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Abstract: although the pathology of Chiari malformation is extensively studied, many questions have
not yet been solved. In particular, the clinical manifestations of this pathology have not been studied in
detail entailing the lack of the unified approach for the optimal complex of the diagnostic workup and
the selection of the optimal surgical intervention. These questions remain the point of discussion in the
scientific literature. The present study is based on the retrospective analysis of the diagnostic findings
and treatment outcomes of 59 patients — 24 males (40.7 %) and 35 females (59.3 %) — treated in the
Department of spinal cord pathology of the State Institution "Romodanov Neurosurgery Institute, the
National Academy of Medical Sciences of Ukraine" in 2010-2020. The age of the patients ranged from
16 to 50 years (36.9 = 3.7 on the average). All patients were examined according to the conventional
standards allowing for the assessment of the pre- and postoperative disease course. The following surgi-
cal interventions were provided: bone decompression for the inferior parts of the cerebellum at the upper
cervical level; the recovery of the CSF flow at the region of craniovertebral junction; the expansion of
the space in the fossa cranii posterior and/or craniovertebral junction. The data were processed and an-
alyzed with the aid of STATISTICA 13 software. The quantitative variables were compared by non-para-
metric methods. The aim of the study was to analyze the preoperative and early postoperative clinico-
otoneurological status in patients with Chiari malformation and syringomyelia. The clinical aspects
of the disease were evaluated. Most clinical signs and symptoms in patients with Chiari malformation
were associated with otolaryngological disturbances (hearing impairment, tinnitus, hoarseness, vertigo,
etc.) and cerebellar signs (ataxia, nystagmus). Taking into account non-specific signs and symptoms of
the disease, the otoneurological evaluation in these patients is undoubtedly of high importance for the
preoperative differential diagnosis as well as the postoperative assessment of treatment outcome. The
further study of the problem will allow us to timely diagnose Chiari malformation, to predict the course
of the disease and the risk of the possible complications providing the clinicians with important infor-
mation for decision-making on the optimal treatment strategy. The clinical and instrumental otoneuro-
logical examination is an important component of the systemic assessment of the clinical-and-functional
status of patients with syringomyelia caused by Chiari malformation that allows for objectifying the
dynamics of the otoneurological aspects of the disease in the course of the treatment.
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Introduction

Chiari malformation (CM) is an impaired
development of the central nervous system
representing the heterogeneous group of the
diseases varying by their clinical-and-anatomical
features. CM is characterized by a downward
displacement of cerebellar tonsils or vermis (and
sometimes the brain stem and the fourth ventricle)
through the foramen magnum (FM). CM can
be associated with hydrocephalus, spina bifida,
syringomyelia, curvature of the spine (kyphosis and
scoliosis) and tethered cord syndrome (Yang, C.,
Deng, X., Yang, J., Xu, Y, 2019). Prior to the
widespread adoption of MRI, CM was considered
as arare pathology. In particular, this was due to the
polymorphism of the neurological symptoms and
the difficulties with the instrumental diagnosing.
At present, the incidence of this pathology is
3.3-8.2 per 100 thousands persons (Soleman, J.,
Roth, J., Constantini, S., 2019).

The clinical pattern of the disease depends
largely on the age at the onset, the concomitant
pathology and the presence of syringomyelia.
Although the CM pathology is extensively
studied, many questions have not yet been
solved. In particular, the clinical manifestations
of this pathology have not been studied in detail
entailing the lack of the unified approach for the
optimal complex of the diagnostic workup and
the selection of the optimal surgical intervention.
These questions remain the point of discussion in
the scientific literature. (Lin, W. et al., 2018, Jiang
E. et al, 2018, Khalsa, S. et al., 2018). These
factors indicate the expedience of the present study.

Aim

The aim of the study was to analyze the
preoperative and early postoperative clinico-
otoneurological status in patients with CM and
syringomyelia.

Materials and methods

The study is based on the retrospective analysis
of the diagnostic findings and treatment outcomes
of 59 patients with their disease codified as Q07.0
according to the International Disease Classification
10 (WHO 2007). The patients were treated in the
Department of spinal cord pathology of the State
Institution "Romodanov Neurosurgery Institute,
the National Academy of Medical Sciences of
Ukraine" in 2010-2020.
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The standard demographic data of the patients
(age, sex) as well the information of case history
(duration of the illness, time and sequence of the
symptoms, the features of the prehospital disease
course) were collected prior to the surgery.

The general clinical, laboratory and clinico-
neurological examinations were provided with the
aim of the assessment of the peculiar features of
the disease course.

The complex clinical-and-instrumental
otoneurological examination and the assessment
of the neurological status was performed prior
to the surgery and within 4-10 days following
surgery (depending on the severity of state and
the consciousness level of the patient). This
examination comprised the assessment of the
complaints, the standard otolaryngological
inspection (anterior and posterior rhinoscopy,
otoscopy, oropharyngoscopy), the qualitative
assessment of the innervations by the cranial
nerves (CN) (I, V, VII, VIII, IX, X, XI, XII), and
the assessment of the function of auditory and
vestibular analyzers.

For the audiometry, the serial audiometer
MA-51 (Germany) was used in compliance with
the requirements of the standards.

MRI of the brain with the extension to the
craniovertebral site of C2 vertebra was obtained
on 1.5 T high-field MRI unit. The MRI protocol
comprised the sequences with contrastenhancement
using intravenous paramagnetic contrast agent.
Based on MRI findings, the volumes of the posterior
cranial fossa (PCF) and the siryngomyelia cysts
were measured and the extent of the dislocation
of the cerebellar tonsils through FM was assessed.
These volumes were evaluated based on the
analysis of the MR tomograms of PCF, cervical
and thoracic divisions of the backbone.

The surgical treatment was aimed at
PCF decompression. The following surgical
interventions were provided: bone decompression
for the inferior parts of the cerebellum at the upper
cervical level; the recovery of the CSF flow at the
region of craniovertebral junction; the expansion
of the space in the PCF and/or craniovertebral
junction. Under general anesthesia, a piece of the
occipital bone was removed with the back of the
cervical vertebrae 1 and/or 2 to the point where the
cerebellar tonsils end. The great occipital foramen
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was widened relieving the compression of the brain
stem, the spinal cord, and cerebellar tonsils.

All patients were discharged in satisfactory
condition for the outpatient follow-up at their
places of residence.

The data were processed with the aid of
STATISTICA 13 (StatSoft Inc., USA, license
No. JPZ8041382130ARCN10-J) and SPSS 17.0
(IBM, USA). Taking into account a small sample
size, non-parametric methods were used for
comparing the quantitative data. The data are
presented as median and interquartile interval (Me
(Q25; Q75)). The differences between independent
groups were compared by Mann—Whitney test.
The strengths of association between variables was
assessed by Spearman's correlation. The results
were considered statistically significant at p < 0.05.

All patients provided the informed consent in
written for the participation in the study according
to the Declaration of Helsinki by the World
Medical Association on the ethical principles for
medical research involving human subjects (1964—
2008), Directive 2001/20/EC on the conduct of
clinical trials on human subjects, and the Order
by the Ministry of Health of Ukraine No. 690 of
23.09.2009 with the amendments.
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Results and Discussion

The group under study comprised 59 patients.
Among them 48 (81.4 %) patients had syrin-
gomyelia syndrome; 11 (18.6 %) patients were
without syringomyelia. There were 24 (40.7%)
male patients and 35 (59.3 %) female patients. The
age of the patients ranged from 16 to 50 years (on
average 36.9 £ 3.7 years). The mean age of male
and female patients did not differ significantly
(p>0.05).

The clinical pattern of CM and syringomyelia
was characterized by the symptoms of the damage
of central and peripheral nervous system, the
dysfunction of the visceral organs, vegetative-
trophic, vegetative-vascular, and muscular-
fascial disorders. Such variety of the symptoms
could be explained by the damage of spinal
cord that provides the connection between the
central nervous system and effector organs.
Furthermore, the radices of the spinal cord are
directly connected with specific body areas. This
pathology is also associated with the impairment
of the exteroceptive, interoceptive, and pro-
prioceptive functions. Table 1 demonstrates the
pre- and postoperative distribution of the clinical
symptoms in the patients under study.

Table 1. The pre- and postoperative frequency of clinical symptoms

Preoperative Postoperative

Clinical symptom ) ;:)j) . o, ) ;:,l; . o
Headache in cervico-occipital area 48 81.4 19 32.2
Unilateral tinnitus aurium 6 10.2 2 3.4
Bilateral tinnitus aurium 11 18.6 13.6
Bilateral asymmetrical sensorineural hearing loss 5 8.5 4 6.8
Bilateral symmetrical sensorineural hearing loss 12 20.3 12 20.3
Unilateral sensorineural hearing loss 4 6.8 2 3.4
Objective (rotary) vertigo 5.1 1 1.7
Subjective (nonrotary) vertigo 26 44.1 12 20.3
Nystagmus 28 47.5 14 23.7
Facial hypesthesia (paresthesia) 14 23.7 11 18.6
Dysfunction of caudal CNs 13 22 10 16.9
Statocoordinatory impairment 49 83.1 29 49.2
Conductive sensory disorders 36 61 24 40.7
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Preoperatively, 48 (81.4 %) patients comp-
lained of the headache in cervico-occipital area
of varying intensity. The headache became more
intensive after coughing, laughing, or straining
(Valsalva maneuver). Such headache was caused
by the compression and the involvement of dura
mater and upper cervical spinal radices to the
adhesive process. Only 11 (18.6 %) patients did
not complain of the headache (even episodically).
Hypertensive-hydrocephalic syndrome was diag-
nosed in 9 (15.3 %) patients in combination with
the internal hydrocephaly confirmed by MRI
visualization.

The impaired coordination ranks the second
among the symptoms in patients with CM. In our
group, the impaired coordination was diagnosed in
49 (83.1 %) patients. These impairments were not
severe manifesting predominantly as staggering as
well as Romberg position and intentional tremor
in coordination tests. No severe manifestations of
the cerebellar impairment such as the scanning
speech or the decreased muscle tone due to
cerebellar dysfunction were observed. Among
subjective disorders in CM, the subjective vertigo
is considered as the classic. Such complaints were
found in 26 (44.1 %) patients. The isolated attacks
of the objective (rotary) vertigo were evident in
3 (5.1 %) patients.

Nystagmus is the most frequent eye
movement deficit in CM. The patients with
Chiari malformation present with various types of
nystagmus; each type has unique pathophysiology
and central correlate. The orientation of the eye-
in-orbit determines the intensity of nystagmus
(Ghasia, F. F, Gulati, D., Westbrook, E. L., &
Shaikh, A. G., 2014). In 28 (47.5 %) patients,
the central positional nystagmus without latent
period and with duration exceeding 1 minute
and the alternate direction was diagnosed. More
often, the nystagmus in patients was vertical
and stable and characterized by the downward
direction in the null position. This nystagmus
intensified when the eyes displaced eccentrically
or with the inclined head. Sometimes the rotatory
component was present with combination of the
visual and vestibular ataxia with near fall forward
or backward as well as the deficit of the vertical
slow consecutive movements. We believe that
such symptoms are due to the compression of the
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stem structures and the inflow blood vessels and/
or the impairment of the central vestibular-ocular
reflex. The similar point of view is also argued
elsewhere.

Gaze-evoked nystagmus, a common sign of
cerebellar dysfunction, could then be interpreted as
a disorder in a neural network that mathematically
integrates a velocity (move) command into a position
(holding) command (Shadmehr R., 2017). We also
observed the association between the manifestations
of nystagmus with the functional load: inclination
of the head, Valsalva maneuver, etc.

The sensorineural hearing loss of varying
grades were diagnosed in 21 (35.6 %) pa-
tients < unilateral — in 4 (6.8 %) patients, bilateral
symmetrical — in 12 (20.3 %) patients, and
bilateral asymmetrical — in 5 (8.5 %) patients.
No cases of the conductive and mixed hearing
loss were revealed. In all cases, the audiometric
curves were of the descending type. The unilateral
tinnitus aurtum (on the side of the lesion) was
evident in 6 (10.2 %) patients, the bilateral — in
11 (18.6 %) patients.

No cases of the facial nerve damage were
found. Facial paresthesia was observed in
14 (23.7 %) patients due to the damage of the
substantia gelatinosa of the superior cervical
spinal segments and the sensory nucleus of the
spinal trigeminal tract. In 13 (22 %) patients,
the damage of the caudal CNs (IX, X, XI, XII)
was diagnosed. In these patients, dysphagia was
diagnosed more often, sometimes in combination
with dysphonia and dysarthria. The taste was
not impaired. The conductive sensory disorders
were more pronounced when large syringomyelia
cysts were present — in 36 (61 %) patients. The
impairments of the pelvic organs were not
evident.

The early postoperative clinical-and-oto-
neurological findings are presented in Table 1.
The frequency of headache, statocoordinatory
and vestibular-ocular-motor impairments dropped
drastically as compared to preoperative data.
The regression of the headache was evident in
29 (49.2 %) patients with accompanying decrease
in its intensity. The complete regression of the
statocoordinatory impairments was registered in
30 (50.8 %) patients. The improvement in the
category of conduction sensation disorders was
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also evident. While the number of patients with
the impaired CN function remains practically the
same, the grade of the impairments decreased.

The morphometric indices of the PCF volumes
and the sizes of siryngomyelia cysts calculated
based on MRI data are given in Table 2. The
preoperative extent of dislocation of the cerebellar
tonsils ranged from 1.0 mm to 29.0 mm (mean 12.1
mm, the standard deviation 6.29). After the surgery,
the cerebellar tonsils were located above the level
of the great occipital foramen in all patients.

According to the literature (De Viieger, J.,
Dejaegher, J., & Van Calenbergh, F., 2019) the
morphometric indices that characterize the base
of the skull and the axial dimensions of the
brainstem and cerebellum in patients with CM
point to the decreased size of the corresponding
bone structures and the disproportion between the
volume of the neural structures and the capacity
of the PCF to fit them in.

We have analyzed the correlation between
the PCF volume, the extent of the descent of
cerebellar tonsils, the duration of the disease,
the volume of the siryngomyelia cyst and the
severity of statocoordinatory and conductive
sensory disorders, the headache and the
impairment of CN function prior to the surgery
and after surgery.

The impairment of the caudal CN function
correlated with PCF volume (the smaller PCF —
the more pronounced bulbar syndrome: R = 0.62)
and with the preoperative extent of the descent of
cerebellar tonsils (R = —0.65). Correlation with
other neurological impairments was less strong.

The statocoordinatory disorders also correlated
with PCF volume (the smaller PCF — the more
pronounced impairment of the coordination:
R = 0.76) and with the preoperative extent of
the descent of cerebellar tonsils (R = —0.67).
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Correlation with other neurological impairments
was less strong.

The correlation was also shown between the
headache intensity and the decreased PCF volume
as well as larger extent of the descent of cerebellar
tonsils.

The motor impairments correlate neither with
PCF volume nor with extent of the descent of
cerebellar tonsils. Instead, they correlated with the
volume of the siryngomyelia cyst (R = 0.89) and
less strongly with other neurological impairments.
The conductive impairments of the surface
sensitivity correlated only with the volume of the
siryngomyelia cyst (R =—0.83).

The small sample size in our study seems
to limit the statistical capabilities. As a result,
we could not be able to assess all factors
affecting the outcome of the surgical treatment.
In future studies, we are going to extend the
follow-up period and to assess the clinical-and-
otoneurological status depending of the patient's
age, the time of symptoms onset, the pattern and
the extent of the dysfunctions. The present study
demonstrated that most of the clinical signs and
symptoms in patients with CM are associated
with otolaryngological disturbances (hearing
impairment, tinnitus, hoarseness, vertigo, etc.)
and cerebellar signs (ataxia, nystagmus). Taking
into account non-specific signs and symptoms
of the disease, the otoneurological evaluation in
these patients is undoubtedly of high importance
for the preoperative differential diagnosis as well
as the postoperative assessment of treatment
outcome. The further study of the problem will
allow us to timely diagnose CM, to predict the
course of the disease and the risk of the possible
complications providing the clinicians with
important information for decision-making on
the optimal treatment strategy.

Table 2. Pre- and postoperative morphometric indices of the PCF volumes
and the sizes of siryngomyelia cysts

PCF volumes (cm?) Cyst volume (cm?)
Index range mean LT range mean LG
g deviation g deviation
Prior to surgery 110-218 157.95 19.136 251-9844 3755.45 2986.970
A week after surgery 125-228 | 170.960 18.006 157-8949 2743.242 2226.117
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Conclusions
1.Most of the clinical signs and symptoms
in patients with CM are associated with

otolaryngological  disturbances  (hearing
impairment, tinnitus, hoarseness, vertigo,
etc.).

2.Clinical-and-instrumental otoneurological
examination is an important component of
the systemic assessment of the clinical-and-
functional status of patients with CV and
syringomyelia that allows for objectifying
the dynamics of the otoneurological as-
pects of the disease in the course of the
treatment.

3.The aim of the surgical intervention in CM
should be aimed at the decompression of
the inferior parts of the cerebellum, the
recovery of the CSF flow at the region of
craniovertebral junction, and the expansion
of the space in the fossa cranii posterior
and/or craniovertebral junction.
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Ku1iHik0-0TOHEBpO/IOTiYHE OLIHIOBAHHS Pe3y/IbTATIB XipypriYHOro JiKyBaHHS
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JleBueniok Codist', lepkau FOpiii?
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im. akagn. A.Il. Pomonanosa HamioHanbsHOT akaneMii MEAUYHUX HAayK YKpaiHMm»

’Kanj. Mej1. HayK, JIikap-HeHpoXipypr BiIIUICHHS MATOIOTI1 CIMHHOTO MO3KY JICP»KaBHOI YCTAHOBH
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Ykpainn»
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Anomauisn: nonpu mpusane susyents namonoeii marvgopmayii Kiapi, 6acamo numans ii domenep
3AMUMAIOMbCS HeBUPTUEHUMU, 30KPeMa HeOOCAMHSL BUBUEHICIb KAIHIYHUX NPOs6i8 OaHOi namonozii
ma 8i0CymHicmb €0UHO20 NiOX00y 00 ONMUMANLHO20 KOMNIEKCY OIlAeHOCMUYHUX 3AX00i8 [ ubip
ONMUMANLHO20 XIPYPRIYH020 8MPYUAHHS 3ATUUAEMbC NPEOMEeMOoM OUCKYCIll Y HAYKOGIll Jimepamypi.
Jlocnioocenns tpyHmyemucsi Ha pemponpocneKmueHoMY AHANi3i pe3yibmamis 00CmelceH A Ma iKYy 8aHHs
59 nayienmis, AKi 3HAXOOUUCL HA JNIKYBAHHI y GIOOLIEHHI NAMON02I] CNUHHO20 MO3KY O0epiHCABHOL
yemanoeu «[nemumym netipoxipypeii im. akao. A.I1. Pomooanosa HAMH Yxpainuy» 3 2010 no 2020 pp.
3 Hux yonosikie 6yno 24 (40, 7%), scinox — 35 (59,3%). Cepeoniii ix nayienmie cxknaoas 6io 16 0o
50 poxis (6 cepeonvomy 36,9+3,7 pokis). Bci nayicumu ob6cmediceni 8iOn0GIOHO ICHYIOUUM CIMAHOAPMAM,
3 Memoro oyinku ocobausocmeli nepebicy 3ax60pr06anHs 00- ma nicia onepayii. 3acmocosano memoou
XIpypeiuH020 NiKYBAHHS: KICMKO8A OEKOMNPECIisi HUNCHIX 8I00iNI8 MO30YKA, BEPXHbOWUNHO20 Di6HS,
BIOHOGNIEHHS NIIKBOPOMOKY 6 001acmi KpamiogepmeobpanbHo2o nepexody, 30iNbUeHHs 3a2albHO20
o6cs2y 3a0Hboi yepennoi amxku ma \ abo KBII. Obpooky ma ananiz 0anux npoeoouu 3a 00NoMo2om
npoepamu STATISTICA 13, nopisuanna 3a KinbKicHUMU o03Hakamu 30IUCHIO8ANU 3 3ACMOCYSAHHAM
HenapamempuuHux memoois. Memotwo 0ocnioxicenHs OY8 aHAli3 KAIHIKO-OMOHEBPOL0IUHO20 CINAMYCY
nayienmis 3 MK ma cupuneomieniero 00 onepamusHo20 6mpy4aHts ma 6 paHHbOM) NiCJsLONEPayitiHoMy
nepiooi. Buznauanucs ocoonugocmi KIiHiYHOI KapmuHu, Oinbuicmy KIiHIYHUX 03HaK i cumnmomie MK,
no8'a3ani 3 OMONAPUHLONI0IYHUMU NOPYUEHHAMU (NOPYUWEHHS CLYXY, WYM Y 8YXAX, OXPUNTICIb 2010CY,
3anamopoyYeHHs Moujo);, 3 MO304KOBUMU NOpYULeHHAMU (amakcis, Hicmaem). Yepe3z Hecneyuiumi
O3HAKU | CUMNMOMU 3AX60PIOBAHHS OMOHEBPONOIUHA OYIHKA Yux nayicHmis, Oe3CyMHIBHO, 8aANXCIUBA
0151 QughepeHyitinoi OiacHOCMUKYU HA O00NepayitiHoMy emani ma NicasionepayitiHux pe3yibmamie
xipypeiunozo nikysanus. llooanvue eueuenHs yiei npobiemu Cymmego NiOBUWUMb MONCIUBICTD
ceoeuacno Odiacnocmyeamu MK 11 cnpoenosyeamu nooanvuiuil nepebdie 3axe0plo6aHHs, d MAKONC
nepeoodauumu pusuUK iIMOBIPHUX YCKIAOHEHb, OMPUMAMU BAHCIUBY IHOpMAaYiio 011 8UOOPY ONMUMATLHOT
maxkmuku 1iKyeanus. Kiiniko-incmpymenmanohe omonesponoziune 00CIiOHNCeHH S, 8ANCIUBA CKAAO08A,
CUCMEMHO20 OYIHIOBAHHS KIIIHIKO-)YHKYIOHAbHO20 CIMAmycy NAYIEHMA 3 CUPUHLOMIENIEN) BUKIUKAHOIO
MK, wo 0oszsonse 06'ekmusizyeamu OUHAMIKY OMOHEBPONOIUHOT KAPMUHU 3AXE60PIOBAHHA 8 Npoyeci

JIKYG8AHHA.
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