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OBJECTIVE — to determine the factors affecting the dynamics of the neurological status in the postoperative
period in patients with intramedullary spinal cord astrocytomas (SCA) in order to improve the results of their
surgical treatment.

MATERIALS AND METHODS. Between 2010 and 2019, we conducted a retrospective study on the surgical treat-
ment outcomes of 39 SCA patients operated on at the SI “Romodanov Neurosurgery Institute of the National
Academy of Medical Sciences of Ukraine”. The age of the patients ranged from 19 to 67 years, with an average
age of 41.4 years. Out of the total, 25 patients (64 %) were men and 14 patients (36 %) were women. We observed
cervical localization in 11 (28 %) clinical cases, thoracic localization in 25 (64 %), and conus medullaris in 3 (8 %).
All patients underwent a comprehensive clinical and instrumental examination using magnetic resonance imag-
ing with intravenous enhancement, computed tomography, and spondylography. The dynamics of neurological
symptoms were evaluated using the modified McCormick before surgery, at the time of the patient’s hospital
discharge, and during follow-up examinations.

Resurts. Total removal of SCA was performed in 7 (18 %) patients, subtotal in 25 (64 %), and partial in 7 (18 %).
Pilocytic astrocytoma (PA) (World Health Organisation (WHO) grade I) was detected in 19 (49 %) patients, dif-
fuse astrocytoma (DA) (WHO grade II) in 17 (43 %), and anaplastic astrocytoma (AA) (WHO grade IIT) in 3 (7 %).
Partial regression of neurological symptoms was noted in 29 (74 %) patients, the neurological status remained at
the preoperative level in 6 (15 %) patients, and a slight increase in the neurological deficit was noted in 4 (10 %)
patients. Age <60 years is significantly more frequently associated with the growth of PA, while age > 60 years
is significantly more frequently associated with the growth of AA. The duration of anamnesis (< 1 year and > 1
year) and the degree of radicality of the operation were identified as significant factors that can influence the
neurological status in the late postoperative period, mainly in patients with PA and DA. However, such factors as
tumour location and the degree of infiltration of nearby structures are not statistically significant. AA is associated
with an unfavourable prognosis across all important criteria.

Concrusions. The most important determinants of SCA prognosis are preoperative and postoperative neuro-
logical condition, resection extent, and histological grade. Patients with minor neurological damage at the time
of surgery, those under the age of 60, and those with highly differentiated SCA had the greatest surgical treatment
outcomes. Assessment of the preoperative neurological status and determination of the histological type of the
tumour are important factors in choosing the optimal surgical tactics, which can improve treatment outcomes
and the quality of life in SCA patients.
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Primary spinal cord tumours overage about 4—8 %
of all central nervous system tumours [1, 2, 5, 29].
Depending on the location, they are divided into
extradural, intradural extramedullary, and intra-
medullary [2, 7, 8]. The share of intramedullary spi-
nal cord tumours (IMSCT) does not exceed 20 %
among all primary spinal cord tumours, while in
children, IMSCT occurs two times more commonly
than in adults. Spinal cord gliomas in adults account
for 90 % of all IMSCT, and their histology is mainly
represented in 60 % of cases by ependymomas and
in 30 % of cases by astrocytomas [2, 5, 7, 8, 13]. Less
common types of IMSCT are hemangioblastomas
(3—8 %), primary lymphomas of the Central Ner-
vous System (CNS) (0.5—2.0 %) etc. [5, 7—10].

Intramedullary spinal cord astrocytomas (SCA)
account for approximately 30 % of all primary IM-
SCT in adults, and up to 60 % of all IMSCT in chil-
dren [1, 8]. The prevalence of SCA in the popula-
tion is about 0.045—0.22 per 100,000. For example,
in the USA, approximately 136 SCAs are diagnosed
annually [3, 8, 10, 11, 28]. A predominant localiza-
tion of SCA is in the cervical and thoracic parts of
the spinal cord. Unlike brain astrocytomas, most in-
tramedullary SCAs are highly differentiated histo-
logical variant pilocytic astrocytomas (PA) (World
Health Organisation (WHO) grade I) and fibrillary
diffuse astrocytomas (DA) (WHO grade II) [16].
PA has a prevalence in all age groups but is signifi-
cantly more commonly diagnosed in children and
somewhat more often in young and middle-aged
adults, while DA is most commonly found in adults
(5). In elderly and senile patients >65 years, ana-
plastic astrocytomas (AA) (WHO grade IIT) and
not otherwise specified (NOS) astrocytoma have
significantly higher levels than in more younger
groups (5) [1, 5, 9].

The past decades have seen an increasing inter-
est in identifying the genomic profile of SCA [12,
13, 28]. Detection of target genes or biomarkers can
improve the prognosis of the disease and treatment
strategies and may represent novel targets for indi-
vidual or genetic therapy. The WHO classification
of CNS (2016, 2021) included molecular markers
and defined new subtypes of IMSCT based on ge-
netics [16, 17, 28, 35].

The choice of optimal tactics for surgical treat-
ment of intramedullary SCA is an urgent problem
in modern neurosurgery, given the small prevalence
of this pathology and its unsatisfactory functional
consequences in the postoperative period [1, 2, 13,
23, 24, 26]. The effectiveness of radio- and chemo-
therapy for the treatment of SCA is limited [1, 4,
14]. But new investigations in the sphere of gene
mutations in IMSCT can open new opportunities in
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targeted therapy. The diagnosis of IMSCT, mainly
SCA, includes a detailed clinical and neurological
examination, magnetic resonance imaging of the
spine and spinal cord (MRI) with intravenous en-
hancement, computed tomography (CT), less often
spondylography, and neurophysiological examina-
tion [4, 14, 20]. The further choice of treatment
tactics depends on several factors: clinical picture,
histogenesis of the tumour, anatomical localization,
etc. Surgical removal is the primary method of SCA
treatment, primarily for treating grade I—1I1 astro-
cytomas [1, 9, 10, 23, 24, 26]. Adjuvant therapy in
the postoperative period can improve the results of
SCA treatment after partial removal of the tumour
and in the case of recurrences and multifocal lesions,
but its effectiveness needs clarification [12, 28].

Surgical tactics must be optimised, as the lack of
generally accepted recommendations for the manage-
ment of SCA patients, despite their low prevalence,
leads to mostly unsatisfactory treatment outcomes.

OBJECTIVE — to determine the factors affecting
the dynamics of the neurological status in the post-
operative period in patients with intramedullary
spinal cord astrocytomas in order to improve the
results of their surgical treatment.

Materials and methods

Between 2010 and 2019, we conducted a retrospec-
tive study on the surgical treatment outcomes of 39
SCA patients operated on at the SI «Romodanov
Neurosurgery Institute of the National Academy
of Medical Sciences of Ukraine». The age of the
patients ranged from 19 to 67 years, with an aver-
age age of 41.4 years. Out of the total, 25 patients
(64 %) were men and 14 patients (36 %) were wom-
en. Anamnesis ranged from 2 months to 3.3 years
(average term — 18 months). We observed cervical
localization in 11 (28 %) clinical cases, thoracic in
25 (64 %), and conus medullaris in 3 (8 %).

The dynamics of neurological symptoms were
evaluated using the modified McCormick Scale
(MMS) before surgery, at the time of the patient’s
hospital discharge, and during follow-up examina-
tions (Table 1) [5].

Neurovisualization included MRI with intra-
venous enhancement (in all observations), CT in
7 (18 %) patients and spondylography in 7 (18 %)
patients. Contrast was used in order to differentiate
SCA from other types of ITSC and demyelinating
diseases. The level of tumour extension was clas-
sified into less than three involved segments and
three or more segments.

Grosstotal removal (GTR) of SCA was performed
in 7 (18 %) patients, subtotal (SR) in 25 (64 %),
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Table 1. Modified McCormick scale for evaluation
of neurological functions in spinal cord diseases

Grade Neurological status

I Intact neurologically, normal ambulation,
minimal dyesthesia

I Mild motor or sensory deficit, functional
independence

i Moderate deficit, limitation of function,
independent with external aid
Severe motor or sensory deficit, limited

1A/ .
function, dependent

v Paraplegia or quadriplegia, even with

flickering movement

and partial removal /biopsy (PR) in 7 (18%). To
prevent the damage to functionally important areas
of the spinal cord, electrophysiological monitoring
was performed — the recording of somatosensory
evoked potentials (SEPs) and, in some cases, motor
evoked potentials. Intraoperative ultrasonography
was performed to clarify the boundaries and local-
ization of SCA.

According to the WHO Classification (2016)
[16] PA (WHO grade T) was detected in 19 (49 %)
patients, fibrillary DA (WHO grade IT) in 17 (43 %),
and AA (WHO grade III) in 3 (8 %). According to
the International Classification of Diseases for On-
cology, 3rd edition (ICD-0-3), the following histo-
logical codes were detected: 9421/1 (pilocytic as-
trocytoma), 9420/3 (fibrillary diffuse asctocytoma),
and 9401 /3 (anaplastic astrocytoma). 18 (46 %) pa-
tients received adjuvant therapy (radiation and che-
motherapy) according to the established protocols
[28]. In all patients, catamnesis was present from 2
months to 2 years (M £ 9 months).

The exclusion criteria were defined as the age of
patients < 18 years, non-intradural intramedullary
astrocytomas, unknown clinical status before and
after surgery, non-surgical treatment, unknown
WHO grade, not a primary tumour, and no active
follow-up.

Statistical analysis

Statistical analysis was carried out using the Fisher
extract test to compare the factors of age, duration
of anamnesis, location of the tumour, histology, ex-
tent of resection, MMS grades in pre- and postop-
erative periods and during late follow-up etc. We
didn’t analyse survival rates due to the small num-
ber of cases. Statistical analysis was performed us-
ing IBM SPSS Statistics 22 for Windows 10. Statis-
tical significance was defined as p <0.05.
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Results

Neurological outcomes

The mean duration of symptoms was 18 months,
with a range from 2 months to 3.5 years. 20 (51 %)
patients were operated on during the first year from
the appearance of the first symptoms of the disease;
within 1 to 2 years, 13 (33 %) patients; within 2 to 3
years, 3 (8 %) patients, and with a disease history of
more than three years, 3 (8 %) patients.

During the preoperative assessment of patients’
neurological status using the MMS, it was estab-
lished that 1 (2 %) patient could be assigned to the
I grade of neurological status, 25 (64 %) to the II
grade, 9 (24 %) to the III grade, 3 (8 %) to the IV
grade, and 1 (2 %) to the V grade. During the preop-
erative examination, the median MMS score was 2.4.
Patients with IV and V grades were > 60 years old.

A complex neurological examination of SCA pa-
tients revealed that local pain was the most com-
mon symptom in 34 (87 %) patients of different
age groups. Sensory disorders were observed in
30 (77 %) patients and were manifested mainly by
paresthesias, hypoesthesias, and dysesthesias of the
conductive and segmental types in the early stages
of the disease. Movement disorders in the form of
limb paresis of varying severity were diagnosed in
35 (87 %) patients. Functional disorders of the pel-
vic organs in combination with urinary frequency
or incontinence were detected in 26 (67 %) patients
and observed, mainly in the late stages of the dis-
ease, except for tumours of conus medullaris.

Postoperatively, we classified neurological out-
comes as good in patients with grades I—IIT and poor
in patients with grades IV and V. A 1—2 point regres-
sion of neurological symptoms was considered an im-
provement, and changes of more than 2 points com-
pared to the initial status were considered statisti-
cally significant. The more objective dynamics of neu-
rological symptoms were observed at the time of dis-
charge from the hospital. 29 (74 %) patients showed
partial regression of neurological symptoms, with
grade I'in 2 (5 %) and grade I1in 27 (69 %). 6 (15 %)
patients maintained their neurological status at the
preoperative level (grade I1T), while 4 (10 %) patients
experienced a slight worsening of their neurologi-
cal deficit (grade I1I in 2 and grade IV in 2). There
were no fatal cases. The median MMS postoperative
period was 2.3. At the late follow-up, 33 (87 %) pa-
tients improved their neurological status: up to grade
I — 6 (15%), up to grade II — 24 (62 %), and up to
grade IIT — 3 (8%). 6 (15%) patients showed no
changes (4 patients — grade I11, and 2 patients- grade
IV). Persistent motor and sensory disturbances, par-
ticularly pelvic organ dysfunction, are unfavourable
prognostic factors for functional recovery even with
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Figure 1. The dynamics of the neurological status of
SCA patients in pre- and postoperative periods
according to the MMS

successful SCA removal. The median MMS at the
late follow-up was 2.1 (Fig. 1).

Minimal changes in the median MMS grades of
the neurological status in the pre-postoperative pe-
riods and during late follow-up (2.4; 2.3; 2.1 respec-
tively) are due to the severity of the pathology and
changes within the groups, for example, an increase
in the number of patients who can be attributed to
grade I according to MMC in the late follow-up.

An interesting trend emerged during the evalu-
ation of the dynamics of neurological symptoms
according to the MMS scale in patients with SCA
of different histological types in the pre- and post-
operative periods. Thus, statistically significant im-
provement of the neurological status was detected
in patients with PA in the late follow-up period in
comparison with the preoperative period: increas-
ing the number of patients with grade T according
to MMS and decreasing the number of patients
with grade I MMS (from 5 % to 25 % vs. from 90 %
to 70 %; Fisher test: p=0.00009). And statistically
significant improvement of the neurological status
was detected in patients with DA in the late follow-
up period in comparison with the preoperative pe-
riod: increasing the number of patients with grade
IT according to MMS and decreasing the number
of patients with grade IIT MMS (from 47 % to
65 % vs. from 41 % to 29 %; Fisher test: p=0.0334)
(Table 2).

Radiological findings

Neurovisualization included: MRI with intrave-
nous enhancement (in all observations), CT in
7 (18 %) patients, and spondylography in 7 (18 %)
patients. Contrast was used in order to differenti-
ate SCA from other types of IMSCT and demyelin-
ating diseases. The level of tumour extension was

Table 2. Dynamics of the neurological status of patients with different histological types

of spinal cord astrocytomas

Period MMS Grade Fishetr’s exact
| || )| v v est

Pilocytis astrocytoma (Grade I; n=19)

Preoperative 1(5.3%)* 17 (89.4 %) 1(5.3%) 0 0

Postoperative 2 (10.5%) 17 (89.4 %) 0 0 0 p=0.00009

Late follow- up 5(26.3%) 13 (68.4 %) 1(5.3%) 0 0

Diffuse astrocytoma (n=17)

Preoperative 0 8 (47.1%) 7 (41.2%) 2 (11.8%) 0

Postoperative 0 10 (58.8 %) 7 (41.2%) 0 0 p=0.0334

Late follow- up 1(5.8%) 11(647%)  5(29.4%)** 0 0

Anaplastic astrocytoma (n=3) ***

Preoperative 0 0 1(33.3%) 1(33.3%) 1(33.3%)

Postoperative 0 0 1(33.3%) 2 (66.7 %) 0

Late follow- up 0 0 1(33.3%) 1(33.3%) 1(33.3%)

Note. * Comparing the cases with PA of MMS grade I and MMS grade II in preoperative and late follow-up periods.
“Comparing the cases with DA of MMS grade I and MMS grade III in preoperative and late follow-up periods.
“* Because of the small number of cases with anaplastic astrocytoma, they were excluded from the statistical analyses.
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classified into less than three involved segments
and three or more segments.

All patients underwent MRI pre- and post-opera-
tively. The MRI results revealed that all patients had
spinal cord expansion due to SCA. According to the
literature, astrocytoma and ependymoma are isoin-
tense or hypointense in T1 imaging and hyperintense
in T2 imaging [4, 5, 25]. These tumours are well visu-
alised after the introduction of a contrast agent, but
a more intense accumulation of contrast is observed
in astrocytoma. Unlike ependymoma, SCA is charac-
terised by indistinct edges of the neoplasm, less het-
erogeneity, and a tendency towards eccentric growth.

Anatomo-topographical and morphological
characteristics of SCA

Cervical localization was observed in 11 (28 %)
clinical cases, thoracic in 25 (64 %), and conus
medullaris in 3 (8 %). A poor preoperative MMS
score was detected in 2 (5 %) patients with tumours
at the cervical level, in 1 (2 %) patient with a tho-
racic tumour, and in 1 patient with a tumour in the
area of conus medullaris. Post-operatively, the score
was clinically but not statistically improved in 7
of all 11 cervical cases (64 %), 14 of all 25 thoracic
cases (64 %), and 1 case with a tumour of the conus
medullaris. The poor neurological status was in 1
patient with a tumour at the cervical level and 1 pa-
tient with a tumour in the area of conus medullaris.

In tumour extension, less than 3 segments were
involved in 28 (70 %) cases, and 3 or more segments
were involved in 11 (28 %) cases. Preoperatively,
25 (64 %) cases with less than 3 segments received
a good score, while 3 (8 %) cases with more than 3
segments received a good score. Postoperatively, all
28 (70 %) patients with less than 3 involved seg-
ments improved, while 3 (8 %) patients with 3 or
more involved segments received good scores.

Surgical outcomes
The goal of surgical treatment is the total, subto-
tal, or partial removal of intramedullary tumours,
achieving internal decompression of the spinal cord,
and creating favourable conditions for further radi-
ation treatment or chemotherapy [16]. The opera-
tion must be performed before severe, irreversible
symptoms of spinal cord damage have developed.
GTR was achieved in 7 (18%) cases, ST in
25 (64 %) cases, and PR in 7 (18 %) patients. Dur-
ing operations, we followed the next surgical tactics.
Peculiarities of surgical technique. Surgical
treatment of SCA aimed to remove the spinal cord
tumour, establish the histogenesis of the tumour,
and improve the neurological status of the pa-
tients. Electrophysiological monitoring was used
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to prevent damage to functionally essential areas of
the spinal cord — the registration of SEPs and, in
some cases, motor-evoked potentials. Intraopera-
tive ultrasonography ensured the identification of
neoplasm boundaries and their localization. All pa-
tients underwent the procedure in the prone posi-
tion under general anaesthesia. A microscope was
used to examine the tissue, and an ultrasonic aspira-
tor for maximally atraumatic tumour removal.

Before the operation, the limits of surgical ac-
cess were determined according to the preoperative
MRI data, taking into account the localization of
the solid part of the tumour, the area of spinal cord
edema, and cystic areas. Laminectomy was per-
formed in the projection of the solid component of
the neoplasm. The dura mater was dissected linear-
ly along the solid part of the tumour and separated
from the sides with sutures (Fig. 2A4). Taking into
account the displacement and rotation of the spinal
cord in the presence of SCA, the posterior median
sulcus was identified by determining the exit zones
of the right and left posterior roots. Large vessels in
the myelotomy projection were displaced laterally,
and small vessels were coagulated. After dissection
of the meninges, atraumatic 7/0 sutures were ap-
plied, and traction was performed using ligatures.
Using a microscope, a posterior median myeloto-
my was conducted in the projection of the tumour
(Fig. 2B). The length of the myelotomy was evalu-
ated segment by segment. In 25 observations, it cor-
responded to 3—4 segments, in 8 to 1—2 segments,
and in 6 to more than four spinal cord segments. In
the presence of cysts at the poles of the tumour, they
were drained, which subsequently greatly facilitat-
ed the removal of the solid part. At the same time,
the cystic-solid variant was observed in 21 (54 %),
and the solid variant was observed in 18 (46 %) pa-
tients. Cysts were located at the poles of the solid
part in 15 patients. There were cysts above the solid
part in 3 patients and below in 2 patients. Subse-
quently, the tumour was removed by fragmenta-
tion and aspiration using bipolar microcoagulation
and an ultrasonic aspirator until the boundaries
between the tumour tissue and intact parenchyma
appeared in the spinal cord. In the case of infiltra-
tive growth of the tumour and the absence of clear
borders between the tumour and the substance of
the spinal cord, the operation was limited to the
removal of the central mass of the tumour. With
a sharp decrease in the amplitude and an increase
in the latency of the SEPs, the surgical intervention
was stopped due to the threat of deepening the neu-
rological deficit.

Hemostasis was achieved by washing the bed of
the removed tumour with saline and H,O, tapes and
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Figure 2. Intraoperative photos of the stages of intramedullary anaplastic astrocytoma removal
at the level of Th8-Th10 vertebrae in a 49-year-old male. Explanation in the text

using Surgicel strips on the surface of the meninges.
The soft meninges were sutured with knotted sutures
with 9/0 atraumatic sutures, and the dura was mated
with continuous sutures with 6,/0 sutures. Soft tissues
were hermetically sutured layer by layer (Fig. 2C, D).

For 24 (61.5 %) patients, intra-operative neuro-
monitoring was used, which included assessments
of D-wave integrity, somatosensory responses, and
motor evoked potentials. This monitoring is crucial
for ensuring a safe tissue resection during surgery.
Technical difficulties accounted for the absence of
neuromonitoring in 15 (38.0 %) cases of the total.

Patients with acute neurological deterioration or
those showing signs of surrounding spinal cord tis-
sue involvement on spinal MRI typically received
steroids preoperatively.

Early post-operative complications occurred in
4 (10 %) cases: 2 (5%) cases experienced cerebro-
spinal fluid leak at the cervical level where dural
grafts were used; 1 (2%) case had a post-operative
haematoma with a volume of up to 20 ml, which was
treated conservatively; and 1 (2 %) case had Esch-
erichia coli meningitis and a low Th10 level. The

32

patients experiencing cerebrospinal fluid leaks were
treated prophylactically with lumbar drains. The
case of meningitis was managed with antibiotics
and the re-insertion of a lumbar drain.

18 (46 %) patients who underwent partial and
subtotal resection received adjuvant therapy (radi-
ation (47.6 + 3.3 Gy) and chemotherapy) according
to the established protocols [2, 13].

Late outcomes
An objective prognostic criterion for the results of
SCA treatment is the severity of the neurological
status in the pre-and postoperative periods. Typical-
ly, the worsening of neurological symptoms is noted
in the early postoperative period, and the recov-
ery of functions continues for several months after
surgery. Low-differentiated SCAs (grades 1111V
have an unfavourable prognosis. Usually, the neu-
rological status does not improve after surgery, and
the radicality of tumour resection does not affect the
patients’ quality of life or overall survival (Fig. 3, 4).
According to the literature, the overall survival
rate after surgery for malignant anaplastic SCA

General Surgery 3azansuaxipypein * 2024 ¢ Ne2 (9)
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Figure 3. Presurgical T1-weighted (A) and enhanced T2-weighted (B) MRI images of a spinal cord anaplastic
astrocytoma (WHO grade III) on the Th8-Th10 level in a 49-year-old male with symptoms of numbness

and weakness in both lower limbs

Figure 4. Postsurgical T1-weighted (A) and enhanced T2-weighted (B) MRI images of a spinal cord
anaplastic astrocytoma (WHO grade III) on the Th8-Th10 level in a 49-year-old male 3 weeks after subtotal
removal. Clinical symptoms without improvement

does not exceed 6—8 months in adults and 13
months in children. The overall survival of patients
with PA was 22 months, with DA — 18 months, and
with AA — 6 months. In patients who underwent
combined treatment with radiation and chemo-
therapy, overall survival increased to 2—5 months
[15, 18—23, 25]. In our study, catamnesis was pres-
ent from 2 months to 2 years (£ 9 months) in all

General Surgery 3azansuaxipypein * 2024 ¢ Ne2 (9)

patients. Tumour recurrence occurred in 4 (10 %)
cases during the first 6 months after surgery. We
didn’t analyse the survival rate due to the small
number of cases, but statistical analysis was car-
ried out using the analysis of variables to compare
the factors of age, duration of anamnesis, location
of the tumour, extent of resection, MMS grades
in pre- and postoperative periods and during late
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Table 3. Clinico-radiological features of 39 intramedullary spinal cord astrocytomas

Pilocytis astrocytoma

Diffuse astrocytoma Anaplastic astrocytoma

Variable n=19 =17 n=3* Fisher’s exact test
Age, years
<60 (n=31) 19 (100 %) 12 (70.6 %) 0 p=0.00000
>60 (n=8) 0 5(29.4%) 3 (100 %)
Gender
Male (n=25) 9 (47.4%) 13 (76.5%) 3(100%) p=0.00003
Female (n=14) 10 (52.6 %) 4(23.5%) 0
Duration of anamnesis
<1 year (n=20) 7(36.8%) 10 (58.8 %)** 3(100%)
1—2years (n=13) 8 (42.1%) 5(29.4%) 0 p=0.00286
2—3 years (n=3) 2(10.5%) 1(5.8%) 0
>3 years (n=3) 2(10.5%) 1(5.8%) 0
Tumour location
Cervical 10 (52.6 %) 10 (58.8 %) 1(33.3%)
Thoracic 7 (36.8%) 7 (41.2%) 1(33.3%)
Conus medullaris 2(10.5%) 1(33.3%)
Infiltration
Well-delienated 7(36.8%) 5(29.4 %) 0
p=0.167
Infiltrative 10 (52.6 %) 11 (64.7 %) 3 (100 %)
No data 2(10.5%) 1(5.8%) 0
Extent of surgical resection
Gross total resection 4(21.1%) 2 (11.8%) 0
p=0.00000
Subtotal resection 12 (63.2 %) 6 (35.3%) 1(33.3%)
Partial /biopsy 3 (15.8%)*** 9(52.9%) 2(66.7%)

Note * Because of the small number of cases with anaplastic astrocytoma they were excluded from the statistical analyses

both with the category «no data».

* Comparing anamnesis< 1 year and > 1 year in patients with piloctic astrocytoma and diffuse astrocytoma.
*** Comparing partial/biopsy and more radical surgical resection (gross total and subtotal resection) in patients with piloctic

astrocytoma and diffuse astrocytoma.

follow-up, etc. in patients with different histologi-
cal types.

In our study, age <60 is significantly more fre-
quently associated with the growth of PA, while
age>60 years is significantly more frequently
associated with the growth of AA (Fisher test:
p=0.00000). We also observed a higher prevalence
of DA in males compared to females, but there was
no significant difference in the incidence of PA (76 %
and 23 % vs. 47 % and 52 %; Fisher test: p=0.00003).
We also noted a significant difference between the
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duration of anamnesis<1 year and >1 year in pa-
tients with PA and DA (Fisher test: p=0.00003).
As for the degree of radicality of the operation, we
revealed a significant difference between the num-
ber of patients who underwent partial removal /
biopsy or more radical surgical resection (gross to-
tal and subtotal resection) in patients with PA and
DA (85% and 15% vs. 47 % and 53 %; Fisher test:
p=0.00000). However, such factors as tumour loca-
tion and degree of infiltration of nearby structures
were not statisticaly significant (Table 3).

General Surgery 3azansuaxipypein * 2024 ¢ Ne2 (9)



Disscussion

Summarising the data from the literature and our
results, it should be noted that SCA is a complex
pathology for early diagnosis and treatment tactics.

Patients’ age has an essential prognostic value in
SCA patients [3, 8, 13]. It is important to directly
understand the age-adjusted incidence of SCA per
100,000 of people in the population. Thus, according
to the comprehensive epidiological review of SCA in
the USA, the peak incidence of SCA was observed
in the 0—19-year-old age group, while the lowest
level was observed in the 20—34-year-old age group
for males and in the 35—44-year-old age group for
females [28]. The second peak was observed in the
75—84-year-old age group without significant prev-
alence of sex, with the next decreasing level of inci-
dence in the >85-year-old age group [28]. Multiple
studies have shown that old age is associated with
a worse prognosis, but we must analyse this tendency
in the context of the prevalence of initially poor over-
all and recurrence-free survival in patients older than
65 years in whom AA is mainly diagnosed. So, the du-
ration of the remission period is longer in young pa-
tients than in elderly patients due to the prevalence
in <60-year-old patients with PA and DA, which are
associated with a more favourable prognosis.

It was established that high-grade tumours had
poor neurological outcomes. This finding may be
due to the fact that high-grade tumours tend to infil-
trate normal spinal cord tissue. High-grade tumours
require pre- or post-operative radiotherapy, which
could result in poor functional outcomes [28]. Pre-
operative radiotherapy may cause radiation-induced
myelopathy and/or myelitis and compromise the
spinal cord microvasculature, which leads to spinal
cord ischaemia and severe neurological symptoms.

SCA can be well enhanced on contrast MRI of
the spine, which improves distinction between
more common solid and less common cystic types
of the tumour, which are usually more malignant
[31—34]. SCA characterised mainly by infiltrative
growth, which limits the radicality of their removal
and is a reason for possible recurrences, except for
juvenile pilocytic SCA [3, 12, 34].

The surgical management protocol for SCA is not
absolutely clear [15, 18, 19, 31]. Surgery for low-
grade astrocytomas should be aimed at total resec-
tion to preserve neurological function and improve
ealy and late outcomes. The correlations between
the resection volume and the risk of recurrence still
need to be studied [26, 27, 30, 31]. To determine
the radicality of the surgical intervention, an MRI
is performed in the early postoperative period since
intraoperative visual control of tumour removal is of-
ten not full. Taking into account the peculiarities of
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the growth of SCA, it should be noted that residual
tumour elements may also be present in cases of ab-
sence of the tumour according to the MRI data and
visual total removal of SCA during surgery [2, 4, 31].

Modern microsurgical techniques, intraopera-
tive electrophysiological monitoring, and ultraso-
nography increase the volume of plan resection and
ensure atraumatic removal of the tumor. Differenti-
ated surgical tactics in SCA consist of the following
positions: adequate operative access depending on
the location of the tumour, limiting the resection
zone in the absence of clear boundaries between the
SCA tissue and the intact parenchyma of the spinal
cord, and changes in the SEP indicators. In the case
of infiltrative growth of the tumour, surgical inter-
vention was limited to the partial removal of SCA.

Thus, our study established that the results of
surgical intervention in patients with SCA are di-
rectly related to the preoperative neurological con-
dition, the patient’s age, and the tumour’s histologi-
cal structure. Preoperative neurological status, per-
sistent motor and sensory disturbances, and pelvic
organ dysfunction are the determining predictors
of postoperative functional outcomes in SCA. The
best results of the surgical treatment were observed
in patients with SCA with minimal neurological
deficit at the time of surgery, in patients younger
than 60 years old, and with highly differentiated
SCA. In patients with pronounced clinical symp-
toms, surgery should be performed as early as pos-
sible (just after the tumour is detected).

Conclusions

The most important outcome predictors of SCA
are the preoperative and postoperative neurologi-
cal condition, extent of resection, and histological
grade. The best surgical treatment results were ob-
served in patients with minimal neurological deficit
at the time of surgery, in patients younger than 60
years, and with highly differentiated SCA.

Age <60 years is significantly more frequently as-
sociated with the growth of PA, while age > 60 years
is significantly more frequently associated with the
growth of AA. The duration of anamnesis (< 1 year
and > 1 year) and the degree of radicality of the op-
eration were identified as significant factors that can
influence the neurological status in the late postop-
erative period, mainly in patients with PA and DA.
However, such factors as tumour location and the
degree of infiltration of nearby structures are not
statistically significant. AA is associated with an un-
favourable prognosis across all important criteria.

Therefore, in patients with pronounced clinical
symptoms of any histological type of SCA, surgery
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should be performed as early as possible after the
tumour is detected.

Assessment of the preoperative neurological sta-
tus and determination of the histological type of the
tumour are important factors in choosing the opti-
mal surgical tactics, which can improve treatment
outcomes and the quality of life in SCA patients.
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3Ha4YEeHHS KIiHiKO-MOPQPOIOTiYHNX OCOOIUBOCTEN
ACTPOIIUTOM CIIMHHOI'O MO3KY Y BUOOPi XipypriyHOi TAKTUKU
O.1. Tposin !, A. B. Mypascbkuii 2, M. O. Mapymenko !, M. B. Xuwkusx

! Hanjonanpuuii meanunnii yaisepeutet imeni O. O. Boromosbis, Kuis
2 HauioHa/IbHUI yHiBEpCUTET OXOPOHU 340poB’st Ykpainu imeni I1. JI. Illynuka, Kuis
3 Y «Incruryt Heiipoxipyprii imeni akaz. A. I1. Pomoganosa HAMH Ykpaiuu, Kuis

Mera — BU3HAYWUTH YUHHUKHY, IO BIUIMBAIOTb HA JUHAMIKY HEBPOJIOIIYHOI'O CTATYCY B IiC/IAOICPALIHNINI
Hepio y NALIEHTIB 3 iIHTPaMERYIAPHUMHU ACTPOLUTOMAMU CIIMHHOI'O MO3KY (ACM) U1 IOJIIIIIEHHS PE3YJIBIa-
TiB IX Xipypri4HOIO JIiKyBaHHA.

Marepiaau Ta MeToaH. [TpOBE/ICHO PETPOCIIEKTUBHE TOCI/KEHHS PE3Y/IBTATIB XipYPridHOro JiKyBaHHS 39
xBopux 3 ACM, npoonepoBaHux y IV «IHCTUTYT Herpoxipyprii iMeHi akaz, A.T1. Pomoganosa HAMH Vkpainu»
y 2010—2019 pp. Bik martienTiB — Bii 19 10 67 pokiB (cepe/Hirt Bik — 41,4 poky). Cepe/t MallieHTiB mepeBaka-
71 90ONOBIKH (64 %). PiCT NyX/IMHY B IIUHHOMY BT CHMHHOTO MO3Ky crioctepirascs B 11 (28 %) Bumazikax,
y IpyaHOMYy — v 25 (64 %), v AULTHII MO3KOBOI'O KOHYCa — V 3 (8 %). YciM marfieHTaM NpOBEICHO KOMIUIEKCHE
KJIiHiKO-iHCTPYMEHTAJIbHE OOCTEXEHHS 3 BUKOPUCTAHHSAM MArHITHO-PE30HAHCHOI TOMOTr'Padii 3 BHYTPIIIHbO-
BEHHUM IIi/ICHJIEHHSIM, KOMITIOTEPHOI TOMOT'padii, cnonaunorpadii. JInHaMiKy HEBPOJIOTiYHOI CUMIITOMATHKH
OLiHIOBAIU 34 MOJU(PiKOBAaHOIO mKano McCormick Scale o onepatlii, Py BUITMCYBAHHI XBOPOI'O 3i CTalio-
HApYy Ta IIif] 9aC KOHTPOJIbHUX OIIAIB.

Pesynpraru. ToranbHe BUgaicHHs ACM BUKOHAHO v 7 (18 %) XBOpHX, CYGTOTATBHE — v 25 (64 %), 4aCTKOBE —
y 7 (18 %). ITinonmrapnHa acrporuroma (BOO3 grade 1) sussiena B 19 (49 %) XBOpHX, AU(PY3HA ACTPOLIUTOMA
(BOO3 grade II) — y 17 (43 %), anarutactuaHa acrporuroma (BOO3 grade III) — y 3 (8%). V 29 (74 %) XxBOpHUX
3aPCECTPYBATIM YACTKOBHUIT PEIPEC HEBPOJIOTIYHOI CUMITTOMATHKH, ¥ 6 (15 %) — HEBPOJIOTIYHUI CTATYC 3AJTH-
IIHUBCA HA JOooNePaifiHoMy piBHi, y 4 (10 %) — HE3HAYHE MiJCHIEHHS HEBPOJIOT{YHOTO Aedinuty. ITinonurapHi
ACTPOIUTOMU CTATUCTUIHO 3HAYYIIEC YACTIIIE (POPMYIOTHCS Y MAIHEHTIB BIKOM < 60 POKIB, TO/Ii SIK aHATLTACTUYHI
ACTPOIUTOMU — Y IAIHEHTIB BIKOM > 60 pOKiB. CTATUCTUYHO 3HAYYIIIUMH YNHHUKAMHU, SIKi MOYKYTh BIUTMBATH HA
HEBPOJIOIYHUM CTATYC Y BIJAAICHU TiC/AONEPALIIMHNN MEPIO, IEPEBAKHO B MALIEHTIB i3 IIIOLUTAPHHUMU T4
IU(PY3HUMH ACTPOIIUTOMAMH €: TPUBAIICTb aHAMHE3ZY (< 1 poKy Ta> 1 POKY) i CTYIiHb PaJIMKAIBHOCTI ONlepaliii,
4 TaKi YMHHUKH, SIK PO3TAIITYBAHHS IyXJIMHU T4 CTYHiHb iH(MIIBrpaLiii NPHUIEITTUX CTPYKTYP, CTATUCTUYHO HE3HA-
4qyIi. AHAIUIACTUYHA ACTPOLIMTOMA ACOLIIIOETHCA 3 IIOT'AHUM IIPOTHO30M 34 BCiMa K/IIOYOBUMU YMHHUKAMU.

BrcHOBKH. HallBAOIMBIINMU IPEJUKTOPAMU HACTIAKIB ACM € JOONEepalifiHu i ITiC/0nepalidHul HEBPO-
JIOTIYHHM CTATYC, CTYIiHb PAJUKAIBHOCTI Onepallii Ta ricroyioriynmi Tyl Harkpai pesy/israti Xipypriasoro
JIKYBAHHA CIIOCTEPIra/Iv B MALIEHTIB i3 MiHIMAJIbLHMM HEBPOJIOTTYHMM Ae(illuTOM Ha MOMEHT ONEpPaliii, B 0Ci6
BiKOM 710 60 POKIB Ta XBOPHX i3 BUCOKOAU(DEPEHIIHOBAHNMI IHTPAMEAY/BIPHUMU acTporrroMmamu. OIfiHKa
JOOIEPALIMHOIO HEBPOJIOTTYHOI'O CTATYCY Td BU3HAYEHH IiCTOJIOITYHOIO TUITY IIYXJIMHU € BAKIUBUMU YHH-
HHKAMU U1 BUGOPY ONTUMAIILHOL XipypridHOI TAKTUKH, YPAXYBAHHA AKUX JACTb 3MOTY ITOJIIIIINATUA PE3Y/IBIaTH
JIKYBAHHSA T4 AKiCTb JKUTTA XBOPHX 3 ACM.

K1ro49o0Bi CJ10Ba: iHTPaMERYIAPHi ACTPOLIUTOMM CIIMHHOT'O MO3KY, XipypridHe JiKyBaHHsI, HEBPOJIOTiYHA CUMII-
TOMATHKA.
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