JIabopaTopHe, YJIbTpa3By-
KOBe Ta HeiipoBidyaiisaliiiiHe oocTexxeHHsl. Pe3yabmamu. Cepen
124 06CcTeXeHMX i3 TOCTPUM illIEeMiYHUM iHCYJIBTOM IepexXpecHUit
MO304YKOBO-MiBKYJIbHMIA Tialin3 GyB AiarHOCTOBaHMit y 6 (4,8 %)
nauieHTiB. Mu npoaHainizyBaiu narodisiosoriyHi, aHaTOMiuHi
Ta KJIiHIYHI OCOOJMBOCTI MEPEeXpPEeCHOTO MO30YKOBO-ITIiBKYJIb-
HOTO [ialliu3y B MAalli€HTIB i3 TOCTPUM ilIEMIYHUM iHCYJIBTOM.
Bucnoéxu. OCHOBHUM MeXaHi3MOM BUHUKHEHHSI TIEPEXPECHOTO
MO30YKOBO-TIiBKYJbHOTO [iallin3y € TIepepuBaHHs e(hepeHTHUX
IMITyJIBCiB Y MO30YKOBO-3yOUuacToMy ab0 3y04acTo-TaTaMOKOp-
TUKaJIbHOMY HLIsIXy. OTXe, i30JbOBaHi MO30YKOBi iHdapkTu
MPOSIBJISLIUCS. HE TUIbKK aTAaKTUYHUMM po3JialaMu, ajie i MOTO-
PHUMMU i CECHCOPHUMMU TTOPYIIEHHSIMU, BUKJIMKAHUMU TTOIIKO-
IKEHHSIM JIOOHO-TiM STHOT KOpH (Iialn3) MPOTUIIEXKHOI MiBKYJTi
rOJIOBHOTO MO3KY.

KimouoBi c10Ba: nepexpecHuii MO304KOBO-MiBKYIbHMIA Tialius;
IHCYJIBT MO30YKa; MO304YOK; MTMCTAaHTHUI Tialmn3; (GhopMH Tiali-
3y; KJIiHIYHi MPOSIBY; JiaTHOCTUKA; KJIiHIYHUI BUITaT0K

KAMHUYECKUIM QHOAU3 CAYHOEB NEPEKPECTHOrO MO3XXE4YKOBO-MOAYLLUAPHOroO AMALLN3A
Y NAOUNEeHTOB C OCTPbIM MHCYABTOM

Pe3tome. Axmyaavnocms. incynst spisieTcst BTOPOIt MO 4acTo-
T€ MPUYMHON CMEPTHOCTU B MUPE, YCTYIasl JUIIb CMEPTHOCTU
OT CEepIEeYHO-COCYAUCTHIX 3abosieBaHMi. KoHIenus nuammsa
MoHaKoBa OIUCBIBAET HEMPOPU3NOIOTUIECKUE U3MEHEHMSI, KO-
TOpPbIE MPOUCXOAAT BAAIU OT OYArOoBOTO MOPaXKeHUsT TOJIOBHOTO
MO3ra ¥ UrpaloT 3HAUYMTEJIbHYIO POJIb B BBIPAXXEHHOCTU OCTPOTO
HEBPOJIOTUYECKOTO NeUIInTa y MallMeHTOB C MHCYJIbTOM. TeM
He MeHee B HACTOsIIIee BpeMsi OMyOJMKOBAHO HEZOCTATOYHO
MPOCMEKTUBHBIX KIMHUYECKUX KOTOPTHBIX MCCIENOBAaHUM, B
KOTOPBIX MPOAHATM3UPOBAHbl XapaKTePUCTUKU MEPEKPECTHOTO
MO3KEYKOBO-TIOJIYIIIAPHOTO IMAIIIN3a Y TIAIIMEHTOB C OCTPHIM UH-
cynsroM. Ileaw uccaedosanus: onpeneneHe 0COGEHHOCTEN KITH-
HUYECKUX MPOSIBJICHUI MEePeKPECTHOIO MO3KEUKOBO-TIOJyIIap-
HOTO IMall13a y MalMeHTOB C OCTPBIM MILIEMUYECKUM UHCYJIBTOM
¥ TOBbIIIeHNE 3(D(HEKTUBHOCTU €T0 TUAarHOCTUKHU ITyTEM COIIO-
CTaBJIEHUsI JAHHBIX KIMHUKO-HEBPOJIOTUYECKOTO 00CIeI0BaAHUS
C pe3y/IbTaTaMi MarHUTHO-PE30HAHCHOM ToMorpadun. Mamepu-
aavl u Menoodsvt. Mbl IPOBEJIH MPOCIIEKTUBHOE TOCUTATBHOE KO-
TOPTHOE MCClieoBaHue 124 MalMeHTOB ¢ OCTPBIM MIIIEMUYECKUM
MHCYJIETOM, ITOCTYITUBIIMX B OTIE/IeHNE LIepeOPOBACKYISIPHBIX 3a-
OosieBaHUI AJIeKCaHIPOBCKON KJIMHUYECKOU OonbHULIBI Kuesa

B TE€UEHHUE MEPBLIX 24 4acOB C MOMEHTA pa3BUTUSI MHCYIbTa. Bee
MaLMEeHTbl MPOLUIM KOMIUIEKCHOE KJIMHUKO-HEBPOJIOIMUECKOE,
J1abopaTopHOE, YJIBTPa3BYKOBOE M HEMPOBHU3YyaIM3allMOHHOE 00-
cnenoBanue. Pezyavmamut. Cpenu 124 06cieoBaHHBIX C OCTPBIM
MIIEMUYECKUM HMHCYJBTOM TEePEeKPEeCTHbI MO3XKEeYKOBO-TOJY-
LIAPHBIN AMAIIM3 ObLT AMArHOCTUPOBaH y 6 (4,8 %) malueHTOoB.
MBI npoaHanM3MpoBaId MaTOMU3UOJIOTUIECKUE, AaHATOMUYECKIE
M KJIMHUYECKHE OCOOEHHOCTH MEPEKPECTHOTO MO3XKEYKOBO-IT10-
JIYHIAPHOTO AMAalIN3a Y MalMeHTOB C OCTPbIM MIIEMUYECKUM HH-
cy/nbTOM. Bb1600bl. OCHOBHBIM MEXaHW3MOM BO3HUKHOBEHUS
MePEKPECTHOTO MO3KEYKOBO-TIOJYIIAPHOTO TUAIIN3a SIBIISIETCS
npepbiBaHue 3 (HEPEeHTHBIX UMITYIbCOB B MO3XKEUKOBO-3y0UaTOM
WM 3y0uaTo-TaslaMOKOpPTUKaIbHOM MyTh. ClienoBaTebHO, U30-
JINPOBAaHHbIE MO3XKEUKOBbIE UH(MAPKTHI MPOSIBISIMCH HE TOJBKO
aTaKTUIECKUMU PACCTPOICTBAMM, HO U MOTOPHBIMU M CEHCOPHBI-
MU HapyILIEHUSIMU, BbI3BAHHBIMU ITOBPEKICHUEM JIOOHO-TEMEHHOMI
KODBI (IMaIIK13) MPOTUBOMOIOKHOTO MOJTYIIAPHsI TOJIOBHOTO MO3Ta.
KitioueBblie CJ10Ba: mepekpecTHbI MO3XEUKOBO-IOIYLIAPHBIIA
I3, MO3KEYKOBBII MHCYJIBT; MO3XEYOK; JUCTAHTHBIN nra-
113; GopMbI AMAIIN3A; KIMHUYECKUE MPOSIBICHUST; TMarHOCTUKA;
KJIMHUYECKUI Cydait
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