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SUMMARY

Introduction: Arnold-Chiari malformation (ACM) 
type I is a craniovertebral junction pathology with 
ectopy of the cerebellar tonsils through the great 
occipital foramen with compression of the brain stem 
and upper cervical spinal cord.  Until now, there have 
been more than 20 types of surgical interventions for 
the Arnold-Chiari malformation type.  Objective: The 
main purpose of this research is the decompression 
of craniovertebral stem structures and occipital 
foramen, and the search for effective methods to repair 
cerebrospinal fluid (CSF) circulation.  Methods: 
The complex examination and surgical treatment at 
the Neurosurgery Department No.  1 of the National 
Hospital of the Ministry of Health of the Kyrgyz Republic 
(Bishkek, Kyrgyzstan) passed 201 patients (aged 16-74) 

with symptomatic ACM I from 2008 to 2020.  Results: 
Regression of preoperative clinical symptomatology 
was detected in 117 cases (58 %), significant reduction 
of hypertension and vestibulo-ataxic disturbances in 
76 cases (38 %), and stabilization of the process with 
preservation of focal damages in 8 cases (4 %).  In 10 
(5 %) cases, there was syringomyelia progression, for 
which syringosubarachnoid shunting was carried out 
in the second stage.  In the presence of a tight filum 
terminale syndrome detected in 4 (2 %) patients, the 
first step was excision of the filum terminale followed 
by regression of clinical manifestations.  The most 
effective results of surgical interventions were obtained 
when the pathogenetic approach was followed, in 
particular, the cerebrospinal fluid flow repair during 
craniocervical decompression; a regression of both 
the underlying disease and concomitant pathologies 
was achieved.

Keywords: Cerebrospinal fluid, syringomyelia, 
hydrocephalus, craniocervical decompression, 
craniovertebral junction.

RESUMEN

Introducción: La malformación de Arnold-Chiari 
tipo I es una patología de la unión craneovertebral 
con ectopía de las amígdalas cerebelosas a través 
del gran agujero occipital con compresión del tronco 
encefálico y la médula espinal cervical superior.  Hasta 
el momento, existen más de 20 tipos de intervenciones 
quirúrgicas en malformaciones tipo Arnold-Chiari.  
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craneovertebral y el agujero occipital, y la búsqueda 
de métodos efectivos para reparar la circulación 
del líquido cefalorraquídeo (LCR).  Métodos: El 
examen complejo y el tratamiento quirúrgico en el 
Departamento de Neurocirugía No.  1 del Hospital 
Nacional del Ministerio de Salud de la República 
Kirguisa (Bishkek, Kirguistán) pasaron 201 pacientes 
(de 16 a 74 años) con ACM I sintomático de 2008 
a 2020.  Resultados: Se detectó regresión de la 
sintomatología clínica preoperatoria en 117 casos 
(58 %), reducción significativa de la hipertensión y 
alteraciones vestibuloatáxicas en 76 casos (38 %), 
estabilización del proceso con preservación de daños 
focales en 8 casos (4 %).  En 10 (5 %) casos hubo 
progresión de la siringomielia, por lo que se realizó 
derivación siringosubaracnoidea en la segunda etapa.  
Ante la presencia de un síndrome de filum terminale 
apretado detectado en 4 (2 %) pacientes, el primer 
paso fue la escisión del filum terminale seguido de 
la regresión de las manifestaciones clínicas.  Los 
resultados más efectivos de las intervenciones 
quirúrgicas se obtuvieron cuando se siguió el enfoque 
patogénico, en particular, la reparación del flujo de 
líquido cefalorraquídeo durante la descompresión 
craneocervical; se logró una regresión tanto de 
la enfermedad de base como de las patologías 
concomitantes.

Palabras clave: Líquido cefalorraquídeo, siringomielia, 
hidrocefalia, descompresión craneocervical, Unión 
craneovertebral.

INTRODUCTION

Arnold-Chiari malformation (ACM) type I 
stands as a distinctive and intricate craniovertebral 
junction (CVJ) pathology that engenders a 
significant impact on neurological health (1).  This 
malformation manifests through the displacement 
of the cerebellar tonsils, vital components of the 
brain responsible for balance and coordination, 
downward through the great occipital foramen (2).  
As researchers continue to delve into the nuances 
of ACM type I, insights into the underlying 
pathophysiology and the dynamic relationship 
between the brain, spinal cord, and surrounding 
structures are continually being refined, paving 
the way for improved diagnostic techniques, 
treatment strategies, and ultimately, enhanced 
patient outcomes (3,4).

The history of the study of ACM morphology 
and its corresponding symptomatology is well 

known (5,6).  Meanwhile, this malformation 
aetiology and pathogenesis remain controversial; 
however, all discussions are based on the 
disembryogenetic theory (7,8).  Neuroimaging 
advanced techniques have dramatically increased 
the number of patients with this pathology in 
neurosurgical institutions.  Pre- and postoperative 
brain magnetic-resonance (MRI) capabilities 
using different modules with the assessment 
of cerebrospinal fluid (CSF) circulation and 
hemodynamics have significantly expanded the 
range of surgical interventions in ACM (9).

The foundation for ACM development is 
rooted in disturbances during fetal cerebellar 
formation.  Genetic factors play a pivotal role 
in embryogenesis, particularly genes associated 
with paraxial mesoderm differentiation, such as 
GDF7, GDF3, ALDH1A2, FLT1, and CDX1 (10).  
The inadequate development of the occipital 
bone derived from the paraxial mesoderm 
leads to the improper formation of the small 
posterior cranial fossa, contributing to ACM.  
However, the precise genetic underpinnings 
remain to be fully elucidated, likely involving 
multiple gene mutations working in a complex 
interplay (11).  Embryonic asphyxia and 
respiratory infections further contribute as 
triggers for malformation.  The pathophysiology 
involves several mechanisms, including 
elevated intracranial pressure, ventricular fluid 
accumulation, skull constriction and hindbrain 
herniation, spinal canal pressure reduction, spinal 
cord compression, and abnormal atlantoaxial 
joint mobility, often linked to connective tissue 
anomalies.

Surgical interventions for ACM I primarily 
aim to decompress craniovertebral structures and 
restore CSF circulation.  The decompression of 
the great occipital foramen, often combined with 
duraplasty, is a common approach to reestablish 
cerebrospinal fluid flow through the foramen 
magnum (12).  Although the first decompression 
surgery dates back to 1930 by Dutch surgeon 
Graftdijk (1), the diverse morphological variations 
in the CVJ region result in a polymorphic 
array of clinical manifestations, especially in 
conjunction with conditions like syringomyelia, 
hydrocephalus, and fixed terminal filum (13).  
Consequently, a standardized algorithm for 
surgical intervention methods in ACM I remains 
elusive.  Despite the proposal of over 20 surgical 
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approaches, a consensus is lacking regarding 
the optimal timing, sequencing, and evaluation 
criteria for multistage interventions (14).

This paper aims to identify and establish 
the most effective set of criteria for choosing 
appropriate diagnostic and treatment methods.  
The primary objectives of this study revolve 
around overcoming key challenges to achieve 
its overarching purpose.  These objectives 
encompass the comprehensive collection and 
analysis of patient data, both in isolated cases 
of ACM I and when coexisting with other 
anomalies.  Additionally, the study assessed 
patients’ conditions before surgical interventions, 
monitor their statuses following these procedures, 
and meaningfully interpret the outcomes.

MATERIALS AND METHODS

The results of the complex examination 
and surgical treatment of 201 patients with 
symptomatic ACM I treated at the Neurosurgery 
Department No. 1 of the National Hospital of 
the Ministry of Health of the Kyrgyz Republic 
(Bishkek, Kyrgyzstan) from 2008 to 2020, aged 
16-74 years were analysed (Figure 1).

All patients had magnetic resonance (MR) 
imaging of the brain and CVJ, sometimes to the 
lumbosacral region, to eliminate syringomyelia 
and tethering syndrome associated with ACM 
I.  The degree of cerebellar ectopia into the 
subarachnoid space of the spinal cord was 

Figure 1.  Distribution by gender and age of patients with symptomatic ACM I.

determined by the Chamberlain line (the line 
connecting the edge of the hard palate and 
opisthion) and the eligibility criteria for patients 
was a descent of more than 5 mm.  In the last 3 
years, phase-contrast cardiac synchronized MR 
trials to study CSF circulation (studied in 20 
patients) and MR angiography were performed.  
To clarify bone changes, the patients underwent 
computed tomography with topometry.  

All patients in this group took the examination 
algorithm (Figure 2).

Upon completion of the algorithm for 
examination of patients with ACM I, a detailed 
diagnosis of ACM I was made, which determined 
the tactics of surgical treatment of the patient.  
Excel spreadsheets were used to process the data.  
The work was performed in compliance with all 
ethical standards and under conditions of non-
disclosure.  Before the start, the patients were 
informed about the goals of the work, its plan, and 
the manipulations foreseen for the performance.  
All methods have not been introduced for the first 
time but were used earlier in other institutions.
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RESULTS

During the objective examination, in more than 
half of the patients – 113 (56 %), different signs 
of dysraphic status were found: kyphoscoliosis, 
gothic palate, different position of auricles and 
shoulder blades, short neck, keeled and funnel 
chest, flatfoot, facial asymmetry.  Comorbid bone 
structure anomalies of the craniovertebral area 
were found in this group of patients (Table 1).

Status dysraphicus and common comorbid 
bone anomaly in the craniovertebral region are 

Figure 2.  Algorithm of complex examination of a patient with ACM type I
Note: HC – hydrocephalus, S – syringomyelia).  ACM I – Arnold-Chiari I type, S – syringomyelia, HC – hydrocephalus, 
CVJ – Cranio-vertebral junction.

Table 1

The incidence of associated ACM I craniovertebral 
junction anomalies

Bone anomaly of the cranio-vertebral region
Anomaly	 Quantity	 %

Platybasia (flattening of the skull base)	 18	 8.9
Basilar impression	 3	 1.5
Elevation of the odontoid process	 1	 0.5
Kimmerly anomaly	 8	 4
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quite common in the ACM I group.  No correlation 
was found between the cerebellar tonsil ectopia 
below the Chamberlain line on brain sagittal MR 
imaging and the above-mentioned changes.  In 
almost all patients, the disease manifested with 
pain in the cervico-occipital region, intensifying 
with coughing, with progression, accompanied by 
nausea and vomiting.  Then vestibulo-attachment 
disorders with obnubilations associated with 

congestive changes on the ocular fundus joined.  
As the disease progressed, bulbar disorders 
with dysarthria, dysphagia, and dysphonia were 
defined.  Extreme manifestations of motor 
disorders were di-tetraparesis with sensory 
impairment, more often dissociated.  The highly 
variable clinical symptoms in the patients were 
summarized in Table 2.

The dependence of ACM I clinical 
manifestations on cerebellar tonsil ectopia 

through the great occipital foramen is shown in 
Figure 3.

Figure 3.  ACM I clinical manifestations depend on the degree of cerebellar amygdala prolapse below the level of the great 
occipital foramen.

Syndromes

Hypertension syndrome – 193 (96%)

Vestibulo-ataxic (cerebellar) – 169 (84%)

Focal syndromes:
1) Movement abnormalities – 48 (24%)

2) Sensory abnormalities – 32 (16%)

3) Pelvic abnormalities – 12 (6%)

4) Bulbar abnormalities – 16 (8%)

Manifestations

Pain in the cervico-occipital region, intensifying with coughing, diffuse bursting 
headaches, nausea, vomiting; photo and noise phobia at the headache maximum

Dizziness, shaky walk

Paresis, changes in reflexes.

Impaired sensibility.

Disorder of diuresis and defecation,

Dysarthria, dysphagia, dysphonia.

Table 2

ACM I clinical manifestations in a group of patients. Distinguished syndromically by symptoms
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All surgeries were performed in the Concorde-
type supine position, with conservative 
resection of the posterior margin of the greater 
occipital foramen (3×3 cm) and laminectomy 
of the C1 vertebra, or otherwise craniocervical 
decompression (CCD) without duroplasty.  
The scope of surgical intervention in the clinic 
has undergone a certain development with 
experience.  Initial CCD without duroplasty 
is performed extremely rarely, the area of 
decompression of the occipital bone is markedly 

reduced.  The optimal size is considered to be 3×3 
cm, to prevent prolapse of the cerebellar tissue 
into the CVJ area and prevent craniocervical 
instability.  It should be noted that isolated 
CCD without duroplasty often leads to dynamic 
changes directly in the subarachnoid space up to 
the elimination of the cerebellar tonsils’ ectopy 
with their spontaneous “return” to the vacated 
cisterna cerebellomodularis.  However, the 
above-described scope of surgical intervention 
was often insufficient (Figure 4).

Figure 4.  The main stages of surgery.
Note: A – Bone decompression with conservative resection of the occipital bone and C1 vertebral arch.  B – Revision of the 
posterior cranial fossa with the main anatomical structures’ visualization, adhesiolysis, and repair of CSF flow; C – Dura 
mater plastic repair by autograft from the fasciae latae.

After the duramater incision, the arachnoid 
membrane was examined.  In the absence of 
visible changes in the arachnoid membrane 
and visualization of the structures involved, the 
surgery was completed by dura mater plasty, in 70 
cases (35 %).  Thus, the further scope of surgical 
intervention changes accordingly.  In the case of 
severe adhesions, the arachnoid meninges were 
dissected and meningoradiculomyelolysis was 
performed throughout with the repair of CSF flow.  
Magendie’s foramen was inspected for patency 
in 109 cases (54 %).  If there was a strangulation 
sulcus on the descended cerebellar tonsils below 
the C1 vertebral arch, their subpial resection 
with enlargement of Magendie’s foramen was 
performed.  Then the surgery was also completed 
with dura mater plasty of the fasciae latae.  The 
edges of the dissected arachnoid meninges were 
sutured to the dura mater to prevent scarring 
and adhesion.  Most often, the duramater was 
sutured after plasty to tighten it to the surrounding 
bone structures to prevent adhesions and early 
formation of the cisterna cerebellomodularis.  

No stents in Magendie’s foramen or artificial 
sheaths were used.  Relatively small accesses, up 
to 6-7 cm in length, and careful layer-by-layer 
suturing of muscles and subcutaneous fat made it 
possible to achieve adequate sealing and prevent 
liquorrhea.  On the day following the intervention, 
a lumbar puncture was performed to sanitize the 
cerebrospinal fluid (CSF).

Afterward, the patients had control MRI 
examinations in 3-6 months.  In the presence 
of superior cervical syringomyelia with severe 
neurological symptoms, the above surgery was 
supplemented with syringostomy at one time.  
Follow-up studies were conducted from 6 months 
to 12 years.  According to the obtained data, 
complete regression of preoperative clinical 
symptomatology was detected in 117 cases 
(58 %), significant reduction of hypertension and 
vestibulo-ataxic disturbances in 76 cases (38 %), 
stabilization of the process with preservation of 
focal disturbances in 8 cases (4 %).  There was 
no postoperative mortality (Figure 5).
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When ACM I was combined with spinal cord 
syringomyelia, 80 cases (40 %), assumed to be 
the first stage of CVJ surgery, it resulted in a 

spontaneous reduction of syringomyelia severity, 
and the second stage of surgery, syringostomy 
obviated in 9 (4.5 %) patients (Figure 6).

Figure 5.  Brain MRI (T1-2 mode in the sagittal and frontal planes) of a patient with isolated Arnold-Chiari malformation 
type I before and after CCD with revision of the posterior cranial fossa and duroplasty.
Note: А – The descent of the cerebellar tonsils below the level of the foramen magnum by 11 mm; B – Formation of the 
occipital cistern, liquor flow restored.

Figure 6.  Brain and cervical spine MRI, T2 mode.
Note: A – Expansion of the central canal of the spinal cord and descent of the tonsils of the cerebellum by 8 mm before 
surgery: B – the result of syringomyelitic cyst regression after craniocervical decompression, the result after 6 months; 
С – Total expansion of the ventricles of the brain due to a block at the level of the foramen of Mogendie before surgery; 
D – positive dynamics in the form of syringomyelitic cyst reduction after ventriculo-peritoneal shunting with concomitant 
hydrocephalus, the result after 3 months.
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A total of 59 (29.4 %) patients had reduced 
syringomyelia in ACM I+S.  In 10 cases (5 %), 
progression of syringomyelia with increasing 
motor, sensory, and pelvic disorders was noted 
in the control MRI study from 1 to 3 months, 
for which syringo-subarachnoid shunting was 
performed as the second stage, provided there 
was no block at the Majandi level (based on the 
phase-contrast MRI study).  In these patients, 
regression of syringomyelitic cysts with the 
repair of neurological functions was noted in all 
of them at 3 months of follow-up.

The next associated ACM I pathology 
was hydrocephalus in 10 cases (5 %), which 
spontaneously regressed in half of the patients.  
Five patients underwent VP shunting (Figure 
6), and all patients achieved hydrocephalus 
regression.  In the presence of a tight filum 
terminale syndrome detected in 4 patients (2 %), 
the first step was excision of the filum terminale 
followed by regression of clinical manifestations.  
A number of patients had complications such as 
lycvoria in 3 cases (1.5 %), and in 2 patients (1 %) 
secondary bacterial meningitis developed in the 
early postoperative period.  These complications 
were eliminated during an inpatient period.

Overall, the impact of comorbidities such 
as hypertension, diabetes mellitus, and other 
chronic diseases on the course of Arnold-Chiari 
malformation type 1 (ACM I) and treatment 
outcomes represents a significant area of 
research.  Chronic conditions like hypertension 
and diabetes can impact overall health and 
potentially complicate treatment and recovery 
processes.  Hypertension, for instance, may 
exacerbate symptoms related to cerebrovascular 
function and increase the risk of complications 
during surgery.  Diabetes can affect wound 
healing, immune responses, and overall recovery 
after surgical interventions.  Moreover, these 
comorbidities might influence the response 
to surgical treatments, as well as the overall 
effectiveness of decompression and symptom 
alleviation.

Also, it is important to note that thorough 
rehabilitation after surgical interventions for 
Arnold-Chiari malformation type I (ACM I) is 
essential to enhance the effectiveness of long-term 
treatment results.  Postoperative recovery entails 
physical therapy to improve mobility, muscle 
strength, and posture, addressing discomfort 

and muscle atrophy.  Neurological rehabilitation 
targets deficits in coordination, sensation, and 
muscle function, aiding neuromuscular re-
education and functional independence.  Pain 
management techniques alleviate immediate 
discomfort while contributing to long-term pain 
reduction.  Addressing potential cerebrospinal 
fluid-related complications and hydrocephalus 
management through education and close 
monitoring is integral.  Additionally, psychological 
support and coping strategies enhance patients’ 
psychosocial well-being, collectively ensuring 
that rehabilitation plays a pivotal role in 
minimizing complications, promoting recovery, 
and elevating the overall quality of life for ACM 
I patients.

DISCUSSION

Despite a better understanding of the 
pathogenetic mechanisms, significant impro-
vement in diagnostic methods, a large number 
of clinical studies performed, and accumulated 
experience, the management of patients with 
Chiari malformation type I remains unresolved.  
The main works carried out in different countries 
recognize the inexpediency of surgical treatment 
in asymptomatic ACM I (15).  Patients with 
brainstem and cranial nerve dysfunction, as 
well as hydro syringomyelia associated with 
ACM I, require surgical treatment (16).  The 
wide range of surgical interventions in ACM I 
demonstrates the versatility of morphological 
changes accompanying this pathology.  The 
previously prevailing CCD with duroplasty still 
is the basic surgical approach, which is applicable 
in most patients with ACM I and is performed 
by most neurosurgeons (17,18).  The findings of 
these papers agree with the findings of this article 
regarding the importance of surgical intervention 
in specific cases of CM1.  However, the author’s 
study focuses on comorbid craniovertebral 
anomalies and details postoperative outcomes, 
while the second study recognizes the global 
consensus on surgical strategies and the popularity 
of MCC.

Preoperative detailing of morphological 
changes in ACM I determines the basic strategy 
in planning surgery and the tactics of intervention 
are determined directly during surgery (19).  The 
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changes detected during surgery in the subdural 
and subarachnoid spaces of the CVJ determine its 
final volume.  Many authors suggest not to dissect 
the arachnoid membrane if there are no obstacles 
at the level of Magendie’s foramen, being sure 
of good CSF permeability for the prevention of 
subsequent postoperative adhesions (20).  Most 
authors recommend duroplasty to form a cisterna 
cerebellomedullaris with artificial sheaths, which, 
in their opinion, simplifies the surgery and is a 
reliable way to prevent scarring and adhesions.  
For this purpose, duroplasty with autotissue from 
the fasciae latae was applied, fixing its dome 
to the periosteum of the occipital bone (21).  
Previous studies and the current study agree 
on the symptoms of Chiari malformation type 
1, such as hypertension, movement disorders, 
and cranial nerve damage, with the severity of 
symptoms correlating with cerebellar amygdala 
prolapse.  However, the papers differ in the 
description of postoperative outcomes, treatment 
of complications, and surgical techniques.

The latter measure with a proper microsurgical 
technique without bleeding allows satisfactory 
clinical results.  In addition, the use of autologous 
tissue reduces the risk of liquorrhea due to better 
edge sealing during suturing and early healing.  
The use of a proper microsurgical technique 
indicates that the surgery is being performed 
with high magnification and precision using 
specialized instruments.  Microsurgery allows 
the surgeon to work on delicate structures with 
minimal tissue damage, reducing the risk of 
bleeding.  This is crucial in surgeries involving 
sensitive areas like the brain or spinal cord.  The 
choice of this technique is also justified by the 
fact that it leads to satisfactory clinical outcomes.  
This means that the technique has proven to be 
effective in achieving the desired results for 
patients.

The connection between ACM I and 
syringomyelia is well-known.  However, the 
treatment strategy for syringomyelia in these 
patients also remains controversial (22).  Many 
neurosurgeons prefer a pathogenetic approach, 
suggesting that the repair of CSF flow eliminates 
CSF dynamic abnormalities in the CVJ and leads 
to syringomyelia regression.  This principle causes 
the disappearance or reduction of syringomyelia 
up to 90 % (23).  In the absence of results from 

the first stage of intervention and the rapid 
progression of syringomyelia, many authors 
recommend syringo-subarachnoid shunting.  The 
results obtained in the present study confirm the 
feasibility of this algorithm (24).  However, there 
is also the opposite tactic of patient management, 
when syringostomy and even syringo-peritoneal 
shunting is the first-line therapy in the case of 
extensive and large syringomyelic cavities.  This 
may be considered a less rational strategy, and 
it could be used only in exceptional cases of the 
“avalanche” phenomenon of spinal and bulbar 
disorders (25).  All the sources, including the 
author’s work, underline the complex challenges 
in managing ACM I patients and highlight 
ongoing debates within the medical community 
regarding optimal treatment pathways.

The work of Liang et al., also proved the 
effectiveness of surgical correction with the 
inclusion of duroplasty in the case of Arnold-
Chiari type I malformation (26).  During surgery, 
compression of the tonsils, cerebellar hemisphere, 
and bone tissue was detected in most patients.  
Decompression of the large occipital foramen 
and craniocervical department was performed 
in parallel with the removal of the atlanto-
occipital membrane.  At the same time, patients 
underwent a resection of the arachnoid membrane 
of the cerebellar-medullary fissure.  Afterward, 
an artificial dura mater implant was installed.  
The last two manipulations were introduced 
to expand the posterior fossa without resection 
of the cerebellar tonsils and shunting.  The 
operation was performed for 21 patients with 
subsequent monitoring of their condition for 
6-36 months after the intervention.  In 15 cases, 
syringomyelia was recorded, but in all these cases 
there was a significant relief of the symptom.  
Among the complications, osteocompression 
of the cerebellar hemisphere was observed in 
12 patients; in 18 cases – the appearance of a 
thickened tissue ring, which was fixed between 
the cerebellar hemisphere and the arachnoid 
membrane.  No fatalities have been recorded.  
Thus, artificial duroplasty in this case became 
an alternative to shunting.  Comparatively, both 
studies underscore the complexity of ACM I 
and the diverse symptomatology associated with 
the condition.  They highlight the importance of 
tailored surgical approaches to address various 
manifestations.
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Marković et al. described a case of atypical 
Arnold-Chiari type I malformation without 
syringomyelia (27).  The patient suffered from 
movement coordination disorder for 6 years.  
During the last 7 months, the fettle has worsened 
and mild quadriaparesis has been added to the 
symptomatology with a dominant mobility 
disorder of the lower limbs.  The damage to the 
cranial nerves has been diagnosed immediately 
before the operation.  During the surgical 
intervention, resection of the posterior arch of 
the first cervical vertebra and C2 laminectomy, 
microsurgical displacement of the tonsils, and 
an artificial dura mater implant were performed.  
The result of the intervention was a significant 
improvement in the patient’s condition.  In 
children, only 15 % of Arnold-Chiari type I 
malformation manifests itself as symptoms.  In 
such cases, surgical intervention is recommended 
for dysfunction of cranial nerves and nerves of 
the brain stem, loss of sensitivity, syringomyelia, 
and occipital pain, provided with radiological 
detection of malformation.  Targeted surgical 
intervention, as in the case of adult patients, 
also includes decompression by removing the 
occipital bone, the posterior margin of the foramen 
magnum, and a part of the posterior arch of C1.  
In specific cases, it is possible to remove part 
of the cervical vertebrae, and cerebellar tonsils, 
and use Dural plastic surgery.  Usually, the 
operation is completed within 2-3 hours.  The rare 
complications after surgery are represented by 
spasms of the neck muscles, which are eliminated 
by muscle relaxants; development of infection, 
and liquorrhea (28-30).  Although these studies 
focus on ACM I and surgical interventions, 
they differ in patient populations, symptom 
correlations, outcomes, and focus.  Together, 
these studies make valuable contributions to 
understanding the complexities and nuances of 
treating ACM I given the different patient profiles 
and manifestations.

While surgical resection remains the primary 
treatment for solid tumor malignancies, it is 
well established that surgery alone is often 
inadequate for achieving long-term cures.  
In cancers such as breast, colon, and lung, 
relapse rates remain high even after apparently 
complete surgical removal of the primary 
tumor (31,32).  The high risk of recurrence is 
attributable to micrometastases and residual 

localized disease not eliminated by surgery.  
Therefore, careful post-surgical monitoring and 
consideration of adjuvant therapies are critical 
for preventing progression.  Administration 
of systemic chemotherapy or radiation as 
adjuvant therapy plays a key role in eradicating 
microscopic residual disease and improving 
outcomes.  Additionally, there is increasing 
recognition that lifestyle factors including diet, 
physical activity, smoking cessation, and stress 
reduction can favorably impact cancer recurrence 
risks (33-35).  Such lifestyle changes may act by 
inhibiting microscopic tumor growth, reducing 
inflammation, and improving overall health.

Detecting relapse at the earliest possible 
point is also crucial, as a disease that is caught 
early is more likely to be responsive to salvage 
therapy.  Intensive radiographic and clinical 
follow-up in the post-surgical setting allows 
prompt identification of progression while 
therapeutic options are still viable.  Though 
surveillance protocols vary by cancer type, 
regular cross-sectional imaging and biomarker 
testing generally facilitate the earliest possible 
diagnosis of recurrent disease.  Management of 
surgically-treated malignancies does not end 
with the operation itself.  Only through diligent 
long-term monitoring, selective administration of 
adjuvant therapy, promotion of lifestyle changes, 
and a multidisciplinary commitment can the risk 
of relapse be minimized.

Surgical intervention in ACM is associated 
with a wide range of intraoperative and 
postoperative complications.  Adherence to 
anatomical access with cutting along the white 
line of the muscular complex of the cervico-
occipital area, delicate periosteal dissection of 
the CVJ bone structures with careful haemostasis, 
and the same delicate suturing thereafter allow for 
avoiding traditional postoperative complications 
(36,37).  A microsurgical technique with subdural 
and subarachnoid “dry” space is a condition for 
the prevention of vascular and neural damage.  
Postoperative development of liquorrhea is the 
most common complication in these patients, 
often associated with inadequate sealing of the 
dura mater (38).  Careful closure of the dura mater 
is important to prevent postoperative liquorrhea.

The research gap addressed by this study 
involves a comprehensive understanding of the 
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diagnostic and treatment processes for patients 
with Arnold-Chiari malformation type 1 (ACM 
I) and associated conditions.  While previous 
studies have examined symptoms and surgical 
outcomes, this study contributes by highlighting 
the prevalence of comorbid abnormalities in 
craniovertebral bone morphology, particularly 
platybasia, which was common among patients.

CONCLUSIONS

In the diagnostic process, patients with Chiari 
malformation type 1 were found to have comorbid 
abnormalities in the morphology of the bones 
of the craniovertebral region, among which 
platybasia was the most common, but they were 
not associated with the degree of ectopy of the 
cerebellar tonsils.  The hypertensive syndrome 
was found in 96 % of patients, motility disorders 
in 48 %, and cranial nerve damage in 8 %.  These 
symptoms were closely correlated with the degree 
of ectopy and were most clearly expressed in 
patients with prolapse of more than 5 mm.  201 
patients underwent surgery.  If syringomyelia 
was detected, the operation was supplemented 
with syringostomy, which made it possible to 
eliminate the symptom of syringomyelia in 
5 % of patients, however, in 29 % of cases after 
I+S, relapse was observed.  As a result of the 
operation, preoperative symptoms completely 
disappeared in 58 % of patients; in 38 % there was 
an alleviation of vestibulo-atactic abnormalities 
and hypertension syndrome; stabilization of the 
process with preservation of focal damages was 
noted in 4 % of cases.  Patients with progressive 
postoperative syringomyelia and hydrocephalus 
(5 %) underwent shunting, as a result of which 
the symptoms subsided after 3 months.  In 2 % 
of cases after surgeon treatment, a tight filum 
terminale syndrome has been developed, which 
was eliminated by excision of the filum terminale.

Enhancing care for Arnold-Chiari malformation 
type 1 involves leveraging high-resolution MRI 
and computational modelling for accurate 
diagnosis, alongside tailored surgical strategies 
based on herniation severity and associated 
conditions.  Intraoperative tools like ultrasound 
and neurological monitoring aid precise 
decompression.  Optimization of surgical 
techniques such as suboccipital craniectomy and 

duraplasty, and exploration of adjuvant therapies 
like CSF shunting, contribute to improved 
outcomes.  Standardized metrics, follow-up 
procedures, and data analysis through patient 
registries further refine treatment approaches.

The significance of this study lies in its 
potential to revolutionize the approach to 
diagnosing and treating patients with ACM I, 
ultimately improving their quality of life and 
healthcare outcomes.  The key limitations of this 
study on surgical treatment for Arnold-Chiari 
malformation type 1 include the retrospective 
observational design without a control group, 
modest sample size from a single center, lack of 
long-term postoperative follow-up, incomplete 
evaluation of factors underlying clinical 
outcomes, limited use of advanced imaging 
modalities for surgical planning, no assessment 
of adjuvant therapies or quality of life impact, and 
no analysis of costs versus benefits.  The main 
future research priorities for improving surgical 
management of Arnold-Chiari malformation 
should focus on prospective multicenter 
randomized controlled trials incorporating long-
term follow-up, advanced diagnostic imaging, 
analysis of prognostic factors, cost-effectiveness, 
quality of life impacts, adjuvant therapies, and 
basic science models to better define optimal 
treatment protocols for restoration of normal 
anatomy and physiology.
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