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Trigeminal Neuralgia (TN) has been described in the literature as one of
the commonest types of craniofacial pain disorders. TN refers to recurrent
lancinating pain that occurs in the distribution of one or more branches of the
fifth cranial nerve. The pain perception is typically unilateral, abrupt in onset,
brief in duration, and usually starts after trivial stimuli.

The overall prevalence of TN was reported around 0.7/1000 persons, but it
tends to be higher in more advanced age groups since the initial onset of the
symptoms most frequently starts at the age of 50-60 years.

Although TN is more commonly seen in adults, pediatric TN represents <1.5%
of all cases. Pediatric TN differs from adult TN primarily being bilateral in nature
(42%) and associated with compression of multiple cranial nerves (46%).

This review will evaluate the current surgical procedures used for the treatment
of TN. Operative interventions for TN include microvascular decompression
(MVD), balloon compression (BC), radiofrequency thermocoagulation (RF
TC), glycerol rhizotomy (GR), and stereotactic radiosurgery (SRS). We review
the historical development, advantages, and limitations of these operations.

Additionally, we compare specific parameters for all current surgical
procedures. We evaluated the short- and long-term outcomes, risk factors,
complications and side effects in patients with TN who underwent operations.
Arguments for and against the use of surgery for TN are presented.

Next, surgical decision-making algorithm for refractory classical or idiopathic
TN is proposed for patients who require surgery. This algorithm may be used
by neurosurgeons in selecting the best surgical treatment.

Lastly, we show the data on current clinical trials, the role of genetics to search
for genes predisposing to TN. This project begins with the presumption that
the risk for developing classical TN is in large part determined genetically.
If so, given the power of modern genetic analysis, it should be possible to
identify the underlying gene(s).

At present, there is no ideal surgical procedure for trigeminal neuralgia—one
that is minimally invasive, uniformly effective, lacking complications, and
without failures or recurrences. MVD still remains the standard by which all
other contemporary procedures are measured. MVD provides the longest
pain-free interval, yet it is not free of morbidity and mortality. Stereotactic
radiosurgery provides a reasonable noninvasive option, but it has delayed
onset and a recurrence interval (a few years).

Keywords: microvascular decompression; balloon compression; radiofrequency
thermocoagulation; glycerol rhizotomy, stereotactic radiosurgery

Trigeminal Neuralgia Awareness
Day is observed annually on
October 7th.

History and etymology

The renowned medieval Persian scholar, philosopher,
and physician Ibn Sina, also known as Avicenna (980-
1037), mentioned a condition equivalent to TN in his book
“Canon of Medicine”—a pain over the facial skeleton,
numbness, and involuntary facial tics. His understanding
that nerves conducted pain was later shared by the
scholar Esmail Jorjani (1042-1137), a Persian physician.
Jorjani described syndromes that were probably

consistent with trigeminal neuralgia, hemifacial spasm,
and Bell’s palsy in his book “Treasure of the Khawarazm
Shah” where he concurred with Avicenna in that pain was
conducted via nerves, yet he also implicated an artery-
nerve conflict as an etiology of trigeminal neuralgia. [1].
In 1756, Nicholas André introduced the term "tic
douloureux," encompassing facial pain and clonic spasms
in the face. The name was adopted despite the absence
of facial tics in all patients suffering from the disease.
In 1773, John Fothergill published his experience
treating 14 patients and identified neuralgia as a
manifestation of a certain type of cancer, rather than
a convulsive disorder. Due to his detailed clinical
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descriptions of TN, the disease became known after its
author as "Fothergill's disease."

In 1820, Scottish surgeon and anatomist Charles
Bell was the first to demonstrate the connection
between this syndrome and the trigeminal ganglion,
introducing the term "trigeminal neuralgia" into
scientific discourse.

Epidemiology

In the United States, 15,000 new cases of trigeminal
neuralgia (TN) are registered annually, 1,500 in Canada,
and 2,000 in Spain. In the G7 countries (USA, UK,
France, Germany, Italy, Spain, and Japan), the number
of patients with TN exceeds 1 million, while in China,
according to Omics International, there are 4,458,090
cases, which constitutes 2.6% of the population. This
figure is likely much higher due to the low rate of seeking
medical care. Researchers attribute this primarily to
cultural coping strategies for pain.

According to WHO data, the geriatric population is
expected to reach 2 billion by 2050, compared to 900
million in 2015. This demographic shift will lead to an
increase in the number of potential patients with TN [2].

TN can first appear at any age, but in more than
90% of cases, it begins after the age of 40, with peak
incidence between the ages of 37 and 67. The average
age of onset for classic TN is 53 years, while patients
with secondary TN tend to be about 10 years younger,
with an average onset age of 43.

Patients with multiple sclerosis have a 20-fold
increased risk of developing TN compared to the general
population. Pediatric TN is more often bilateral (42%)
compared to adult TN. This is associated with the
compression of multiple cranial nerves (46%) due to
congenital abnormal vessels, vascular malformations,
tumors, cysts, aneurysms, or arachnoiditis [3].

A painful paroxysm is usually followed by a refractory
period during which pain cannot be triggered. Usually,
attacks occur during the daytime with motor activities
involving speech, masticatory and mimic muscles. The
course of the disease is chronic and remitting. Preventive
measures are lacking [4-6].

Bibliometric Analysis

Publication statistics on trigeminal neuralgia for the
years 2001-2021:

4,112 articles,

12,790 authors

Most productive authors:

1. Shiting Li (China) - 56 publications

2. Zakrzewska JM (UK) - 37 publications, also the
most cited author (1,284 citations)

3. Lunsford LD (USA) - 36 publications

4. Jun Zhong (China) - 34 publications

The highest number of publications comes from the
USA (1,205), China (610), and Japan (230) [7].

Anatomy of the trigeminal nerve (TN)

The trigeminal nerve is the largest cranial nerve,
providing sensory innervation to the face and motor
impulses to the masticatory muscles. Sensory
information, including touch, pain, and temperature,
is transmitted through the TN nuclei in the pons
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before reaching the thalamus and, ultimately, the
somatosensory cortex.

The TN originates from the median anterolateral
surface of the pons, with a large sensory and a smaller
motor root. It then passes through the prepontine and
cerebellopontine cisterns and enters through the dura
mater opening (porus trigeminus) into the cerebrospinal
fluid-filled space known as Meckel's cave, which contains
the relatively large trigeminal ganglion (Gasserian
ganglion), measuring 15-18 mm. Inside Meckel's cave,
the trigeminal ganglion divides into three branches:
ophthalmic (V1), maxillary (V2), and mandibular (V3)
(Fig. 1).

The nerve consists of five segments: the brainstem,
cisternal segment, Meckel's cave, cavernous and
peripheral segments. The cisternal segment is almost
always the source of classic TN caused by vascular
compression, identified by specific radiological criteria:

- The corresponding blood vessel is almost always
an artery.

- The nerve and blood vessel cross perpendicularly.

- The contact between blood vessel and nerve occurs
in the root entry zone of the nerve.

TN compression most frequently occurs due
to contact with the superior cerebellar artery, less
often with the anterior inferior cerebellar artery or
smaller branches of the basilar artery. Only a few
cases have been reported where the compression was
caused by contact with an aneurysm, vertebrobasilar
dolichoectasia, AVM, AV fistula, or vein.

The Redlich-Obersteiner zone, located just at the
pons, contains a glial cone of residual central myelination
that passes into the peripheral myelination of the nerve
through Schwann cells. The junction of the central and
peripheral nervous systems is particularly sensitive to
mechanical stress.

Pharmacotherapy

First-line treatment includes monotherapy with
sodium channel blockers. This group of drugs includes
carbamazepine and oxcarbazepine. Carbamazepine
is effective in more than 60% of patients, but 30%
experience adverse reactions, that are severe occurring
in one out of every 24 patients receiving treatment.
As for oxcarbazepine, it was discontinued in Phase IV
trials according to recent reports on the DrugBank
website [8].

In October 2022, the FDA granted priority status
(Fast Track) to a new drug under development called
"Basimglurant" (NOE-101). Basimglurant is a potent
inhibitor of the metabotropic glutamate receptor 5
(mGIuR5), which is overproduced in cases of TN [9].

The average active period of TN lasts 49 days,
followed by remission for several months (36%), weeks
(16%), or days (16%). Only 6% of patients can expect
remission lasting more than a year, and about 20% may
suffer from continuous attacks [10].

When a patient experiences a complete absence of
pain for a sufficiently long period (about 6 months, as
per GECSEN recommendation), drug withdrawal may be
considered. In any case, the discontinuation of treatment
should be gradual. Surgical methods are recommended
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if pharmacotherapy is ineffective, poorly tolerated, or if
its effectiveness decreases over time.

The optimal time for surgery is not definitively
established, though it is reasonable to avoid excessive
delays. Surgery should be offered after the first year of
no improvement or intolerability to pharmacotherapy.
Overall, significant therapeutic outcomes should not
be expected if drugs from three different classes, with
different mechanisms of action, have already been tried
(alone or in combination), in appropriate doses, and for
a maximum period of 3 months per drug, to establish
their ineffectiveness.

Surgical and other treatment methods for TN
First and foremost, it is important to note that the
term "destructive" is more appropriate than "ablative."

Meningeal layer of dura mater
forming the el's cave

Cavemous
segment

Superior
orbital
fissure

Foramen
rotundum

Foramen ovale

Porus trigeminus

- Zane of peripheral myelination Zone of central

Redlich transition zone

This is because "ablation" refers to the removal of
tissue from its original location, but not necessarily its
destruction (English dictionaries Collins, Cambridge,
Macmillan English Dictionary. Ablation - the surgical
removal of an organ or part).

Surgical options for treating trigeminal neuralgia
include microvascular decompression and a range of
destructive procedures such as percutaneous balloon
compression, glycerol rhizotomy, radiofrequency
thermorhizotomy, or stereotactic radiosurgery targeting
the Gasserian ganglion (Table 1).

Since the end of the last century, many renowned
surgeons have been involved in the treatment of TN.

The key stages of the development of surgical
methods are presented in (Table 2).

Brainstem

\
— Apex of petrous temporal bone

—d

Vs

myelination - Obersteiner-

Fig. 1. Trigeminal nerve anatomy: V1- ophthalmic nerve, V2 - maxillary nerve,

V3 - mandibular nerve

Table 1. Summary of available treatment modalities for trigeminal neuralgia [11, with modifications]

Surgery Destructive

Gamma-Knife,
Cyber-Knife,
LINAC

Stereotactic radiosurgery

Glycerol injection,
Radiofrequency
thermocoagulation,
Balloon compression

Percutaneous rhizotomy
techniques

Partial sensory neurectomy

Non-destructive

Microvascular decompression

Neuromodulation Peripheral techniques

Trigeminal branch stimulation,
Gasserian ganglion stimulation,
Transcutaneous electrical stimulation

Central techniques

Motor cortex stimulation,
Deep brain stimulation

Subdermal therapies Botulinum toxin type A,

Lidocaine peripheral block

Subcutaneous alcohol blockage,

Other therapies Cryotherapy,
Streptomycin injection,

Peripheral neurectomy

http://theunj.org
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Table 2. History of surgery for trigeminal neuralgia [12, with modifications]

Year Authors Procedures
1892 Hartley F., Krause F. Excision of the Gasserian ganglion and its roots
1900 Cushing HW Trigeminal ganglionectomy
1901 Spiller WG, Frazier CH Extradural sub-temporal retrogasserian neurotomy
1911 Taptas JN Alcohol injection into Meckel’s cavity
1914 Hartel F. Percutaneous approach to the foramen ovale
1932 Kirschner M. Percutaneous electrocoagulation of the trigeminal ganglion
1932 Dandy WE Posterior fossa subtotal rhizotomy
1934 Dandy WE Recognition of vascular compression as a cause of neuralgia
1947 Olivecrona AH Subtemporal rhizotomy
1951 Taarnhgj P. Egt(:)rtadural decompression of the trigeminal ganglion and the posterior
1952 Love JG Egggadural decompression of the trigeminal ganglion and the posterior
1955 Shelden CH Enlarging the foramen ovale and foramen rotundum
1959 Gardner WJ, Miklos MV First report of vascular decompression
1966 Jannetta PJ, Rand RW Transtentorial retrogasserian microvascular decompression
1971 Jannetta PJ Retromastoid microvascular decompression
1971 Leksell L. Stereotactic Gamma-Knife Radiosurgery
1974 Sweet WH, Wepsic JG Radiofrequency thermocoagulation
1981 Hakanson S, Sweet WH Percutaneous glycerol injection into Meckel’s cavity
1983 Mullan S., Lichtor T. Percutaneous balloon compression
1993 Meyerson BA, Lindblom U. Motor cortex stimulation

Percutaneous destructive methods

In 1914, Fritz Hartel performed the first anterior
percutaneous puncture of Meckel's cave using a spinal
needle placed anterior to the coronoid process of the
mandible through the foramen ovale; this approach is
still in use today (Fig. 2) [13].

The needle/cannula/trocar is inserted 2.5-3 cm
lateral to the corner of the mouth (3). The needle’s
trajectory is directed towards the intersection of two
planes: one sagittal plane passing through the ipsilateral
pupil (1) and the other coronal plane located 3 cm
anterior to the external auditory canal (2). This point
approximately corresponds to the lateral projection of
the foramen ovale on the skin.

The inverted pyramid is another simple yet effective
model for guiding the needle to the foramen ovale. Three
of the four vertices of the pyramid are cutaneous and
visible to the surgeon, while the fourth is the foramen
ovale, which requires spatial imagination.

http://theunj.org

The foramen ovale is located at the posterior aspect
of the greater wing of the sphenoid bone. It transmits
the mandibular nerve, the accessory meningeal artery,
the lesser superficial petrosal nerve, and the emissary
vein. This foramen is one of the key points situated at
the transition zone between intracranial and extracranial
structures.

A thorough understanding of surgical anatomy and
careful preoperative imaging are crucial for recognizing
the potential risks of Hartel’s percutaneous approach.
A misaligned trajectory may lead to complications,
particularly puncturing the internal carotid artery.
Even with correct trajectory, the needle may penetrate
the parotid duct, maxillary artery, or Eustachian tube,
leading to complications such as hemoptysis, hematoma
of the cheek and/or pterygoid-mandibular area, serous
otitis, and others (Fig. 3).

Accessing and puncturing the foramen ovale can be
challenging in certain patients, particularly those with
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Fig. 2. Fritz Hartel (1877-1940). Hartel’s approach: A -

lateral view, B - anteroposterior view

Foramenlacerum

T

Foramen ovale

Foramen spinosum

Carotid canal

Jugular foramen

M— Stvlomastoid foramen

Vs

Fig. 3. The safe zones and danger zones along the periforaminal space. The green zone defines
the safe zones to “walk” the needle along the skull base to find the foramen. The orange zone
defines danger zones where the carotid artery or jugular vein could be injured

hypertrophic pterygoid processes or platybasia. In such
cases, a trajectory guided by neuronavigation systems,
or even better, catheterization of the foramen under CT
guidance, may be helpful.

Thermocoagulation of the Gasserian

ganglion / Radiofrequency (RF) destruction

The procedure is referred to as radiofrequency
because it uses the same frequency as AM radio—
approximately 500 kHz of electromagnetic radiation.
Electrocoagulation for the treatment of the trigeminal
nerve roots was first developed by A. Réthi in 1913.
This method was associated with severe complications,
including corneal ulcers that required enucleation,
multiple cranial nerve palsies, carotid artery damage,
cardiac arrest, meningitis, and death.

Further development of the method was continued
by Martin Kirschner, who in 1931 developed a stereotactic
method for inserting an insulated needle through the

foramen ovale for electrocoagulation of the Gasserian
ganglion. Kirschner reported on 250 cases in 1936 and
113 cases in 1942 [14, 15].

William H. Sweet (Fig. 4) and James G. Wepsic
further developed the technique of radiofrequency
thermal destruction of the trigeminal nerve root in
1974 [16]. They introduced various control measures—
electrical stimulation of the root and temperature
monitoring. In 1982, H. van Loveren, John M. Tew, and
J.T. Keller presented an electrode with a curved tip
(Fig. 5) [17].

Straight electrodes are preferred for third branch
neuralgia, and curved electrodes for first or second
branch neuralgia.

Continuous RF destruction is applied for 60-90
seconds, temperature 70-90°C. During pulsed RF
destruction, intervals of short bursts of current lasting
20 ms alternate with pauses lasting 480 ms. Temperature
does not exceed 42°C.

http://theunj.org



Fig. 4. William Herbert Sweet
(1910-2001)
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Fig. 5. Radiofrequency thermocoagulation kit: 1 - cannula, 2 - stylet, 3 - curved

electrode, 4 - straight electrode

1. Yicel Kanpolat et al. (2001) described their 25-year
experience in treating 1600 patients (2138 operations).
1216 patients underwent a single operation and 384
underwent multiple operations: twice in 275 patients,
three times in 79, four times in 19, five times in 8 and
six times in 3. Initial analgesic effect was noted in
97.6% of patients. Early recurrence of pain (< 6 months)
was observed in 123 patients and late recurrence (>
6 months) in 278 patients. The recurrence rate was
25.1% during a mean follow-up period of 68 months.
After 5 years, complete analgesia was maintained in
58% of patients who underwent a single procedure; this
number decreased to 52% after 10 years and to 41%
after 20 years. The most important complications were
hypoesthesia with paresthesias in 14.6% and masticatory
muscle dysfunction in 4.5% of cases. Absence or
reduction of corneal reflex was observed in 91 patients
(5.7%). Among them, 10 developed keratitis [18].

2. Review by M. Sindou and M. Tatli (2009)
conducted by the French Neurosurgical Society (10
articles, 7483 patients) with a follow-up period of 3 to
26 years showed a mean incidence of an initial analgesic
effect of 94% (81 to 99% depending on the series) and

http://theunj.org

a mean long-term efficacy rate of 60.4% (20 to 93%).
Side effects and complications were reported with
varying frequency: bothersome facial hypoesthesia
5-98%, difficulty in mastication 4-24%, keratitis 1-8%
and dysesthesia/anesthesia dolorosa 0.8-7% for later
complications. Mortality was 0.1% due to carotid artery
damage [19].

3. Analysis by L. Bendtsen et al. performed by the
European Academy of Neurology 2019 (7 articles, 4533
patients) with a follow-up period of 3 to 9.3 years reported
an initial analgesic effect of 26 to 82% of cases and a
recurrence rate ranging from 16 to 74%. There were no
fatal outcomes in this review. Patients with hearing loss
were 6, cranial nerve palsy 36, corneal hypoesthesia
300, keratitis 55, masticatory weakness 280, facial
hypoesthesia 853, anesthesia dolorosa 29 [20].

Percutaneous balloon compression of

Gasserian ganglion

In 1983, Sean Mullan (Fig. 6) and Terry Lichtor
performed percutaneous balloon compression (BC) of
the Gasserian ganglion [21]. Mullan's kit contains a size
14 hollow metal stylet (introducer), sharp and blunt
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obturators, curved and straight probes, and No.4 Fogarty
balloon catheter. The balloon is inflated to a pressure
of 1.0-1.5 atmospheres for 60-90 seconds. Ideally, a
pear-shaped configuration of the balloon in the porus
trigeminus is created during compression (Fig. 7) [22].
Some redness of the ipsilateral conjunctiva is often
observed after compression.

In 2016, the FDA banned the release of Mullan kit
due to manufacturing difficulties, so some surgeons
use other kits or a standard liver biopsy needle, which
is available in most operating rooms (Fig.8) [23-25].

1. In the review by A. Donnet et al. (2017), conducted
by the French Neurosurgical Society (10 series, 1404
patients) with a follow-up period of 1-6 years, the initial
pain relief effect was observed in 82-100% of patients
(an average of 96%), with long-term efficacy in 54.5-
91.3% of patients (an average of 67%). Hypesthesia was
reported in 4-77% of cases, and transient masticatory
muscle paresis occurred in 50-66% of cases. Mortality
rate due to carotid artery damage was 0.2% [19].

2. S. Grewal et al. (2018) from the Mayo Clinic, in
a series of 222 patients followed for 15 years with an
average follow-up of 31 months, focused particularly
on the timing of recurrences after BC. The likelihood of
being pain-free 15 years after the procedure was only
10%. Recurrences occurred on average 12 months post-

procedure. A significant humber of patients reported
some degree of hypesthesia (82%), though in most
cases it was relatively mild. At the last follow-up, 88%
of patients were pain-free, with a median follow-up of
31.1 months. Atypical pain was associated with poorer
outcomes. Repeat procedures carried a higher risk of
pain recurrence, but the initial effectiveness of repeat
procedures did not diminish [26].

3. According to a review by L. Bendtsen et al.
from the European Academy of Neurology in 2019 (5
papers, 755 patients) with a follow-up period of 5 to
10.7 years, the initial pain relief rate was 95%, which
then declined to 54.5-80% (an average of 67%) at the
final follow-up. Recurrence or failure rates ranged from
20 to 51.7%. The most significant reported complications
were hypesthesia with paresthesia in 14.6% of cases and
motor weakness of the trigeminal nerve in 4.5% [20].

4. Yi Ma, following his training in Rome under
Dr. Mario Meglio from 2000 to 2017, performed 12,838
BC procedures on 12,797 patients. The initial pain relief
effect was reported in 95.6% of cases. Hemorrhagic
complications occurred in 11 patients, with two resulting
in death. One patient died from multiple intracerebral
hematomas, while the second died of a large subdural
hematoma due to cavernous sinus injury. Four patients
required ventriculoperitoneal shunting for hydrocephalus
after subarachnoid hemorrhage, while the other five
recovered spontaneously without surgery.

Five vascular complications occurred, including three
cases of dural carotid-cavernous fistula (CCF) and two
cases of external carotid artery system fistula. These
patients were successfully treated with endovascular
embolization. Ischemic stroke occurred in two cases,
though the causes were not determined. Kaplan-Meier
curves showed a long-term pain relief effect of over
86% five years after BC, over 83% after 10 years, and
77% after 15 years. The annual risk of recurrence was
less than 7% after five years, less than 4% after 10
years, and remained stable at 2% from the 15th year
post-procedure [24].

5. A. Kourilsky et al. (2022) performed a retrospective
analysis of 131 patients who underwent BC for the first
time between 1985 and 2019 in two French hospitals.
Potential clinical and radiological predictors of time to
pain recurrence and severe sensory complications were
assessed using the Cox model and logistic regression,
respectively. The median follow-up period was three
years. Pain recurrence occurred in 77 patients (58.7%),
with a median time to recurrence of two years.

Fig. 7. Balloon shape: A - pear, B - hourglass, C - oval [22]

http://theunj.org
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Fig. 8. Various balloon compression (BC) kits: A - O. Barlas [23], B - Y. Ma [24], C - C. Sun [25]

Multivariate analysis identified six independent
factors predicting pain recurrence: 1) longer preoperative
symptom duration; 2) pain location along the mandibular
branch of the trigeminal nerve (V3); 3) atypical pain;
4) a history of multiple sclerosis; 5) the use of a medical
device not specifically designed for BC; and 6) balloon
compression duration exceeding 60 seconds [27].

Percutaneous retrogasserian glycerol

rhizotomy

From 1974 to 1981, Sten Hkanson (Fig. 9)
performed percutaneous puncture destruction of the
Gasserian ganglion through the foramen ovale using
pure glycerol.

Glycerol (C;H,0,) is a trivalent alcohol that is colorless
and odorless, serving as a precursor for the synthesis of
phospholipids and triacylglycerols in the liver and adipose
tissue of humans. The three hydroxyl groups and carbon
backbone of glycerol form a molecule with a universal
solubility profile, allowing it to dissolve easily in water and
penetrate cell membranes. The mechanism of glycerol
neurolysis is due to the disruption of tight junctions
between Schwann cells and the external axolemma of
peripheral nerves, as well as alterations in intracellular
osmolality. It is also believed that anhydrous glycerol
isolates the pathological section of the axon, and since
it has a high dielectric constant (45.5 at 25°C), it renders
the nerve a poor conductor. This causes presynaptic
inhibition and delays the propagation of nerve impulses.

In the 1970s in Stockholm, during the development
of stereotactic radiosurgical destruction of the Gasserian
ganglion using a Gamma-Knife, radioactive tantalum
powder dissolved in glycerol was used to create a
stereotactic target by injecting it into the trigeminal
cistern. H&kanson and his colleagues noticed that the
injection of this medium itself seemed to reduce facial
pain even before the Gamma-Knife procedure was
administered. The group later described a method of
direct glycerol injection into the trigeminal cistern and
published their first case series in 1981 [28].

1. In a report by P. Asplund et al. (2016) from
Ume3d University (Sweden), involving 124 patients who

http://theunj.org

underwent glycerol rhizotomy and were followed up for
5 years, an immediate effect was noted in 85% of cases,
with a median pain-free period lasting 21 months. At
the last follow-up, 47 patients (38%) were pain-free.
Hypesthesia with dysesthesia was observed in 23% of
patients, frequently combined with a decreased corneal
reflex. Herpes outbreaks occurred in 3%, and chemical
meningitis also in 3%. According to Kaplan-Meier
statistical analysis, the probability of being pain-free at
5 years was less than 20% [29].

2. A literature review by the French Neurosurgical
Society (2017), including 1310 cases with a follow-up
period of 1-10 years (average 6.5 years), showed an
effectiveness rate of 42-84%, which is maintained in the
long term in 18-59% of cases (average 38.5%). The main
complications include: hypesthesia with dysesthesia in
30% of cases, refractory keratitis in 5%, and herpes
outbreaks in 50% [19].

3. In a series by L. Bendtsen et al. (2019), including
289 patients with a follow-up period of 4.5 to 8 years,
an immediate effect was achieved in 75% of patients.
Pain relief at the average follow-up period decreased to
18-59% depending on the series (average 40%), with
the frequency of recurrences or failures varying from
41 to 84%. The most significant complication in these
series was facial hypesthesia with varying degrees of
paresthesia/dysesthesia in 39% [20].

4. Imran Noorani et al. (2016) in a series of 152
glycerol rhizotomies with long-term follow-up showed
that analgesia of class I or II was noted in 53.7% of
procedures, class III in 17.4%, class IV in 16.1%, and
class V in 12.8%. Complete initial pain relief (with or
without medication) was achieved in 72%, comparable
to the 73-98% reported in previous literature. The
overall complication rate was 30.3%. The most common
complications were decreased corneal reflex (11.2%),
recurrence of herpes simplex (8.6%), numbness (71.7%),
and mild dysesthesia (5.9%). The average time to pain
recurrence was 14 months. The recurrence rate at
12 months was 45.5% [30].

The 5-point Barrow Neurological Institute Pain Scale
(BNI-PS) allows for the assessment of pain intensity and
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the need for the patient to use medications to manage
it (Table 3).

Glycerol rhizotomy has an advantage compared
to other methods as it does not require specialized
equipment. However, the neurotoxic effects of glycerol,
due to the difficulty in controlling its diffusion into
the subarachnoid space, lead to side effects and
complications.

Comparison of three percutaneous rhizotomy

methods

Imran Noorani et al. (2021) were the first to analyze
data over a 19-year period at a single neurosurgical
center, involving 210 patients (a total of 392 procedures):
152 glycerol rhizotomies, 155 thermocoagulations, and
85 balloon compressions.

It was shown that balloon compression provides
the longest duration of pain relief compared to glycerol
rhizotomy and thermocoagulation, with the latter two
showing similar durations of pain relief. It was also noted
that repeated procedures offer good long-term pain
relief. Recurrence of pain occurred in 25% of patients
within 5 months after glycerol rhizotomy, 12 months
after thermocoagulation, and 26 months after balloon
compression. The average time to pain recurrence was
29 months for glycerol rhizotomy and 30 months for
thermocoagulation [31].

Comparison of balloon compression (BC)

with radiofrequency (RF) thermocoagulation

J. Herta et al. (2023) conducted a retrospective
single-center analysis of a series involving 230 patients

Fig. 9. Sten Hakanson
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with TN in Austria, who underwent 202 BCs and
234 thermocoagulations between 2002 and 2019.
An immediate effect was achieved after 353 (84.2%)
procedures, with no significant difference between BC
(83.7%) and thermocoagulation (84.9%). The pain-free
period following the procedures was longer for BC at
481 days, compared to thermocoagulation at 421 days,
but without statistical significance. The complication rate
was 22.2%, and zero mortality showed no differences
between the two procedures.

Seventeen (3.9%) operations had to be terminated
due to severe bleeding (1.6%), inability to access the
foramen ovale (1.4%), and anesthetic issues related
to airway or circulatory function (0.9%). Diplopia
occurred after four BC procedures, but never after
thermocoagulation. Bradycardia, which is common
with destructive procedures, had to be treated with
medication in 60% of all cases. A drawback of both
methods is the significant recurrence rate, which
varies widely across studies, ranging from 15%
to 64%. After one year, the recurrence rate was
56.1% for BC and 56% for RF. In the long term, BC
showed a slightly longer recurrence-free period than
thermocoagulation [32].

Comparison of percutaneous rhizotomy methods
(Table 4).

Microvascular decompression (MVD)

In 1966, Robert W. Rand (Fig. 10) was the first
to perform microvascular decompression (MVD) of the
trigeminal nerve root at the brainstem via a subtemporal
approach. In 1967, Peter J. Jannetta (Fig. 11) performed
MVD of the trigeminal nerve root in the prepontine
cistern.

1. A large sample of 1,185 cases from 1972 to 1991,
in the study by F. Barker, P. Jannetta et al. (1996),
demonstrated sustained pain relief in 70% of cases, with
30% experiencing recurrences. 11% underwent repeat
surgeries. Two female patients died due to hemispheric
stroke and infarction of the brainstem and cerebellum.
Six patients developed infarction, edema, or hemorrhage
in the ipsilateral cerebellar hemisphere, five of whom
underwent cerebellar resection. Two patients were found
to have postoperative supratentorial hematomas (one
subdural and one intracerebral). These eight patients
recovered after hematoma evacuation. After the
introduction of intraoperative monitoring of brainstem
evoked potentials, there were no fatal complications.
Female gender, symptom duration longer than eight
years, venous compression, and the absence of
immediate postoperative pain cessation were significant
predictors of possible recurrence [34].

Table 3. Barrow Neurological Institute (BNI) Pain Intensity Scale

Score Description
I No pain, no medication
II Occasional pain, not requiring medication
III Some pain, adequately controlled with medication
v Some pain, not adequately controlled with medication
\Y Severe pain, no pain relief

http://theunj.org
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In 1999, Peter Jannetta's team published a report
on 4,415 operations performed between 1969 and 1999.
The authors described all the nuances of each of the six
main stages of MVD in detail [35].

2. M. Sindou et al. (2018), in a meta-analysis of
17 articles (5,124 patients), showed similar results across
various published articles. Immediate pain relief was
achieved in 80-98% of patients (an average of 91.8%),
with complete pain relief maintained in 62-89% (an
average of 76.6%) by the end of the follow-up period
(ranging from 5 to 11 years, with an average of 7 years).
Complete pain relief after the first procedure was noted
in 71% of cases. Improvement was observed in 93%
patients immediately after the intervention [36].

3. In a meta-analysis by L. Bendtsen et al. (2019)
from the European Academy of Neurology (21 articles,
5,149 patients) with an average follow-up period of 3 to
10.9 years, initial pain relief was reported in 80-98.2%
of cases, pain-free status during follow-up in 62-89%,
and recurrence rates ranging from 4-38% [20].

Complications after MVD may occur in 20% of
patients, though serious complications are rare.
Complications related to cranial nerves require special
attention, as cranial nerves IV through XII are exposed
during surgical access. Numbness and dysesthesia occur
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in 5% to 10% of patients. Diplopia due to manipulation
of the fourth or sixth nerve is often transient, and facial
nerve paralysis is rare (<1%). Hearing loss varies from
1% to 20%, depending on audiometry or subjective
reports.

Other complications include cerebrospinal fluid
leakage (3-4%); infections are rare and occur at the
same rate as with other craniotomies. Other rare
complications include aseptic meningitis, postoperative
bleeding, and stroke. The mortality rate associated with
the procedure is estimated at 0.2%.

4. F. Chen et al. (2021), in a meta-analysis of 74
articles (8,172 patients), noted a recurrence rate in 956
patients (11.6%). Factors contributing to a relatively
higher recurrence rate included atypical symptoms of TN,
absence of nerve excavation, non-arterial compression,
patient age between 50-60 years, and longer disease
duration. However, the recurrence rate after MVD was
significantly lower than with pharmacotherapy, Gamma-
Knife surgery, percutaneous balloon compression, and
radiofrequency thermocoagulation. Even after successful
surgery, 10% of patients experienced recurrences.
The most common complications included hypoacusis
(hearing loss) and TN paresis [37].

Table 4. Comparison of the percutaneous procedures [33]

RFT GR PBC
Initial outcome 97 - 99% 53 - 98% 82 - 93%
Recurrence + +++ ++
Division selectivity +++ ++ +
Nerve fiber selectivity ++ ++ +++
Anesthesia Awake Sedation Sedation+pacemaker
Overall complication rate +++ ++ +
Anesthesia dolorosa 0.6 - 0.8% 0-5% 0 - 3.4%
Masseter weakness 3-29% 0-4.1% 10 - 50%

+++: more likely, ++: moderate, +: less likely, RFT: radiofrequency thermocoagulation, GR: glycerol rhizotomy,
PBC: percutaneous balloon compression

Fig. 10. Robert W. Rand
(1923-2013)
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Fig. 11. Peter J. Jannetta (1932-2016)

Reproduced with the permission of prof. M. McLaughlin
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Postoperative hemorrhage into the cerebellum may
be a major cause of fatal complications after MVD. If
a hematoma is confirmed, urgent surgery should not
be delayed. Rapid hematoma evacuation, as well as
ventricular drainage through the anterior horns on both
sides, can save the patient.

Stereotactic radiosurgery (SRS)

Lars Leksell (Fig. 12) first reported on stereotactic
radiosurgery (SRS) in 1951. In his initial experiments,
Leksell connected a dental X-ray tube to a stereotactic
arc to irradiate the trigeminal ganglion. Later, in 1971,
he developed the Gamma Knife, which uses multiple
focused beams from cobalt-60 sources.

1.The first large series of 117 patients was
conducted at the Mayo Clinic in Rochester, published
by B. Pollock et al. (2002) with an average follow-up
period of 26 months (ranging from 1 to 48 months).
Pharmacotherapy was unnecessary for 57% of patients
after one year, and 55% after three years. Sensory
disturbances were detected in approximately 25% of
patients at a dose of 90 Gy [38].

2. In the Marseille series of 497 patients with
long-term follow-up, S. Tuleasca, J. Regis et al. (2016)
reported that 64.9% and 45.3% of patients remained
pain-free and did not require medication at five and ten
years, respectively. Very troubling hypoesthesia was
observed in only 3 patients (0.6%) [39].

3. The same authors, in 2018, performed a
systematic review of all 65 published articles up to 2015,
including 6,461 patients. Gamma - Knife was used in 45
articles, LINAC in 11, and CyberKnife in 9. The efficacy
was found to be similar for each method: 53% for
Gamma- Knife, 49% for LINAC, and 56% for CyberKnife.
Recurrence rates ranged from 24% to 32%. Between
30% and 45% of patients remained pain-free without
pharmacotherapy for up to 10 years of follow-up. The
most common side effect was hypoesthesia (0-68%).
Other side effects included dysesthesia, paresthesia, dry
eyes, deafferentation pain, and keratitis [40].

4. According to a meta-analysis (46 articles, 5,787
patients) conducted by A. Gubian et al. (2017), the
efficacy of SRS for classic TN is 71%, with over 64%
of patients experiencing analgesic effects for five
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years or more after irradiation. Complications of SRS
included temporary numbness and dysesthesia in 28%
of patients, and hearing loss in 0.74%. TN Recurrence
occurred in 25% of cases, but repeat irradiation
remained effective [41].

There is now a large body of literature detailing
the outcomes, particularly when using the Gamma-
Knife system. A correlation has been established
between the frequency of hypoesthesia and pain
relief. Reoperation is possible even for the third time,
although the incidence of hypoesthesia increases with
each subsequent procedure. Overall results seem
comparable to percutaneous methods but inferior to
MVD. The likelihood of a favorable long-term outcome
after Gamma-Knife surgery is slightly less than 50%,
with a 20% chance of facial numbness.

A selective series of operations performed in leading
clinics (Table 5).

Algorithm for selecting surgical treatment

for trigeminal neuralgia

Many universities and major centers in the USA,
UK, Italy, South Korea, and other countries offer various
algorithm options for selecting surgical interventions
for TN. These algorithms are primarily designed for
researchers, postgraduate students, and doctoral
candidates, consisting of diagnostic and treatment
blocks. For practicing physicians, in our opinion, a simpler
algorithm would be more suitable (Fig. 13).

1.For young and healthy patients without
comorbidities, MVD should be offered.

2.For elderly, less healthy patients, or those who do
not wish to undergo open surgery, balloon compression
is recommended as the first-line treatment.

3. If balloon compression is not possible, glycerol
rhizotomy or thermocoagulation may be considered, but
thermocoagulation should be avoided in patients with
pain in the first branch of the TN.

Selecting the most appropriate treatment method
requires an assessment of the risks and benefits of each
procedure. As always in neurosurgery, proper patient
selection can ensure a higher success rate.

A summary table on the effectiveness of surgical
treatments for TN (Table 6).

Fig. 12. Lars Leksell (1907-1986)

http://theunj.org
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Medical negligence and lawsuits

A. Boyke et al. (2021) conducted a 34-year analysis
of medical negligence lawsuits in the U.S. related to
the treatment of TN. The report includes 49 lawsuits
from 1985 to 2019. The most frequently accused
medical professionals were dentists (31 cases) and
neurosurgeons (10 cases). The average payout for
dentists was $415,908, while for neurosurgeons it was
$618,775. The most common complaints by plaintiffs
after surgery involved cranial nerve injuries, loss of
consortium, financial losses, and death [53].

Current clinical trials

As of December 8, 2022, there were 793 clinical
trials registered on the website www.clinicaltrials.gov
focusing on the treatment of neuropathic pain, of which
64 (7%) were specifically for TN [54].

Professor Joanna Zakrzewska from University
College London (UCL) is, as of June 24, 2024, the lead
moderator of fifteen new trials in the United Kingdom. For
more information, [see https://www.hra.nhs.uk/planning-
and-improving-research/application-summaries/
research-summaries/?query=Trigeminal+Neuralgia&
research_type=&rec_opinion=8&date_from==&date
to=&relevance=true].
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The most significant ones are:

1.Search for genes predisposing to TN - DNA will
be collected from 500 patients with TN across multiple
centers. A whole-genome analysis will be performed
and compared with appropriate control standards to
identify sequence variants that significantly segregate
among TN patients. These sequence variants may cause
TN by directly affecting the function of the proteins
encoded by these genes or by altering other aspects of
gene expression. If genetics indeed play a role in TN,
there is a strong likelihood that this project will uncover
these genes and, ultimately, the pathophysiological
mechanisms involved.

2.Virtual Reality (VR) technology - this is being
explored as a new tool to reduce pain perception
and could become a breakthrough in cases resistant
to treatment. A study will be conducted on the
effectiveness of stereotactic radiosurgery with
VR training. Additionally, using MRI and artificial
intelligence, researchers will attempt to identify
structural abnormalities in the central nervous system
associated with pain.

3.Augmented Reality (AR) technology - combined
with established trajectory planning software like Magic
Leap 1 and Brainlab Elements, augmented reality will

Table 5. Selected large series of surgical treatment for trigeminal neuralgia

Procedure Author Years Total number of operations
. Yi Ma (China) [24] 2000-2017 Exceeds 16 000
Balloon compression
0. Barlas (Turkey) [23] 2007-2021 500
LZ Chen (China) [42] 1983-2008 4012
Glycerol rhizotomy XH Wang (China) [43] 1983-2003 3370
D. Kondziolka (USA) [44] 1985-2004 1174
Y. Kanpolat (Turkey) [18] 1974-1999 2138
Radiofrequency _
thermocoagulation G. Nugent (USA) [45] 1982-1997 Exceeds 1600
M. Sindou (France) [46] 1980-2022 3250
C. Tuleasca (France) [39] 1992-2010 497
. . K. Marshall USA) [47] 1998-2008 777
Stereotactic radiosurgery —
A. Niranjan (USA) [48] 1988-2016 1250
A. Jarrahi (USA) [49] 2000-2022 587
Microvascular P. Jannetta (USA) [35] 1969-1999 4415
decompression J. Zhong (China) [50] 2000-2020 Exceeds 10 000

Failure of medical therapy

I

Lower anesthesia risk

High anesthesia risk

or history of MS

Age > 70 Age <70
I I T Age > 70 Age <70
Balloon Glycerol MVD
compression rhizotomy
Stereotactic Radiofrequency Balloon

radiosurgery

thermocoagulation

compression

Fig. 13. An algorithm for refractory classical or idiopathic TN
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Table 6. Summary of surgical outcomes in TN (according to S. Bick et al. [51], R. Kirollos et al. [52] with

modifications)

Initial . . - .
Long-Term Recurrence Mortality Side effect / Complications
Procedure I;Zizo(r;/i;a Response Rate (%) Rate (%) (%) (%)
Transient: trochlefar palsy
0-5, cerebellar infarct 1, CSF
MVD 80.3-96.0 2 ears 2oss 23.4 (cecr)et'eznar leakage 2-17
) : 10y ears - 74 : infarct) Permanent: numbness 2-7,
4 hearing loss 2.5, facial palsy
0-2, anesthesia dolorosa 1-3
é YSSFS'_sé'787 0.1 by Transient: masseter
RF 97.6-99.0 10y ears - 52.3 39.6 carotid weakness 4-24, keratitis 1-8,
50 zears _a1 injury trochlear palsy 1-2
Permanent: herpes eruption
_Ea. 50, meningeal reaction
GR 71.0-97.9 é yggps _523653 61.5 0 - frequent, numbness/
4 : dysesthesia 30, corneal
hypoesthesia 15, keratitis 5
1 year - 74.6 0.2 by Transient: numbness 39,
BC 82.0-93.8 5 years - 69-80 33 carotid masseter weakness 66,
10 years - 68.1 injury aseptic meningitis 0.7
1 year - 75-90
79.0-91.8 . ;
SRS (delayed 10 foye(aagis— _45:;(—)(_55 46 0 S?g/;‘nanent. hypoesthesia
d-3.4 mo) 51 g

significantly improve the accuracy of foramen ovale
puncture compared to the Hartel's "freehand" approach.

4. Artificial intelligence for predicting postoperative
outcomes.

5. Biomarker research - this involves studying
the expression levels of inflammatory cytokines and
neurotransmitters in the peripheral blood of TN patients
before and after surgery. The aim is to gather information
for personalizing treatment options.

6. Percutaneous balloon compression using the
Sinovation R neurosurgical robot.

Conclusions

- A cure for trigeminal neuralgia is unpredictable.

- Women experience recurrences more frequently
than men, and the time to recurrence is shorter.

- Female gender and younger age are independently
associated with worsening pain scores at the 3-month
follow-up, according to multivariate analysis.

- In 10% of patients with classical TN who underwent
successful surgery, recurrence is observed.

- A shorter disease duration (< 5 years), arterial
compression, and Type I TN predict more favorable
outcomes.

- In 74% of patients, microvascular decompression
(MVD) results in pain-free status for up to 10 years,
with the lowest rate of rehospitalization within the
first year.

- While MVD carries a higher risk of serious
complications, including weakness of the masticatory
muscles, hearing loss, cerebellar infarction, and
cerebrospinal fluid leakage, the rate of these
complications remains relatively low in experienced
hands.

- Among percutaneous techniques, radiofrequency
thermocoagulation provides good initial and long-term

pain relief, with the advantage of selecting the exposure
to the specific branch of the trigeminal nerve.

- Glycerol rhizotomy and balloon compression have
similar initial pain relief and duration of effect.

- Radiofrequency thermocoagulation is likely to
require follow-up procedures.

- Advanced age and postoperative numbness are
predictors of good - outcomes for percutaneous surgery.

- Repeated procedures carry a higher risk of
pain recurrence, but the initial effectiveness of these
subsequent procedures does not decrease.

- It is becoming increasingly clear that no single
method has 100% efficacy. This suggests that TN is
probably a heterogeneous group of disorders that
collectively manifest as facial pain.

Destructive methods are preferred if MRI does
not reveal neurovascular contact. The neurosurgical
arsenal offers a wide range of options, each with its own
advantages and disadvantages. Careful consideration
of these factors will help determine which procedure is
most suitable for a specific situation.

Currently, there is no ideal surgical method for
treating TN that is minimally invasive, equally effective,
and free from complications, failures, and recurrences.
MVD remains the standard against which all other
modern procedures are measured, offering the longest
pain-free intervals.

Ultimately, uncovering the molecular mechanisms
underlying trigeminal neuralgia will pave the way for new,
more effective, and less invasive treatments.

Disclosure

Conflict of interest

The authors declare no conflicts of interest and
no personal financial interest in the preparation of this
article.

http://theunj.org



16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Funding
The study was conducted without sponsorship.

References

Park K, Cho KR, editors. Trigeminal Neuralgia: A
Comprehensive Guide. Springer Nature; 2023.

Trigeminal Neuralgia Treatment Market Growth Insight:
Global Industry Analysis by Size, Share, Comprehensive
Analysis, Future Trends and Competitive Landscape
to Forecast by 2026 [Internet]. PharmiWeb; 2021.
https://www.pharmiweb.com/press-release/2021-03-25/
trigeminal-neuralgia-treatment-market-growth-insight-
global-industry-analysis-by-size-share-compr

Xu R, Xie ME, Jackson CM. Trigeminal Neuralgia: Current
Approaches and Emerging Interventions. J Pain Res. 2021
Nov 3;14:3437-3463. doi: 10.2147/JPR.S331036

Bendtsen L, Zakrzewska JM, Heinskou TB, Hodaie M, Leal
PRL, Nurmikko T, Obermann M, Cruccu G, Maarbjerg S.
Advances in diagnosis, classification, pathophysiology, and
management of trigeminal neuralgia. Lancet Neurol. 2020
Sep;19(9):784-796. doi: 10.1016/S1474-4422(20)30233-7
Cruccu G, Di Stefano G, Truini A. Trigeminal Neuralgia. N
Engl J Med. 2020 Aug 20;383(8):754-762. doi: 10.1056/
NEJMra1914484

Lambru G, Zakrzewska J, Matharu M. Trigeminal neuralgia:
a practical guide. Pract Neurol. 2021 Oct;21(5):392-402.
doi: 10.1136/practneurol-2020-002782

Zhu G, Fu Z, Su S, Tang Y, Liu F, Yu W. Global Trends and
Hotspots in Trigeminal Neuralgia Research From 2001 to
2021: A Bibliometric Analysis. Front Neurol. 2022 May
10;13:894006. doi: 10.3389/fneur.2022.894006
Oxcarbazepine Withdrawn Phase 4 Trials for Trigeminal
Neuralgia (TN) Treatment [Internet]. DrugBank. 2024.
https://go.drugbank.com/drugs/DB00776/clinical_trials?c
onditions=DBCONDO0081925&phase=4&purpose=treatme
nt&status=withdrawn

An Efficacy and Safety Study of Basimglurant in Patients
With Trigeminal Neuralgia [Internet]. ClinicalTrials.gov.
2024. https://clinicaltrials.gov/study/NCT05217628
Benoliel R, Zini A, Khan ], Almoznino G, Sharav Y, Haviv
Y. Trigeminal neuralgia (part II): Factors affecting
early pharmacotherapeutic outcome. Cephalalgia. 2016
Jul;36(8):747-59. doi: 10.1177/0333102415611406

Spina A, Mortini P, Alemanno F, Houdayer E, Iannaccone
S. Trigeminal Neuralgia: Toward a Multimodal Approach.
World Neurosurg. 2017 Jul;103:220-230. doi: 10.1016/j.
wneu.2017.03.126

Toda H, Goto M, Iwasaki K. Patterns and variations in
microvascular decompression for trigeminal neuralgia.
Neurol Med Chir (Tokyo). 2015;55(5):432-41. doi: 10.2176/
nmc.ra.2014-0393

Hartel F. Die Behandlung der Trigeminusneuralgie mit
intrakraniellen Alkoholeinspritzungen. Deutsche Zeitschrift
fur Chirurgie. 1914 Feb;126(5-6):429-552. doi: 10.1007/
bf02800919

Kirschner M. Zur Behandlung der Trigeminusneuralgie:
Erfahrungen an 250 Fallen. Arch Klin Chir. 1936;186:325-34.
Kirschner M. Die Behandlung der Trigeminusneuralgie (Nach
Erfahrungen an 113 Kranken). Munch Med Wochenschr.
1942,;89:235-9.

Sweet WH, Wepsic JG. Controlled thermocoagulation of
trigeminal ganglion and rootlets for differential destruction
of pain fibers. 1. Trigeminal neuralgia. J Neurosurg. 1974
Feb;40(2):143-56. doi: 10.3171/jns.1974.40.2.0143

van Loveren H, Tew JM Jr, Keller JT, Nurre MA. A 10-year
experience in the treatment of trigeminal neuralgia.
Comparison of percutaneous stereotaxic rhizotomy
and posterior fossa exploration. J Neurosurg. 1982
Dec;57(6):757-64. doi: 10.3171/jns.1982.57.6.0757
Kanpolaty, Savas A, Bekar A, Berk C. Percutaneous controlled
radiofrequency trigeminal rhizotomy for the treatment of
idiopathic trigeminal neuralgia: 25-year experience with
1,600 patients. Neurosurgery. 2001 Mar;48(3):524-32;
discussion 532-4. doi: 10.1097/00006123-200103000-
00013

Sindou M, Tatli M. Traitement de la névralgie trigéminale par
thermorhizotomie [Treatment of trigeminal neuralgia with

http://theunj.org

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Ukrainian Neurosurgical Journal. Vol. 30, N3, 2024

thermorhizotomy]. Neurochirurgie. 2009 Apr;55(2):203-10.
French. doi: 10.1016/j.neuchi.2009.01.015

Bendtsen L, Zakrzewska JM, Abbott J, Braschinsky M, Di
Stefano G, Donnet A, Eide PK, Leal PRL, Maarbjerg S, May A,
Nurmikko T, Obermann M, Jensen TS, Cruccu G. European
Academy of Neurology guideline on trigeminal neuralgia. Eur
J Neurol. 2019 Jun;26(6):831-849. doi: 10.1111/ene.13950
Mullan S, Lichtor T. Percutaneous microcompression of the
trigeminal ganglion for trigeminal neuralgia. J Neurosurg.
1983 Dec;59(6):1007-12. doi: 10.3171/jns.1983.59.6.1007
Gonzales-Portillo Showing M, Huaman Tanta LA. Compresion
percutanea del ganglio de Gasser y raiz trigeminal con baldn
en el tratamiento de la neuralgia del trigémino. Revista
Argentina de Neurocirugia. 2020 Sep 10;34(03). doi:
10.59156/revista.v34i03.121

Barlas O, Unal TC. A technique to facilitate the cannulation
of the foramen ovale for balloon compression. Br
J Neurosurg. 2023 Dec;37(6):1918-1921. doi:
10.1080/02688697.2021.1907308

Ma Y, Li Y, Huang H, Wang B, Wang Q. Percutaneous
Microcompression for Idiopathic Trigeminal Neuralgia:
curative effects and complications. Research Square. 2020;
Mar 28. doi: 10.21203/rs.3.rs-19565/v1

Sun C, Zheng W, Zhu Q, Du Q, Yu W. The Transformation
of the Balloon Shape in Percutaneous Balloon Compression
for Trigeminal Neuralgia. J Pain Res. 2021 Dec 14;14:3805-
3814. doi: 10.2147/IPR.S343783

Grewal SS, Kerezoudis P, Garcia O, Quinones-Hinojosa A,
Reimer R, Wharen RE. Results of Percutaneous Balloon
Compression in Trigeminal Pain Syndromes. World
Neurosurg. 2018 Jun;114:e892-e899. doi: 10.1016/j.
wneu.2018.03.111

Kourilsky A, Palpacuer C, Rogers A, Chauvet D, Wiart
C, Bourdillon P, Le Guérinel C. Multivariate models to
predict pain recurrence and sensitive complications
after percutaneous balloon compression in trigeminal
neuralgia. J Neurosurg. 2022 Apr 22;137(5):1396-1405.
doi: 10.3171/2022.2.JNS212644

Hakanson S. Trigeminal neuralgia treated by the injection
of glycerol into the trigeminal cistern. Neurosurgery. 1981
Dec;9(6):638-46. doi: 10.1227/00006123-198112000-
00005

Asplund P, Blomstedt P, Bergenheim AT. Percutaneous
Balloon Compression vs Percutaneous Retrogasserian
Glycerol Rhizotomy for the Primary Treatment of Trigeminal
Neuralgia. Neurosurgery. 2016 Mar;78(3):421-8; discussion
428. doi: 10.1227/NEU.0000000000001059

Noorani I, Lodge A, Vajramani G, Sparrow O. Comparing
Percutaneous Treatments of Trigeminal Neuralgia: 19
Years of Experience in a Single Centre. Stereotact Funct
Neurosurg. 2016;94(2):75-85. doi: 10.1159/000445077
Noorani I, Lodge A, Durnford A, Vajramani G, Sparrow O.
Comparison of first-time microvascular decompression with
percutaneous surgery for trigeminal neuralgia: long-term
outcomes and prognostic factors. Acta Neurochir (Wien).
2021 Jun;163(6):1623-1634. doi: 10.1007/s00701-021-
04793-4

Herta J, Loidl TB, Schmied T, Tomschik M, Khalaveh
F, Wang WT, Dorfer C. Retrospective comparison of
percutaneous balloon compression and radiofrequency-
thermocoagulation in the management of trigeminal
neuralgia. Acta Neurochir (Wien). 2023 Jul;165(7):1943-
1954. doi: 10.1007/s00701-023-05656-w

Chang KW, Jung HH, Chang JW. Percutaneous Procedures
for Trigeminal Neuralgia. J Korean Neurosurg Soc. 2022
Sep;65(5):622-632. doi: 10.3340/jkns.2022.0074

Barker FG 2nd, Jannetta PJ, Bissonette DJ, Larkins MV, Jho
HD. The long-term outcome of microvascular decompression
for trigeminal neuralgia. N Engl J Med. 1996 Apr
25;334(17):1077-83. doi: 10.1056/NEIJM199604253341701
McLaughlin MR, Jannetta PJ, Clyde BL, Subach BR, Comey
CH, Resnick DK. Microvascular decompression of cranial
nerves: lessons learned after 4400 operations. J Neurosurg.
1999 Jan;90(1):1-8. doi: 10.3171/jns.1999.90.1.0001
Sindou M, Keravel Y, Simon E, Mertens P. Névralgie du
trijumeau et neurochirurgie. EMC - Neurologie. 2012
Jan;9(1):1-14. doi: 10.1016/s0246-0378(12)70006-4

Chen F, Niu Y, Meng F, Xu P, Zhang C, Xue Y, Wu S, Wang



Ukrainian Neurosurgical Journal. Vol. 30, N3, 2024

L. Recurrence Rates After Microvascular Decompression
in Patients With Primary Trigeminal Neuralgia and Its
Influencing Factors: A Systematic Review and Meta-Analysis

17

neuralgia using a cordotomy-type electrode. A method.
Neurosurg Clin N Am. 1997 Jan;8(1):41-52. doi: 10.1016/
S1042-3680(18)30336-X

Based on 8,172 Surgery Patients. Front Neurol. 2021 Sep 46. Sindou M, Brinzeu A. Trigeminal Neuralgias: A Neurosurgical
30;12:738032. doi: 10.3389/fneur.2021.738032 Illustrated Guide. Springer International Publishing; 2023.
38. Pollock BE, Phuong LK, Gorman DA, Foote RL, Stafford doi: 10.1007/978-3-031-25113-9
SL. Stereotactic radiosurgery for idiopathic trigeminal 47. Marshall K, Chan MD, McCoy TP, Aubuchon AC, Bourland 1D,
neuralgia. J Neurosurg. 2002 Aug;97(2):347-53. doi: McMullen KP, deGuzman AF, Munley MT, Shaw EG, Tatter SB,
10.3171/jns.2002.97.2.0347 Ellis TL. Predictive variables for the successful treatment
39. Régis J, Tuleasca C, Resseguier N, Carron R, Donnet A, of trigeminal neuralgia with gamma knife radiosurgery.
Gaudart J, Levivier M. Long-term safety and efficacy of Neurosurgery. 2012 Mar;70(3):566-72; discussion 572-3.
Gamma Knife surgery in classical trigeminal neuralgia: doi: 10.1227/NEU.0b013e3182320d36
a 497-patient historical cohort study. J Neurosurg. 2016 48. Niranjan A, Lunsford LD. Radiosurgery for the management
Apr;124(4):1079-87. doi: 10.3171/2015.2.IJNS142144 of refractory trigeminal neuralgia. Neurol India. 2016 Jul-
40. Tuleasca C, Régis J, Sahgal A, De Salles A, Hayashi M, Ma L, Aug;64(4):624-9. doi: 10.4103/0028-3886.185393
Martinez-Alvarez R, Paddick I, Ryu S, Slotman BJ, Levivier 49. Jarrahi A, Cantrell R, Norris C, Dhandapani K, Barrett
M. Stereotactic radiosurgery for trigeminal neuralgia: a J, Vender J. Trigeminal Neuralgia Treatment Outcomes
systematic review. J Neurosurg. 2019 Mar 1;130(3):733-757. Following Gamma Knife Stereotactic Radiosurgery.
doi: 10.3171/2017.9.JNS17545 International Journal of Translational Medicine. 2022 Nov
41. Gubian A, Rosahl SK. Meta-Analysis on Safety and Efficacy 22;2(4):543-54. doi: 10.3390/ijtm2040041
of Microsurgical and Radiosurgical Treatment of Trigeminal 50. Zhong J. The simpler the better: a personal philosophy
Neuralgia. World Neurosurg. 2017 Jul;103:757-767. doi: of microvascular decompression surgery. Chin Med
10.1016/j.wneu.2017.04.085 J (Engl). 2021 Feb 15;134(4):410-412. doi: 10.1097/
42. Chen L, Xu M, Zou Y. Treatment of trigeminal neuralgia CM9.0000000000001233
with percutaneous glycerol injection into Meckel's cavity: 51. Bick SKB, Eskandar EN. Surgical Treatment of Trigeminal
experience in 4012 patients. Cell Biochem Biophys. 2010 Neuralgia. Neurosurg Clin N Am. 2017 Jul;28(3):429-438.
Nov;58(2):85-9. doi: 10.1007/s12013-010-9094-z doi: 10.1016/j.nec.2017.02.009
43. Xu-Hui W, Chun Z, Guang-lian S, Min-Hui X, Guang-Xin 52. Kirollos R, Helmy A, Thomson S, Hutchinson P, editors.
C, Yong-Wen Z, Lun-Shan X. Long-term outcomes of Oxford Textbook of Neurological Surgery. Oxford University
percutaneous retrogasserian glycerol rhizotomy in 3370 Press; 2019. doi: 10.1093/med/9780198746706.001.0001
patients with trigeminal neuralgia. Turk Neurosurg. 2011 53. Boyke AE, Naidu I, Lam S, Alvi MA, Bader ER, Agarwal V.
Jan;21(1):48-52. doi: 10.5137/1019-5149.JTN.3550-10.1 Medical Malpractice and Trigeminal Neuralgia: An Analysis
44. Kondziolka D, Lunsford LD. Percutaneous retrogasserian of 49 Cases. J Oral Maxillofac Surg. 2021 May;79(5):1026.
glycerol rhizotomy for trigeminal neuralgia: technique and e1-1026.e8. doi: 10.1016/j.joms.2020.12.041
expectations. Neurosurg Focus. 2005 May 15;18(5):E7. doi: 54. DuZ, ZhangJ, Han X, Yu W, Gu X. Potential novel therapeutic
10.3171/foc.2005.18.5.8 strategies for neuropathic pain. Front Mol Neurosci. 2023
45. Nugent GR. Radiofrequency treatment of trigeminal Apr 21;16:1138798. doi: 10.3389/fnmol.2023.1138798

MopiBHAHHA Pi3HUX METOAIB JliKkyBaHHA HeBpaJirii TpilyacTtoro HepBa.
Oornap niteparypm
B.C. bortes, 0.B. [puHiB, B.A. pn6

Kadeapa HeBponorii i Herpoxipyprii,

IBaHO-®paHKiBCbKWNIA HaLiOHANbHUIA
MeANYHUI YHiBepcuTeT, IBaHo-
®dpaHKiBCbK, YKpaiHa

Hagiviwna go peaakuyii 09.07.2024
lpuiiHaTa 4o ny6nikayii 14.08.2024

Appeca AanAa NUCTyBaHHA:

boTes B'syecnas CeMeHOBMY,
Kageapa HeBposiorii i Helpoxipyprii,
IBaHO-®paHKIBCbKMI HalioHaabHWIA
MeanYHWI yHIBepCUTET, BYI.
ranuybka, 2, IBaHo-®paHKIBCbK,
76018, YkpaiHa, e-mail:
vyacheslav56@yahoo.co.uk

HeBpanris Tpityactoro Hepsa (HTH) BBaxa€Tbca OAHMM i3 HanbonwYiLMX
CcTaHiB y ntoanHu. LLlopiuyHo peecTpyeTbes 6nm3bko 150 000 HoBMX BMNaAKiB.,
ue npnbnusHo 4,3 Ha 100 000 HaceneHHs. HTH yacTiwe 3ycTpidaeTbcs y
XIHOK, HiX Yy YonoBikiB i3 cniBBigHoweHHSM 1,8:1. HTH Malixe 3aBXAM BUHUKAE
OAHOCTOPOHHbLO, | Nnwe 1-2% 6yBa€ 3 ABOX CTOPIH.

HTH noainsaioTb Ha K/acuyHy, BTOPUHHY Ta iagionaTtudHy. KnacnyHa HTH
nos'A3aHa 3i CTUCHEHHSIM HepBa apTepieto abo BeHOW, ToAi SIK BTOPUHHA
BUHUKAE Yepes NyxJIMHy abo po3cCisiHUI CKNepo3s, idionaTu4yHi BUNagKu nos'sa3aHi
3 He3'scoBaHol npuyunHot. HTH I Tuny xapakTepu3yeTbCsa €ni3oAnyHUM
cTpinstoumm 6onem, a HTH II Tuny Ma€e nocTinHMn 601bOBUIA KOMMOHEHT.

Mowyk cucTeMaTUyHMX OrNsAAiB, MeTaaHanisiB Ta BiANOBIAHUX cTaTewn
NpoxoAuB y TpbOX enekTpoHHux 6a3ax (PubMed, Embase Ta Cochrane Library),
ony6nikoBaHux 3aebinbworo 3 2000 no 2023 pik. 3pewTo BUKOPUCTAHO
11 meTaaHanisiB Ta 12 ctaTteln aBTOpiB 3 TakMX KhiHik gk Mayfield, Mayo Ta
npodecopa Mitepa OxaHHeTTn B CLUA, a Takox BenukobpuTtanii, €sponu,
MiBoeHHoi Kopei Ta Kutato.

MNMpoBeneHo NopiBHAHHS 6e3nekn Ta eheKTUBHOCTI AECTPYKTUBHUX XipypPriyHNX
MeToaiB (6anoHHOI kKoMmnpecii, pu3oToMii rniuepmHoM, pagiodacToTHOI
TepMoKoarynsauii, ctepeoTakCnyHoi pagioxipyprii) Mixx coboto, a Takox 3
HeAeCTPYKTUBHUM MeTOAOM — MIKpPOCYAMHHOW AekoMmnpecieto. Ocobnusy
yBary npuineHo nepeBiCHOMY Ta AOBroCTPOKOBOMY edekTy 3HebonBaHHS,
dakTOpaM pu3nKy, yCKIagHEHHAM Ta No6iYHMM edekTaM.

HaBegeHo AaHi Npo MOTOYHI KNiHIYHI BUNpobyBaHHSA, po60Ty reHeTuKIB
3 MOWYKY reHis, Wo npm3BoasATe Ao HTH, a TakoX npo ponb TEXHOJOrin
BipTyasibHOI Ta LOMNOBHEHOI peanbHOCTI.

KniouoBi cnoBa: HeBpasris TpisidacToro HepBa; o0BasibHui oTBip; 6aso0HHa
KOMMpecisi;, pn3oToMii raiyepmnHom;, pagiodacToTHa TepMoKoaryasyis,;
cTepeoTakcuyHa pagioXipyprisi; MiKpoCcyaAnHHa AeKOMIIpecis
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MauieHTn i3 XpOHIYHMM abaoMiHanbHUM 6oneM € CKNagHOK KOropTow XBOPUX,
SAKi TpMBano NiKyTbCA B Pi3HMX cneuianicTie (Xipyprie, yponoris, riHekonoris,
HeBponorie, ncuxiatpie Towo). OAHaK, He3BaXakum Ha NPOBEAEHHS BCiX
[iarHOCTUYHUX | NikyBanbHUX 3axoAdis, 60nboBuUii cuHapomM 36epiraeTbca abo
NiACUNOETbLCS.

MeTa: ouUiHUTN edeKTUBHICTb, 6e3NeyHiCTb Ta BiaAaneHi pe3ynbTaT NikyBaHHSA
nauieHTiB i3 601bOBMMU CUHAPOMaMM YePEBHOI MOPOXXHMHM i3 3aCTOCYBAHHSIM Pi3HUX
MEeTOo/AiB MasloiHBa3MBHUX BTPpy4YaHb Ha YepeBHOMY cnnieTeHHi (UC) 3 ypaxyBaHHSM
0cobnMBOCTEN NOXOAXKEHHS, XapaKTepy 1 nokanisauii 6onto.

MaTepianm i MeToaMm. NpoBeseHO aHani3 pesynbraTiB 26 iIHTEPBEHUINHUX BTPyYaHb
Ha YC y 21 nauieHTa. Kputepiamu ang 3anyvyeHHs B AOCNIAXEHHSA 6ynn HasBHICTb
CTiiKOro (papMakope3nCcTeHTHOro 60110 B XXMBOTI MPOTAroM =3 MiC, BiK NaUi€eHTIB Big
19 po 73 pokiB. Cepeg nauieHTis 6yno 13 (62,0%) 4onosikis Ta 8 (38,0%) XiHOK.
CepepHin Bik xBopux — (55,2%15,2) poky. MauieHTiB po3noainunmn Ha ABi rpynu:
nepwa rpyna - 16 xBopux Ha pak nigWwWnyHKOBOI 3an103u1, gpyra rpyna — 5 nauieHTis
i3 HEOHKONOFIYHUMWN XPOHIYHUMK abaoMiHaNbHUMKN 60N1bOBUMU CUHAPOMaMK (Y
TPbOX BMMAAKaX — XPOHIYHUI PyHKUiIOHaNbHUI abaoMiHanbHWit 6inb, N0 ogHOMY
BMMNAAKY CONSPUITY Ta XPOHIYHOrO naHkpeaTuTy). YCi npoueaypu BUKOHyBanu
nia KOHTposieM KoMmn'toTepHoi ToMorpadii. nsa ouiHKK iHTeHcuBHOCTI 60/1bOBOIO
CMHAPOMY 3aCTOCOBYBaNAW BisyasnbHy aHanoroBy wkany (BALI) 6onto Big 1 go 10
cM, Ae 0 cM - BiacyTHICTb 601110, 10 CM — HecTepnHUit 6inb. DyHKLIIOHaNbHUIA CTaTyC
BU3Hauanu 3a wkanot KapHoscbkoro (LK) Big 0 no 100%. Jo6oBy A03y onioigHMX
aHanreTukis OLUiHIOBaNM 3a AOMNOMOrol ekBiBaseHTa nepopasnbHoi 4060BOT A03M
Mop@iHy. 3a nauieHTaMu cnocTepirann NpoTsaroM 6 Mic, OUiHIOBaHHS NMPOBOAMN
yepe3 1 Tux, 1, 3 Ta 6 Mic BignoBsigHoO.

PesynbraTtu. Y nepuwiit rpyni 6yno nposeaeHo 17 iHTepBeHUiMHWX BTpy4YaHb Ha YC,
OAHOMY Maui€HTY CMMMNATONI3UC BUKOHANW ABidi, y Apyrii rpyni — 9 iHTepBeHLUiN:
4 6nokaamn YC i3 BUKOpUCTaHHAM «[eno-meapon®» (MeTUNNpeaHi3onoHy) Ta 5
Helponi3ucie i3 96% eTnnoBuM cnmMpToMm. [IBOM NauieHTaM crno4yaTKy MpoBeaun
6nokaay YC, a noTiMm cuMmnaToni3nc yepes peumams 601b0BOr0 CMHAPOMY AN
CTIMKIWLOro CMMNaTONMITUYHOrO 1 aHanreTnyHoro edekTy. OAHOMY MauieHTY
Henponismc YC BukoHanu Tpudi. He 3adikcoBaHO X0OAHOro ycknagHeHHs nig vac
npoBeAeHHs npoueayp.

OuiHka iHTeHCMBHOCTI 60n1boBOro cuHapoMy 3a BALL oo npoueaypu B 3aranbHin
rpyni (n=26) ctaHoBuna B cepeagHboMy (9,6+0,6) cM, yepes3 TMxXAeHb Nicns
BTpYy4aHHs — (4,5+1,6) cm (p<0,0001), yepes 1 mic - (3,2+1,5) cm (p<0,0001), yepe3s
3 mic - (3,0£1,6) cm (p<0,0001), yepes 6 mic - (4,4+1,6) cm (p<0,0001), nokasHKK
dyHKUioHanbHoro ctaTycy 3a WK no npoueaypu - (65,8+7,0) %, yepes TUXAEHb
nicnsa sBTpyyaHHs - (80,8+8,0)% (p<0,0001), yepe3 1 mic - 81,5+8,3% (p<0,0001),
yepes 3 mic - (75,0+9,5)% (p<0,0010), yepe3 6 Mic - (68,0+9,4)% (p=0,4042),
poboBa pgo3a npuiioMy onioigHMX aHanreTukis - BignosiaHo (123,8%+86,0),
(57,3+61,2), (41,0+47,3), (44,0+51,3) i (80,6+77,2) mr (yci p<0,0001).

BucHoBKM. Heliponisnc YC nig KoHTpoaeM KoMn'toTepHOi ToMorpadii € KOpUCHUM
Ta epeKTUBHUM IHCTPYMEHTOM Y NikyBaHHI NauieHTIB AK i3 abgomiHanbHUM 6onem,
CNpUYMHEHUM HeonepabenbHUM pakoM MiALWAYHKOBOI 3a/103U1, TaK i 3 XPOHIYHUM
HEOHKOJ/OMYHUM papMaKope3nCTEHTHUM 6oneM y XMBOTI. ManoiHBa3nBHI BTpyYaHHs
Ha YC cnpusoTb 3HAYHOMY 3MeHLLEHHI0 601b0BOro cuHapomy 3a BALU (p<0,001),
3HUXYOTb NOTpeby B NpMiOMi onioigHMX aHanreTukis Yepes 1, 3, 6 mic (p<0,001)
i NiABULWYIOTb NOKAa3HMK dYHKLiOHaNbHOro cratycy nauieHTis 3a LUK vepes3 1 Ta
3 mic (p<0,001). 3 ornagy Ha BeNUKY 4acToTy peumamBy 601b0BOro CUHAPOMY B
nauieHTiB i3 rpynu HEOHKONOriYHOro 6010, HeobXiAHICTb NOBTOPHUX BTPYy4YaHb ANS
TPUBaoro KOHTpoJsto 6onto, iHTepBeHLUii Ha YC y Liei koropTu XBOpUxX NoTpebytoTb
noAasnbloro AOCNIAXEHHS 3 BEJIMKOI KifIbKICTIO CMOCTEPEXEHD.

Knrwo4uoBi cnoBa: He/iposianc, cumnatonianc, YepeBHE CrJIETEHHS; COHSIYHE
CMJIETEHHS,; paK MigWwayHKoBoOI 3an103u; 6islb y XWUBOTI; CONSPUIT, XPOHIYHUI
GyHKUIOHa/IbHM abaoMiHanbHui 6isb
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BcTyn

3a gaHmmum BOO3, 61n3bko 37% noaen y po3BUHEHNX
KpaiHax MalTb XBOPO6M i CTaHW, NOB'sA3aHi 3 XPOHIYHUM
6onem [1]. JocnigxeHHs, npoBeAeHi B EBponi, Nokasanu,
WO KOXHa n’'ata ocoba noBiAOMASE NPO HAsABHICTb
XPOHi4YHOro 60nt0 NOMipHOi abo BMCOKOT IHTEHCUBHOCTI,
npu uboMy B 90% i3 HMUX 6inb iCHYe nNoHap 2 poku,
y TPETUHW BUMAAKIB He MONEerwyeTbcs B pe3ynbraTi
nikyBaHHsa [1]. EkcTpanonsauis umMx AaHWUX MOXe
CBigUNTM, WO B YKpaiHi MinbMOHW noaen, nepeBakHOo
npauesnaTtHOro M NOXWaoro BiKy, MatoTb npobnemu,
noB’si3aHi 3 XpOHiYHNM 6onem.

MauieHTn i3 XpOHiYHMM abaomiHanbHuUM 6onem
€ CKJIAAHOK KOropTOK XBOPUX, AKi TpuBanuin yac
NikyTbCa B pi3HMX cneuianicTiB (Xxipyprie, yponoris,
riHekonoris, HeBponoOriB, NcuxiaTpis Towo). OaHak,
He3BaXarw4n Ha npoBefeHHS BCiX AiarHOCTUYHUX Ta
nikyBanbHUX 3axoAis, 601b0BUIA CMHAPOM 36epiraeTbcs
abo nigcuntoeTbcs. AckpaBuUM NpUKNaaoM € 6inb y XXUBOTI
Yy XBOPUX 3i 3N105KiCHUMWU HOBOYTBOPEHHSMU OpraHiB
YepeBHOI MOPOXHUHKN, aAxe Noro Bia4yBawTb 61M3bKO
NOIOBUHU OHKOJIOFIYHMX MNaUIEHTIB, Ha MNi3HiIX CTagiax
3axBOploBaHHA — noHas 70% [2, 3]. Moro vacToTa e
6inbwa y xBOopux i3 pakoM NigWNYyHKOBOI 3ano3u [4].
NMnwe y 12-20% nauieHTiB AiarHO3 yCTaHOBOIOTb
Ha cTagii, KoM we MOXHa NpoBecTU pe3ekUuito
nyxnamHu [5]. 3a3Bnyan nikyBaHHSA 60110 B LMX XBOPUX
- AyXe CKnajHe 3aBAaHHsA, OCKiflbKn YacTo notpebye
XPOHIYHOro 3aCTOCYBaHHA BUCOKWMX A03 ONiOiAHMX Ta
HeonioiAHNX aHanreTukis abo ixHboi KoMbiHauii. Onioian
edeKTMBHIWI, Aobpe 3HIMalTb 60/1bOBUIA CMHAPOM, ane
MalTb HM3KY nobiyHux edekTiB (HyaoTa i 6a0BaHHS,
3anop, ceepbix, cyxicTb y poTi, BUpa3Ha cepauis
abo MapeHHs, rantounMHOreHHi edekTn, HeobXigHICTb
36inbwyBaTN A03y 3 PO3BUTKOM TONIEPaHTHOCTI,
HenepeHOCUMICTb NeBHOro npenapaTty) [6-8]. Lli no6iyHi
e eKTU MOXYTb e 6ifblue NOoripWwnTn SKIiCTb XUTTS, WO
BaXJ/IMBO ANS L€l KOFrOPTU XBOPUX, Y AKUX N'ATUpPiYHa
BMXMWBAHICTb CTaHOBUTbL nmnwe 8% [9]. HeapekBaTHa
6opoTbba 3 60/1eM MoraHo BMJAMBAE Ha SKICTb XUTTS
Ta acoUuilETbCA 3 TFipWUMKN KIHIYHUMW NOKa3HMKaMu
BMXXMBaAHHS nauienTis [4, 10, 11].

Mpobnema nigxoaiB A0 NiKyBaHHSA MaUi€eHTIB i3
XPOHIYHUM HEOHKONOTiIYHUM B0N1EM Y XKMBOTI € CKNaAHUM
3aBAaHHAM i 06roBoploeETbCA B NiTepaTypi. Taki
601b0OBI CUHAPOMU € CKNAAHWMWU 3aXBOPIOBAHHSAM, SKi
AiarHOCTYOTb Y HEBEJINKOI KifIbKOCTi nauieHTiB. YacTo
XBOpMX 06CTeXYIOTb Pi3Hi cneuianicTu, ane octaTtoyHo
BCTAHOBMUTU AiarHO3 He MOXYTb.

CuHAPOM dyHKUioOHanbHoro abaoMiHanbHoOro 6osto
(COAB) HanexuTb A0 (PYHKLIOHANbHUX LAYHKOBO-
KMWKOBMX po3nafiB 3a PUMCbKUMKU AiarHOCTUUYHUMMU
Kputepiamu [12]. 3rigHO 3 OCTaHHIM nepernagom
(2016) uiei giarHocTnyHoi knacudikauii COAB Mae
Ha3BYy «LEeHTpasibHO onocepesKoBaHuii abaoMiHanbHU
cuHgpom». Lle Moxe 6yTu BUCHaxXnuBwui posnaj, LWwo
XapaKTepuU3yeTbCSA NOCTiNHMM abo 4acTo NOBTOPIOBAHUM
6onem y XuBOTi, HAABHUM MPUHANMHI 6 Mic, i3 AesKow
BTPaTol MNOBCSAKAEHHOro dyHKuUioHyBaHHSA [13]. Ak
i y BUnagky 3 iHWWMMU pyHKUiIOHaNbHUMKN LWTYHKOBO-
KWLWKOBUMW pO3nafaMu, HEMAE A0KA3iB CTPYKTYPHOro
(MopdOMOriyHOro) 3axBOPHOBaAHHSA, Ke CMNPUUYNHIOE
CUMMTOMM.
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3a3Buyan y KNAIHIYHIN npakTuui conapuiTt
AiarHOCTYOTb AyXe piaKo. MauieHTM NOro onucyrTb,
K 6inb NepeBa)XHO B eniracTpaibHii AinaHui, Mix
MeyonodibHMM BiAPOCTKOM FPyAHMHM Ta nynkoM. Binb
nepenMonoAibHmn, HeMaE 3B'A3Ky 3 MPUIAOMOM iXi, MOXe
ippaditoBaTi NO BCbOMY XMUBOTY, Mg pebpa Ta B CNuHY.
OkpiM 605110, Yy KJiHIYHIA KapTUHI MOXYTb CnocTepiraTucs
CNa3Mu, aTOHIS WAYHKa UM KULWKIBHMKA, 34YTTS XUBOTA,
HynoTta, 3anop abo piapes. MoXnuBi CONApHiI KpU3n -
NpUCTYNM iIHTEHCUMBHOrO, Kosto4voro 6onto B eniracTpii,
O TaKOX BUABMASAETLCA NiABULLEHHAM apTepianibHOro
TUCKY, TaXikapAi€w Ta MOYEPBOHIHHAM WKIiPHUX
nokpusiB. ETionorito consapuiTy BUBYEHO HEAOCTATHbLO.
MpunyckatoTb iHheKUiliHi 3aXBOPIOBaHHSA, TpaBMaTUYHI
YMHHUKK (3a60i XMBOTa UM FPyAHOI KAITKKU), 3anasbHi
3aXBOPIOBAHHS OpraHiB YepeBHOi NOPOXHUHK (30KpeMa
NaHKpeaTUT, XONEUNCTUT), iIHTOKCUKALIT pi3HOro reHesy
ToLLO.

3a ouiHKaMM, 3axXBOPHOBAHICTb Ha XPOHiIYHUN
naHkpeaTuT cTtaHoBuTb 50-75 Bunaakie Ha 100 Twuc.
HaceneHHs Ha pik [14]. ban3bko 85-90% nauieHTIB
i3 UMM 3axBOpPHOBAHHAM BigvyBalwTb 6inb nig vac
BCTAHOBJIEHHS AiarHO3y, AKWUW NiIACUNIOETBCA B Mipy
nporpecyBaHHsA 3axBOPIOBaHHA, WO 3HAYHO MNOripLyeE
AKiCTb IXHbOro XuUTTsa [15]. YncneHHi aHaniam SKoCTi
XUTTS UMX MauieHTiB cBigyaTb, Wo 6inb AOMIHYE B
NOKa3HMKaxX SAKOCTi XWUTTA B YCiX OCHOBHUX cdepax
[16, 17]. Binb y XWBOTi BHACNiAOK XPOHIYHOrO
naHKpeaTUTy BUCHAaXYE MNauieHTa Ta € CKNaAHO
npobnemoto sK ANA racTpoeHTeposioriB, Tak i Ans
cneuianicTiB i3 nikyBaHHa 6onto (NikapiB-anbrosorie)
un Xipypris.

Y cBiTi HabyBalTb MOWWNPEHHSA BTPYYaHHSA Ha
CTPpyKTypax BeretatuBHOi (@aBTOHOMHOI) HEpPBOBOI
cuctemn. BoHn € 6e3neyHmMn, ManoTpaBMaTUYHUMMU,
eeKTUBHNUMM, 3 MiHIMANIbHOK KiNbKIiCTIO yCKnagHeHb
Ta 3abe3nevyoTb CTiNKMA NikyBanbHUi edekT. OgHaK
ony6nikoBaHO HeBeNUKY KiNbKiCTb HAayKOBUX Mpalb
LWOAO ManoiHBa3UBHUX BTPyYaHb Ha CUMMATUYHUX
CnneTeHHaX, 30kpeMa npu 60N1bOBUX CUHAPOMAaX
YyepeBHOI MOPOXHWHK, BIACYTHSA 4YiTKa cuMcTemarTusauis
iHTepBeHUil, AaHi NpO iXHIO pe3yNbTaTUBHICTb i
eeKTUBHICTb TOLLO.

Cnia po3yMiT NPMHUMMIOBY Pi3HMLIO MiX 610Kaaoto
Ta HENponi3ncoM (CMMNaToi3UCOM) HEPBOBUX CMJIETEHbD.
Bnokaay 34iMCHIOTL iH'EKLIMHMMKN KOPTUKOCTEpPOiAaMM
Ta/abo B koMbiHauii 3 MicueBMMM aHeCcTeTUKamu
TpuBanoi gii aonsg TuM4yacosoro 6510ky nepegadi 60/1b0BMX
iMnynbciB. Heliponianc BMKOHYKOTb 3a A0OMNOMOro
eTunosoro cnupty ab6o deHONy, WO CAPUYNHSE
CTiKiWMN edeKT 3a paxyHOK pyNHYBaHHS HEpPBOBMUX
BOJIOKOH. Y AesKnX BUnaakax Ansg TpmBaniworo eekrty
3aCTOCOBYOTb pafio4acToTHY AeHepBauito (abnsuito) abo
MOAYNALI0 HEPBOBOIO CrJIETEHHS.

MerTa: ouUiHUTKM edeKTMBHICTb, 6e3neyHicTb Ta
BiAAaneHi pe3ynbTaTu NikyBaHHSA NauieHTiB i3 6on1boBUMYK
CMHAPOMaMM YepeBHOI MOPOXHUHU i3 3aCTOCYBAHHAM
Pi3HWX MeTOoAiB MasOiHBa3MBHUX BTPyYaHb HA YEPEBHOMY
CNeTeHHi 3 ypaxyBaHHSAM 0CO6IMBOCTEN NOXOAXKEHHS,
XapakTepy W nokanisauii 6onto.

CTatTsi MICTUTb PUCYHKM, K BiAOBPaxatoTbCsl B APYKOBaHIvi BEPCii y BiATIHKaXx Ciporo, B €/1eKTPOHHIN — y KOJ1bOpi.

http://theunj.org



20

Marepianu i meTOaM

Au3aiiH gocnigxxkeHHs

MpocnekTUBHE iHTEpPBEHLUIilAHE AOCNIAXEHHS
nposeneHo Ha 6a3i ABOX MeANYHMX 3aknagiB y M. Kuesi
(fonoBHuMi MeanyHum ueHTp MBC YkpaiHun, IHCTUTYT
Helnpoxipyprii imeHi akaa. A.M. PomogaHosa HAMH
YkpaiHn) y nepiog 3 2016 p. o 2024 p. NpoaHanizoBaHo
pe3ynbtaTtu 26 iHTEpPBEHUINHMX BTPY4YaHb Ha YEPEBHOMY
cnnetenHi (UC) y 21 nauieHTa. Yci BTpyYaHHS BUKOHAHO
3a CTaHAApTHOO METOAMKOI npouenypu OAHIED
KOMaHAO0, A0 CKaAy siKOi BXOAWNW Tpw nikapi (aBa i3
rocnitanto, oAuH i3 IHCTUTYTY).

MpoBeneHHA AOCNIAXEHHS CXBajieHe KOMiCie
3 eTukn Ta 6ioeTnkn IHCTUTYTY HeKpoXipyprii iMeHi
akap. A.lN. PomogaHoBa HAMH Ykpainu (npoTokon N23
Big 16 rpyaHs 2020 p). Micna geTanbHOro NOSICHEHHSA
npoueanypu OoTpMMaHO NMUCbMOBY iHDOpPMOBaHY 3roay
Big nauieHTiB. JocnigxeHHs He 6yno noB's3aHe 3
niagBULWEHUM PU3NKOM ANsa Cy6'eKTiB AOCNIAXEHHSA Ta
BUKOHaHe 3 AOTPUMAHHAM 6i0€TUYHMX HOPM i HayKOBUX
CTaHAapTiB WoA0 NpoBeAeHHS KAIHIYHUX A0CAIAXEHDb i3
3any4YeHHsaM NauieHTIB.

KpuTtepii 3any4dyeHHsa: ocobu 3i CcTinkum
cdapMakope3ncTeHTHUM 6onem y XunBoTi NpoTarom =3
MiC, Y AAKWX AiarHOCTOBaHO pak NiAL/TYHKOBOI 3a103H,
COAB, consipuiT UM XpPOHIYHMIA MaHKpeaTuT, MauieHTn
ob6ox cTtaTel, Bik Big 19 o 73 pokiB, BiACYTHiCTb peakuii
Ha aHanreTuku, npoTusanasnbHi NpenapaTtun Ta iHWI
KOHCEpBATMBHI METOAMN NiKyBaHHS.

KpuTepii BunyyeHHs: Bik Ao 16 pokKiB, NauieHTH
3 HAsABHOI JIOKaNbHO iH(MEKUiE B Micui MyHKUIT umn
cucteMHot iHgekuieto (cencuc), anepris Ha 6yab-
SIKUIA aHecTeTUK abo KOHTpacTHUN 6apBHUK, ocobu
3 NopyweHHAM npodint kKoarynauii, HassBHICTb
aHeBpWM3MU, NpPUCTiIHKOBOro Tpomby, Benuka
aTepocknepoTUyHa Kanbuudikauis YyepeBHOro BiaAiny
aopTWU, NAUIEHTM 3 MNCUXIYHMMU po3najgamu, aKi
nepebyBsaloTb Nia AMCNAHCEPHUM HArnaA0M y ncuxiaTpa,
HEMOXJ/IMBICTb MPOAOBXYBaTU y4yacTb Y AOCHIAXEHHI
NpoOTArom nepiofy cnocTepexeHHs.

XapaKTepHUcTukn rpynm

Cepep nauieHTiB 6yno 13 (62,0%) yonosikiB Ta
8 (38,0%) xiHok. CepeAHii Bik AOCNIAXYBaHUX —
(55,2+15,2) poky. MNauieHTiB po3noainnnmn Ha ABi
rpynu: nepwa rpyna — 16 XxBopux Ha pak nigLwayHKoOBOT
3an03u, Apyra rpyna — 5 nauieHTiB i3 HEOHKOMOriYHUMK
XPOHIYHMMKM abaoMiHaNbHMMK 60NBLOBUMM CUHAPOMaMK (y
TpboX BUNaakax — COAB, No 0 AHOMY BMMNAAKY CONAPUITY
Ta XPOHIYHOro NaHkpeaTuTy).

Mertoanka npoueaypmn

MauieHTn 6ynu BigibpaHi gnsa emMnipuyHoOro aHanisy
iH’ekuin YC nig KoHTponeM KOMN'toTepHOi ToMorpadii
(KT) i3 BukopuctaHHaM anapata «GE Revolution
Evo» Ha 64/128 3pisiB (General Electric, CLUA) y
fonoBHOMY Meau4yHOMY LeHTpi MBC i «Toshiba Aquilion
Prime» 80/160 3pi3iB (Toshiba, AnoHis) B IHCTUTYTI
HelpoxXipyprii. NMepen npoueaypol B yCix MauieHTIB
BMMIipIOBaIN NOKA3HWUKM apTepianbHOr0 TUCKY, 4acToTwH
cepueBUX CKOPOYEHb Ta OKCMreHadii. ¥ pasi 310akicHOro
YPa>KeHHS NiALWYHKOBOI 381031 XBOPi 6ynu KaxeKTUyHi
NITHLOrO BiIKY 3 HU3bKUM apTepianbHUM TUCKOM. epen
npouenypoto BCTAaHOBMOBAAN BHYTPIlWUWHbOBEHHUN
KaTeTep, OCKiJIbKU FiMOTOHIA € YaCTUM YCKTaAHEHHAM.
YnpoAoBX AEeKiNbKOX AHIB A0 cuMmnaTonisucy
BCiX MaUIiEHTIB NpoCcuUaM BUNMBATU LWOHaMMeHWwe
1,5-2,0 n Boan/poby, 3a HEMOX/IMBOCTI MPOBOAUIUN
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BHYTpPiWWHbOBEHHY iH(DY3ito 500-1000 mn disionoriyHoro
pPO34YMHY. Y AOCNifXEHHI HEWPOMi3NC BUKOHYBanu
nig MicueBol aHecTe3i€l, ajse BCIM nauieHTam nia
yac npoueaypu NpoBOAMAWN KapAiopecnipaTopHUi
MOHITOPUHI (enekTpokapaiorpadis, KOHTpPONb
apTepianbHOro TUCKY, NY/IbCOKCUMETPIA) Yy NPUCYTHOCTI
yeproBoro aHectesionora. Bunaakis notpebu y
BHYTPIWWHbOBEHHIN cefauii 3a AonoMorow dgeHTaHiny,
Migo3anamy abo 3arajbHin aHecTesii 3 iHTybaui€lo
He 6yno.

OnTuMManbHe Micue NyHKUii po3TawoBaHe
natepanbHiwe Ha 5-7 cM BiA cepeAWHHOT NiHIT Ha
piBHi xpebus L1 abo Ha piBHi HMXHBLOro Kpat 12-ro
pebpa, HanpssMOK pyxy rofiku — Ha 45° MeaianbHoO
Ta 15° pgoropu (kpaHianbHO). 3 AOTPUMaHHSAM YCiX
npaBuna acenTukuK nicna nigwkipHoi iHdinbTpauii 2%
pPO34YMHOM NifOKAiTHY rosKy 3i CKOWEHUM KiHYMKOM 22G
3aBAoOBXKKM 120 MM MOCTYMNOBO MpOCYBalOTb MOPyY i3
Tinamu xpebuis ynepea. IneanbHe NON0XEHHS KiHUMKaA
ronkn — npmbnmsHo Ha 1 cM cnepeay Big aopTu,
MiX piadparManbHUMKU HiXXKaMKW Ta NigWNYyHKOBOLO
3a/103010, Ha piBHi MiX yepeBHWM CTOBOYpOM i
BEPXHbLOI HPMXKOBOK apTepiEt, WO NiATBEPAXYETLCSA
KOHTPONbHUM KT-ckaHyBaHHSAM. 3 KOXHOro 6oky
BBOASATb 1 Mn po3BeaeHoOro y ¢i3ionoriyHOMy po34yuHi
(1:2-1:3) paaioHenpo3oporo 6apBHMKa «ToMoOrekcon
350» (dapmak, YkpaiHa), notim 5 mn 0,5% 6yniBakaiHy
ANna 3MeHWweHHs 6onboBOI peakuii nig 4ac iHDy3ii
cnmpTy. MNoBinbHO BBOAATL 20 Mn 96% eTMnoBOro
cnmpTy (no 10 Mn 3 KoxHoro 6oky). Y Bunaaky 6nokaamn
YC 3aMicTb CNMpTy BUKOpUCTOBYBanu «leno-meapon®»
40 mr (metunnpegHizonoH, Pfizer, CLLUA) 3 KOXHOro
6oky (ycboro 80 mr). Mpu KT-Bisyanizauii Baxamseo
nNioTBEPANTWN NOWNPEHHS HeWponiTuka (abo ropMoHy)
y340BX nepefHbOO6OKOBOI MOBEPXHi Ta cnepeay BiA
aopTW B 3a04YePEBUHHOMY MPOCTOpPi, OCKiIbKN came
NnoWMpeHHS HeNWponiTUKa € 3aNOPyKOK YCMilWHOro
cumnaTtonisncy (Puc. 1).

Ons aHanizy BMKOPUCTOBYBasM AaHi NaUiEHTIB
nicna npoueaypu dyepes 1 TuxaeHb, 1,3,6 mic. 3
naui€eHTamm, AKi He Manum 3MOru BiABIAATM KiHiKY,
3B'A3yBanuca no TenedoHy, iXHi BiANOBIAI 3anucyBsanw.
TakoX aHanizyBanu AaHi ornsagiB NauieHTIB, AKUX
obcTexyBanu 3a 4OMNOMOroto nonepeiHbOro ONUTYBaHHS
3 BUKOPUCTaHHSAM BisyanbHOi aHanorosoi wkann (BALL)
6onto Big 1 no 10 cM, ae 0 cM - BiAcyTHicTb 6onto, 10 cm
— HecTepnHuit 6inb. [Jo Ta Nicns npoueaypu ouiHOBam
dyHKUioHanbHU ctatyc (PC) nauieHTiB 3a WKanow
KapHoscbkoro (LLUK) Biga 0 go 100%. OuiHky pnoboBoi
A031 MPUNOMY ONioiAHMX aHaNreTukis NMpoBefeHO 3a
AOMNOMOrol ekBiBaneHTa nepopanbHoi Ao60BOI 403K
mopdiHny (EMAAM). 3a yyacHuMkamu cnocTtepiranu
NpoTAroM 6 Mic, OuUiHIOBAHHS MPoOBOAMAN Yepe3 1 Tux,
1, 3 Ta 6 mic BignoBigHO.

CratucTnyHmii aHanis

OTpuMaHi AaHi 06pobnsnn 3a AONOMOrok nakeTta
CTaTUCTUYHUX nporpam MedCalc V 22.016. KinbkicHi
AaHi (Bik, ouiHka 3a BALU Ta LK) HaBeaeHO sik cepeaHe
apudMeTUYHe 3HAUYEHHS Ta CTaHAAPTHE BiaXuneHHs. Ans
BUSIBJIEHHS BiAMIHHOCTEN Micns NpoBeAeHMX iIHTepBeHLUIl
BUKOPUCTOBYBanu kputepin CTblogeHTa ANS 3B'A3aHUX
BMGIPOK y pasi HOpManbHOro 3aKOHYy pO3MoAiny AaHuX
abo T-kpuTepin BinkokcoHa ans 3B'A3aHUX BMBIpoOK,
AKLWO pO3noAin AaHUX BiApi3HABCA Bi4 HOPManbHOro
3aKOHY po3noginy. 3a KpUTUYHUIA piBEHb 3HAYYyLLOCTI
npuiimanm 0,05.
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Puc. 1. KoHTponbHun KT-ckaH y 64-piyHOi NauiEHTKM 3 pakoM NiALWNyHKOBOI 3a103u,

SKilA BUKOHAHO Helponismnc YC 3a gonomMorot ABO6IYHOro 3aAHbOro napasepTebpanbHOro
aHTekpypanbHoro goctyny. OuiHka 6onto 3a BALU go npoueaypu — 10 cM. MonkK po3MilleHi
B @aHTeKpypasibHOMY NMPOCTOPi Ha piBHiI YepeBHOro apTepianbHOro ctoBbypa, Ans
niATBEPAXKEHHS IXHbOrO MONOXEHHSA BBEAEHO KOHTpACT. CTpisikaMy NO3HAYeHO NOLINPEHHS
(BinbHa Andy3ia) KOHTPACTy B aHTeKpypasibHOMY NPOCTOPi, B340BX 6i4HOi Ta nepeaHbOT
NnoBepXHi aopTwu 11 YepeBHOro apTepianbHoro ctoBbypa — Micus nokanisauii By3nis YC.
MNoTtim BBeaeHo 20 mn 96% etaHony. OuiHka 3a BALLU nicna npoueaypu — 2 €M

Pe3synbtaTtn Ta 06roBopeHHs

3aranbHa KinbKiCTb BTpy4aHb Ha YC cTaHoBuna
26 iHTepBeHUin y 21 nauieHTa. Y 6inbwocTi BUNaakiB
(76,2%) 6inb 6yB CNIPUYMHEHUN 3N0AKICHUM YPaXKEHHAM
niawnyHkosoi 3ano3u (Ta6n. 1).

Mig yac iHTepBeHUiN He 3adikCOBaHO yCKNaA4HEHb,
AKi 6 NpM3BeNn A0 NOripLleHHs cTaHy nauieHTiB. He 6yno
XOAHUX BUSABIB HEBPONOriYHOro AediunTy, BUNaAKiB
MOLWKOAXKEHHSA CyAMH, nepdopauii BHYTPILIHIX OpraHis,
nnespanbHUX CUHYCIB, NIereHb TOLO.

Y 5 (19,2%) BMnaakax 3apeecTpoBaHO JIOKaNbHUM
6inb y Micui iH'ekuUii, SKkM perpecyBaB BNpPOAOBX
nobun (Ta6n. 2). Lle ycknagHeHHs noB’si3aHo 3
NOWMPEHHAM €TWUI0BOro CAUPTY, KW 3aJULLINBCS B
rofui, y HaBKOJUWHI TKaHWHW (MiAWKIPHY KNITKOBUHY,
M’a31) y Micui npokony. Ans 3anobiraHHs Takomy
YCKNaAHEHHIO PEKOMEHAYEMO nepej eBaKyaui€lo
ronok BeecTtn 3-5 Mn @isionoriyHoro posyumHy. Y
4 (15,4%) Bunaakax nicns npoueaypu BiA3HayeHO
XapakTepHuh 6inb yHU3y XWBOTAa, WO ippaAiloBaB 3a
X0AOM CeyoBOoAYy AOHM3Y Ta B NaxoBYy AiNSAHKY. Y BCiX
BMMNaaKax YCKNaAHEHHS perpecyBsasno BNpoAOBX 24 roj
nicna iHTepBeHUii. MOX/IMBUM MNOACHEHHSAM TakKoro
60/1b0BOr0 CMHAPOMY € TPAaBMYBaHHS Karncysav HUPKK Npu
NPOXOAXeHHi rofku nopaa 3 Heto abo ii nogpasHeHHsA

eTaHonoM. [ABoe (7,7%) nauieHTiB cnoBicTUAX npo
nosiBy TPaH3UTOPHOI Aiapei nicnsa npoueaypu. IMoBipHo,
Le ycKflagHeHHS nos’a3aHe 3 aKTuBi3aui€lo BNAMBY
napacmMMnaTMyHOi HEPBOBOiI CMCTEMM Ha LUYHKOBO-
KMLLKOBWI TPaKT yHacnigok 610oky BonokoH YC. Adiapes
Mana TpaH3MTOPHWUKA XapakTep i He noTpebyBana
cneundgiyHoro nikyeaHHs. B 1 (3,8%) Bunaaky
3apeecTpoBaHa opTocTaTuyHa nicnsnpoueaypHa
rinoTeHsis, Ky YCYHYM BHYTPiLUHbOBEHHUM BBEAEHHAM
KpucTanoiaie i gekcameTa3oHy. Lle ycknaaHeHHSA
CNPUYNHIOE CMMMNATUYHaA AeHepsauisa (610K) cyanHHOI
CTiIHKW BEJIMKUX apTepin 4yepeBHOro BiAAiNy aopTu.
ApTepianbHW TUCK Yy MNauieHTa HopManidyBascCH
BMNPOAOBX AEKiNIbKOX FOANH CNOCTEPEXEHHS.

Y BCiX NauieHTIB y 3aranbHif rpyni 3apeecTpyBanmu
3Ha4yHe 3MeHWweHHs 6onto 3a BALL yepe3 1 Tux nicns
npoueaypu: 3 (9,6+0,6) oo iHTepBeHuii go (4,5+1,6)
cMm (Tabn. 3). BigsHauyeHo cTilike (4o 6 Mic) BMpa3He
3HMXEHHS iHTeHcMBHOCTI 6onto 3a BALWI pgo Ta nicnsa
iHTepBeHLUii (p<0,001) (Puc. 2).

CepepnHs ouiHka 3a WK go ta yepes 1 Tux nicnsa
npoueaypu ctaHoBuna (65,8+7,0) i (80,8+£8,0)%
BiAMOBIAHO, Uel MOKa3HWK 3poCcTaB Yy nepuwi 3 Mic
nicns npoueaypu (Pi3HMUA CTaTUCTUYHO 3Hauvyla).
3HuxeHHa ®C yepe3 6 Mic NoB’A3aHe i3 NepeBaXaHHSaM
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Yy BOCNiAXXEHHHI Naui€HTIB 3 OHKOJOTIED Ta MOB’A3aHMMK
i3 UMM yCKNaAHEHHSAMW OCHOBHOMO 3aXBOPIOBAHHS.

[JoboBa ao3a NpuMoMy onioigHUX aHanreTukis Ao
npoueaypwv y 3aranbHin rpyni ctaHosuna (123,8+86,0) mr,
yepes 1 Tmx nicng BTpy4vaHHs Ha YC - (57,3+£61,2) mr
(p<0,0001), yepes 1 mic - (41,0+47,3) mr (p<0,0001),
yepes 3 Mic - (44,0+51,3) mr (p<0,0001), yuepes 6 Mic -
(80,6+77,2) mr (p<0,0001) (Puc. 3).

Y 3aranbHi rpyni NOBTOPHO BTpy4YaHHSA Ha YC
BMKOHaHO B 3 (14,0%) nauieHTiB. ¥ 1 (4,8%) xBoporo
Henponiznc YC nposeaeHO Tpui. Y rpyni nauieHTiB 3i
3/105IKICHUMU HOBOYTBOPEHHSAMM NiAWNYHKOBOI 3210341
Henponiznc YC BMKOHaHO NoBTOpHO nuwe B 1 (6,25%)
BMMNAAKY.

Y BCiX BMMagKaX OHKOMOFiYHUX ypaxeHb
nigWnyHKOBOI 3a7103M 3acTOCyBaaAn HEWPONi3unc
BOJIOKOH YC eTaHonom. Y apyrin rpyni npoBeaeHo
yoTupwm 6nokaam YC i3 BUKopuUCTaHHAM «[eno-mMeapon®»
(MeTnnnpepHi3onoHy) Ta 5 Henponisucie i3 96%
€TUI0BUM CNUPTOM.

Ta6sanys 1. XapakTepucTuka nauieHTie (n=21)
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OuiHka 3a BALW po npoueaypu y nepuwin rpyni
cTaHoBuNa B cepeagHboMy (9,7£0,6) cM, yepe3 1 Tux
nicns BTpydyaHHsa - (4,7+1,4) cm (p<0,0001), yepes
1 mic - (3,1£1,5) cm (p<0,0001), yepe3 3 Mic -
(2,6%1,3) cm (p<0,0001), yuepes 6 mic - (4,1£1,4) cm
(p<0,0001), nokasHuk ®C 3a WK pgo npouenypwu
- (64,7£7,9)%, 4yepe3 1 TUX Nicns BTPy4YaHHSa -
(78,2+£6,4)% (p<0,0001), yepe3 1 mic - (78,8+6,9)%
(p<0,0001), yepes 3 mic - (71,2£6,9)% (p=0,023),
yepe3 6 mic - (63,5£6,0)% (p=0,668). MNoka3sHukK
ENAAM po npoueaypu - (179,0+£43,8) mr, wo
MOSICHIOETLCSH BUCOKMUM piBHEM BXWBAHHSA OMiOiAHUX
aHaNIreTUKiB OHKOJNOTNiYHMMKM nauieHTamu. licnsa
iHTepBeHUii 3a3Ha4YeHNIn NOKa3HMUK 3HU3UBCH A0
(85,0+58,6) mr (p<0,0001), yepes 1 Ta 3 Mic - go
(61,8+46,5) i (66,5+50,6) mr BiganosiaHo (p<0,0001).
OaHak 4yepes3 nispoky notpeba B onioigax y uiei
KOropTW XBOpMX 3HOBY 3pocna ao (120,6+66,0) mr/
noby (p=0,025), xou i 6yna MeHWO MOPIBHSAHO 3
aonpoueaypHUM NOKasHUKOM.

Kinbkictb

Moka3Huk AGC. ”
CraTb
Yonosiku 13 62,0
XKiHku 8 38,0
Bik, poku:
cepefHin 55,2+15,2
min-max 19-73
ETionorisa 6onio:
Pak nigwnyHKOBOI 3a103un 16 76,2
COAB 3 14,2
Consapuit 4,8
XPOHiIYHUI NnaHKpeaTuT 1 4,8

Ta6smys 2. MNobiyHi aBMWwa Ta NnicnsnpoueaypHi ycknagHeHHs iHTepBeHUih Ha YC (n=26)

Kinbkictb
MokasHuk

A6c. %
MicnanpoueaypHi yCKNagHeHHsN:
6e3 ycknaaHeHb 14 53,9
nokanbHui 6inb y Micui npokony 5 19,2
6inb 3a xogoM ceyoBoay 4 15,4
TpaH3UTOpHa Adiapes 2 7,7
opTOCTaTUyHa rinoTeH3is 1 3,8
Ta6bsanys 3. IvHamika ouiHku 3a BAL i LUK (n=26)

TepMiH ouiHIOBaHHSA OuiHka 3a BALU, cMm P OuiHka 3a WK, % P
[o npoueaypu 9,6+0,6 <0,001 65,8+7,0 <0,001
Yepes 1 Tnx 4,5+1,6 <0,001 80,8%8,0 <0,001
Yepes 1 Mic 3,2+1,5 <0,001 81,5+8,3 <0,001
Yepes 3 Mic 3,0£1,6 <0,001 75,0+9,5 <0,001
Yepes 6 Mic 4,4+1,6 <0,001 68,0+9,4 0,4042
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QOuinxa Gonw 3a BAL
9.6

1 THHAEH

Puc. 2. [lnHaMika cepeHbOro 3Ha4yeHHs 3a BALL

140 ExsisaneHdT nepopansHol
AoGonol poan mophpiny

123.8

1 THHAEHE

Qo npouesaypH

Puc. 3. [jnuHamika cepeaHboro 3Ha4dyeHHs EMNAAM

Y BCiX NauUieHTIB y ApYriin rpyni 3Ha4HO 3MEHLIMBCS
6inb 3a BALU, gk vepe3 1 Tux - 3 (9,4£0,5) cm po
npoueaypu o (4,0£1,9) cm (p<0,001), Tak i uepes 6 mic -
(4,8+1,8) cm (p<0,001). CepenHs ouiHka ®C 3a LUK yepe3
1 Tnx TMXKAEHDb Nicns npoueaypw 3pocna 3 (67,7+4,4) oo
(86,6+8,6)% (p<0,007), yepes 6 mic — po (77,7£8,3)%
(p=0,017). BxuBaHHSA oNioigHMX aHanreTukis 6yno
3HAYHO MeHWwWM Yy uih rpyni. MokasHuk ENAAM po
npouenypu cTaHoBuB Yy cepeaHbomy (20,0£26,0)
mr, nicna - (5,0+£10,6) mr (p<0,001), ue 3Ha4yeHHs
36epiranocs BNpoAoBX MiBPOKY MiCNs BTPyYaHHS.

23

6 micatn

3 micauj & micALia

Y niTepaTypi npeacTaB/eHO nepeBaXHO NOOANHOKI
CnocTepexeHHs iHTepBeHuin Ha YC, cepii Bunaakis
abo HeBenuki BUBGipKM nNauieHTiB. He3Baxatun Ha
3HaUYHUN iHTepec ¢daxiBUIB A0 TaKMX BTPy4YaHb, €
npo6seMn 3 NOWYKOM Ta niA6bopoM nauieHTiB AN
uiei npoueaypun. MeandHi NpauiBHUKM Ta MaUi€EHTH
Masio 3HalTb MPO MOXJIMBICTb Takoro NikyBasibHOro
niaxoay. Y MetaaHanisi 24 gocnigxXeHb nicnsg nowyky
nitepatypu oTpuMmaHo 59 ny6nikauini, 3 HUX nuwe
B 24 HaBejeHO AaHi Npo iHTepBeHUii Ha YC y ABOX
nauieHTiB abo 6inbwe [18]. B ornsaai S. Vig i cniBaBT.
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nicng nowyky niTtepatypu oTpuMmaHo 686 nybnikauin,
ane Ans aHanisy siaibpaHo nuwe 44 paHAoMi30BaHi
KOHTPOJIbHI AOCNiaXXeHHS Ta cepii Bunaakis (6inbl Hix
10 nauieHTiB)[19]. o 06MexeHb HaLWOro AOCNIAXEHHS
cnia BiAHECTU HeBeNUKWI po3Mip BUBIpKM NaUIEHTIB
i3 HeoHkoNoriyHMM 6onem, Akum 6ynum nposBeaeHi
iHTepBeHUii Ha YC, WO NOSACHIETbLCSA CKAaAHOI
[iarHOCTUKOK Takmx abaoMiHanbHUX 60NbOBUX
CUHApOMIB i NigbopoM MauieHTiB, SKi nignAratoTb Uin
npoueaypi.

Hemnponisnc YC geMoHCTpye BUCOKY edeKTUBHICTb
LWOAO 3HMXEHHS IHTEHCMBHOCTI 60/1bOBOr0 CUHAPOMY,
3MeHLWeHHSA noTpebu B NpuinoMi onioigHUX npenaparis
i NoB’A3aHMX 3 HUMK NOBIYHMX edeKTiB y MauieHTIB 3i
3/109KICHUMM YpaXXeHHSAMM OpraHiB YepeBHOT MOPOXHUHM,
L0 NiATBEPAXKEHO B 6araTboX AOCiAXEHHSX [8, 9, 20-24].
KokpaHiBCbkuin ornaa, no skoro 6yno 3anydyeHo 6
AOCNiAXEeHb, NMPOAEMOHCTPYBAB CTAaTUCTUYHO 3HaJyLi
Aokasun nepesar Henponisncy YC Haa KOHCepBaTUBHUM
3Heb6oNOBaHHAM B YCiX MauieHTiB, 9kuM BiH 6yB
nposeaeHun [25]. 3a gaHmmMn S. Vig i cniBasT., iHTEpBeHLUIl
Ha YC 3apekoMeHayBanu cebe sk epeKTUBHUN MeTOA
nikyBaHHa 601b0OBOro CMHAPOMY MNpU 3N0AKICHUX
ypaxKeHHSX NiawnyHKoBoi 3ano3u [19].

MaTodgizionoria COAB € yHikanbHOW, OCKiNlbKMK
6inb MaKXxe MOBHICTIO CNPUYMHEHUN NIACUNEHUM
LleHTpasibHUM CMPUAHATTAM HOPManbHUX BicuepanbHUX
CUrHanis, a He NiACMIEHO NepndepUYHOI0 CTUMYSALIEID
3 BHYTPIWHIX OpraHiB 4YepeBHOi MOPOXHUHU 4YuM Tasa.
s kniHiYHa 03HaKa 4acTo BMHWKAE, KON LWTYHKOBO-
KWULWKOBI po3aaAn CTalTb XPOHiYHIWNMK, a 6inb, AKUK
BiguyBa€eTbCca (y KipKoBMX uUeHTpax), Aepani 6inbwe
3anexuTb BiA BXigHOI iHDOopMaUii ueHTpanbHOT HepBOBOT
CUCTEMU, SIKa MOAYNIOETbLCA NCUXOCOUiaribHUMKN
3MiHHUMK. Hacnpasai npu COAB WNYyHKOBO-KULLKOBI
po3naan MoXyTb 6yTu He3HayHuMu abo B3arani
BiACYTHiIMU, iCHYE «HeHOpManbHe CNPUNHATTS
HOpMasnbHOI MYHKLIT KUWKIBHUKA». TakMM UMHOM, Xo4a
6inb BigYyBa€eTbCA B XWUBOTI (i NMPUNUCYETLCA HOMY),
XapakTep i BennymHa 60110 perynoTbCs NepeBaxKHo
KOTHITUBHMMW Ta EMOLIAHUMW LEHTPaMN. BU3HaHHS ui€l
KoHUenuii Ma€ BaXx/nBe 3Ha4eHHsa Ansa po3yMiHHA COAB
nornaay KniHiYHMX BuaABiB, natodisionorii, AiarHOCTUKM
Ta nikyBaHHs [26-28].

3rigHo 3 Pumcbkumun kputepiammn IV COAB mae
BKJ/IIOYATK BCE HaBeAeHe Huxye [26]:

1. NocTiHni abo manxe 6e3nepepBHUn H6inb y
XXWBOTI.

2. BiacyTHicTb abo nuwe Bnnaakosuii 38’930k 60110
3 isionoriynnmMm noaiamu (Hanpuknag, NpurUoM ixi,
nedekauis abo meHcTpyauis).

3. [lesika BTpaTa NOBCAKAEHHOrO (PYyHKLIOHYBaHHS
(Hanpuknaga, nporyn Ha poboTi/HaB4YaHHi, obMexeHHs B
CiM’i Ta couianbHin cdepi/aianbHoCTI).

4. binb HeBWUragaHun (Hanpuknag, cumynsuis).

5. HepgocTaTHbO cuMnTOMIB, WoO6 BignosigaTn
KpUTEpisiM iHWOro GpyHKUIOHaNbHOro WAYHKOBO-
KULWKOBOro po3snaay, o nosicHoBano 6 6inb.

KpuTepii MaloTb cnocTepiratucsa NpoTAaroM oCTaHHix
3 Mic i3 N0sABOK CMMNTOMIB 3aXBOPIOBaHHS MPUHAMMHI 3a
6 Mic 4O BCTAHOBMEHHS AiarHo3y.

Akwo aiarHoctuyHi kputepii COAB BignosigatoTb
3a3HavyeHuM, TO nojasblue AiarHOCTUYHE TeCTyBaHHSA
He noTpibHe. Ha xanb, 6inbwocTi nauyieHTiB NpoBOASATb
obwnpHe o6CTeXeHHS, 30KpeMa HeiHBa3UBHI
npoueaypu, Taki K ynbTpa3ByKOBa AiarHocTuka
yepeBHOI MOPOXHUHMK, MynbTUcnipanbHa KT i MarHiTHO-
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pe3oHaHCHa ToMorpadis 4yepeBHOi MOPOXHWUHU, a
TakoX iHBa3WBHI npoueaypu, Taki 9K KancysbHa
BigeoeHaockonia, ¢ibporactpoagyoaeHockonis,
KOJTOHOCKONisA, eHAOCKONiYHa ynbTpacoHorpadis
(EYCI), peTporpagHa xonaHrionaHkpeatorpadis Towo.
Lli o6cTexeHHs He nuwe He NoTpibHi, a 1 noB's3aHi 3
PU3NKOM ANSA NauieHTa, HaAMiIpHUMU BUTpaTaMu AN
3aKsafliB OXOPOHW 340POB'S Ta MOXYTb MiACUANTK
CXWBbHICTb NaUi€EHTa A0 AYMKM, WO iHWWIA AiarHO3 He
BCTAHOB/IEHO, WO pa3oM i3 BIACYTHICTIO AocBigy Ta
BMEBHEHOCTI B AiarHo3i 3 60Ky flikapsi 4aCcTo € MPUYMHOIO
BWKOHaHHSA TpuBanux obcrtexeHb [27].

TakuM 4YMHOM, y BuUNaaKy BiAMNOBIAHOCTI
AIarHOCTUYHUM KPUTEPIsaM i BiACYTHOCTiI 03HaK TpUBOruM
piarHos COAB Moxe 6yTm BCTaHOBNEHMUN, SAKLLO
HeMae nigo3pu, wo 6inb yaaBaHun. YaaBaHun 6inb,
abo cumynsuia, nos’sa3aHi 3 HABMUCHUM CTBOPEHHSM
HenpaBamMBux abo cuabHO nepebinbleHnXx Gi3NnYHUX
(abo NCcuMxonoriyHMx) CUMNTOMIB, MOTUBOBAHUX
30BHILWHIMK CTUMYynamun. CUMynaLito HENPOCTO BUSABUTH,
0cobnmMBO NikapsiM, siKi He MatloTb A0CBigy po60TH 3 Ui€to
naTosIoOri€l0, TOMYy MOXe 6yTW AOUINbHOK KOHCYNbTauis
ncuxiatpa, wob nigTeepanTn abo cnpocTtyBaTtu
nigospy [27, 29].

MeaunkaMeHTO3Ha Tepanist Moxe 6yTn cnpsiMoBaHa Ha
CUMNTOMM @60 Ha OCHOBHI NPUYNHKN, TOOTO Ha LLeHTpanbHi
MexaHiamMn 6onto. Yepes NocCTiiHUI BUCHaXNMBUA 6inb
y XUBOTi 6araTto nauieHTiB NoTpebyloTb i OTPUMYIOTb
3HebotoBaNbHI NpenapaTtn, Yyacto - oniatu. Barato
nepeBaHTaXxeHUxX nikapiB BigA4ineHHA HesiagKnaaHoi
AOMOMOrK, SKi CTUKATbLCS 3 BUMOMIMBUMMM MauieHTamMm
6e3 4iTKoi NpUYmMHM ixHboro 6oto, NpuaHavatoThb ix [30].
OKpiM o4eBUAHMX NpobneM Ta NobiYHUX Ail, NoB'A3aHUX
i3 HAAMIPHUM BXWBAHHAM ONIOIAHMX @aHANreTUKIB, ICHYE
MEHLW BW3HaHe MOTeHUiNHe yCKNaAHEHHS — pO3BUTOK
CUHAPOMY OMiOIAHOro KUWKiBHMKA. Llen cuHapom
XapaKTepU3YETbCS XPOHIYHUM ab0 4acTo NOBTOPIOBAHUM
6onem y XuBOTI, KUK NIACUIIOETLCA NPU TpUBanoMy
3acTocyBaHHi abo 3i 36inbweHHamM go3u onioigis [31].
OCKiNnbKW BiH BUABASETbCA TakMM CaMUM CUMMTOMOM,
wo 1 COAB, 3B'a30Kk Mix 60s1eM i BXMBaAHHAM onioiais
He3po3yMinuin. [leaki 4oCNiAHMKM BBaXatoTb, WO NpUYmMHa
nonsrae B napajoKcasnbHil BicuepanbHii rinepanresii,
CMPUYMHEHIN XPOHIYHUM BXMBaHHAM onioiais [30, 32].

OcHoBol MeauyHoi Tepanii COAB € nikyBaHHSA
aHTugenpecaHTamu [27]. LUe noAcHWETbCA Tum,
WO 3a3Ha4yeHi npenapaTu MOXYTb MOAY/OBATHU
CAPUNHATTS 60710 WASXOM MOAYNsAUil LeHTpanbHUX
perynsaTopHUX MexaHi3MiB i NIeBHO Mipoto BicLepanbHOi
rinepuyTnmeocTi. Ix ycniwHoO BUMKOPUCTOBYIOTb Ans
NiKyBaHHS XpPOHIYHOro HeBponaTuyHoro 6onto [33].
CucTteMaTUYHUIA ornsaa | MeTaaHania TPULUKIIYHNX
aHTMAenpecaHTiB, CENeKTUBHUX iHri6ITOpiB 3BOPOTHOrO
3axOMnJeHHA CepOTOHiHY, iHFi6iTOpiB 3BOPOTHOrO
3axONnneHHss CEPOTOHiIHY Ta HopaApeHaniHy 1
ncuxonoriyHa Tepanisa (KOrHiTUBHO-NOBeAiHKOBA
Tepania) nokasanu, Wo BCi ui MeToan NikyBaHHS 6ynu
edekTuBHMMHK [33].

OcHoBHMMM NpobneMamu, NOB’A3aHMMMU i3 Tepani€to
aHTugenpecaHtammn npm COAB, € nobiyHi edekTHn
Ta AyMKa 6araTbox Maui€HTIB, WO MNPpU3HAUYEHHS iM
«NCcuUxiaTpU4YHOro» npenapaTy O3Ha4ya€, BCi iXHi
npobnemn «nos's3aHi 3 rosoBot». 3 L€l NPUUYNHK
BAXJ/INBO «CPOPMYIOBATU» NPUUNHU MPU3HAYEHHS LINX
npenapaTiB TakMM 4YMHOM, W06 nepekoHaTW nauieHTa
cnpobyBaTtu ix NnpunUMaTK i BOAHOYAC 3MEHLUNTU YacToTy
nobiyHmx edekTiB [27, 28, 34].
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OaHUM i3 MOXNMBUX MeToaiB NnikyBaHHA COAB €
MasnoiHBa3MBHI BTPyYaHHA Ha HEPBOBUX CTPYKTypax
cuMnaTuyHoi cuctemmn [35, 36]. Xoua B niTepaTypi
npeacTasneHa HeBesIMKa KiNbKiCTb CrocTepexeHb
TaKnxX iHTEpBEHLI NpU XPOHIYHOMY dYHKLiIOHaNbHOMY
abagomiHanbHoMy 6onto. MOBIAOMASIETLCA NPO ycCnilHe
3acToCcyBaHHSA pagioyacToTHOI abnsauii rpyaHux
HYTPOLLEBUX HEpPBIiB Y 27-piYHOro 4osnoBika, SKOMY
nonepeaHbo 6yna npoBeaeHa piarHoctuyHa 6nokaga
3 NigoKaiHOM, WO NnokasaJsla 3HaYyHe 3HUXEHHSA 605110 3a
BALL. Mig 4ac 8-TMXXHEBOro nepiogy CrnocTtepexeHHs
nauieHT 6yB 3a40BONIEHWIA pe3ynbTaToM i MOBIAOMUB,
wo roro 6inb 3MeHwwnsca [37]. Y AOCNIAXKEHHI, B SKOMY
6yno nposBeaeHo 72 ManoiHBa3MBHUX BTPy4YaHHs Ha YC
abo HyTpoweBnx HepBax, 5 i3 HUX BUKOHAHO B MaLUi€HTIB
i3 XpOHiIYHMM abaoMiHanbHUM 601bOBUM CUHAPOMOM.
MosigoMneHo npo 20% (1/5) edpekTUBHICTb Takux
BTpy4aHb [38].

Y MixxHapoaHin knacudikauii xeopob X nepernsigy
TEPMiH «CONAPUIT» BIACYTHIN. Y PUMCbKUMX AiarHOCTUYHUX
kpuTepiax IV nepernaay AaHux npo AiarHo3 consipuity
HeMae. Y po3aini pyHKUiOHabHUX LWAYHKOBO-KULLIKOBUX
po3naaiB HaBeAeHO eniracTpanbHU 60N1bOBUI CUHAPOM,
WO XapaKTepU3yeETbCHA TAaKUMWU AiarHOCTUYHUMM
KpuTepismu [26]:

Ma€ BK/oYaTu oANH abo obmaBa 3 TaKMX CUMMTOMIB
npUHarMHi 1 AeHb Ha TUXAEHD:

1) Habpuanueuii 6inb B eniracTpii (A0CUTb CUNBHWIA,
o6 BNAMBATM Ha 3BMYAMHY AiANbHICTDb);

2) HENPUEMHE NeYiHHS B eniracTpii (40CUTb CUNbHE,
wo6 BnAMBaTK Ha 3BUYANHY AiSNbHICTb);

3) BIACYTHICTb 03HaK OpraHi4yHoro, CUCTeMHoro abo
MeTaboniyHOro 3axBoploBaHHS, sike, iMOBIpHO, MOrfo
6 MOACHUTM CMMNTOMM MiA Yac PYTUHHUX AOCNIAXKEHb
(pibporacTponyoneHockonis).

KpuTtepii BBaxawTb AIACHUMU, AKLWO BOHMU
CrnocTepiralTbCa NPOTAroM OCTaHHiIX 3 Mic i3 nosiBow
CUMMNTOMIB, WOHalMeHLWwe 3a 6 MiC 4O BCTaHOBJIEHHS
AiarHosy.

[JonoMixHi kpuTtepii:

1. Binb MoXxe 6yTW CNPUUYMHEHUIA NMPUIAIOMOM TXi,
3MeHLWYyBaTUCA Nig Yac npuromy ixi abo BUHMKaTK nig
Yyac rosoAyBaHHS.

2. TakoX MOXYTb CNOCTepiraTMcs 34yTTH XMBOTa B
eniracTpii nicnsa ixi, Bigpuxka Ta HyaoTa.

3. MocrTirtHa 6nt0BOTA, IMOBIPHO, CBIAYNTbL MPO IHWNIA
posnaaj.

4. Meyisd He € gMCNenTUYHUM CMMNTOMOM, ajsie 4acTo
MoXe 6yTW HasiBHUM.

5. binb He BignoBigae kputepiam biniapHoro 6osto.

6. CUMNTOMM, AKi NONErwyTbCS eBaKyauieto Kany
abo rasis, 3a3Buyal He cnig po3rnsgaTM K YacTUHY
avncnencii.

7. CMMNTOMM iHWWX 3axBOpPlOBaHb (Hanpuknaa,
ractpoe3sodareanbHoi pednKCcHOi xBopobu Ta
CUHAPOMY NOAPA3HEHOr0 KULWKIBHMKA) MOXYTb iCHYBaTKH
pasoM 3 eniracTtpanbHuUM 60/IbOBUM CUHAPOMOM.

Y cyyacHin MeanyHin nitepaTypi TEPMiH «CONApUIT»
Malxe He 3ragyeTbcs. BiacyTHi fAaHi npo nowunpeHicTb
uiei natonorii. Y ctapux dpaHUy3bKUX NiTepaTypHUX
axepenax obropopto€eTbcs 6inb, WO BUHMKAE yepes
ipnTauito (noapa3HeHHS) BOJIOKOH YepeBHOro
HEepPBOBOIr0 CMJIeTEHHS, Ue siBMLLE MA€E Ha3BW «solar
neuralgia», «solaralgia», «solaritis» [39]. OaHak,
yepes3 Majso3po3yMiNni eTioNnoriyHi YMHHUKM LbOro
3axXBOPIOBAHHSA Ta CKNAAHOCTI MOro AiarHOCTUKM iHTepec
[0 6010, WO BUHWKAE B COHAYHOMY CMIETEHHI 3HA4YHO
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3HM3nBCA. OAHIED i3 TEOpPii BUHUKHEHHS CONSAPUITY
6y BicueponTo3 [NeHapa — ONyLWeHHS OpraHiB
YyepeBHOI MOPOXHWUHU, LLO CMPUYMHIOE OFOJIEHHS aopTH,
po3TalloBaHoi 6e3nocepenHbO MiJ YEPEBHOW CTIHKOM.
HaTtaryBaHHSA 6puXi KULWKIBHMKa NOAPA3HIOE HEPBOBI
CnJIeTeHHS, K HacNiaoK, BUHUKAE binb.

Z. Maratka o6cTexunB nocnigoBHy cepito 3
234 nauieHTiB, AKi NMoTpanuan A0 NiKapHi He3anexHo
BiAg AiarHo3y, Ta 100 ambynaTopHUX nNauieHTiB 3i
BCTA@HOB/EHOI racCTpPOiHTECTUHANIbHOK KNIHIKOW 3
dyHKUIOHaNbHUMKN po3najgamMu. 3arajibHa 4vacTtoTa
NEBHOrO CTYMEHS «COHAYHOI Yy T/IMBOCTI» Y HeBiAibpaHnx
nauieHTiB cTaHoBuna 28% i 37% y nauieHTiB i3
dyHKUIOHaNnbHMMN po3NajaMu LWYHKOBO-KULWKOBOIO
TpakTy [40]. ABTOp Ha3MBa€E TEPMIHOM «COHSYHa
yyTnmeicTb» (solar tenderness) 6inb npun nanbnauii
aopTu i BBaxae, WO B HOPMi nepiaopTanbHi HEPBOBI
cnneTeHHs Hebont4yi Npu nanbnauii. ¥ geakux
nauieHTiB Taka nanbnaudis 6ontwya, iHOAI — AyXe
6ontoya, TOMy aBTOp peKOMEHAYE BBaXaTW «COHAYHY
YYTNUBICTb» natonorien. «CoHAYHaA YYyTAUBICTb»
Ma€E TUMOBY 0COGNMBICTb, ika BiApi3HSE ii Big iHWMX
npuynH 6on4YocTi Npu nanbnauii B eniracTpii.
YyTAnBiCcTb NOKanisyeTbCA N0 XO4Y aOpPTW MO CepefHin
NiHiT MiX MeyonogibHMM BiAPOCTKOM i MynkoMm Ta
po3nafaEeTbCs Nig NynKOM Ha ABi MKW, Wo BiANOBIiAATb
6idypkauii «A-Tuny». Halikpalwe ue BUSABNSAETbLCS
KiHUMKaMn nanbuis 060X pyk, NMOKNageHUX nopyd
neprneHAUKYNSApHO 4YepeBHil cTiHUi. Pyxatoumn pykamu
3 ogHoro 6oky BiA cepefHbOI MiHii A0 iHWOro, MoXHa
BUABUTHK, WO HonodicTb CyBopo obMexeHa aopTolo Ta
i 6idbypkauieto. MNepeMileHHA pyK AUCTalIbHO NMOKasye,
wo 6ontyicTb HaKbinbwa Hap NynkoM i 3HUKAE,
KON pyKW po3TawoBaHi Mix rinkamm b6idypkauii.
BontuicTte, o6MexeHa aopToto Ta ii rinkamm, ceBigunTb
npo NoxoAxeHHs 60n10 3 nepiaopTasibHUX HEPBOBUX
CN/IeTEHb, OCKINIbKN HEMAE iHLWOrro OpraHa Yn CTpyKTypu
3 TaKUM pO3WMpPeEHHAM 604YOCTi. Y cknagHiwmnx
BMNagkKax, KpiMm 06'€KTUBHOI «COHAYHOI 60nO4OCTi»,
HasABHWUI CY6'EKTUBHUMA KOMMOHEHT — «COHAYHUI Binb»,
CNOHTaHHWUI 6inb, WO BUHNKAE B COHAYHOMY CMETEHHI.
BiguyBaeTbca B eniracTpii, 3BiAKN MOLWMPIOETLCA
naTtepanbHO B3A0BX 060X pebepHuX KpaiB, a Takox
A0 CcnuHU. BiH yacTo noB’sA3aHui i3 Bia4yTTSM TUCKY Ta
3BYXEHHS, 34aBJ/ieHHs B eniracTpii. TMNOBOK CKaprow
€ HenpueEMHa Nynbcauigd aopTu («eniractpanbHe
cepuebuTTa»). binb He NOB’A3aHMI 3 NPUNOMOM iXi, iHOAI
ACOUIOETbCS 3i CTpecoM, piaKO BUHUKAE BHOYI, MOXe
CYNpoBOAXKYBATUCSA TPMBOIOKO Ta iHWMWMKM CMMATOMaMM
HeBpoO3y. Ha AyMKY aBTopa, «COHSAYHY YYT/MUBICTb»
i «COHAYHMN 6iNb» CTAHOBNASATb TUMNOBUA CUHAPOM -
CUHAPOM COHSIYHOrO CMJfIETEHHA, AKMA € 0CcOBAMBUM
TUNOM HEBPO3Yy, XapaKTepU3YETbLCA MepeBa>xHo
YPaxXeHHSM 4YepeBHUX HEpBOBUX CMaeTeHb, 4acTo
noB’A3aHni i3 PyHKLUIOHaNbHMMM pO3agaMu LWJTYHKOBO-
KMLWKOBOro TPakKTy - (yHKUiOHa/bHOW AUCMENCielo i
CMHAPOMOM MOAPa3HEHOro KuwkiBHuka [40].

Ha aymky Z. Maratka, y PuMcbknx kputepisax
HenpaBW/IbHO TPaKTYHTbCA AeAKi NaToNoriyHi CTaHu
Ta He 3raayloTbCa TUNOBI CMHAPOMMK, 30Kpema b6inb,
WO BUHMKAaE BHacnigok conapuity [41, 42]. Hawomy
nauieHToBi 6yn0 BCTAaHOBNEHO KJIHIYHWI AiarHos
"conapuit" yepes noeaHaHHsS 60/1bOBOr0 CMHAPOMY 3
TakuMu posnagamu, aK 34yTTS XKMBOTa 1 3anop.

JlikyBaHHSA naHkpeaTuyHoro 6on Moxe 6yTwu
CK/laiHMM, YacTo — HeedekTUBHMM [43]. Ana nikyBaHHS
LMX MauieHTIB BUKOPUCTOBYOTbL H6arato niaxoais
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(naHKpeaTUyHi PepMeHTH, OKTPEOTUA, aHTUOKCUAAHTH,
onioigHa aHanresia, MasioiHBa3MBHI iHTepBeHLUIii Ha
YC, eHpockoniyHa Xipypris nigwnyHKOBOI 3as03u).
EHpockoniyHe nikyBaHHSA nepeabavyae BupaneHHs
KaMeHiB y FONOBHI/ MaHKpeaTU4YHiIK npoToui Ta
PO3WWUPEHHA CTPUKTYp, WO CTBOPIOE yMOBU ANns
AeKkoMnpecii Ta ApeHyBaHHSA FOM0BHOI MaHKpeaTU4HOi
npoTtokun [44]. 3riAHO 3 OAHIED 3 NMONYNApPHUX rinoTes
6inb cnpuunHeHnMn ob6CcTpyKuUie NpoTok. O4ikyBaHMM
pe3ynbTaToM 06CTpPyKUii NpoTOKM Byae NiABULLEHHS
TUCKY BCepefuHi NPOTOKW Ta 3an03u, ocobamso
niag 4yac cTumynauii cexkpeuii NiAWIYHKOBOT 3a5103un
(Hanpuknaa, nicnsg ian). NiagBUWEHNA TUCK MOXe
CnpuunHNTK 6inb Yepes nocuneHHs 6asonatepanbHoOi
cekpeuii ¢pepmeHTiB abo iweMito B NigWwWNyHKOBIN
3as103i BHACNiAOK MiABULWEHHSA TUCKY AO PiBHSA, WO
nepewkoaxae ii kpoponocTtayaHHioo [45]. MpoBeaeHi
OOCNiAXEeHHSA, K Ha TBapuHax, TakK i Ha nwANaX,
rnokasanu, Wo Naui€EHTN 3 XPOHIYHUM MNaHKPEeaTUTOM
MOXYTb MaTV MiABULLEHNI TUCK Y NpoToui abo napeHxXimi
niAWyHKOBOI 3an03u. XipypridyHe nikyBaHHS NoB’a3aHe 3i
3HWXKEHHSAM LIbOr0 TUCKY Ta 3MEHLLUEHHAM iHTEHCUBHOCTI
6onto [46,47]. Mopeni XpOHIYHOro MaHKpeaTUTy Ha
TBapuHax TakoX AEMOHCTPYKTb, WO MNpU CTUMynauii
cekpeuii NigWNyHKOBOI 3271031 KPOBOTIK 3HUXXYETbLCS Ta
PO3BMBAETHLCS iLLEMisl, WO iMITYE KOMMApPTMEHT-CUHAPOM.
Xo4ya uen MexaHi3M BMHUKHeHHS 60Nt BUAAETLCS
MMOBIpHUM, iHWI AOCNIAXEHHS HE BUSABWUAM YiTKOrO
3B'A3KY MiX TUCKOM i 6on1eM abo MiX 3HMKEHHAM TUCKY
Ta 3MeHLeHHaM 6onto [47]. EkcTpakoprnopanbHa yaapHo-
XBWIbOBA NITOTPUNCIS KaMeHiB NiALWYHKOBOI 3a/103u
3MeHLWYe 06CTPYKLitO rOSI0OBHOI MaHKpeaTUYHOi NPOTOKH,
WO CMPUYMHIOE nonerweHHs 601b0BOro CUMHAPOMY
[48]. o iHWWX XipypriyHWX MeTOAiB HanexaTb:
TOpakocCcKOMiyHa cnnaHxHikekToMia (AeHepBauis
HYTpOLLEBUX HEPBiB, HEPBOBMUX CMNJIETEHb Ta BY3/iB),
iHTpaonepauiiHa 6nokaga YC, pagioyacToTHa abnsuis
abo kpioabnsauis, pesekuis NigWwWNyHKOBOI 321031 TOLWO
[15]. OgHak ui MeToAM NiKyBaHHSA Manu pi3Hy 1 obmexeHy
edeKTMBHICTb AN TPMBaNoro KOHTposaw 6onto. [eski
nauieHTW pearyTb Ha KOM6iHOBaHY MynbTUMOAANbHY
Tepanito, ane 6arato XBOpPMX CTalTb 3aN€XHUMKU BiA
oniaTig. 3 Li€i NPUYMHN BUKOPUCTaHHS ONioiAHUX 3acobis
ANS NiKyBaHHSA XPOHIYHOro 60510 BUKMKAE NEBHUN
onip, a Takox nob6okBaHHSA LWOAO MOXJMBOI OnioigHOT
3anexHoCTi Ta iHWwwnx nobiyHnx g oniaTie [49].

BBaXa€TbCH, WO KiHUEBWUM 3arasibHUM KOJIEKTOPOM
6yAb-9KOro NaTonoriYyHoro nNpouecy, WO CAPUYMHIOE
6inb y nmigwnyHKoBil 3ano3si, € HyTpoweBi HepBu [50].
CuMNaTMYHI HEpBW, WO iHHEPBYIOTb NiALWYHKOBY 3a103Y,
npoxoasTb Kpi3b YC, i 6noKyBaHHS Li€l iHHepBauii Moxe
6yTu ayxxe epeKTUBHUM y NikyBaHHi 60110 NiALWAYHKOBOI
3anosun [7].

IHTepBeHuii Ha YC € anbTepHaTMBHOIO METOAMKOK
3MeHWeHHss 60N1bOBOr0 CMHAPOMY B MaUi€HTIB i3
dapMaKkope3nCTEHTHUM XPOHIYHUM NaHKpeaTUTOM
[51-54]. M. Kaufman i cniBaBT. NnpoBenn peTenbHUM
nowyk y 6asax paHux Medline, Pubmed Tta Embase
AocniaxeHb, onybnikoBaHMX B aHIMOMOBHIN niTepaTypi
i3 ciyHa 1966 p. no rpyaHs 2007 p., wo ouiHoBann
edekTuUBHICTb 6nokagm YC nig ynbTpa3ByKOBUM
KOHTPOJIEM Y MAUIEHTIB i3 XPOHIYHMM MaHKpPeaTUToM, Yy
AKX KOHCepBaTUBHE MeAMKaMEeHTO3He JIiKyBaHHSA He
CNpUSAN0 NOSIErUEHHIO CTaHy Ta 3MeHLWeHHI0 601b0B0r0
cuHapomy [7]. OocnigxeHHs, B Akux 6panu yyacTb
MeHwe 10 nauieHTiB, B aHanis He 3any4anu. BuasneHo
6 BiANOBIAHUX AOCNiAXeHb (3aranbHa KiNbKiCTb NaUIEHTIB
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- 221). YcTaHoBneHo, wo 6nokaga YC nig ynsTpasByKoBMM
KOHTponeM byna ePpeKTUBHUM iIHCTPYMEHTOM 3MEHLLEHHS
6onto B xnBoTi B 51,46% naui€eHTiB.

Y NpoCcneKTUBHOMY paHAOMI30BaHOMY AOCAIAXKEHHI
edpekTuUBHOCTI 6nokaam YC nig ynbTpa3ByKOBUM
KOHTpONleM y NikyBaHHI abaoMiHanbHoOro 6onto,
NOB’A3aHOr0 3 XPOHIYHNUM MaHKpeaTUTOM, MPOBEAEHOMY
F. Gress, i cniBaBT. [55], npoueaypy 6yno BnkoHaHo 90
ocobam (40 uonosikiB, 50 xiHOK). 3Ha4YHe 3MeHLIEHHS
6onto 3apeectpyBanun B 55% nauieHTiB. CepeaHs
ouiHka 6onto 3a BALU 3mMeHwwnnaca 3 8 4o 2 cM yepes
4 i 8 Tvx nicnga npoueaypu (p <0,05). Ctinkuii edekTt
BiA3HaueHO 4vepe3 12 Tux y 26% nauieHTiB, yepes
24 Tx - y 10%. Y 3 nauieHTiB 6inb 6yB BiACYTHIN
yepe3 35 i 48 Tnx cnocTepexeHHs. Ha AyMKy aBTopiB,
npoueaypa MeHLW edeKTUBHA B NALIEHTIB, AKi NepeHecn
ornepauito Ha NiALWnyHKOBIM 3a103i 3 NPpUBOAY XPOHIYHOIO
naHkpeaTuTy.

M.S. Sey Ta cniBaBT. gocnignnm edheKTUBHICTb
iHTepBeHUin Ha YC nig EYCI y 1108 nauieHTiB, aKi
NpOXOAMNU NiKyBaHHSA B MEAUYHOMY LIEHTPi YHiBEpPCUTETY
IHaiaHn (CLUA). Bynu BigibpaHi 248 naui€eHTiB i3 XpOHIYHUM
naHKpeaTUTOM, AKUM NPOBEeAEHO ABa BTpy4YaHHsA Ha YC
abo 6inbwe. Micna nepwoi npoueaypn 76% nauieHTiB
NOBiAOMUAN MPO 3MEHLWEHHS iHTEHCUMBHOCTI 6o0nto.
CepefHs TpMBanicTb 3MeHLWeEHHA 60/1b0BOro0 CUHAPOMY
ctaHoBuna 10 Tux. HacTynHi npoueaypwu crnpusanu
TpuBanomy nepiogy nonerweHHa 6onto (12-20 Tux).
NiTHin Bik (p=0,026) i 3MeHWweHHA 6onto nicnsa nepwoi
6nokaan (p=0,0024) 6ynun noB’si3aHi 3i 3MEHLIEHHAM
6onto nicng HacTynHuX npoueayp. 3 ornaay Ha
Manxe MOBHY BIACYTHICTb yCKNagHeHb (3 He3HauyHuX
TPaH3UTOPHUX YCKJIagHEHHSN), AochigXxeHHsa M.S. Sey
Ta cnisaBT. AEMOHCTPYE AOUIIbHOCTb Ta edeKTUBHICTb
MOBTOPHMX iHTepBeHLUih Ha YC ana koHTponto 6onio B
Maui€HTIB i3 XPOHIYHMM NaHkpeaTuTom [56].

MOpiBHIOOTbL Pi3HIi MEeTOAUKW ManoOiHBa3MBHUX
BTPy4YaHb Ha CTPYKTypax BeretaTuBHOI CUMMNATUYHOI
HEepBOBOi CUCTeMU y NikyBaHHi 60110, CNPUYMHEHOTO
XPOHIYHMM NaHkpeaTuToM. Tak, D. Santosh i cniBaBT.
nopiBHsnnM 6nokagy YC 4yepe3wKipHO TexHiKoK Mig
GNIOOPOCKONIYHUM KOHTPOSIEM €N1eKTPO-ONTUYHOTIO0
rnepeTBoptoBaya Ta nig eHA0CKOMIYHUM Y/1IbTPa3ByKOBUM
KoHTposneM [57]. Y pocnigxeHHsa 6ynu 3anydeHi 56
MauieHTIB i3 XpPOHIYHMM NaHKpeaTUTOM i3 6onem y
XMBOTI, AKi noTpebyBanu WOAEHHO NPUAOM aHaNreTuKIB
npoTsaromM 4 Tux abo Ginbwe. Y 27 nauieHTiB BUKOHAHO
6nokaay YC 3a gonomoroto EYCI, y 29 - 3a agonomMorotw
dntoopockonii. MoninweHHa ouiHkK 6onto 3a BALL
3apeecTpoBaHo B 70% oci6, skuMm 3actocyBanwu
meToauky EYCI, ta B 30% y rpyni yepe3wkipHoro
poctyny (p = 0,044).

BapTe yBaru cnocTepexeHHs 3 NMpakTUKWU, KON
nikapi ans iHTepseHuii Ha YC BukopucTanu 60TyniHIYHKIA
TOKCWH y 32-piyHOro nauieHTa 3 papMakope3ncTeHTHUM
XPOHIYHMM NaHKpeaTUToM, y koro 36epirascs 601b0BMMA
CUHAPOM HaBiTb MNicng XipypriyHoro nikyBaHHSA, —
ApeHyBaHHS nigwnyHkosoi npoTokun [58]. Byno
pO3rNsSHYTO TaKWi BapiaHT NiKyBaHHSA CTiNKOro
XPOHiYHOro 60710 y NiAgWNYHKOBIN 3an03i, OCKiNbKKY
KNiHIYHI gocnig>XeHHsS 60TYyNOTOKCUMHY MoKa3lasnu
[o6py edeKTUBHICTb Y fiKyBaHHi nepudepunyHoro Ta
LeHTpanbHOro HerponaTtnuyHoro 6010, 30Kkpema npu
nocTrepneTUYHil HeBpanrii, HeBpanrii TpinyacToro Hepsa
Ta HerponaTuyHoMmy 60510, CNIPUYNHEHOMY TPaBMOIO
cnmHHoro mo3ky [59]. Micnga iH'exkuyii 100 oanHMUb
OHaboTynoTokcuHy A B YC nig peHTreH-KoHTposneM 6inb
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3HUK, MNaLUiEHT HE NPOCKB XOAHUX ONioiAHUX NpenaparTiB
i 6yB BUNMCcaHui. MpoAeMOHCTPOBaHO CTiKW pe3yneTaT
npoTarom 15 Tux nicng iHTepseHdUii. NMnauieHT noBigoOMKMB,
o iHTeHCUBHICTb 6onto ctaHoBuna 0 cm 3a BALU 6e3
BMKOPWUCTaHHA aHanreTuKiB.

AK iy BMNaAKy BMKOPUCTaHHA Henponisucy
YC npu 6onsx, CNpUYMHEHUX pakKoOM MiAWIYHKOBOI
3an03u, AesKi AOCNiIAHUKN PEKOMEHAYIOTb NMPOBEAEHHS
6nokaa YC Ha paHHiX cTaaiax nikyBaHHa 6onto npu
naHkpeaTwuTi, 0cobnMBO A0 TOro, K MauieHT cTaHe
3anexHuM Big onioigHMx npenapaTiB [60]. binbwicTb
aBTOPiB BBaXaloTb, WO MPW XPOHIYHOMY MaHKpeaTwuTi
iHTepBeHuii Ha YC cnig obMexunTn Bunagkamu, konm 6inb
He pearye Ha iHWi MeToau BNAMBY (MeaMKaMeHTO3Hi Ta
XipypriuHi), abo gnsa nikyBaHHSA 3aroCTpeHb XpPOHIYHOro
6onto [61, 62].

Cy4yacHi (2023) HacTaHOBM AMEpWUKAHCbKOI
racTpoeHTEepoorivyHoi acouiauii WoA0 eHAOCKONIYHOro
NiKyBaHHSA roCTPOro Ta XpPOHIYHOrO NaHKpeaTuTty 3
peunanBaMn pekoMeHAYHTb NPOBEAEHHS iHTepBeHLin
Ha YC y nauieHTiB i3 BMCHaxnmeum 6onem, wo
CYTTEBO NOripWYE SAKICTb iIXHBOrO XWUTTS, B SAKUX iHLWI
TepaneBTUYHi 3axoaun 6ynu HeedekTuBHUMK [63].
O6rpyHTyBaHHSA MNONSAra€ B HAassBHOCTI ob6cepBauinHux
AocniaxeHb, SKi cBig4aTb NpPo Te, WO 3MEHLWeHHSs 60110
TpuBanicTio 65mM3bko 6 Mic MoxHa gocsartm B 50-60%
nauieHTiB [7, 54, 64].

BucHoBKkM

1. Hewponisnc YC nig kKOHTposieM KOMMN'tOTEPHOI
TOoMorpadii € KOPUCHUM Ta edPeKTUBHUM IHCTPYMEHTOM
y NiKyBaHHi nauieHTiB gk 3 abaomiHanbHuUM 6onem,
CNpUYUHEHUM HeonepabenbHUM pakoM MiALYHKOBOI
3a/03n, TakK i 3 XPOHIYHUM HEOHKONOTiYHUM
cdapMakope3nCTeHTHUM 60neM y XUBOTI.

2. ManoiHBa3nBHi BTpy4YaHHA Ha YC cnpusaoTb
3Ha4YHOMY 3MeHLeHHo 60/1b0BOrO0 cuHApoMy 3a BALL
(p<0,001), 3MeHWYOTb NoTpeby B NpuIOMI omioigHMX
aHanretukie (p<0,001) yepes 1, 3 Ta 6 Mici NiaBMLWLYIOTb
®C nauieHTiB 3a LWWK (p<0,001) yepe3 1 Ta 3 mic.

3. 3 ornsay Ha BenuKy 4acTtoTy peumansy 601b0B0ro
CUHAPOMY B Maui€HTIB i3 rpynu HEOHKONOriyHoro 6onto,
HeobXiAHICTb MOBTOPHUX BTpyYaHb ANS TpuMBanoro
KOoHTposnto 6onto, iHTepBeHUii Ha YC y uiei koropTu
XBOPUX NOTpebyoTb MOAANbWOro AOCAIAXEHHS 3
BEJINKOIO KiNbKIiCTIO CNOCTEepexXeHb.

Po3kpuTtTa iHdbopmauii

KoH@nikT iHTEpeciB

ABTOpPW 3asBNATb NPO BIACYTHICTb KOHMAIKTY
iHTepecisB.

ETn4HIi Hopmu

Yci npoueaypu, BUKOHaHIi nauieHTaM nig 4vac
AOCniagXeHHS, BiANOBifalTb €TUYHUM CTaHpapTam
iHCTUTYUIHOro Ta HauioOHaNbHOrO KOMITETIB 3 eTUKMU
1 lenbcCiHcbKilh geknapauii 1964 poky Ta ii misHiwmMm
rnonpaskam abo aHanoriyHMM eTUYHUM CTaHJapTaM.

MpoBeAeHHS AOCNIAXEHHSA CXBasieHe KOMICi€Ew 3
eTuKKN Ta 6ioeTnkn IHCTUTYTY Helpoxipyprii iMeHi akaa.
A.M. PomogaHoBa HAMH Ykpainu (npotokon N3 Big 16
rpyaHsa 2020 p.).

IHgpopmoBaHa 3roaa

Big KOXHOro 3 nauieHTIB OTpUMaHO iHPOpMOBaHy
3roay.

®DiHaHCyBaHHs

[Jocnig>XeHHa He Mano CNoHCOPCbKOI NiATPUMKMW.
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Introduction. The treatment of burst fractures at the thoracolumbar junction
remains a contentious issue in vertebrology. Despite a broad array of surgical
interventions available, many surgeons favor isolated posterior stabilization,
which can be performed using either minimally invasive or open approaches.
However, the biomechanical properties of these methods have not been
thoroughly investigated.

Objective: This study aims to evaluate the biomechanical stability of the
thoracolumbar junction following transpedicular stabilization of a burst fracture
at the Th12 vertebra, under different system configurations influenced by
lateral flexion.

Materials and Methods: A mathematical finite element model of the human
thoracolumbar spine, featuring a burst fracture at the Th12 vertebra, was
developed. The model included a transpedicular stabilization system with
eight screws, simulating “long” stabilization. We examined four variants of
transpedicular fixation using both mono- and bicortical screws, with and
without the inclusion of two cross-links.

Results: The study found that the load borne by the damaged Th12 vertebral
body varied depending on the fixation system employed. Specifically, stress
levels were 24.0 MPa, 27.3 MPa, 18.4 MPa, and 25.8 MPa for models with short
screws without cross-links, long screws without cross-links, short screws with
cross-links, and long screws with cross-links, respectively. At the screw entry
points in the vertebral arch, the highest stress values were recorded at the
L2 vertebra, showing 11.8 MPa, 14.0 MPa, 9.4 MPa, and 13.4 MPa for each
respective model. Among the metal construct elements, the connecting rods
consistently exhibited the highest stress, with values of 226.7 MPa, 313.4
MPa, 212.4 MPa, and 293.98 MPa, respectively.

Conclusion: The results underscore that utilizing cross-links in the stabilization
of burst fractures at the thoracolumbar junction, which is only feasible through
an open installation, somewhat mitigates stress within the stabilized spinal
segment. Meanwhile, the modeling of lateral flexion revealed only minimal
differences in stress values between open and minimally invasive installations.

Keywords: burst fracture; thoracolumbar junction; transpedicular

stabilization; finite element analysis; biomechanical properties; minimally
invasive surgery

Introduction. The first detailed morphological
description of burst fractures (BF) was provided by Sir
Frank Wild Holdsworth in 1963 [1]. Based on his dual-
column theory, Holdsworth proposed that such injuries
are stable, as the posterior support complex remains
intact. In 1983, Francis Denis expanded on this by
introducing a three-column theory of spinal stability [2].
According to Denis, the posterior column comprises the
posterior support complex, including bone structures and
ligaments; the anterior column consists of the anterior
longitudinal ligament, the anterior part of vertebral body,
and the intervertebral disc; and the middle column is
defined by the vertebral body’s posterior wall and the
fibrous ring of the intervertebral disc, along with the
posterior longitudinal ligament. Under this framework,

BF that compromise two of the three columns are
considered unstable. Despite extensive clinical data
and a wealth of experimental research, the stability of
BF remains an open question. Thus, the management
strategies for patients with BF in the thoracolumbar spine
continue to be highly debated [3].

A trend of the last few decades has been the active
promotion and adherence to the principles of evidence-
based medicine. Modern healthcare, particularly in
relation to traumatic spinal injuries, faces two seemingly
contradictory objectives. On one hand, the effectiveness
of therapy is determined by the duration of disability,
where surgical methods clearly have an advantage as
they generally allow for a reduction in the duration of
functional limitations under comparable conditions [4].
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On the other hand, the economic aspect favors
conservative methods as they are less costly [5].

The thoracolumbar junction is the most vulnerable
region of the spine regarding traumatic injuries [6].
It is known that over 50% of all spinal injuries occur
in the Th11-L2 vertebrae [7]. BF account for about
15-20% of these injuries. Due to the biomechanical
characteristics of this section and the high frequency
of injuries, therapeutic approaches to BF in this area
are highly varied [8]. Posterior, anterior, combined, and
hybrid surgical methods are commonly used. It should
be noted that in cases where there are no neurological
disorders and significant compression of the spinal
canal—which is observed in 60-70% of all BF—the
primary goal of surgical intervention is the preservation
and, in some cases, correction of the spinal axis, and
the elimination of instability until the consolidation of
bone fragments [4]. So, the need for stabilization of such
injuries is often temporary, and several authors have
noted the appropriateness of removing metal constructs
to remobilize previously fixed segments, which naturally
leads to reduced pain and improved quality of life. This is
why most practicing surgeons prefer isolated posterior
transpedicular fixation as it is less traumatic during
installation and more accessible for removal [9].

The ability to avoid open decompression of the spinal
canal facilitates the widespread adoption of minimally
invasive techniques for the placement of pedicle screws.
This technique significantly reduces blood loss, shortens
the duration of surgery, and consequently decreases
the risks of postoperative complications and the length
of hospital stays [10]. Most researchers report identical
orthopedic outcomes using either minimally invasive or
open screw placement methods [11]. However, some
publications note a greater loss of spinal axis correction
and vertebral body height specifically with minimally
invasive screw placement [12, 13]. Such differences
may be solely related to the features of the stabilization
system, as minimally invasive placement does not involve
the use of cross-links, which undoubtedly affects the load
distribution in the stabilized section of the spine and may
have specific clinical manifestations [14]. Meanwhile, a
review of the literature reveals no studies evaluating
the differences in BF stabilization with or without cross-
links; moreover, the assessment of the depth of pedicle
screw placement in the treatment of BF has also not
been studied.

Objective: To analyze the load distribution in the
thoracolumbar junction with a burst fracture of the Th12
vertebra under various modifications of the stabilizing
transpedicular system influenced by lateral flexion.

Materials and Methods: In the Biomechanics
Laboratory of Sytenko Institute of Spine and Joint
Pathology, National Academy of Medical Sciences of
Ukraine, a mathematical finite element model of the
human thoracolumbar spine with a burst fracture at the
Th12 vertebra was developed. The model incorporated
a transpedicular stabilization system. An eight-screw
“long” stabilization was simulated. Detailed descriptions
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and characteristics of the model have been provided in
previous publications [15, 16].

To simulate the BF, the body of the Th12 vertebra was
divided by several planes into separate fragments (see
Fig. 1). The gaps between the fragments were filled with
a material that simulated interfragmentary regenerate,
to replicate the conditions of a real burst fracture.

Four variants of transpedicular fixation were
modeled using both short fixation screws and long screws
that pass through the anterior wall of the vertebral body,
with and without the use of two cross-links (see Fig. 2).

In the simulation, the material was assumed to be
homogeneous and isotropic [17]. A 10-node tetrahedral
finite element with quadratic approximation was selected
for the analysis. The mechanical properties of biological
tissues (cortical and cancellous bone, intervertebral
discs) for the mathematical modeling were chosen based
on data from references [18, 19]. The material for the
metal construct elements was titanium. Mechanical
characteristics of artificial materials were selected
according to technical literature [20]. For the analysis,
characteristics such as the Young's modulus (E) and the
Poisson's ratio (v) were used. Data on the mechanical
properties of the materials are presented in Table 1.

The stress-strain state of the models was investigated
under the influence of a bending load acting from right
to left, simulating a leftward tilt of the torso, with the
distal surface of the L5 disc being rigidly fixed. The load
was applied to the body of the Th9 vertebra and the right
facet joint. The load magnitude was 350 N. The loading
scheme for the models is shown in Fig. 3a.

For the convenience of studying changes in the
stress-strain state of the models depending on the
method of transpedicular fixation, the stress magnitude
was determined at multiple control points (see Figs.
3b, c, d).

The stress-strain state of the models was investigated
using the finite element method. The criterion for
assessing the stress state of the models was von Mises
stress [21]. The modeling was performed using the
SolidWorks computer-aided design system (Dassault
Systémes, France). Calculations of the stress-strain
state of the models were carried out using the CosmosM
software suite [22].

Fig. 1. Th12 Vertebra Model

This article contains some figures that are displayed in color online but in black and white in the print edition.
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Fig. 2. Models with different variants of transpedicular fixation: a - short screws without cross-links;
b - long screws without cross-links; c - short screws with cross-links; d - long screws with cross-links

Table 1. Mechanical Properties of Materials Used in Modeling

Material Young's Modulus (MPa) Poisson's Ratio
Cortical Bone 10,000 0.3
Cancellous Bone 450 0.2
Articular Cartilage 10.5 0.49
Intervertebral Discs 4.2 0.45
Interfragmentary Regenerate 1.0 0.45
Titanium VT-16 110,000 0.3

A D

Fig. 3. Load scheme of models (a) and locations of control points (b, c, d): 1 - body of Th9 vertebra; 2 - body of Th10
vertebra; 3 - body of Thil vertebra; 4 - body of Th12 vertebra; 5 - body of L1 vertebra; 6 - body of L2 vertebra;

7 - body of L3 vertebra; 8 - body of L4 vertebra; 9 - body of L5 vertebra; 10 - lower endplate of Thll vertebra;

11 - upper endplate of L1 vertebra; 12 - entry point for screws in the arch of Th10 vertebra; 13 - entry point for screws
in the arch of Th1l1 vertebra; 14 - entry point for screws in the arch of L1 vertebra; 15 - entry point for screws in the
arch of L2 vertebra; 16 - screws in the body of Th10 vertebra; 17 - screws in the body of Th11 vertebra; 18 - screws

in the body of L1 vertebra; 19 - screws in the body of L2 vertebra; 20 - crosslinks between screws in Th10 and Th11
vertebra bodies; 21 - crosslinks between screws in L1 and L2 vertebra bodies; 22 - rods

Results MPa were also recorded in the bodies of the L2 and L3

In the model using transpedicular fixation with short ~ vertebrae, respectively. Around the fixing screws, the
screws without cross-links (see Fig. 4), the maximum  highest stress value of 11.8 MPa was determined in the
stress values of 24.0 MPa were identified in the body of  arches of the L2 vertebra. The stress around the screws
the Th12 vertebra. High stress levels of 21.5 and 20.1 in other vertebrae did not exceed 5.4 MPa.
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In the metal structure components, the rods were
the most stressed, experiencing stress levels of 226.7
MPa, indicating that they bear the primary load. Among
the fixation screws, the maximum stress value of
27.3 MPa was observed in screws at the L2 vertebra,
while the minimum was 14.3 MPa at the L1 vertebra.
Screws in the thoracic vertebrae experienced uniform
stress levels—22.1 MPa and 20.6 MPa at Th10 and Th11
vertebrae, respectively.

Using long screws without cross-links in the
stabilization system (see Fig. 5) slightly reduced the
stress levels in the bodies of intact vertebrae, whereas
in the body of the Th12 vertebra, the stress increased

5

- R
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to 27.3 MPa. Around the transpedicular screws, an
increase in stress levels was also observed. The most
significant doubling of stress was seen in the arches of
the Th10 vertebra, where it was recorded at 9.0 MPa.
In the arches of the Thil and L2 vertebrae, stresses
increased to 6.0 and 14.0 MPa, respectively. These
findings correspond to the pattern of stress distribution
changes on the transpedicular screws at Th10, Thll,
and L2 vertebrae, where they also increased to values
of 38.6 MPa, 20.3 MPa, and 34.8 MPa, respectively.
The increased load on the transpedicular screws is
transmitted to the rods, causing an increase in their
stress levels to 313.4 MPa.

364,33
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Fig. 4. Stress distribution in the model of the thoracolumbar spine with a burst fracture of the Th12 vertebra
under load simulating leftward trunk tilt. Transpedicular fixation with short screws without crosslinks (model
modification No. 1): a - front view; b - side view; c - rear view; d - screws

|

Fig. 5. Stress distribution in the model of the thoracolumbar spine with a burst fracture of the Th12 vertebra
under load simulating leftward trunk tilt. Transpedicular fixation with bicortical screws without crosslinks (model
modification No. 2): a - front view; b - side view; c - rear view; d - screws
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The use of short fixation screws in combination
with crosslinks, as shown in (Fig. 6), allowed for
a reduction in the maximum stress values at all
control points of the model and, most importantly,
in the damaged Th12 vertebra, down to 18.4 MPa. A
reduction in stress levels was also observed in all
elements of the metal structure. The most significant
changes occurred in the connecting rods, where
stresses decreased to 212.4 MPa. The stresses on the
crosslinks themselves were determined to be 7.8
MPa and 10.6 MPa at the upper and lower crosslinks,
respectively.

A B

1§

C
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The combination of crosslinks with long fixation
screws (Fig. 7) during lateroflexion, compared to the
model without crosslinks, also reduces stresses at all
control points of the model, both in bone and metal
components. However, compared to the model using
short screws, the stress levels remain higher. The
exception is the crosslinks themselves, where stress
decreases to levels of 6.2 MPa and 5.4 MPa for the upper
and lower crosslinks, respectively.

Data on the stress values at all control points of
models with transpedicular fixation are presented in
Table 2.

364,33
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Fig. 6. Stress distribution in the model of the thoracolumbar spine with a burst fracture of the Th12 vertebra
under load simulating leftward trunk tilt. Transpedicular fixation with monocortical screws and the presence of
crosslinks in the system (model modification No. 3): a - front view; b - side view; c - rear view; d - screws
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Fig. 7. Stress distribution in the model of the thoracolumbar spine with a burst fracture of the Th12 vertebra
under load simulating leftward trunk tilt. Transpedicular fixation with bicortical screws and the presence of
crosslinks in the system (model modification No. 4): a - front view; b - side view; c - rear view; d - screws
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Table 2. Stress under load simulating leftward trunk tilt in models of the thoracolumbar spine with a burst
fracture of the Th12 vertebra under various transpedicular fixation options

Stress, MPa
No Control Points Model without Model with Crosslinks

Short Long Short Long

Screws Screws Screws Screws
1 Th9 Vertebra Body 1.1 1.0 1.1 1.0
2 Th10 Vertebra Body 10.4 7.6 10.2 5.8
3 Th11l Vertebra Body 6.5 5.4 6.3 5.2
4 Th12 Vertebra Body 24.0 27.3 18.4 25.8
5 L1 Vertebra Body 10.3 9.3 9.7 8.7
6 o L2 Vertebra Body 21.5 18.2 20.0 17.6
7 § L3 Vertebra Body 20.1 17.0 19.8 16.1
8 : L4 Vertebra Body 25.0 21.1 23.8 20.5
9 5 L5 Vertebra Body 15.4 14.7 17.3 14.3
10 ® Lower Endplate of Thi1l 3.4 3.1 3.2 2.9
11 Upper Endplate of L1 5.8 5.3 5.5 4.9
12 Entry of Screws into Arch of Th10 4.1 9.3 3.8 9.0
13 Entry of Screws into Arch of Thil 5.4 3.6 4.5 3.5
14 Entry of Screws into Arch of L1 5.3 6.0 2.9 5.8
15 Entry of Screws into Arch of L2 11.8 14.0 9.4 13.4
16 Screws in Th10 Body 22.1 38.6 19.8 38.6
17 2 Screws in Thil Body 20.6 20.3 20.3 19.9
18 % Screws in L1 Body 14.3 15.5 11.4 13.2
19 é Screws in L2 Body 27.3 34.8 26.5 33.0
20 s Crosslinks between Th10 and Th1l Screws 7.8 6.2
21 g Crosslinks between L1 and L2 Screws 10.6 5.4
22 Connecting rods 226.7 313.4 212.4 293.98

When conducting a comparative analysis of the
obtained results, the following key features can be
identified:

1. Stress Reduction Effectiveness:

- Crosslinks consistently reduce stress across all
configurations, particularly beneficial in models involving
both short and long screws. This effect is prominent
in critical areas such as the fractured Th12 vertebra,
where the reduction of stress can be crucial for stability
and healing.

2. Screw Length:

- Long Screws with crosslinks tend to reduce stress
more effectively than short screws without crosslinks,
especially in thoracic vertebrae (Th10 and Thl1l). This
suggests that for areas requiring robust stabilization,
long screws with crosslinks might be more beneficial.

- However, in the case of the fractured Th12 vertebra,
short screws with crosslinks show the best performance
by significantly lowering the stress, illustrating that the
optimal screw length may vary depending on the specific
requirements of the fracture and anatomical location.

3. Load Distribution:

- Metal Constructs: Long screws without crosslinks
exhibit the highest stress levels, particularly at critical

points like in the Th10 vertebra body. This underscores
the potential for higher mechanical loads leading to
increased risk of screw loosening or breakage. The
inclusion of crosslinks helps mitigate this risk by better
distributing the load.

- Endplates and Screw Entry Points: The use of
crosslinks not only reduces the stress on the vertebral
bodies but also at the structural interfaces where screws
enter the bone, enhancing the overall integrity of the
fixation.

4. Rods:

The connecting rods, an integral part of the metal
construct, show significantly reduced stress when
crosslinks are used. This reduction highlights the
importance of crosslinks in preventing overloading of the
beams, which can prevent structural failure under load.

5. General Observations:

- The pattern of stress distribution suggests that
while long screws are generally effective, the addition of
crosslinks is critical for achieving optimal outcomes. This
combination seems to provide the best balance between
stability and stress reduction.

- The consistent reduction of stress in models with
crosslinks, regardless of screw length, suggests that

http://theunj.org
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crosslinks could be a universally beneficial addition to
spinal fixation systems, especially in cases of severe
trauma or instability.

It should be noted that the results we obtained are
generally predictable and corroborated by a range of
clinical and experimental biomechanical studies. For
instance, it is indisputable that the use of crosslinks in
transpedicular stabilization provides a more uniform
distribution of loading across various sections of the
stabilized spine, reducing the risks of fixation failure
[23]. The data regarding the impact of the length of
transpedicular screws on critical load indicators in the
bone tissue-metal construct system also find their
clinical confirmation. It is known, for example, that the
modification with bicortical placement of screws is more
preferable in osteoporotic spine [24, 25]. In our study,
the loading of the vertebral bodies when using long
transpedicular screws with crosslinks is minimal, which
to some extent confirms the validity and informativeness
of the finite element model we used.

However, when extrapolating these results to
clinical practice, it's important to note that despite the
clear advantages of models with crosslinks, the stress
values obtained are not so critical as to favor open
stabilization unequivocally. For example, even the most
heavily loaded elements of the metal constructs—the
connecting rods —show a maximum stress level of 313.4
MPa, while the calculated strength threshold for the
titanium alloy VT16 ranges from 1030 MPa to 1225 MPa
[26]. The empirical data suggest that, despite apparent
biomechanical challenges, lateroflexion does not induce
critical overloads at any of the control points analyzed,
rendering an eight-screw fixation somewhat excessive.
However, these findings are specific to the examined
loading pattern, and conclusions regarding the suitability
of any particular stabilization type can only be drawn
after exploring all loading scenarios as well as modeling
shorter fixation methods, which will be addressed in our
future research. Moreover, based on the data, it should be
noted that in cases with additional risks of fixation failure
and non-consolidation of the fractured vertebral body,
opting for an open installation of a transpedicular system
enhanced with crosslinks may still be more advisable.

Conclusion: The results obtained illustrate that the
use of crosslinks in the stabilization of burst fractures
in the thoracolumbar junction, which is feasible only
through open installation, contributes to a reduction in
stress within the stabilized spinal segment. Meanwhile,
in the modeling of lateroflexion, the difference in stress
values between open and minimally invasive installations
is minimal.
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NikyBaHHS BMOYXOBMX MepenioMiB y 30Hi rpyao-rnonepekoBoro nepexoay
3a/MLWAETLCS CNiIPHMM NUTaHHAM y BepTebponorii. Heasa)kaloumn Ha LWMPOKUIA
CNeKTp AOCTYMNHUX XipypriyHuX BTpy4aHb, 6araTto Xipypris BigaatoTe nepeBary
i3onboBaHilh 3aaHiIN cTabinizauii, sKy MOXHa BMKOHATK 3a AOMOMOroOL
ManoiHBasnBHMX abo BiakpuTMX MeToaiB. OaHak 6ioMexaHiyHi BNacTMBOCTI
LMX MeToAiB AOCi BUBYEHO HEAOCTATHbLO.

MeTa: ouiHnTM 6ioMexaHiuyHy cTabinbHICTb 30HU FpyAO-NMONEPEKOBOro
nepexoay nicna TpaHcneaukynspHoi cTabinizauii BMbyxoBoro nepenomy
xpebus Th12 y pisHUX KOHQIrypauiax cuctemum nia BNaMBoM natepodnekcii.

Marepianun i MeToan. Po3pobneHo ckiHYeHHO-eneMeHTHY Moaenb dparmeHTa
rpyao-rnonepekosoro xpebrta noanHu i3 BMbyxosum nepenomMom xpebus Thi2.
Mopenb MiCTUTb CMCTEMY TpaHCNeAUKYNApHOI dikcauii 3 8 rBUHTaMK, WO iMITY€E
«poBry» ctabinisauito. NpoaHanizoBaHO YOTMPW BapiaHTK TpaHCNEANKY IS PHOT
dikcauii 3a 4ONOMOrold MOHOKOPTUKanbHUX i BiKOpTUKANbHUX FBUHTIB 6e3
3aCTOCYBaHHS ABOX MOMEPEYHMX CTSHKOK i 3 IX BUKOPUCTAHHSAM.

Pe3ynbTtatn. [OCNiAXEHHS BUSABWAO, WO HaBaHTaXeHHs, fKe Hece
nowkoaxeHunn xpebeub Thl2, 3anexuTb Big 06paHoi cuctemun dikcadii.
3okpeMa piBHi HanpyXxeHHs cTaHoBunu 24,0, 27,3, 18,4 ta 25,8 MMNa ans
MoAenen i3 KOpOTKMMU rBUHTaMm 6e3 nonepeyHmnx CTSXOK, AOBMMMU FTBUHTAMM
6e3 CTAXOK, KOPOTKMMW FBUHTAMW 3 MOMNEPEYHUMM CTSXKKaMu Ta AOBrMMU
rBUHTaMW 3i CTAXKaMW BiAMNOBIAHO. Y TOUKax BXOAY FBUHTIB Yy Ayry xpebus
HamBULLI 3Ha4YeHHs HanpyXeHb 3adikcoBaHi B xpebui L2 - 11,8, 14,0, 9,4
i 13,4 MMNa ansa 3a3HadyeHUX Moaenen BignoBiAHO. 3 eNeMeHTiB MeTaneBoi
KOHCTpPYKLUIi 3'eAHYBanbHi 6anku AeMoHCTpyBanu Hanbinblie HaBaHTaXeHHS
- 226,7, 313,4, 212,4 Ta 293,98 Mlla BignosigHo.

BucHoBKKM. OTpMMaHi pe3ynbTaT CBiAYaTh, WO BUKOPUCTAHHSA NOMepeyHmx
CTaXokK npwu ctabinisauii BMUbyXoBMX NepesioMiB y 30Hi FpyA0-NOMNepeKoBoro
nepexoAy, WO MOXHa peanidyBaTun Nuwe nMpu BiAKPUTOMY BTPYyYaHHI,
MEBHOI MipOK 3MEHLUYE HanpyxXeHHs B cTabinizoBaHoMy cermeHTi xpebTa.
MogentoBaHHA 6i4HOro 3rMHaHHA BUSABWIO NMLWIE HE3HauyHi BiAMIHHOCTI 3a
piBHEM HaArpyXeHHS MiX BiAKPUTUMKM Ta ManoiHBa3MBHUMU BTPYYAHHAMMU.

KnrwuoBi cnoBa: BubyxoBuii nepesom;, rpyao-rnornepekoBuii nepexia;
TpaHcneanKynsipHa ctabinizauyisi; CKiH4eHHO-e/1eMEHTHME aHari3; biomexaHidHi
B/1aCTUBOCTI; Masi0iHBa3nBHa Xipypris
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MopiBHAHHA ecdekTiB PpoTOANHAMIYHOIO BMJIUBY i3 3aCTOCYBaHHAM
xnopuHy E6 Ha kniTnHu rnio6nacromm niHii U251 Ta HUpKn eM6pioHy
noavHn nidii HEK293 in vitro
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3N08KiCHi rnioMW rofIOBHOrO MO3KY € rnobanbHO MeAWYHOK i couianbHOo
npo6nemMot0 3 TeHAEHLUIED A0 HEYXWUIbHOINO 3pOCTaHHSA MOKa3HWUKIB
3aXBOPOBAHOCTI Ta CMepTHOCTI. MeToAOM, WO AAa€ 3MOry Bi3yanbHO
ineHTMdikyBaTM NyXJMHHY TKaHWHY Ta BoAHo4Yac BWGiIpKOBO ii 3pyliHyBaTH,
€ doToauHaMivyHa Tepanisa, wo nepenbavae BBeAeHHs doToceHcubinizaTopa
(®C) 3 mopganbLWO MOro akTUBAaUIE 3@ MEeBHOI AOBXWHU CBIiTNOBOI XBWUJII.
CeneKkTUBHICTb HakonnuyeHHst ®C y NyXINHHIA TKaHWHI 3N105IKiCHOT rnioMn — oaHe
3 KJIIOYOBUX NUTaHb ANA NiABULLEHHA ePEKTUBHOCTI DOTOAMHAMIYHOI Tepanii.

MeTa: nopiBHATM edekTn HOTOAMHAMIYHOIO BMNJAMBY i3 3aCTOCYBaHHSM
OC xnopuHy E6 Ha kniTuHM rniobnactomu (FB) noanmHm ninii U251 Ta
HEeManirHi3oBaHi KNiTMHW HUPKKN eMbpioHa NAMHN niHiT HEK293.

Martepianum i metoan. ChopMOBaHO rpynn KAITUHHUX KYNbTYp 3a1€XHO Bij
YMOB KY/NbTUBYBAHHS Ta €K30MreHHOro BMAMBY: 1) KOHTPOJbHI — KY/bTUBOBaHI
B CTAaHAApPTHOMY MOXMWBHOMY cepenoBui (MoandikoBaHOMy cepefoBULLi
Irna (Modified Eagle's Medium (MEM)) i3 L-rnytamiHoM, 1 MMonb nipyBaTy
HaTpito, 10% deTanbHOi TENAYOI CMpOBATKN) Ta AOCAIAHI: 2) KyNbTUBOBaHI 3a
yMOB AofaBaHHA xnopuHy E6 (koHueHTpauii 1,0 ta 2,0 mkr/mn);
3) KyNnbTUBOBaHI Ha MOXWBHOMY cepepoBuLli 6e3 goaaBaHHs ®C Ta nigaaHi
nasepHoMy onpomiHeHHo (J10) (A=660 HM, noTy>xHicTb — 0,4-0,6 BT, no3a -
10-75 [Ox/cm?, 6e3nepepBHUIA UM IMMNYNbCHUI pexuMm); 4) KynbTUBOBaHI 3a
YMOB AoAaBaHHs xnopuHy E6 Ta Bnauey J10 (noTyxHicTb — 0,4-0,6) BT, nosa -
10-75 [x/cm?, 6e3nepepBHUN UM iMNYNbCHUIA pexuMm). Micns BnanBy 3a3HayeHnx
eKcrnepMMeHTaNbHUX YMHHUKIB NPOBOAUAN ANHAMIYHE CNOCTEPEXEHHS 3
MiKpoOTOpeecTpaLi€to BNPOAOBX 24 rof i MiKpOCKOMiYHi Ta MiKpOMeTPUYHI
pocnigxeHHsa (KinbKicTb XUTTE3AATHUX KNITWH, 3arasbHa KinbKiCTb KJiTUH,
MiTOTUYHKUI iHaekc (MI,%)).

Pe3synbraTtn. ®otoceHcnbinizatop xnopuH E6 iHKOpNopyeTbCH B LUTONIAsMy
KNiTUH niHin U251 Ta HEK293, iHTEHCMBHICTb hiyopecLeHLUii € NOPiBHAHHOLO.
3a snnamBy xnopuHy E6 (1,0 Ta 2,0 MKr/mMna) A0303anexHO MiACUNIOOTbLCS
LMTOAECTPYKTUBHI 1 @HTUMITOTUYHI edeKTn B KyNbTYpi KAITUH B ntoanHm niHii
U251. LntoaecTpyKTUBHUIN edeKT X1opuHy E6 Ha KynbTypu KAiTUH NiHii HEK293
MEHLW BUPasHWN, ane aHTUMITOTUYHMIN edeKT € NOpPiBHAHHMM B 060X Tunax
KYNbTYp KNiTWH. 3a Bnaney JIO A0303a51€XHO 3pOCTaloTb LUMTOAECTPYKTUBHI
Ta @aHTUMITOTUYHI edeKTn B KynbTypi KNiTMH ' noanHu ninii U251, PiBeHb
LMTOAECTPYKTUBHUX N QHTUMITOTUYHNX eeKTiB CYTTEBO MEHLLUIA Yy KyNbTypax
HeNYXJANHHUX KNITWH NiHii HEK293. Halbinbw 3HauyLle 3MeHLWEeHHS MiITOTUYHOIT
AKTUBHOCTI kKNiTUH b ntoamnm ninii U251 (~100%) 3adikcoBaHO Npu HaMEHLWin
no3i JIO 25 [x/cm?, noTyxHocTi 0,6 BT B iMNynbCHOMY pexwuMi, Ans KNiTUH
niHii HEK293 (~80%) - npwu J10 noTtyxHicTio 0,6 BT, po3sa 75 Ox/cm? y
6e3nepepBHOMY pexuMi. 3a NOEAHAHOrO BNAUBY XnopuHy E6 (1 i 2 mMkr/mn,
nonepeaHs iHky6auis 4 roa) Ta J10 B pi3HMX pexmnMax 40303aNeXHO 3HUXKYETbCS
XKUTTE3AATHICTb NYXJANHHUX KNITUH NiRHiT U251. HanmeHwoto posoto /10 ans
[OCSITHEHHS MaKCMMasibHOMO LMTOTOKCUYHOIO edhekTy € 25 [1k/CM?, MOTYXHIiCTb
0,6 BT B iMNy/IbCHOMY peXM1Mi Npun 3aCTOCYyBaHHi XJ10puHY E6 y KOHUeHTpauii 2
MKI/M/1. 3a3Ha4veHi XxapakTepucTMkm GOTOANHAMIYHOMO BM/IMBY HE CIPUYNHAIOTD
HE3BOPOTHUX edPeKTIB Y KynbTypax KNiTUH NiHii HEK293 (pedepeHTHi kKNiTUHW).

BUCHOBKM. YCTAHOBNIEHO ePEKTUBHUN pPeXnM GOoTOANHAMIYHOIO BNANBY ANS
OOCSAAITHEHHS UMTOAECTPYKTUBHOIO M a@aHTUMITOTUYHOrO edeKkTy B KynbTypi
KNiTKH B nroanHm ninii U251, wo € BiAHOCHO 6e3neYyHnM ans HeManirHisoBaHux
KNiTUH: NO€EAHAaHe 3acTtocyBaHHSA ao3u JIO 25 [x/cm?, noTyxHicTte 0,6 BT B
iMNYNbCHOMY peXuMi Npu nonepeaHin iHkybauii KynbTypu KNiTUH i3 XJIOPUHOM
E6 y KOHUeHTpauii 2 MKr/Mn ynpoaoBx 4 roa.

KnrwouoBi cnoBa: s1azepHe OnpoMiHEHHS; (pOTOCEHCMbINI3aTop,; 3/105KIiCHI
rniomu; rniobaactoma; U251; HEK293; MiTOTUYHWI iHAEKC
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BcTyn

JNlikyBaHHS 3n0aKicHMX rnioM (3I) 3anuwaeTbca
CepMoO3HNUM BUKJIMKOM Yy CBIiTOBOMY MacwTabi,
He3BaXalum Ha AOCAIAXKEHHS NPUYUH iIX BUHUKHEHHS i
MeXaHi3MiB nporpecyBaHHs. 3M105KiCHi HOBOYTBOPEHHS
roJIOBHOI0 MO3KY € rnobanbHOK MeAMYHOI0 | coulianbHO
npo6nemMoto 3 TEHAEHUIE A0 3pOCTaHHSA MOKa3HWUKIB
3axBOpPIOBAHOCTI Ta cMepTHOCTIi (Hacamnepej
yepe3 nporpecyBaHHsa 3I) [1-5]. MNpwu 3acTocyBaHHi
TpaauuUiiHMX XipypriyHuMXx nigxoais 3 Bi3yanisaui€to
«ad oculus» NyXAUHHI KNITUHU B 30Hi iIHBA3MBHOIO
MOLWNPEHHS, AAKi MIrpytoTb Ha 3HayHi BiACTaHi, MOXYTb
3anMWNTUCS Mo3a yBarow, BHACNifoK Lboro peumams 3
BMHUKAE N06an3y KpanoBoi (NnepudokanbHOT) AiINSHKK
XipypriyHoi nopoxHuHu [6]. Kpim Toro, y dpyHKuUioHanbHO
BaX/IMBMX 30HAX rO/IOBHOIO MO3KYy <«paAuKanbHiCTb»
Xipypri4yHoOro sMaaneHHs nyxjaMHn Hemoxamea. Metoaom,
WO Aa€ 3MOry MakCuUMasbHO 4iTKO (06'€KTUBHO)
Bi3yaslbHO iHTpaonepauiiHo iAeHTUdIKyBaTU Ny XJINHHY
TKAQHWHY Ta BOAHOYAC MpuUUiNbHO 1i pyWHyBaTn, €
doToamHamiuHa Tepanis (OAT) — ABoxeTanHMi npouec,
wo nepenbavae BBeAEHHS CBITNOYYTIMBOrO XiMiYHOro
areHTa (dboToceHcubinizatopa (®C)) 3 noganblow
iHTpaonepauinHO NOro akTUBALIEI 3@ NEBHOI OBXUHMN
csiTnosoi xBuni [6, 7].

MpuHumMn ®AOT FPYHTYETbCA Ha LMTOTOKCUYHUX
edekTax, CNPUYNHEHUX FeHepaui€lo akTUBOBaHUM
OC CUHIMNETHOro MONEKYNAPHOro KUCHIO Ta BiNbHUX
paauvkanie, fKi 3anyckarwTb Yy KAITUMHAX NYyXJAWHWK
hOTOXiMiYHI peakuii 3 pyiHyBaHHsIM 6a30BUX NPOTEIHIB
untockeneTta. BBaxaeTbCs, WO NyXJIMHHa TKaHWHA
Mae go OC Buwy cnopigHeHicTb, a ®C cenekTUBHO
iHKOPNOPYETbLCA B KNiTUHM HOBOYTBOpeHHsA [8, 9].
OfnHoOYacHe 3acTocyBaHHSA Xipyprii nig KOHTponem
dnyopecueHuii Ta ®AT pae 3Mory gk BisyanisyeBatu
MY XJWHHI KNITUHW, Tak | NpULINbHO iX 3HULWYBaTKn [9-11],
ONTUMI3YE BU3HAYEHHS MEX MOWNPEHHS NYXJUHU ANS
MaKCcuMManbHOro ii BuganeHHs [12].

AHani3s BigoMocCTen WOAO0 KAiHIYHMX BUNpobyBaHb
3acBigvye, Wo 3acTtocyBaHHa OAT 9Kk 4oAAaTKOBOro
MeToAYy NikyBaHHSA 3l oapas3y nicns MakCUMasbHOI
pe3ekuii € 6e3ne4YHnUM, 3HUXKYE pU3UK peunaunBy
3aBASKMW TapreTyBaHHIO 3aJULWKOBUX NYXJNHHUX KAITUH
Yy MOPOXHWHI pe3ekuii, NoNiNnwWye BUXMBAHICTb i SKIiCTb
XWUTTA nauieHTis [10, 13-21]. BiacyTHicTb iHdopMaUii npo
PO3BUTOK PEe3UCTEHTHOCTI A0 YMCNEeHHUX ceaHciB ®OT
MPUNYCKa€E MOXJIMBICTb NOBTOPHOT 06pOBKM Ny XJANHHNX
KNiTWUH, HE BUAANEHMX Nig vac onepadii.

Ockinbku eheKTUBHICTb pOoTOAMHAMIYHOTO
YLWKOAXKEHHS ceHcubinizoBaHoOi KNiTUHM BU3HAYaAETHCS
BHYTPIWHBOKNITUHHO KOHUeHTpauieto ®C, 1ioro
nokanisaui€ero B KNiTUHI, HOTOXiIMIYHOIO aKTUBHICTIO,
a TaKoOX A[03010 Nla3epHOro onpoMiHeHHs (J10),
aKTyaNlbHUM 3aBAAHHAM € po3pobka eKCrnepuMeHTabHMUX
Moaenen in vitro pna ouiHKW edeKTUBHOCTI
cxem OAT. doToceHcubinizatopu MawTb AonaTu
remMatoeHuedaniyHmn 6ap’ep, BM6ipkoBO okanisysaTmcs
B MYyXJIMHHIN TKaHWHi 6e3 04HOYaCHOro HakOMUYEHHS
B 3HAYHMUX KOHUEHTpauiax y 340pOBUX TKaHUHAaXx,
BOJIOAITU MaKCUMasbHOK LUUTOTOKCUYHOIO aKTUBHICTIO
WOoAO0 MNYXJAUHHUX KAITWUH, WBUWAKO BUBOAUTUCSH 3
opraHismy [22, 23]. Npu pocniaxeHHi ®C 0OCHOBHY yBary
30CepenxXyrTb Ha CNoayKax NpUpoAHOro NOXOAXKEHHS,
OAHIE 3 AKUX € XNOpUH E6 — ®C 2-ro NOKOAMiHHS,
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npeacTaBHUK MPUPOAHUX MIFrMEHTIB, AKi OTPUMYIOTb
i3 3eneHnx sBogopocTen. XnopuH E6 noegHaHo 3
nonisiHinniponiaoHoM (6iocyMicHMM noniMepoM, AKWUi
Haja€ BOAOPO3YUHHOCTI riapodo6HOMY XNOPUHY
E6), WO cNpusie HAaKOMWYEHHIO B MYyXJIMHI 3aBASAKMK
NiABULLEHIN NPOHUKHOCTI AeDEKTHUX NYXJUHHUX CYANH
i 3MeHweHoMYy nimdoapeHaxy [24]. CenekTUBHICTb
HakonuyeHHa ®C y NyXAWHHIN TKaHuHi 3 — oaHe 3
KTFOYOBUX NMUTaHb ANSA NiABULWEHHS edekTuBHocTi OAT.

MeTa: nopiBHATKU edekTn poToAMHAMIYHOTO
BNAUBY i3 3acTocyBaHHAM ®C xnopuHy E6 Ha KNITUHKU
rniobnactomn nwoanHn niHii U251 Ta HemanirHisosaHi
KNiTUHM HUPKKN eMbpioHa noanHn niHii HEK293.

MaTepianu i MmeTOaN

[JocnigxeHHa npoBefeHO Ha KynbTypaX KAITUH
rniobnactomu (FB) noanHm ninii U251 Ta KNITUH HUPKK
eMmbpioHa noanHu niHii HEK293. KpiokoHcepBoBaHi
3pa3kun KNiTuH (Nw6'a3H0 HapgaHi «KAITUHHUM
6aHKOM NiHiA TKAHWUH NIOAUHU Ta TBApUH», IHCTUTYT
eKcnepuMeHTasibHOoI naTonorii, oHkonorii Ta pagiobionorii
imeHi P.€. KaBeubkoro HAH YkpaiHu, Kvis) po3amopoxysanu
Ha BoAsHIN 6aHi Bnpoaosx 30 xB 3a TeMmnepaTypu
38 °C, cycneHayBanum B 10 Mn MoandikoBaHOro
cepepoBuwa Irna (Modified Eagle's Medium (MEM)) i3
L-rnyTamiHom (Biowest, ®paHuia) 6e3 cnpoBaTku Ta
ueHTpudyrysanm (5 xs npn 1000 06/x8, MICROmed
CM-3), ocaa kNiTUH cycneHayBanuM B cepenoBULLUI
MEM i3 L-rnytamiHoM (1 MMonb nipyBaTy HaTtpito, 10%
¢peTanbHOi Tenayoi cuposatkm (Biowest, ®paHuis) i
noMiLLann B KynbTypasbHi N1acTUKoBi pnakoHn (25 cm3,
Cellstar, HimeuunHa) y kinbkocTti 0,1 - 10°% kniTMH/8
M2 NMOXWBHOro cepegosuwa. KynbTypu Tpumanu B
CO,-inky6aTopi (Nuve, TypeyunHa) y cTaHAapTHUX
ymoBax (95% Bonorocti, 37 °C, 5% CO,). 3MiHy
NOXMBHOIO CepeAoBULLa 34INCHIOBANN KOXHI Tpu Aobu.
OnHamiyHe cnocTepexeHHs 3 MikpodoTopeecTpaui€to
NpoOBOAM/M 32 AOMNOMOroK iHBEPTOBAHOrO Mikpockona
«Nikon S-100» (SinoHis).

KniTnHu B KinbKkocTi 2 - 106 nepeHocnan B N1aCTUKOBI
vyawkwn MeTpi (d=35 MM, Sarstedt, HimeuunHa) Ha
MOKPUBHI CKeNnbL s, nonepeaHbo BKPUTI NoAieTUNEHIMIHOM
(Sigma-Aldrich, GmbH, HimeuunHa), soaaBany NoOXuBHe
cepepoBuwe (2 M) i KynbTUBYBannW A0 AOCATHEHHS
MoHowapy (75-80%).

Ons pocnipxeHHs 6e3nocepenHix edekTiB X10puHy E6
Y KYNbTYpPU KNiTUH 3i cpOpMOBaHUM MOHOLIAPOM AoAaBanu
®C y koHueHTpauii 1 abo 2 mkr/mn. Ona aocnig>XeHHs
6e3nocepeaHix edekTiB /IO yawku 3 KynbTypamu
po3MilwyBanun nia BepTUKaSbHUM OMTOBOIOKOHHUM
nasepHum BmBogaom (h=5 cm) npunaay «LIKA-surgeon»
(«DoToHika-TMnc», YkpaiHa) Ta niaaasany ONpoMiHEHHIO
3 PiIBHOMIpHMM OXOMJIEHHSM MAOLLI MOHOLIAPY CBITI0BMMU
npomeHsamMu (A — 660 HM) 3a pi3HMX pexuMmiB (diana3oH
noTyxHocTi - 0,4-0,6 BT, no3a (ekcno3suuis - noBepxHeBa
WiNbHICTb eHeprii BUNPOMIHIOBAHHA WOAO0 naowi
OMpoMiHOBaHOi NoBepxHi) — 10-75 [ /cm?, 6e3nepepBHUA
um iMNynbCcHUI pexunm). Yac snnmBy J1O Ha KynbTypwu
KMiTWH 3anexXas Bif, 3aCTOCOBAHOI MOTYXHOCTI Ta pexunmy
(MakcmManbHa TpuMBaniCTb OMNPOMIHEHHS CTaHOBWAA
240 c ana 1O 0,6 BT, 75 [x/cM?, iMNyNbCHUIA pexXumM).
OnpoMiHOBaHi KynbTypu y LEW 4Yac yTpuMyBanu npwu
KiMHaTHI TemnepaTypi, KynbTypWu rpyn NOpiBHAHHS — 3@

CTaTTsi MICTUTb PUCYHKM, SIKi BiO6GPaxatoTbCsl B APYKOBaHiv BepCil y BiATIHKaX Ciporo, B €/1eKTPOHHIM — y KOJbOpi.
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@HaNoriyHMX yMoB. [1ns AOCNiAXKEHHSA NOEAHAHOIO BNANBY
XNopuHy E6 i JIO B KynbTypu KAiTUH 3i CPOPMOBaHUM
MoHOoWwapoM aoaasann ®C (y koHueHTpauiax 1 Ta 2
MKkr/mn) i Tpumanu B CO,-iHky6aTopi (Nuve, TypeuunHa)
ynpoaoBX 4 roa, nicng 4oro KynbTypu niggasanu
OMPOMIHEHHIO 33 PI3HUX PEeXMMiB, AK 3a3Ha4yeHO BuLLeE.
BapiaHTK koMbiHauili ekcriepMMeHTanbHOro BMJMBY Ha
KYNbTYpWU KNITUH HaBeaeHo B Tabauui.

Micna BNAMBY 3a3HayeHUX eKCcnepuMMeHTalbHUX
UMHHKKIB KynbTypu Tpumanu B CO,-iHky6aTopi (Nuve,
TypeyunHa) Ta NpoBOAUIN ANHAMIYHE CMOCTEPEXEHHS
3 MikpodoTopeecTpaLi€to 3a AONOMOrolo iHBEpTOBaHOMo
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Mikpockona «Nikon S-100» (dnoHifA) ynpoaoBx
24 ropa, MikpodoTopeecTpauito dayopecueHuii — 3a
aonomorot Mikpockona Axiophot (Opton, HimeuyunHa)
i3 BUKOpucTtaHHaM dnyopecueHTHUX dinbTpie (A -
[500-680] HM).

[na BU3HAUYEHHS LMTOTOKCUYHOIO BMINBY XJIOPUHY
E6 Ta JIO KynbTypu KAITUH nNignasanu BMAMBY Pi3HUX
AOCNIiAHUX YMOB 3 AOAa@BaHHAM Yy KynbTuUBaUilHe
cepepoBuue BiTanbHoro 6apsHuka (0,2% po3yunH
TpunaHoBoro cnHboro (Merck, HimeuunHa) Ta nposoAUIN
CnocTepexeHHsS 3a poCTOM KyfbTyp 3a AOMNOMOrot
iHBEpPTOBAHOIro MikpocKorna BrnpoAoBX 24 roa.

Ta6umys. YMOBY eKCNepuMeHTaNbHOro BMJIMBY Ha KyNbTYpu KNiTUH

KinbKicTb KynbTyp KAiTUH
N2 YMOBM BNInBY
U251 HEK293
1 KoHTponb 10 9
1,0 MKr/mMn 9 13
2 XnopwuH E6
2,0 Mkr/mMn 10 14
6e3nepepBHUI peXNM 3 3
10 Ox/cm? - pep — P
iMOYNbCHUNA PEXUM 3 3
0,4 BT —
6e3nepepBHUIA peXUM 3 3
25 Ox/cm? |- —
iMNYTbCHUI peXUM 3 3
6e3nepepBHUI pexnm 3 3
10 Ox/cm? -
JNasepHe iMNYyNbCHUI peXxum 3 3
3 OMNPOMIHEHHSA
(o) 6e3nepepBHU peXNM 7 3
25 Ox/cm? - —
iMOYNbCHUNA pEXUM 7 3
0,6 BT —
6e3nepepBHUI pexnm 3 3
50 Ox/cm? = —
iMAYNbCHUIA pexunm 3 3
6e3nepepBHUI pexnm 3 3
75 Ox/cm? - -
iMNYNbCHUI peXnM 3 3
6e3nepepBHUIL peXnM 3 3
10 Ox/cm? - —
iMOYNbCHUNA pEXUM 3 3
0,4 BT —
6e3nepepBHUI pexnm 3 3
250x/cm? - -
XnopuH E6 (1 iMAYNbCHUIA pexunm 3 3
mMkr/mn) + J10 6e3nepepBHUil pexum 3 3
10 Ox/cm? - -
iMNYNbCHUI peXnUM 3 3
0,6 BT —
6e3nepepBHUIL peXUM 3 3
250x/cm? - -
iMOYNbCHUA pEXUM 3 3
6e3nepepBHUI pexnm 3 3
10 Ox/cm? - -
iMAYNbCHUIA pexunm 3 3
4 0,4 BT —
6e3nepepBHUI peXNM 3 3
25 Ox/cm? - -
iMOYNbCHUNA PEXUM 3 3
6e3nepepBHUIL peXUM 3 3
10 Ox/cm? - -
XnopwH E6 (2 iMNYNTbCHUI peXUM 3 3
mMkr/mn) + J10 6e3nepepBHUI pexum 7 3
25 Ax/cM? |~ -
iMAYNbCHUIA pexunm 7 3
0,6 BT
6e3nepepBHUI peXnNM 3 3
50 Ox/cm? |- -
iMOYNbCHUNA PEXUM 3 3
6e3nepepBHUIA peXUM 3 3
75 Ox/cm?
iMAYNbCHUIA pexunm 3 3
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Ona noaanbworo aHanizy copmMoBaHO rpynu
KNITUHHUX KYNbTYp 3a51€XHO Bif, YMOB KY/bTUBYBaHHS
Ta eK30reHHOro Bn/MBYy: 1) KOHTPOJIbHI — KyNIbTUBOBaHI
B CTaHAApPTHOMY MOXWBHOMY cepeposuwi (MEM i3
L-rnyTamiHoM, 1 MMonb nipyBaTy HaTpito, 10% deTanbHOi
TensA4yoi CMpoOBaTKWU) Ta AOCAIAHI: 2) KynbTMBOBaHi 3a
YyMOB AoAaBaHHsA xnopuHy E6 (koHueHTpauii 1,0 Ta
2,0 Mkr/mn); 3) KynbTUBOBaHi Ha NOXWBHOMY CepeoBULLi
6e3 popasaHHa OC Ta nigaaHi 1O (iHTEHCUBHICTb
- 0,4-0,6 BT, po3a - 10-75 [Ox/cm?, 6e3nepepBHUit
YW IMNYNBCHUIA pexuM); 4) KynbTUBOBaHi 3a yMOB
AonaBaHHs xnopuHy E6 Tta BnnamBy JIO (iHTEHCUBHICTb
- 0,4-0,6 BT, po3a - 10-75 [Ox/cm?, 6e3nepepBHUI un
iMMYNIbCHUIA pexXumM).

KynbTypu KniTvH dikcyBanm B 10% HelTpanbHOMY
dopmaniHi (Bio-Optica, Itania) i 3abapsnoBanu
reMaToKCUiHOM Ta e03MHOM 3a Kapaudi. MikpockoniyHe
pocnigxeHHs Ta doTopeecTpauUilo UMTONOTIYHUX
npenapaTiB KynbTyp 34iNCHIOBaNM 3a AOMNOMOro
ceBiTnoonTtmMyHoro dotomikpockona «Nikon Eclipse
E200» (SinoHis). Y KOXHOMY npenapaTi aHanizysanu
0cobnmnBocCTi 6yAoBM AOCNIAHMX KY/bTYp MOPIBHSHO 3
KOHTPONbHUMU. BusHavyann ¢opMy KNiTUH, HasiBHICTb
i po3rasnyXeHicTb BiAPOCTKiB, CTPYKTYpYy Ta xapakTep
po3noAiny xpomaTtuHy, ¢opmy aaep, ocobnmeocCTi
MiDKKNITUHHUX B3@EMOAIN.

KinbKicHi AocnigXeHHs A0CAIAHNX KYNbTYP NOPIBHSHO
3 KOHTponeM nposoannu B 10 penpe3eHTaTUBHUX NOMSX
30py 3i CTaHAAPTHOK BMMIipIOBaNbHOK WKanow (06'ekT-
MikpoMmeTp). MopdoMeTpuyHMIN aHani3 34ilMcHIOBann 3a
A0MoMorot 06pobku undpoBux 3ob6paxeHb KynsTypy 10
[oBinbHO o6paHux nonsx 3opy (0,04 MM?) ANsa KOXHOMO
3pa3ka npu ogHakoBoMy 36inbweHHi (800) 3a gonomorowo
nporpamMHoro 3abesneuyeHHsa ImageView software (2020).
Ha TecToBilM NnoLwWi BU3Ha4Yanu KinbKicTb XXUTTE3AATHUX
KNITUH, 3arasbHy KiNbKiCTb KNITUH, KiNbKICTb KAITUH Yy
CTaHi MiTOTUYHOro noainy. Mitotuynunm iHaekc (MI,%)
pO3paxoByBaan K YACTKYy KJITUH i3 HAasSBHICTIO MIiTO3iB
Ha 100 kniTUH.

CTaTUCTUYHMI aHani3 OTpMMaHUX AaHUX NPOBOAUMN
3 BUKOPUCTAHHSAM NiLEH30BaHOr0 NakeTa CTaTUCTUYHMX
nporpam (nporpamHe 3abe3sneyeHHs StatSoft Inc., 2022).
HopManbHICTb po3noAiny AaHUX BU3Ha4Yanm 3a KpUTepiem
Lanipo-Yinka. 3acTocoByBanu HenapaMeTpu4Hi MeToam
BapiauinHOi CTaTUCTUKN (PaHroBUA AUCKPUMIHAHTHUN
aHaniz ANOVA Kpackena-Yonnica AN MHOXMWHHOIO
MOPIBHSAAHHS AEKINIbKOX He3anexHux rpyn, U-kpuTepin
MaHHa-YiTHI 4519 NonapHoOro NMopiBHSAHHA He3aneXHuX
rpyn, Tect BinKOKCOHa Ang nonapHOro nopiBHAHHSA
3anexHux rpyn (y AuvHaMiui cnocTepexeHHs). AdaHi
npeacTaBfeHO Ha oaAuMHMU TecToBoi naowi (0,04
MM2) y Burnsaai (M£m), oe M - cepeaHe apudMeTUYHe
3HaYeHHs, M — CTaHAapTHe BiAXUNEHHS Bi4 cepeAHboro
apn@dMeTUYHOro 3HayeHHs. CTaTUCTUYHO 3HayyLWwmMmn
BBaXkanu BigMiHHOCTI npu p<0,05.

Pe3ynbtaTtn Ta 06roBopeHHs

Ak mogenb 3l in vitro BUKOPUCTaAHO KynbTypWu KNiTUH
b ntogmHn NiHii U251, oTpMMaHOoi 3i 3105KICHOT MY XIMHK
G rOIOBHOrO MO3KY JSIIOAMHW MEeTOAOM eKcniaHTauii,
KNITUHHUIA TUN NYXJIMHWU BU3HAYeHOo AK naeomopdHuin/
acTpoumnToiaHum [25].

KnitTnun T'b nwoanHu niHii U251 y KynbTypi
BiATBOPIOBaAN TUMOBY ANHAMIKY POCTY: Bif YTBOPEHHS
NAaHUKXKIB Ta WiNbHUX MOHOWAPOBUX KNITUHHUX
KOHr/ioMepaTiB nopsa 3 OKpeMuMMuU KniTuHamu 6e3
BMpasHMX 03Hak andepeHuiadii (3 By3bKO LMTOMN1a3Mo0
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Ta NOMipHMM noniMmopdiaMoOM apep) Ta KAiTUHaMu
acTpouunTapHoi 6ynoBu 3 BigpoCcTKaMu ynpoaoBx 1-i
nobu nicna ekcnnaHTauii (Puc. 1A) A0 po3poCTaHHS
MOHOWapy NYXJAWUHHUX KJiTUH (BEAMKOro po3Mmipy 3
YiITKMMU KOHTYPaMu, BUPa3HOIO LIMTOMIA3MOI0, BEJIMKUM
S4pPOM, acTpouuTapHoOi 6yA0BM, YHINOASPHOI, TPUKYTHOI,
poMb6onogibHoi, noniroHanbHOI GOpPMU 3 BUAOBXKEHUMMU
BiApOCTKaMun) Ha 5-ty-7-my noby (Pwuc. 1B). Ha etani
KOH(IYEHTHOrOo pPoOCTY B KyJAbTypax crnocTtepiranu
PETUKYNAPHI PO3POCTaHHSA LWiIbHO YKOMMIEKTOBAaHUX
NYyXJAUHHUX KMITUH i3 BUCOKUM noniMmopdiamMom. Ha
rictonoriyHux npenapartax y 30Hi POCTYy KynbTyp
y noni 30py Bu3Hayanucsa 2-3 NyXJWHHI KNiTUHU B
cTagii MiToTMuyHoro noainy (Puc. 1B). Ha 7-my noby
KYNbTUBYBaAHHS B KOHTPOJIbHUX KYSbTypax KAITUH MiHii
U251 y 30Hax pocTy HeamndepeHUinoBaHnX NyXanHHNX
KNiTH MI B cepeaHboMy cTaHoBuB (0,88%+0,05)%.

Ona nopiBHAHHS edeKTUBHOCTI poToAMHAMIYHOIO
BMN/IMBY Ha HEMYX/JMHHI TKAHWUHU BUKOPUCTANN KNIiTUHN
NinHii HEK293 - imopTani3oBaHoi NiHii, LUTY4YHO CTBOPEHOT
3a AOMNOMOrotk TpaHcdopMauii KynbTypu KAITUH HUPKKU
embpioHa ntoanHu dparmeHtamn OHK apeHosipyca 5
[26]. KnitnHn HEK293 matoTb eniTenionogibHy 6yaosy,
YTBOPHOKOTb MOHOLLAPOBI KYNbTypu. 3a3BM4Yan BOHU MatoTb
CN/oWeHyY BUAOBXeEHY hOpMYy 3 YiTKMMKN 06pncamm Mex
KNITUH 3 BUCOKOK aaresietn. HEK293 He ekcnpecyloTb
TKaHMHOCMNeuM®iYHi reHn, ane ekCcrnpecylTb Mapkepu
HUPKOBUX KNITUH-NONepeaHNKiB, HEMPOHaNbHUX KNITUH
i HaagHMpPKOBMX 3an03 [27]. HaaBHiCTb cneundiyHmnx
reHHux npoaykTiB Ta MPHK, siki 3a3Bnyai BUSBNAOTLCSA
B HEMpoHax, NoTeHuian A0 iHAYKOBAHOIrO CMHaNToreHesy,
(YHKUIOHANbHOCTI eHAOreHHUX HeWpoHcneundivuHnx
noTeHLUian3anexHnx KaHanis i BigNoBiAi Ha pi3HOMaHITHI
aroHicTtu, wo 6epyTb y4yacTb y nepepadvi cCUrHanis
HeMpoHiB, AalTb NiacTaBy po3rnagatn HEK293 sk
KNITUHU 3 PEHOTMMNOM, NOAIBHNM A0 HelpoHanbHoro [27].
KnitnHn HEK293 MatoTb ckiagHUM (peHOoTUN, 3yMOBEHUI
reTeporeHHnM HecTtabilbHMM aTUNOBMM KapioTUMNOM:
BOHM MalTb ABi abo binble Konii KOXHOI XxpoMocomu,
3 MOAaNIbHUM YMCJSIOM XPOMOCOM 64 — rinoTpUNNOIAHNN
KapioTun (Takui Wwo MicTuTb 6inbly HiX yaBivi (aunnoia),
ane MeHLWy HiX yTpuui (TpUNoia) KinbKiCTb XpOMOCOM;
TpU Konii X-XpOMOCOMM i YOTMPWM KoNii XxpoMmocoMm 17 i 22)
[28]. CepeaHE UMCI0 XPOMOCOM i XPOMOCOMHI abepauii
BiApi3HATbCA B KniTnHax HEK293 Ta ix noxigHux, a
Takox y HEK293-kniTuHax i3 pisHUX KNiTMHHUX 6aHKiB/
nabopatopin [27].

Y HawunX 4OCNiAXKEeHHSAX y nepLi 24 roa cnoctepiranm
NPUKPINAEHY A0 MOBEPXHi MONyNsALil0 HEBETUKUX,
38e6inbworo 3nerka okpyrnoi GopMu KNiTUH, WO
pOCAN ANCMEPCHO, @ TaKOX HE3HAYHY KiNbKiCTb KAITUH
nosiroHasibHOI Ta BUpa3HO BNAOBXeHOi popmu (Puc. 2A).

Mpn KynbTUBYBaHHI BNPOAOBX 5-7 Ai6 KNiTUHMK
niHii HEK293 dopMmyBanu cyuinbHM MoHOWap enite-
nionofibHoi CTpyKTypu, po3TawoByBaJMCS AOCUTb
WiNbHO, 3 BE/IMKOI KiNbKICTHO MIXXKAITUHHUX KOHTaKTIB.
Cepeg KNiTUH NepeBa)kanu nNpasBusbHi PiBHOBICHI hopMy,
cepej sKux 3pigka cnocTepiranu okpyrii, UMNiHAPUYHI Ta
noniroHanbHi popmMu. KNiTUHW Manu WinbHy unuTonIasmMy
Ta po3TalloBaHe LEeHTPUYHO BennKe OBaflbHO-OKpyrne
aapo, ske Mmictmno 1-2 (3pigka 3) agepus (Puc. 2b).
CnocTepirann 3Ha4yHy KinbKicTb nponidepaTuUBHO
aKTUBHUX KNIiTUH (Puc. 2I). Ha 7-my o6y KynbTMBYBaHHS
B KOHTPOJIbHUX KyNnbTypax KNiTUH NiHii HEK293 y 30Hax
pocty MI B cepeaHbomy cTaHosuB (0,61+0,07)%. Y
TeCTi 3 TPUNAHOBMM CUHIM BiA3Hayanm He3Ha4yHy 4acTKy
CMOHTaAHHO AereHepoBaHux KNiTuH (Puc. 2B).
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9-1a noba

Puc. 1. MikpodoTo KynbTyp KAiTUH rniobnactomm noanHun ninii U251, KynbTMBOBaHUX Y CTaHAAPTHOMY
NOXWBHOMY cepefoBuLli (KOHTposb). CBiT/IOBa Mikpockonisi, He3abapeneHa kynbTypa (A, b); 3abapBneHHs
reMaToKCMNiHOM Ta eo3MHOoM (B). CTpinko no3HayeHo KNiTUHY B cTaaii MiTo3y (npodasa)
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Puc. 2. MikpodoTo KynbTyp KAiTUH NiHiT HEK293, KynbTMBOBaHUX y CTaHAAPTHOMY MOXWBHOMY cepeoBULLi
(koHTponb). CBiTNOBa Mikpockonis, HesabapsneHa kynbTypa (A, B); 3abapBneHHs BiTanbHUM 6apBHUKOM
TPUNaHoBMM cuHiM (B); 3abapBneHHs reMaTokcuniHoM Ta eo3mHoM (IM). CTpifKo NO3Ha4YeHO KNITUHY B cTaaii

MiTO3y (aHadasza)

EchexkTn xnopmHy E6 y KynbTypax KaiTUH NiHiA
U251 ta HEK293. licna 3acTocyBaHHS XnopuHy E6
Yy KOHueHTpauii 1 MKr/mn 4yepes 24 roa y KynbTypax
KNiTUH ninHii U251 cnocTtepirann po3piaXeHHs 30HM
POCTY 3 MOSIBOIO BE/IMKUX NAaKYH Y KJAITUHHOMY MOHOLWapi
(Pnc. 3A). Ha Tni HeywWKOAXEHUX KAITUH BUSBISN
Andy3HO po3TalwoBaHi gucTtpodoBaHi abo HeKpobioTUYHO
3MiHEHi NYXJIMHHI KAITUHW 3 peayKui€ BiAPOCTKIB i3
3a0KPYIr/IEHO LMTOMIa3MoK 3 O3Hakamu NinigHoi Ta
rigponivyHoi AncTpodii, Wo Nporpecye, Ta rinepxpoMHMMmn
aapamMu. [esaki NyXAuHHI KNiTUHM NepeTBOpUINCS Ha
KNiTUHU-TiHI abo «roni» sapa, 3 yTBOPEHHSM HEBETUKUX
ckynyeHb. KinbKiCTb KAITUH Y MITOTUYHOMY CTaHi
3MeHwyBanacb A0 1-2 y noni 3opy (MI y cepeaHbOMy
ctaHoswB (0,71+0,08)%, p=0,14 NOpPiBHAHO 3 KOHTPO/EM,
U-TecT MaHHa-YiTHi). Bia3Hauyanu HasBHICTb 6/10KOBaHNX
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dopmMm K-MiTO3iB cepen ¢iryp MiToOTUYHOro noginy
NYXJANHHUX KAITUH.

3a 36inbleHol KOHUeHTpauii XxnopuHy E6 (2 mkr/mn)
BXe 4yepe3 6 rog Bia3Havanu po3pif>XeHHS KITUHHUX
MacuBiB KynbTyp U251 3a paXyHOK peTpakuii 30HU
pOCTYy Ta peAyKLUii BiAPOCTKIB Y NOWKOAXEHUX KAITUHAX.
Yepe3 24 ron BTpayanacs MiXKMAITUHHA aaresis, WwWo
nNpU3BOAMAO A0 MOSABU Manux i BEIMKUX NTAKYH Y
MOHOLWAapi KNiTUH 30HU POCTY, PO3PIAXEHHS KITITUHHUX
MacuBiB Ta AeckBamalii 4acTku 3arnbamx KniTuH.
Ha peskux apinsHkax 30Ha pocTy knitnH U251 6yna
Mane NOBHICTI CNYCTOLIEHOIO 3 HEBEJIMKOI KiNbKIiCTIO
AereHepoBaHMX KNiTUH oKpyraoi ¢popmMmun. 36epexeHnmm
3a/Mwannucs okpeMi AiNsSHKWU peTuKynonodibHmnx
CTPYKTYp i3 KJiTUHaMK 3 O3HaKaMu pereHepauii
(Bakyoniszaui€o uMTONAA3MM i BTPATOO BiAPOCTKIB)
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(Puc. 3A). Ha 36epexeHunx AinsgHKax MOHOLApy 30HM
pocTy 36epiranacs MiTOTMYHa aKTUBHICTb OKpeMMUX
NYXAWUHHUX KAiITUH (cnocTepiranu 1 KAiTUHY B CTaHi
MiTO3y Ha pekinbka nonis 3opy, MI 3MeHwyBaBcs
no (0,15+0,02)%, p=1-10° NOpiIiBHAHO 3 KOHTpPOJEM,
p=0,04 NOpiBHAHO 3 NOKA3HWKOM 3a BN/IMBY XNOpUHY E6
(1 mkr/mn), U-tect MaHHa-YiTHi) (Puc. 4).

Ha BiaAMiHYy Big KNiTWH NiHii U251 30Ha poCTy KNITUH
niHii HEK293 yepe3 24 roa snauBy XNopuHy E6 y
KOHLeHTpauii 1 MKr/mMn 3anuwanacs HeywKoAXeHOto:
WiNbHICTb KNITUH 6yna BUCOKOW, afle B KJiTMHaXxX
6ynu HasABHiI NaToOMOriyHi 3MiHWM (peayKuia BiAPOCTKIB,
OKpYT/IeHHS uMTonnasMu, 3MilleHHs aaep Ha nepudepito
umMTonnasmu, ii Bakyonizauia) (Puc. 3B). KniTuHn
HEK293 36epirann HW3bKWWN piBEHb MITOTUYHOI
akTuBHocTi (MI B cepeaHboMy cTaHoBwmB (0,33+0,04)%,
p=0,04 nopiBHAHO 3 KOHTponeM, U-TecT MaHHa-YiTHi).
36inbWweHHa KoHueHTpauii xnopuHy E6 go 2 mkr/mn
Malxe He BMAWBano Ha LWiNbHICTb MOHOLWApPY KAITWH
HEK293, ane 3pocTana KinbKiCTb OKPYrAnUX KAITUH
3 peAyKOBaHWMMK BiAPOCTKaMW, BaKyosi30BaHOWO
LUMTOMNIa3Mol0 Ta AeLeHTpoBaHMMu aagpamn (Puc. 3B). Y
30Hi pOCTY BMSABNSAIN OKPEMi MITOTUYHO aKTUBHI KAITUHWU
(MI 3mMeHwyBascsa go (0,23+0,03)% (Puc. 4), p=0,01
NOPIBHAHO 3 KOHTponeM, p=0,6 NOPIBHSAHO 3 MOKA3HUKOM
3a BnuBY xnopuHy E6 (1 mkr/mn), U-Tect MaHHa-
YiTHIi), cepea sikux cnocTepiranyM naTonorivyHi dopmu
(acMMeTpuyHi MiTO3M), WO NPU3BOAMIN A0 MOPYLUEHHS
Tenodasun, Hacniakom 4yoro 6yna nosiBa B MOHoLapi
ABosaepHUx Ta 6aratosaaepHUX KNiTUH.

3a gaHuMn GpNyopecueHTHOro AOCNIAXEHHS, Y
AOCNiAHNX KynbTypax KAiTMH niHin U251 t1a HEK293
XJ10puH E6 HakonnyyBaBCs B LMTOMN/Ia3Mi, iIHTEHCUBHICTb
dbnyopecueHuUii B pPi3HUX TuUMax KMAiTUH Malxe He
BiapisHanacs (Puc. 36, 3I), wo, iMOBipHO, NOB'A3aHO
3 0cOo6MMBOCTAMKN reTeporeHHoro deHoTuny KniTuH
ninHii HEK293 [27]. Npo nokanisauito ®C B opraHenax
LMTOMNIa3MmM NMOBIAOMAANN TaKOX iHWI aBTopu [29].

Ha BiaMiHy Big kniTuH ninin U251 ta HEK293
iHTeHCUBHICTL dnyopecueHUii xnopuHy EB6,
iHKOpNOpOBaHOro HeMasnirHi30BaHMMKU KAITUHAMWU
ronosHoro mo3sky wypis (E14-16), 6yna HabaraTto
cnabwot [30], wWo y3roAXyeTbCa 3 AaHUMKU LWOAO
6inbwoi cnopigHeHocTi Ta BUMGIpKOBOCTI HaKOMUYEHHS
OC NyxJIMHHOW TKaHWHO [22].

TakuM YMHOM, pe3ynbTaTW TeCTyBaHHSA BMNAUBY
XNopuHy E6 3acBiguyoTh 40303a5EXHUNA LMTOTOKCUYHNI
edeKT Ha NyXAUHHI KNiTMHU niHii U251. Ha BiaMiHy
BiA4 KNITUH NiHii U251 KynbTypu KANiTUH niHii HEK293
He 3a3HalTb Takoi pylhHauii 30HM poCTy 3a BMNJIUBY
XNopuHy E6, KNiTUHN B HUX 34e6iNblOro 3anmwarnTbCcs
36epexeHnMn, ane aHTUMITOTUYHMIA edeKT xNopuHy E6
€ BiAHOCHO MOPIBHAHHUM B 060X TMNAX KYNbTyp KAITUH.

EdexkTn nazepHoro onpoMiHeHHs1 3a Pi3HNX
PEXXUMIB y KynbTypax K/itTuH niHiki U251 Ta HEK293.
3a snnmey J10 (noTtyxHicte 0,4 BT, gosa 10 [x/cm?,
6e3nepepBHUI peXNM) Uepes 24 roa y KynbTypi KNiTUH NiHii
U251 cnocTepirann peTpakuito 30HW pOCTY 3 YTBOPEHHAM
naKkyH pi3HOi BENNYMHM Ta YLWiNbHEHHS MOHOWapy
NYXANHHUX KNITUH (Prc. 5A). HaToMicTb y KynbTypax
KNiTUH niHii HEK293 3a TMX caMux yMOB He BiA3Ha4danm
CYTTEBOro MOpPYLIEHHS MOHOLWAaPpy KAITUH, KAITUHWU Manu
XapaKkTepHi po3mipu Ta dopmy (Puc. 5B). 3a snnusy J10
(0,4 BT, 10 Ox/cM?) B iMNYyNbCHOMY peXuMi A0AaTKOBUX
3MiH NOPIBHSHO 3 NONepeAHiMKU CNOCTEPEXEHHAMM B 060X
AOCNIAXYBAHUX NiHIAX KNITUH He BUaBneHo (Puc. 5B).
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3a snauey N0 (0,4 BT, 25 Ox/cMm?, 6e3nepepBHUIA
pexumMm) BigbyBanacs nopanblua peTpakuis 30HU
pOCTY B KynbTypax KNiTUH NinHii U251 3i 36epexeHHsaIM
HeylWwKoAXEeHUX AingHOK MoHowapy (Puc. 5A).
Y kynbTtypax KniTuH niHii HEK293 nowkoaXeHb
30HW pOCTY 3a uUMX yMOB He 3adikCcoBaHO, TecT i3
TPUMAHOBUM CUHIM BUSABUB HEBEJSINKY KiNbKiCTb
AereHepoBaHux knituH (Puc. 5B). 3a snnusy J10 (0,4 BT,
25 [x/cMm?) B iMAynbcHOMY pexuMi BigbyBanocs
we 6inbwe ywinbHEeHHS MoOHOWAapy KAITUH NiHil
U251, 36inbleHHs NaKyH y 30Hi pOCTy Ta KiNbKOCTI
AereHepoBaHux KNiTuH (Puc. 5bB), 3Ha4yHe 3HUXEHHS
MiTOTMYHOI akTuBHOCTI (Pnc. 6A; p=3-10"° nopiBHAHO
3 KOHTponeMm, p=0,007 nopiBHAHO 3 MOKa3HWKOM 3a
6e3nepepBHoro pexumy J10, U-Tect MaHHa-YiTHI). ¥
KynbTypax KAiTuH niHii HEK293 3a TMx caMmux ymMoB He
cnocTepiranu cyTTeBux 3miH (Puc. 66, 6r).

3a snauBy JIO 6inbwoi noTyxHocTi (0,6 BT,
10 Ax/cm?, 6e3nepepBHUA pexuMm) y KynbTypax
KNiTUH niHiT U251 cnocTepirann iCTOTHe 3MeHLWeHHS
3aranbHoOi KiNbKOCTi KAITUH Yy MOHowWwapi, 6inbwicTb
KNiTUH OKPYrABanncCb, BTpayannCb MiKKAITUHHI
KOHTaKTW, WO NPU3BOANIIO A0 CMYCTOLEHHS 30HN POCTY
(Puc. 5A). BogHo4yac MoHowap KnNiTuH niHii HEK293
He 3a3HaBaB 3HayHuX 3MiH (Puc. 5B). /10 (0,6 Br,
10 [x/cM?) B iMNYyNbCHOMY peXwuMi NpuU3BOAMIO A0
pyMHauii 30HM pocTy KAITUH niHiT U251: y 6inbwocTi
KNiTUH 6ynn peaykoBaHi BiAPOCTKU, KNITUHU BTpayanu
KOHTaKTW MiX cob0to Ta NoBepxHelto, Lo NpM3BoAMII0 A0
aerpapauii MOHoOWapy 3 yTBOPEHHAM Heo(hOpPMIIEHHUX
KNITUHHWUX arperarie Ta ¢pparmeHTie (Puc. 6B). MiToTU4Ha
aKTUBHICTb KJITUH ninHii U251 6yna Ha HM3bKOMY piBHi
(Pnc. 6A; p=1-10° nopiBHAAHO 3 KOHTponeM, U-TecT
MaHHa-YiTHi). ¥ kynbTypax KkNiTuH NiHii HEK293 3a
TUX CaMUX yMOB BifA3Hayanum nosBYy MNaToONIOTIYHO
3MiHEeHUX KNiTUH (i3 BTpaTol XapakTepHoi popMun Ta
OKPYF/IEHHAM), CriocTepiranuM ABOSAEpHi KNiTUHU Ta
3MilleHHs saep Ha nepudepito umtonnasmu (Puc. 5T).
MiTOTMYHa aKTUBHICTb KNiTUH NiHii HEK293 Maixe He
3MiHtoBanacs (Puc. 6bB), WinbHICTb KNITUH Y MOHOLWapi
AEeL0 3MeHLYyBanacs nopiBHAHO 3 KOHTPOEM.

3a snauey N10 (0,6 BT, 25 Ax/cMm?, 6e3nepepBHUIA
peXuM) TaKOX iCTOTHO 3MeHlWyBanacsa 3araibHa
KiNnbKicTb KAiTWUH niHiT U251 y 3pyiHOBaHiN 30HI
poOCTy, CrocTepirann Benuki AinsaHku 6e3 kNiTnH abo
3 HEBEJIMKOI KiNbKICTO KAITUH Ha pi3HUX CcTagiax
AereHepauii (Puc. 5A). Y kyneTypax KNiTuH ninii HEK293
3a TMX CaMUX YMOB 3MilleHHA aaep Ha nepudepito
uMTOonaasMmM croctepiranm B 6inblWiA YacTUHI KNiTUH,
3pocTana YMCenbHICTb OKPYrInX KNiTUH 6e3 BTpatu
WiNbHOCTI MOHOWApPY Ta 3arafibHOi KiIbKOCTi KAITUH
y 30Hi pocTty (Pmnc. 5B). 1O (0,6 BT, 25 Ox/cm?) B
iMNYNbCHOMY peXxuMmi niacnnosBano AECTPYKTUBHI
npouecu B KynbTypax KNiTWH niHii U251 (Puc. 5b)
Ta NPaAKTUYHO HiBENBaNO MITOTUYHY AKTUBHICTb
(Puc. 6A; p=3 - 10° nopiBHsHO 3 KOHTponeM, p=0,34
NOPIBHAHO 3 MOKa3HMKOM 3a 6e3nepepBHOro pexumy
N0, U-TecT MaHHa-YiTHi). ¥ KynbTypax KAITUH NiHii
HEK293 3a uux caMux yMOB He CnocTepiranam 3HayHux
MOLWKOAXXEHb KNITUHHOIO MacuBY, WiNbHICTb MOHOLWApPY
3anuvwanaca BUCOKOW, ane 3pocTasia KiNlbKiCTb
OKPYINMX AereHepoBaHunx KnituH (Puc. 5I) Ta 3Hauylwe
3HUXYBaANNCA NOKa3HWUKW MITOTUYHOI aKTUBHOCTI
(Pnc. 6b; p=0,02 nopiBHAHO 3 KOHTposem, p=0,27
NOpiBHSAHO 3 NMOKa3HMKOM 6e3nepepBHOro pexumy J10,
U-TecT MaHHa-YiTHi).
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36inbweHHs o3n J10 go 50 Ox/cm? y 6e3nepepBHOMY
pexuMi 3 noTyxHicTio 0,6 BT npu3seno Ao 3pocTaHHA
AVNCTPOMdIYHNX | HEKPOBIOTUYHUMX 3MiH Yy KAITMHaAX
niHii U251, nosaBn 3HA4YHOT KiNbKOCTi anoOnTUYHUX
Tineub (Puc. 5A). 3a Tux camux ymos J1O (0,6 Br,
50 Ax/cM?) B iMNY/JIbCHOMY peXWMi CNPUYUHNIO
niACUNEHHS PYNHIBHUX MPOLECIB Y 30Hi POCTY KITUH AiHil
U251 (Punc. 5B). HekpobioTnyHi npouecu CnoHTaHHOI
3arnbeni KNiTUH oxonuaun 6iNbWICTb KNITUH 30HW POCTY,
MI 3Hauywe 3Hn3mBCS (p=1-10"° NOPiBHAHO 3 KOHTPOJIEM,
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p=0,55 nopiBHAHO 3 Moka3HWUKOM 3a 6e3nepepBHOro
pexumy J10, U-tecT MaHHa-YiTHi). Y KynbTypax KNiTUH
ninii HEK293 J10O 3a TUX caMuxX pexmuMiB CrpUYnMHUIIO
3MEHLUEHHS MOPIBHAHO 3 KOHTPOJIbHUMU KynbTypamu
WiNbHOCTI KNITUH Y MOHOWAapOBIil 30HiI pocTy (p<0,05,
U-TecT MaHHa-YiTHi, Puc. 6bB), kniTuHun 36epiranu
XapakTepHy ¢opMy, ane cnoctepirann KniTUHKN 3
YyTBOpPEHHAM Bakyonen y uutonnasmi (Puc. 5B, 5I),
MITOTMYHA aKTUBHICTb CYTTEBO 3HMXYyBanacs (p=0,03,
p=0,04 nopiBHSAHO 3 KOHTposieM, U-TecT MaHHa-YiTHi).

HEI{293

"...- "l'fid

r

Puc. 3. MikpodoTo KynbTyp KNiTUH rniobnactomMm nogmHn nidii U251 ta kniTuH nidii HEK293, KynbTMBOBaHUX Y
CTaHAApPTHOMY NMOXMBHOMY CepefoBULLI Ta Nicna AoAaBaHHSA XNopuHy E6 y pisHilh koHueHTpauii. CeiTnoBa (A, B)
Ta ¢pnyopecueHTHa (B, ') Mikpockonis. 3abapBneHHs BiTanbHUM 6apBHMKOM TPUMNAHOBUM CUHIM
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Puc. 4. CepefHA KinbKiCTb KNITUH i MITOTUYHUIA iHAeKC (MI,%) y KynbTypax KaiTWH
rniobnactoMun noamMHK NiHiTi U251 Ta kniTnH niHii HEK293 yepes3 24 roa nicns AoaaBaHHSA
xnopuHy E6 y pi3Hin koHueHTpauii: * - p<0,05 nopiBHAHO 3 KOHTponeM; ~ —-p<0,05

MOPIBHAHO 3 X/I0pUHOM E6 (1 Mkr/mn);
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Puc. 5. MikpodoTo KynbTyp KNiTUH rniobnactomMmn noamuHu nidii U251 ta knitnH ninii HEK293 yepes 24 rog
nicnsa BNAWBY fla3epHOro ONpPOMiHEHHS B Pi3HMX pexumax. CeiTnoBa Mikpocknia. HesabapBneHi KyneTypu Ta
3abapBneHHs BiTaNlbHUM 6apBHUKOM TpunaHosuM cuHim (TpC)
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Puc. 6. CepenHs KinbKicTb KNiTUH i MiTOTUYHWI iHAeKkC (MI,%) y KynbTypax KNiTUH rnio6nacToMu N0AUHKU NiHii
U251(A) Tta knitnH ninii HEK293 (B) yepes 24 roa nicns BNAMBY Sla3€pHOr0 OMPOMIHEHHS! B Pi3HMX peXxuMax:
* - p<0,05 nopiBHsIHO 3 KOHTposieM; N —-p<0,05 NopiBHSAHO 3 6e3nepepBHMUM PEXMMOM JTa3€PHOI0 ONPOMIHEHHS,

U-TecT MaHHa-YiTHI

Micna snaumey J1IO y posi 75 [Ox/cM? (MOTYXHICTb
0,6 BT) sk y 6e3nepepBHOMY, TaK i B iMNYy/IbCHOMY peXuMi,
Yy KynbTypax KniTuH niHii U251 BusBuAKn 36inblueHHs
pYWMHaUii 30HM poCcTy Ta AUCTPOdIYHUX | HEKPOBIOTUUYHMNX
3MiH y kniTuHax (Puc. 5A, 5B). Ha nesikux ginsiHkax 3oHa
pocTy 6yna NoBHICTO CNyCTOLIEeHa 3 Malxe CybToTanbHUM
PYWHYBaAHHSM KNITUH. Y Y4acTUHWU KJiTUH cnocTepiranm
Koarynsauito XxpomMaTuHy 3 nNepeTBOPEHHSAM Ha pi3Ko
6a30dinbHYy roMmoreHHy macy (nikHo3), Wo CBig4YMIo Npo
MOPYLIEHHS LiNiCHOCTI MeMbpaH. MiTOTMYHa aKTUBHICTb
Marixe 3HuKkana (p=1:10° MopiBHSAHO 3 KOHTpoONEM,
p=0,41 NOpiBHSAHO 3 MOKAa3HWKOM 3a 6e3nepepBHOro
pexumy J10, U-tecT MaHHa-YiTHi). Ha umTonoriyHmnx
npenapaTtax Ha 36epexeHux AinfgHKax 30HU pPOCTY
peecTpyBanu 36inblIEHHS YAaCTKM MNaToONONYHO 3MiIHEHNX
KNiTUH i3 BENWNKOK KiNbKICTIO KAITUH-TIHEN | «ronmx
a4ep» Ha TNi pi3KOro 3MeHLEeHHS 3arasibHoi KiflbKOCTI
KNiTuH (PHuc. 6A).

Y KynbTypax KniTuH ninii HEK293 10 (0,6 BT
75 Ax/cm?) y 6e3nepepBHOMY PEXUMi CMPUYNHUIO
OKPYr/I€HHA Ta pO3'€AHAHHA KAITUH Yy WiNbHOMY
MOHOLLapi, 36iNblUeHHSA Saep, Bakyonisalito uMTonnasmu,
3HWXXEHHS aaresii KNiTWH i, 9K HacnifoK, — NOpyLEeHHS
30HM pocTy (Puc. 5B). /10 3 TakuMn caMnMMm napameTpaMm
B IMNYNbCHOMY peXWMi Npu3Beno A0 BakKyonisauii
KNiTUH niHii HEK293, BTpaTy MiXXKNITUHHUX KOHTaKTIB,
X OKPYrfieHHs Ta Ni3nCy, WO 3MEHWMKNN0 WiNbHICTb
MoHowapy (Pwuc. 5I). MiToTuyHa akTUBHICTb byna Ha
HM3bkoMy piBHi (p=0,01 nopiBHAHO 3 KOHTponeM, p=0,58
MOpPIiBHAHO 3 NOKA3HWKOM 3a 6e3nepepBHOro pexumy J10,
U-TecT MaHHa-YiTHi; Puc. 6b).

OTXe, AOCNiAXeHHS 3 TecTyBaHHS ocobnuBocTen
BnamBy J10 Ha KynbTypu KAiTUH b nroamHn ninii U251
CBiAg4aTb MpPo A0303aNeXHUN LMTOTOKCUYHNI epeKT oro
Aii. 36inbweHHsa noTyxHocTi 3 0,4 go 0,6 BT i no3m 3 10
no 75 [x/cm? y 6e3nepepBHOMY pexuMi Npu3BOAUTb
A0 PYWHIBHMX 3MiH B apxiTeKTOHiUi 30HM pocTy (BiA
peTpakuii 30HM POCTY 3 YTBOPEHHSAM NlaKyH pi3HOro
pPO3Mipy 3@ HaMHWXUNX NokasHukis J1IO go rpyboi pyriHauii
apXiTEKTOHIKW i 3HAYHOrO CNYyCTOWEHHS KAITUHHUX
MacuBIB 3@ HaWBULLMX MOKa3HWUKIB). TaKoX BiA3HAYeHO
NOCTYNOBE 3HMXEHHS MITOTUYHOI aKTUBHOCTI MY XJIMHHUX
KNITUH Ta HaKOMUYEHHS B HUX HEKPOBIOTUYHUX 3MiH ax
[0 HE3BOPOTHOI AereHepaLlii 3 noAanbLUOK AeCKBaMaLi€to

http://theunj.org

3armbnux kniTuH. Taknii edekT Mae TeHAEHLUi A0
nigcuNeHHsa 3a TUX caMux XapakTtepucTtuk J10 B
iMNYNbCHOMY peXuMi, 3HauyLLe BiAPiI3HAYNCH 3a BNIUBY
N0 0,4 BT, 25 Ax/cMm? (p=0,007, U-TecT MaHHa-YiTHi).

Ha BiaMiHY Big NYXJAUHHUX KAITUH NiHiT U251 cTyniHb
BnamBy J1O B 3aCTOCOBaHMX peXuMax Ha HemnyxXJMHHI
KNiTUHWM NiHii HEK293 6yB CYTTEBO MEHLWMWM: nepLi
NaTOMOriyHi 3MiHM KNiITUH NiHii HEK293 6e3 3MiH 30HM
pOCTY BMABNAAU, nounHatoum 3 J10O noTyxHictio 0,6 BT
(mo3a 10 Ax/cM?) B iMNy/IbCHOMY peXUMi, @ CYTTEBI 3MiHM
WiNbHOCTI MOHOWapy BiabyBanucs 3a 36inbweHHs 403K
10 po 75 Ax/cM? B iMNYyNIbCHOMY pexuMi.

3a AMHaMIKOK MOKa3HWKa MITOTUYHOI aKTUBHOCTI
BUABMEHO, WO Hanbinblie MOro 3HMXEHHS B KyNbTypi
KNiTvH B ntoanHn nidii U251 peecTpyBanu, noYymHaoum
3 J10 noTtyxHicTio 0,6 BT (go3a 25 Ox/cM?). 3a Takoro
CaMOro pexuMy KynbTypu KNiTUH niHit HEK293 36epiranu
MiTOTUYHY aKTUBHICTb.

HanbinbLw 3HavyLe 3MeHLIEeHHS MITOTUYHOT aKTUBHOCTI
KNiTWH B noanHn niHii U251 (~100%) 3adikcoBaHo npu
HanMmeHwin aosi JIO 25 [Ox/cm?, noTyxHocTi 0,6 BT B
iMnynbcHoMy pexumMi (p=3-10"° NOpiBHAHO 3 KOHTPONEM,
p=0,34 nopiBHAHO 3 6e3nepepBHMM pexumom J10,
U-TecT MaHHa-YiTHi; Puc. 6A). Ans kniTnH niHii HEK293
HanbiNblW 3HauvyLwe 3HUXEHHS MITOTUYHOI aKTUBHOCTI
(~80%) 3adikcoBaHo npu J10 noTyxHicTio 0,6 BT (no3a
75 Ox/cM?) y 6e3nepepBHOMY pexuMi (p=0,01 nopiBHSHO
3 KOHTponeM, U-tecT MaHHa-YiTHi; Puc. 6b).

EdpekTn noegHaHoro BnamBy xsopuHy E6 Ta
Jla3epHoro ornpoMiHeHHSsI 3a Pi3HNX pexXuMiB y
KynbTypax KaitnH I'b nrogmHmn niHii U251 Ta KaiTnH
ninii HEK293. Y kynbTypax kAiTMH ninii U251 nicnsa
24-rognHHOI iHKyb6auii 3 xnopmHoMm E6 (1 Mkr/mn) Ta
HacTynHum JIO (0,4 BT, 10 Ox/cm?, 6e3nepepBHUI
Ta iMNynbCHWUI pexum) BigbyBanacs peTpakuis 30HM
pPOCTY Ta 3HA4yHe 3MEHLWEeHHS LWiNbHOCTI KAITUHHOrO
MoHowapy (Puc. 7A, 7B5). KniTuHn B 30Hi pocTy
XapakTepusyBanuncs BUCOKOK NMPOHUKHICTIO BiTaslbHOrO
6apBHMKa (TPMNaHOBOro CUMHLOIMO) HaBiTb B s4Apa, WO
CBiAYMIO NMPO MOWKOAXEHHS UinicHOCTi MeMbpaH. 3a
TUX CaMUX YMOB Yy KyfnbTypax KNiTUH niHii HEK293
TAKOX 3HAYHO 3MEeHLYyBaslacsa LWiNibHICTb KNiTUHHOIO
MOHOLIAPY, YaCTUHa K/iTUH BTPayanm KOHTaKTU OAHa 3
OJHOI0 Ta 3 NOBEpPXHel, okpyraosanuce (Puc. 7B, 7I),
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ane nuvwe yactuHa KNiTUH niHii HEK293 (nepeBaxHo
OKpYrni, HEKPOTU30BaHi, GNyKTytoui) 3abapenoBanucs
TPMMNAHOBUM CUHIM. Y kniTuHax niHii HEK293 cnocTepiranm
HAKOMMYEeHHS NiNigHUX Kpanesb y uuMtonaasMi, Wwo
3YMOBJIIOBAO KNiTUHHY LUMTOTOKCUYHICTb.

MoaibHi 4o onncaHux 3MiHM B KNiTUHaX 060X NiHil
cnocTepiranu nicns 24-rognHHoOI iHKy6auii 3 X10pnHOM
E6 (1 mkr/mn) Tta HactynHum J10 (0,4 BT, 25 [Ox/cm?,
6e3nepepBHMI Ta iMNYNbCHWUI pexuM) (Puc. 7).

3a BnauBy J10 6inbwoi notyxHocTi (0,6 BT,
10 Ox/cm?, 6e3nepepBHUI pexnMm) y KynbTypax KAiTUH
NiHiT U251 peecTpyBanu pi3ke CNyCTOLEHHS 30HN POCTY,
KNiTUHW AereHepyBanu, OKPyrAlBanuUcCs, BTpavanmu
BiApoCcTKku (Puc. 7A). Y noni 30py 3anvwanncs HeBeuki
KOMMIEKCUM pO3naacTaHnx KAITUH i3 BiApOCTKaMu, sKi
BTpaTUIM XapakTepHi GopMu, cepea HUX Tpannsnucs
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2-apepHi Ta 3-apaepHi. Y 30HI pocTy KAITUH AiHIi
HEK293 3a Tux cammx yMOB TaKkOX CrocTepiranun nons
CNYCTOLWEHHS, KNITUHM BTpayaan KOHTaKTh Mix coboto
Ta 3 NOBEpPXHE, WO NpM3BOAKI0 A0 iX AeckBamauii. Y
noni 30py cnocTepiranu BeNuKYy KifibKiCTb OKPYrNeHunx
KNITWUH Ha pi3HUX cTagiax gereHepadii (Puc. 7B).

3a snauey 10 (0,6 Bt, 10 Ox/cM?, iMOynbCHUM
pexuMm) y knitumHax niHii U251 BigbyBanucs
AereHepaTuBHI 3MiHW: BTpaTa BiAPOCTKIB, 3HUXEHHS
ajaresii, BTpaTta xapakTepHUX dOpM KiTUH, HAKOMUYEHHS
ninigis y untonna3sMi. 30Ha pocTy cnycTowyBsanachb,
3anUWanncsa CKYNYeHHa KNiTUH i3 AeKinbKoMa sapamu
Ta peaykoBaHuMu BigpocTtkamu (Puc. 7B). MiToTu4yHa
aKTUBHICTb 3HMXYyBanacsa (p=1:-10° nopiBHAHO 3
KOHTposneMm, p=0,59 NOpPiBHAHO 3 MNOKa3HWKOM 3a
6e3nepepsHoOro pexumy J10, U-tecT MaHHa-YiTHi).

HEK253

GesnepepBHUi iMmnynbcHuiA

Puc. 7. MikpodoTo KynbTyp KNiTUH rniobnactoMmn noavnHu ninii U251 Ta knituH ninii HEK293 3a noegHaHoro
BNAWBY XJ10puHY E6 (1 MKr/Mn) i NnasepHOro onpoMiHeHHS B Pi3HUX pexumax. CBiTnoBa Mikpockonis.
HeszabapeneHi kynbTypu Ta 3abapBneHHs BiTalbHUM 6apBHUKOM TPUNaHOBUM cuHIM (TpC)
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3a TUX CaMMUX YMOB KJIiTUHHA LWiNbHICTb Yy 30HI
pocTy KniTUH Ninii HEK293 3anuwanacs Buwwolo, Xo4ya
BOHW 3a3HaBanu AereHepaTUBHUX 3MiH: HAKOMWYEHHS
ninigis, Bakyonisauis uMtonnasmm, BTpaTta XapakTepHuUxX
MOP®OSOriYHNX PUC, OKPYINIEHHSA, HAsABHICTb AEKiNbKOX
anep (Puc. 7r). Nogi6Hi 3MiHN BiabyBanucs B 30Hi pocTy
KYynbTyp KAiTUH NiHii HEK293 npu 36inbweHHi gosu /10
no 25 Ox/cm? (Puc. 7B, 7I). B iMNynbCHOMY pexXuMi
J10 npmn3Boamno 40 6iNblWOro CNyCTOWEHHS 30HU pOCTY
Ta 36iNbWEHHSA KiNbKOCTiI AereHepaTUBHO 3MiHEHUX
KNiTUH NOpiBHSIHO 3 6e3nepepBHMM peXxXuMoM. MiTOTUYHa
aKTUBHICTb 6yna Ha HM3bKOMY piBHi (p=0,003 NOpPiIBHSAHO 3
KOHTponeM, ans 06ox pexumis J10, U-TecT MaHHa-YiTHi).

3acTocyBaHHA KOHUeHTpauii x1opuHy E6 2 mkr/mn i3
HacTynHuM J10 3 NOCTYNOBWUM 36iNbLUEHHAM NOTYXHOCTI
Ta A03W NPU3BOANIO0 A0 Le BiNbNX AeCTPYKTUBHUX 3MiH
KNITUHHOro MOHOWapy. Y KyfabTypax KaiTuUH fiHii U251
nicnsa 24-roavHHOI iHky6auii 3 xnopuHoM E6 (2 Mkr/mn) Ta
HacTynHum J10 (0,6 BT, 10 Jyx/cM?, 6e3nepepBHUIA pexXumM)
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crnocTepiranun CNyCcToWeHHS 30HM POCTY i3 3a/IMLWKOBUMU
CKYNYeHHAMM AereHepaTUBHO 3MiHEHUX KNITUH (p=1-10-¢
NOpiBHSAHO 3 KOHTponem, U-TecT MaHHa-YiTHi; Puc. 8A).
Cx0Xi Hacnigku 3a UMX caMux yMOB BUABASAN TaKoX Y
KynbTypax KNiTuH Ninii HEK293 (Puc. 8B). IMNynbCHUM
pexum JIO acouitoBaBCs 3 TEHAEHLUIEW A0 NiACUNEHHS
BusiB/ieHMX 3MiH (p=0,08 NOpiBHAHO 3 MOKA3HWMKOM 3a
6e3nepepsHoOro pexumy J10, U-tecT MaHHa-YiTHi).

Mpwn 36inbWweHHi 403K onpoMiHeHHs Ao 25 [Ox/cm?
K y 6e3nepepBHOMY, TaK i B iMNy/JIbCHOMY pEeXWMi,
crnocTepiranuM pynHauito 30HM pPOCTY i3 3anvwKkamu
KNiTUH Ha pi3HMX CTaAiax AereHepauii B KynbTypax
KNiTUH 060X AOCANiAXYBaHUX NiHil, ane B KynbTypax
KAiITUH niniT HEK293 - 3Ha4yHO MeHLWOoi iHTEHCMBHOCTI
(Puc. 8). 3a Takmx ymoB 36epiranaca MiTOTU4YHA
aKTUBHICTb OKpeMux KniTuH, ocobnmneo niHii HEK293
(p=0,04 nopiBHAHO 3 KOHTponeM, p=0,09 nopiBHSHO
3 MOKa3HWKOM 3a 6e3nepepBHOro pexumy J10, U-tecT
MaHHa-YiTHi; Puc. 9A, 95).

HEK283

B r

Puc. 8. MikpodoTo KynbTyp KiTUH rniobnactomMm noanHun nidii U251 Ta knituH ninii HEK293 3a noeaHaHoro
BMAMBY XN0pUHY E6 (2 MKr/Mn) i na3epHOro onpoMiHEHHS B pi3HMX pexuMax. CBiTnoBa Mikpockonis.
He3abapsneHi KynbTypu Ta 3abapBneHHS BiTaslbHUM 6AapBHMKOM TpuUnaHoBUM cuHiM (TpC)
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Puc. 9. CepenHs KiNbKiCTb KNITUH Ta MITOTUYHUI iHAeKC (MI,%) y KynbTypax KNiTUH rniobnactomMn nogmHu niHii
U251(A,B) Ta knituH ninii HEK293 (B,IN) yepe3 24 roa nicns noegHaHoro BNAnBY xnopuHy E6 (1 mkr/mn, 2 mkr/mn,

nonepeaHs iHkybauis 4 roa) Ta pi3HUX PeXWUMIB N1a3€PHOro ONMpPoOMiHeHHSs: * —

U-TecT MaHHa-YiTHiI

36inbweHHs ao3n J10 pgo 50 Tta 75 [Ax/cM? aK y
6e3nepepBHOMY, TaK i B iMNyNbCHOMY peXwuMi, aewo
niACUAIOBaNo CTyMiHb pyMHaUIii 30HW POCTY KNITUH NiHiT
U251. OkpiM NOBHICTIO 3pyMHOBaHUX AiNSHOK 30HU
pOCTYy, BMSIBASIIM KOMMJIEKCU Ta Wapu aaresoBaHuMx
KNiTUH, 30KpeMa 3 BigpocTkamn. OgHak y 6inblwocTi
UMX KNITUH BiA3Ha4Yanu AereHepaTuBHI 3MiHW: BTpaTy
BiAPOCTKiB, XapakTepHUX MOpdONoriyHnx ¢dopm,
BaKyosniszauito UMTONIa3MM Ta HAKOMUYEHHS B HiN
ninigHMX rpaHyna, nopyweHHsa uWinicHocTi MmembpaH
(Puc. 8A, 8B). MNopaibHi 3MiHN B 30HI pOCTY 3a Takux
caMMX YMOB eKCNepuMeHTy BiabyBanucs i B KynbTypax
KNiTUH niHii HEK293 (Puc. 8B, 8r).

MiTOTUYHOT @KTUBHOCTI K/ITUH Y KynbTypax KJiTUH
NiHii U251 NnpakTUYHO He BUABNAAN, NOYMHawouum 3 J10
25 x/cm? (0,6 BT, imnynbcHW pexum (p=3-10-° nopiBHSAHO
3 KOHTponeM, p=0,17 nopiBHAHO 3 6e3nepepBHUM
pexumom J10, U-tecTt MaHHa-YiTHIi) (Puc. 9A), Toai sik
y KynbTypax KninH niHii HEK293 MiTOTUYHY aKTUBHICTb
KNITUH He peecTpyBanu, nodnHawum 3 JIO 50 Ax/ cm?
(0,6 BT, iMmnynbcHuii pexum) (p=0,04 nopiBHAHO 3
KOHTponem, p=0,29 nopiBHAHO 3 6e3nepepBHUM
pexumom J10, U-TtecT MaHHa-YiTHi; Puc. 9b).

OTXxe, npoBeaeHi gocniaxeHHs ocobnmBocTen
no€eaHaHoro BNAMBY XNopuHy E6 Ta JIO Ha KynbTypwu
KniTvH B ntoanHm ninii U251 ceig4atb Npo KyMynsSTUBHUMA
[0303aNEXHNN LNUTOTOKCUYHUI edeKT. 36inbweHHs
KOHUeHTpauii x1opuHy E6 i3 1 40 2 MKI/MN Ta HapoLLyBaHHS
noTyxHocTi J10 30,4 no 0,6 BTi no3n 3 10 o 75 Ax/ cm?
y 6e3nepepBHOMY peXuMi NOCNiAOBHO MPU3BOASATH

p<0,05 nopiBHAHO 3 KOHTpoOneM;

00 PYWHIBHUX 3MiH B apxiTeKTOHiUi 30HM pocTy (BiA
peTpakuii 30HW pOCTY 3 YTBOPEHHSIM NaKyH pPi3HOro
pO3Mipy 3a HaHWXx4nx nokasHwukis J10 go rpy6oi pynHauii
apXiTEKTOHIKM Ta 3HAYHOro CAYCTOWEHHSA KIITUHHUX
MacuBIiB 3@ HaMBULWKMX MOKA3HMUKIB) i AMHaMIYHOro
3HUXEHHSA MITOTUYHOI aKTUBHOCTI NYXJIMHHUX KNiTUH
(p=(1-3) :10°® NOpiBHAHO 3 KOHTPOJIEM), HAKOMUYEHHS
HEeKpobioTUMYHMX 3MiH, HE3BOPOTHOI AereHepadii Ta
AeckBaMmauii 3armbnmx KNiTUH. 3asHadyeHnn edpekT Mae
TeHAEHLUi0 A0 NIACUIEHHS NMpW 3acTocyBaHHi J1O B
iMnynecHomy pexwumi (p=0,37, p=0,17, p=0,45, p=0,50,
BignosigHo ans no3 J10 10, 25, 50 i 75 Ax/cM? NOpiBHSAAHO
3 KiIbKiCHUMM MOKa3HMKaMW KynbTyp 3@ MNOEAHAHOMO
BNNBY XN10puHY E6 i 6e3nepepBHoro pexumy J10, U-Tect
MaHHa-YiTHi). CamMe 3a NOEAHAHOro BMJNBY XJIOPUHY
E6 (2 mkr/mn) Ta JIO KinbKiCHi NMOKa3HUKW 3HUXEHHS
MITOTUYHOI aKTUBHOCTI KYNbTYpu KAITUH B ntoanHW AiHii
U251 fo3o3anexHo HabyBaloTb CTAaTUCTUYHO 3HAYYLLNX
BiAMIHHOCTEN MOPIBHAHO 3 BiAMOBIAHUMM MOKa3HUKaAMMU
3a 6e3nocepeaHboro BnamBy J10, nouynHatoum 3 gosn 25
Ox/cm? (p=0,05, p=0,047, p=0,013 BianosigHo aAnsa 403
N0 25, 50 i 75 Ox/cm?, U-TecT MaHHa-YiTHi).
XapakTep 3MiH y KynbTypi KAiTuH niHii HEK293 3a
NOEAHAHOro BNAMBY XJN0puHY E6 Ta JIO y Tux cammx
pexumax noAibHui o Takoro Ansa KNiTUH Ninii U251, ane
Ha BiAMiHY Big NYXJMHHUX KNITUH AMHaMiKa 3MiH 6yna He
TaKO pi3KOIO, a iXHil piB€Hb — 3HaYHO MeHWWUM. CyTTEBI
naTosnoriyHi 3MiHM KNiTUH niHiT HEK293, winbHOCTI
iX MOHOWwapy Ta MiTOTUYHOI aKTUBHOCTI BUABNANN,
noynHatoum 3 pexumy JIO noTyxHicTtio 0,6 BT, Ao3a
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25 [x/cM?, B iMNYNbCHOMY peXWMi Npu 3aCTOCYBaHHI
1 mkr/mn xnopuHy E6 a6o /10 noTtyxHictio 0,6 BT, no3a
50 Ax/cm?, B iMNYNbCHOMY pPEXWMi NPU BUKOPUCTAHHI
2 MKIr/Mn xnopuHy E6. Ans kniTnH niHii U251 noporosum
3HayeHHaM 6ynu Taki xapakTepucTukm JIO: NOTYXHICTb
0,4 BT, no3a 25 [x/cM2, iMNYyIbCHUIN pexXuMm npwu
3acTocyBaHHi 1 MKr/mn xnopuHy E6 abo noTyXHicTb
0,6 BT, no3a 10 [x/cM?, iMNYyNbCHUIN pexXuMm npwu
BMKOPUCTaHHI 2 MKr/Mn xnopuHy E6 (Puc. 9).
Pe3ynbTat pocnigXeHHS NOEAHAHOrO BMUBY
xnopuHy E6 (1 i 2 Mkr/mMn, nonepeaHs iHkybauis 4 roa)
Ta J1O y pi3Hnx pexunmax (A=660 HM, NOTYXHICTb
0,4-0,6 BT, nosa 10-75 [x/cm?, 6e3nepepBHUN un
iMOYNbCHUI pexuM) AalTb NiACTaBy ANS BUCHOBKY
npo AOCTaTHIO edPEeKTUBHICTb LMTOAECTPYKTUBHOIO
N @aHTUMITOTMYHOro edeKkTy B KyabTypi KniTuH b
naAnHN NiHiT U251 3a noegHaHOro 3acTtocyBaHHSA
[03u onpoMiHeHHsa 25 [x/cM?, noTyxHicTio 0,6 BT B
iMMNYSIbCHOMY pexXuMi 3 X/0puHOM E6 y KoHueHTpauii
2 MKr/mMn (3 nonepeaHboOl iHKybauUiew KynbTypwu
KNiTUH ynpoaoBX 4 roa). BukopuctaHHa noeaHaHoOro
snaney ®C Ta J10 i3 3a3Ha4YeHUMM XapaKTepUCTUKAMM
B KynbTypi KNiTUH niHii HEK293, wo MatTb noaibHum
A0 HelpoHanbHOro GEeHOTUMN, He CNPUYMHUNIO TaKUX
3HAYYLUNX LUTOAECTPYKTUBHUX edeKTIiB, AK y KyNbTypi
Ny XJAUHHUX KNITUH NiRiT U251, To6TO KNiTUHKU B ntoanHm
ninHii U251 € yyTtnumeiwmnmMm ao ¢hoToaMHaAMIYHOTo BAAMBY
xnopuHy E6 Ta J10 nopiBHAHO 3 KNiTUHaMu niHiit HEK293.
OAHWM i3 NOACHEHb LbOro, iIMOBIPHO, € AaHi NPO BULLNIA
piBeHb MeTaboniaMy NyxXAUMHHUX KNiTUH 3 NOpiBHSAHO
3 HeTpaHcdopMoBaHMMKM KniTuHamu [31,32], a Takox
npo wBuAawWe HAKoMUYeHHS HUMKM OC MopiBHAHO 3
HenpokniTnHamn. CenekTUBHICTb HakonunuyeHHs OC y
NYXJAMHHUX KAITUHAX NOB'A3aHa 3 HU3bKMMU 3HAaYEHHSAMMN
pH yHacnigok HagMipHOI NpoayKuii MOMOYHOI KNCAOTHU
npuv akTUBHOMY T[NiKONi3i NOPIBHAHO 3 HOpMaJIbHUMU
KniTuHamu. BeaxatoTb, wo OC Kpalie poO34YNHATLCH
B KWUC/IOMY cepefoBuWLLi Ta, AK Hacnigok, Kpalie
HaKOMUUYITbCS Y NYXJUHHUX KNiTUHax [33].
AHTUMITOTUYHUIA edeKT 3aCTOCOBaHMX PEXUMIB
doTOANHAMIYHOIO BNAMBY NPU BUKOPUCTAHHI X1opuHy E6
Yy KynbTypi KNiTUH B ntoanHm ninii U251 y3roaxyeTbcs
3 AaHWMM WOA0 3HMKEHHS Nponidepauii Ta KNOHOreHHoi
3paTHocTi knitTnH I'b (T98G, MO59, LN229, U87-MG)
Yy KynbTypi nicna ¢otoanMHaMiyHOro BN/AMBY i3
3acTocyBaHHSM (TanouiaHiHiB ZnPc i TAZnPc [29].
TakuM YMHOM, 3a pe3ynbTaTtaMmm MOpdOsIOriyHOro Ta
MOpPGhOMETPUYHOIO AOCNIAXKEHHSA BCTaHOBMEHO, Wwo ®C
XN0opuH E6 iHKOpNOpYETLCA B LMTONAA3MY KNITUH NiHiN
b ntoanHm U251 Ta kniTnH NiHii HEK293, iHTeHCMBHICTb
dnyopecueHuii € nopiBHAHHOI. 3a 6e3nocepeaHbOro
Bnavey xnopuHy E6 (1,0 Ta 2,0 MKr/mMAa) ynpoAoBx
24 roa A0303aN€XHO NiACUIIOITLCS LMTOAECTPYKTUBHI M
QHTUMITOTUYHI edpeKkTU B KynbTypi B ntoanHm ninii U251.
Ha BiamiHy Big kniTvH niHii U251 untonecTpyKTUBHUI
edekT xnopuHy E6 Ha kynbTypu kniTuH niHii HEK293 €
MEHLU BMPa3HWM, afie aHTUMITOTUYHUI edeKT € BIAHOCHO
MOpPiBHSAHHWM B 060X TUNAaX KynbTyp KAiTKMH. 3a Bnausy J10
(A=660 HM, noTyxHicTb 0,4-0,6 BT, no3a 10- 75 Ox/cm?,
6e3nepepBHUN UM IMMNYbLCHUIA pPEXUM) A0303a/IEXHO
36iNbWYOTHCA LUTOAECTPYKTUBHI M @HTUMITOTUYHI
edeKkTn B KyNbTypi KNiTUH I'B ntoanHu ninii U251. PiseHb
LMTOAECTPYKTUBHUX | aHTUMITOTMUYHUX edeKTiB CYTTEBO
MEHLUMIN Y KYNbTypax HEMYXJMHHUX KNiTUH NiHii HEK293.
Hanbinblw 3HavyLe 3MeHLWeHHS MiITOTUYHOT aKTUBHOCTI
KniTuH B nroauHu niHii U251 (~100%) 3adikcoBaHo npu
HaMeHwWwin posi JIO 25 Ax/cM?, noTyxHocTi 0,6 BT, B
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iMMY/IbCHOMY peXuMi, ToAi K AN KNiTUH niHii HEK293
(~80%) — npwn JIO noTyxHicTo 0,6 BT, posa 75 Ax/cm?,
y 6e3nepepBHOMY pexuMi. NoeaHaHHA BNINBY XJTOPUHY
E6 Ta J10 y Mipy 36inblueHHSA 403U NPU3BOAMTL 40 Malixe
NMOBHOI AECTPYKUIT MYXJIMHHNX KNITUH Y KYNbTYPi KJiTUH
B noanHu ninii U251, ToTanbHU LUTOAECTPYKTUBHUI
i QHTUMITOTUYHMN edeKT y KynbTypi KNiTUH B noanHm
niHii U251 pocaraetbcs 3a NOEAHAHOMO 3aCTOCYBaHHA
HaMMeHLWOoi A03N OnNpoMiHeHHS 25 [>k/CM?, MOTYXHOCTI
0,6 BT, B iMNyN1bCHOMY peXxumi Ta XJO0puHy E6 y
KOHUeHTpauii 2 Mkr/mMn. Ha BiaMiHy Big kniTuH ' ntoanHm
NiniT U251 3a3HaveHni pexmm ¢poToANHaMIiYHOro BNAMBY
HEe € HE3BOPOTHO PYNHIBHMM ANSA KYNbTyp KAITUH NiHIT
HEK293: Ha Tni 3MeHLWeHHS 3aranbHOoi KiIbKOCTi KiTUH
B 1,3 pa3y pedepeHTHi KNiTUHM 36epiratoTb MiTOTUYHY
akTusHictb (MI~0,3%).

OT1xe, kniTuHM I'b noanHm niHii U251 € yytnmeiwmMm
00 KYyMynsaTUBHOIro edekty GpoToAMHAMIYHOro BMAUBY
Xn0puHy E6 Ta J10 NopiBHAHO 3 KAiTUHaMu niHii HEK293.
EdbekTuBHUM pexmmoM $HOTOAMHAMIYHOIO BMNAWUBY
ANS AOCATHEHHS AOCTaTHbOro LMUTOAECTPYKTUBHOMO M
AHTUMITOTUYHOIO edeKTy B KynbTypi KNiTUH B nioanHn
NiHiT U251 € noegHaHe 3acTOCyBaHHSA 403U ONPOMIHEHHS
25 [x/cM?, noTyxHicTb 0,6 BT, B iMNYyNbCHOMY peXWMi
npu nonepeaHin iHkyb6auii KynbTypu KNiTUH i3 XJIOPUHOM
E6 y KoHueHTpauii 2 MKr/mn ynpoaosx 4 roa. Llen
peXuM € 3HaYHO MeHLW PYWHIBHUM, @ OTXe, BiAHOCHO
6e3neyHiwmnm ans kynbtyp niHii HEK293.

BUCHOBKM

Y pe3synbTaTi npoBeaeHoro mMopdgonoriyHoro
Ta MOphOMETPUYHOr0o AOCNIAXEHHS BCTAaHOBJ/IEHO
edeKTUBHMI pexuM GOTOAMHaMIYHOro BNNBY ANS
OOCSATHEHHS LMTOAECTPYKTUBHOIO 1 @aHTUMITOTUYHOIO
edeKkTy B KynbTypi knitnH ' nognHn ninii U251, wo
€ BiAHOCHO 6e3ne4YHMM ANS HeManirHisoBaHUX KAiTUH:
NO€EAHaHe 3acToCcyBaHHA A03m J10 25 [1/cM?, MOTYXHICTb
0,6 BT, B iMNynbCHOMY pexuMi Nnpu nonepeaHin iHkybauii
KYNbTYpPW KNITUH i3 xNopuHoM E6 y KoHUeHTpauii 2 Mkr/
MJ1 YApPOAOBX 4 roj.
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A case of meningocele manqué with its management is presented and the
literature of this rarely reported condition is reviewed.

A one-year-old child was admitted with a small sac like lesion in the upper
dorsal region with a soft swelling in the dorso lumbar region, was also
associated with congenital bilateral talipes equinovarus which was being
treated by a paediatric orthopedic surgeon.

Methods. Craniospinal MRI was suggestive of dorso lumbar
lipomyelomeningocele, and corresponding to the dorsal sinus/sac at DV3/
DV4 level there was another tethering seen on the MRI due to a band and
associated with syrinx of the dorsal cord below that, s/o meningocele manqué.

Treatment. This patient underwent in 1st stage, DV2 to DV5 laminoplasty,
excision of the sinus, durotomy, dissection of the multiple arachnoid cysts,
and cutting of the dorsal band. In second stage will undergo surgery for
Lipomyelomeningocele

Conclusion: Meningocele Manque is rare, it can present in isolation or
associated with other spinal dysraphism. With other spinal dysraphism they
can be either at the same or at another location, as was seen in our case.
Before operating all cases of spinal dysraphism it is of paramount importance
to MRI screen the entire neuraxis and study images thoroughly. In our case
along with the dorso lumbar lipomyelomeningocele, there was a Meningocele
manqué at DV3/DV4 level. It is essential that the meningocele manqué be
addressed first; if not the returning/recoiling cord after de-tethering at the
lower level can get tugged/sheared at the tethered meningocele manqué
causing deficits.

Key words: meningocele manqué; spinal dysraphism; tethered cord;
lipomyelomeningocele

Introduction

limb. Urine stream was good. There were no associated

Meningocele Manque is a rare anomaly and is also
rarely reported. It can present in isolation or with other
spinal dysraphism. With other spinal dysraphism they
can be either at the same or, as was in our case at
another location. Before operating all cases of spinal
dysraphism it is of paramount importance to MRI screen
the entire neuraxis and study images thoroughly. In our
case along with the dorso lumbar lipomyelomeningocele,
there was a Meningocele manqué at the DV3/DV4
level. It is essential that the meningocele manqué is
detected in all spinal dysraphism and addressed first;
if not the returning/recoiling cord, after de-tethering at
the lower level can get tugged/sheared at the tethered
meningocele manqué causing deficits.

Clinical profile

One year old male child, first born of
non-consanguineous marriage, a known case of Talipes
equinovarus (TEV) on regular Paediatric Orthopedic
consultation, was presented to paediatric OPD with the
parents giving history of a soft swelling on the lower
back region and a small sac like lesion on the upper
back, they also reported history of reduced movements
of the left lower limb as compared to the right lower

delayed milestones. On examination there was a small
sac like lesion (atretic meningocele) at DV3/DV4 level in
the dorsal spine (Fig. 1A), lipomyelomeningocele in the
dorso lumbar region (Fig. 1B) and TEV, there were no
other cutaneous stigmata, neurologically the power in
left lower limb was less as compared to right.

MRI of entire neuraxis revealed a lipomyelomeningocele
(Fig. 2) with associated low lying cord with tethering.
However at DV3/DV4 level corresponding to the dorsal
sinus/sac there was another tethering of the dorsal cord
due to a fibrous band associated with syrinx (Fig. 3),
there was no associated Chiari malformation.

The plan was to operate in two setting in view of
the age and low weight of the child, the first stage,
the patient underwent DV2 to DV5 laminoplasty and
durotomy, per-op there was protuberant arachnoid
membranes forming multiple arachnoid cysts which
was dissected out and a single dorsal band arising from
the dorsal aspect of the cord to the dura (Fig.4), which
was carefully cut and after these dissections the cord
settled down. Post-op the patient was managed in the
paediatric ICU, there were no fresh neurological deficits,
drain was removed on the third day and the patient was
discharged on the 7% post-op day.
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Fig. 1. A - showing the dormant sinus/sac upper dorsal level (green arrow), B —showing the lipoma (part of
lipomyelomeningocele) (blue arrow)

Fig. 2. Representative T2W axial
cuts of the Lumbosacral spine
showing the lipomyelomeningocele

Fig. 3. Representative T2W MRI
cut showing tethering at D3/D4
due to a band (red arrow) level
with associated syrinx, yellow
arrow points to protuberant
arachnoid
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Fig. 4. Per-op photograph showing the dorsal band above the dissector on
the right of the frame (blue arrow)

Review of literature

Meningocele manqué is basically tethering due
to fibrous bands having atretic neural tissue. It is an
incidental finding seen in spinal dysraphism [1, 2].

“Meningocele manque” was coined by James and
Lassman in 1972. This was used to describe in patients
with spina bifida occulta who had atretic meningoceles,
and since there was no meningocele sac, this term was
chosen. "Manque” which in French means ‘might have
been but it is not’ [3].

Initially this term was used only to refer dorsal
tethering bands found in cases of spina bifida occulta,
but recently it’s also being used in dorsal tethering bands
associated with meningocele. It is also seen associated
with diastematomyelia and dermoid cysts. Literature on
meningocele manqué is very limited [4].

Embryonic theory of meningocele manqué is not
clearly defined; a possible hypothesis is the dysraphic
defect in meningocele formation which atrophies and
the remaining embryonic remnants of the atrophied
meningocele form dysplastic nervous and fibrous tissue
tethering the cord [5]. The exact cause of meningocele
manqué is not known, the causes could be congenital
malformation of the spinal cord, Vitamin B12 deficiency
or could be an association with diastematomyelia. In
meningocele manque, the herniated lesion can contain
atretic neural tissue, meninges and CSF [6].

Symptomatology is usually neurological symptoms
of tethered cord with cutaneous stigmata.

The differential diagnoses for meningocele manqué
are meningocele and meningomyelocele. Meningocele
manqué in isolation carries a good prognosis [7]. It is
essential to detect it in the screening MRI and will have
to be addressed before the formal surgery for other
dysraphism, if not the retracting cord after de-tethering
can get sheared/tugged at the site of meningocele
manqué. A similar situation was found in our case; the
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child underwent successful release of the meningocele
manqué at DV2/DV3 level and in second stage will
undergo surgery for Lipomyelomeningocele.

Conclusion

Meningocele Manque is rare, it can present in
isolation or associated with other spinal dysraphism.
With other spinal dysraphism they can be either at the
same or at another location, as was seen in our case.
Before operating all cases of spinal dysraphism it is of
paramount importance to MRI screen the entire neuraxis
and study images thoroughly. In our case along with
the dorso lumbar lipomyelomeningocele, there was a
Meningocele manqué at DV3/DV4 level. It is essential
that the meningocele manqué be addressed first; if
not the returning/recoiling cord after de-tethering at
the lower level can get tugged/sheared at the tethered
meningocele manqué causing deficits.
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MpeacTaBneHo BMMNAAOK NMPMXOBAHOrO MEHIHIOLENe Ta MOro NiKyBaHHS.
HaBefeHo ornag nitepaTypu Npo Le 3aXBOPHBaHHS, WO PiAKO TPanIseTbCA.

OpHopiyHa anTtmHa byna rocniTanizoBaHa 3 HEBENMKUM MilLKOBUAHUM
YTBOPEHHSAM Y BEpPXHbOMY BiagAiNi CMWHM i M'AKOTKAHUM MYXJMHOMNOAIGHUM
YTBOPEHHSAM B rpyA0-NonepeKkosin ainsHui. lo4aTKoBO Y ANTUHKU cnocTepiranacs
BPOAXeEHA ABOCTOPOHHSA KJMLWIOHONICTb, KOPeKLilo SKOT NPpOBOAUB AUTAYNNA
opTonea.

MeTtopan. KpaHiocniHanbHa MarHiTHO-pe3oHaHCHa ToMorpadia Bussuna
rpyao-nonepekose ninoMienoMeHiHrouene. Ha pieHi Th3-Th4 xpebuis MPT
nokasana obnactb ikcauii CMMHHOro MO3KY, BUMKJIMKaHYy TAXaMu, a Takox
CUPUHIOMIENIYHY KiCTy MOro 4opcafbHOro BiAAiNy, WO BKa3y€e Ha HasABHICTb
NPMX0OBaHOIro MeHiHroueni.

JlikyBaHHSA. Ha nepwomMy eTani nauieHTy 6yn0 npoBeAeHO NaMiHONIACTUKY Ha
piBHI Th2-Th5, BuaaneHHs KiCTO3HOro Milwka, AypOTOMit0, PO3TUH MHOXUHHUX
apaxHoiganbHUX KiCT Ta BUCIYeHHSA TAXiB. Ha Apyromy eTtani 3ansiaHoBaHa
onepauis 3 BuaaneHHs ninoMienoMeHiHrouene.

BUCHOBKM. [puxoBaHe MeHiHrouene € piaKiCHOK NaToNOri€n, sKa
MOXe 3yCTpiyaTUCs i301b0BaHO abo y MOEAHAHHI 3 IHWWMKU CMUHANBbHUMK
anspadizmamu. MNpu No€AHaHHI 3 iHWKWMKM opMaMKn cNMHanbHOro anspadiamy
Taki YTBOPEHHSI MOXYTb JloKanisyBaTUCs K y TOMY X Micui, Tak i B iHLWIN
30Hi, AK y AaHOMy BunNaaky. MNepen nNpoBefeHHAM XipypriyHOro BTpy4YaHHs
3a 6yab-sikoro cniHanbHOMY AmM3padiaMy ayxe BaX/MBO BUKOHaATu MPT-
CKPWHIHI BCi€i HEPBOBOI CMCTEMM Ta peTesibHO NMpoaHanisyBaT 306pa)KeHHs.
Y naHOMY BUMaAKy pa3oM 3 rpyAo-nonepekoBmM NinoMiesnioMeHiHrouene 6yno
BUSIBJIEHO NPUXOBaHe MeHiHrouese Ha piBHi Th3-Th4. MepwopsaHMM € KopekLuis
NMPMXOBAHOr0 MEHIHroLe e, OCKiNIbKM NiCNa AETEPUHIY CMTMHHOMO MO3KY Ta Noro
pemobinizauii Ha HNXXHbOMY PiBHI BiH MOXe 6y TU YLIKOAXEHUN Y Micui dikcauii
NMPMXOBAHOIro MeHiHrouene, LWo MoXe Npu3BecTy A0 HEBPOJIOTiYHOro aediumnTy.

KnwuJoBi cnoBa: npuxoBaHe MeHiHroyesae, criHaabHuii An3pagiam;
ikcoBaHUt CIMHHMI MO30K, J1iMOMIE/IOMEHIHIroLese
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MeHIHFiOMM CMWUHHOIO MO3KY € pPiAKICHUMM, MepeBaxHO A06pPOSKiICHUMMU
NyXJvHaMu, WO MNOBINbHO MPOrpecylThb i 3a3BM4Yalt MalTb HEiHBAa3UBHWI
TN poCcTy. BOHM noxoasTb i3 KNiTUH NaBYTUHHOI 060M10HKK Ta dibpobnacTis
TBEpPAOi MO3KOBOI 06010HK. He3Baxatum Ha A06pOosSiKiCHMI XapaKTep, AesKi
MEHIHFIOMM MOXYTb MaTW iHTPa-eKCTpaAypanbHe NOLWNPEHHS, WO YCKNAAHIOE
[iarHOCTUKY W NiKyBaHHS.

KniHiyHMi BMnagok. lMauieHTuUi 3 iHTpa-eKCcTpaAypasbHOW ChiHaNbHOM
MEHIHriOMOI0 NPOBEAEeHO XipypriyHe BUuAaNeHHS NyXJMHN KPi3b 3a4HbO6IYHNI
[OCTYN i3 NaMiHEKTOMI€EID Ta (paceTeKTOMI€E Ha piBHI xpebuis C4-C5. MNyxnuHy,
Lo nMoLwmploBanacs Kpisb MixxxpebLesuin 0OTBip, MOBHICTIO BUAANEHO pasoMm 3
ypa*eHUM HEPBOBUM KOpiHUeM. He3Baxalouun Ha pafionoriyHy KapTuHy, Wwo
BKasyBajla Ha HEBPUHOMY, 3a pe3ynbTaTaMu riCTONONYHOro AOCMiAXKEHHS
BepudikoBaHo MeHiHriomy Grade 2.

O6roBopeHHs. He3Baxaloun Ha BAOCKOHANIEHHA MeTOoAiB HenpoBidyanisauii
Ta XipypriyHoi TexHiku, iHTpaonepauiiHi 3HaXiAKM MOXYTb 6yTu
HenepeabayyBaHMMK, WO noTpebye afanTMBHOrO NiAXOAY AO BUAANEHHS
nyXAuvH. HaronoweHo Ha BaXJIMBOCTI afeKBaTHOro goonepauinHoro
naaHyBaHHSA Ta BUKOPUCTAHHA iHTpaonepauinHoro HenpodgisionoriyHoro
MOHITOPUHIY A9 3MEHLWEHHS PU3NKY YCKNIAAHEHb i NOMiMNWeHHA pe3ynbTaTiB
NiKyBaHHS4.

BucHoBkn. OCHOBHMM MeTOAOM NiKyBaHHAM CrMiHalbHUX MEHIHriOM €
XipypriyHuin. Y BunaaKy Aop3anbHoi Ta laTepanbHOoi 1okanisauii onTuManbHUm
€ TOTa/IbHE BUAANIEHHS Pa30M i3 AiNISHKO NOXiAHOrO pOCTy TBEPAOi MO3KOBOI
o6onoHu (Simpson I). 3a BeHTpanbHOi NoKanisauii nepesary cnig BigaasaTtu
BUAANIEHHIO NYXJIMHU Ta Koarynauii 4ingHky noxigHoro pocty (Simpson II). Y
[oonepauiiHnii Ta iHTpaonepauinHuii nepioa pekoMeHA0BaHO BUKOPUCTOBYBATU
enekTpo@izionorivyHi MeToam Ans OUiHKM PYHKLIOHaNbHOMO CTaHy HEBPasibHUX
CTPYKTYyp. IHTpa-ekcTpakaHanbHa siokanisauisd MeHiHrioMn TpannsaeTbCcs
piako. BoHa Mo)e 3Ha4yHO YCKNaAHUTM AoonepauiiHy AiarHOCTMKY, a TakoX
noTpebyBaTu NEBHUX HAaBMYOK NpU BUAANEHHI Takoi MeHIHrioMu.

KnrwuoBi cnoBa: mMeHiHrioma, criHasibHa MyXJnHa, IHTpa-eKcTpakaHasbHa
JloKanizayisi; Henpoxipypris

BcTyn

MEHIHrioM Ta BiafaneHux AinsiHok (Hanpuknag, Hic abo

MeHiHrioMn - fo6posikicHi HOBOYTBOPEHHS, WO
MOBiINbHO NPOrpecyoTb. [)KepesioM iX poCcTy € KAITUHN
naByTUHHOI 060/10HKK Ta hibpobnacTn TBepAOi MO3KOBOI
o6onoHn (TMO) [1]. XapakTepu3yroTbCs NepeBaxHo
HeiHBa3MBHWM TUIMOM POCTY, asie MOXYTb NoLINpoBaTUCA
B npwunerni TKaHMHW. Ha 4acTKy MeHiHrioM npunapae
25-46% Bia NnepBUHHUX eKCTpaMeaynsapHuUX criHanabHUX
nyxnuH[2,3] Ta 1,2-12,0% BiA yCix MEHiHrOM LeHTpaabHOI
HepBOBOi cucTtemu [3, 4]. 3a po3TawyBaHHAM LWOA0
CMUHHOIO MO3KY MOXYTb 6yTn natepanbHuMn (55%),
BEHTpafibHUMU (29%), Aop3anbHumMu (13%), Tuny
«raHTeni» (3%) [4], woao TMO - iHTpaaypanbHUMK Ta
eKcTpaaypanbHUMU. Y AesaKnx Bunagkax CnocTepiraeTbCcs
nuvuwe ekcTpaaypanbHa nokanisauia [5], wo ycknagHwoe
paaionoriyHy ouiHKy nig Yyac foonepauiiHoi AiarHOCTUKMK.
MpunyckawTb Mirpauito apaxHoifganbHOi TKaAHUHKU 3
abepauiamu ocTpiBUiB Y BUNaAaKy eKCTpakKpaHianbHMX

wkipa) [6, 7]. MOXnMBO, Taknii MexaHi3M MOLMNPEHHS
MOXe MaTW Micle npu i30/1bOBaHUX eKCTpaaypanbHUX
CniHafibHNUX MeHiHriomax.

HaryacTiwe BMHMKaKOTb y XiHOK BikomM 50-80
pOKiB, WO ACOLOETLCSA 3 €KCMpecield ropMoHasibHUX
peuenTopiB [8, 9]. MeHiHrioMn € Apyrot 3a 4acToOTO
BUHMKHEHHS (Nicnsa wBaHoOM) 406pOSKICHO eKkcTpame-
AYNSAPHOK NYXJIMHOK Y XiHOK BikoM 40-70 pokis [10].
Bnn3bko 9% cniHanbHUX MEHIHFIOM € aCMMNTOMHUMU
[11]. 3anexHo Big Nnokanizauii Ta po3MipiB NyXJAWHMU
KNiHIYHa KapTuHa Moxe BuABNATUCS 6onem, pyxosmmun
N YyTAMBMMW MOPYLUEHHSAMMW, aTakCi€el, ANCHYHKLUIED
opraHis Manoro Tasa [12]. Binb BuHWKaE y 42-87%
BUMNaaKiB, Moxe 6yTu ik OKasbHWUM, Tak i ippaaitoBaTtu
[13]. KniHiyHa kapTuMHa Npu eKkCcTpaAypasibHOMY
MOWMPEHHI iICTOTHO He BIiAPI3HAETbLCA Big Takoi
iHTpaaypanbHUX NyXJVH.
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MarHiTHo-pe3oHaHCHa Tomorpadia (MPT) i3
BHYTPilUHbOBEHHUM MNiACUNEHHAM € CTaHAApPTOM
aiarHoctukn. OCKinbKK ekcTpaaypanbHa nokanisauis
€ BiAHOCHO pigKol ANns MeHiHriom, ue noTpebye
peTenbHOI OUiHKK pajiofnioriyHoi KapTuHW. Hanpuknag,
¢dopaMiHanbHe po3WMpPeHHS € NIACTaBOK 3anifo3puUTun
wBaHoMy abo Henpodibpomy [12]. 3a HassBHOCTI B
mMonoaux oci6 abo MHOXWHHUX ypaXeHb MOXNuBe
reHeTM4YHe 3axBOPIOBaHHA (HerpodibpomaTos 2 Tuny)
[14]. MeHiHriomn cnip andepeHuitoBaTn Hacamnepes
BiA4 WBaHOMU, MeTacTaTUYHUX NYXJIUH, NiMPpoM i
Tybepkynom. [loonepauiiHe AudepeHUiloBaHHSA Ta
iHTpaonepauiiHe rictonoriyHe AOCMIAXEHHS AalTb
3MOry BM3Ha4YMTU ONTUMabHY XipypriyHy TakTmky [15].

Ons ouiHKM (YHKULUIOHaAaNbHUX MNOPYLWEHDb
CniHanbHUX HOBOYTBOPEHb AOLINTbHUM € BUKOPUCTAHHS
mMoaundikoBaHoi wkann McCormick (I - nauieHTmn
HEeBpPOJIOriYHO IHTaKTHi, NepecyBalTbCA HOPManbHO,
MOX/MBI MiHIManbHO BWpasHi po3naan vytnuseocTi, II
- nerkun pyxosuin abo yyTnuemin aediunT, NauieHTH
dyHKUiOHanbHO He3anexHi, III - noMipHO BUpasHun
aediunT, ob6MexeHHss DYHKUIA, NnauieHTU He3anexHi
Bi4 30BHiWHbOI gonomoru; IV - rpybuin pyxosun
abo uytTnuemn pediumT, obMexeHHA dYHKUINA, XBOPi
3anexHi Bi4 30BHiWHbOT gonomoru, V — napanneria abo
TeTpanneris) [16].

KniHiuHuit BUNnagok

MauieHTka K., 36 pokiB, BilicbkoBoCNy>x60BeLb.
Ckapru Ha 6oni B WWIAHOMY Biagini xpebrta, He3Ha4yHe
3HWXKEHHS M'A30B0Oi CUAKM B MBIl pyLi, TONOBOKPYXiHHS,
NOpYLUEHHSA Yy TANBOCTI B NiBil pyUi. lpn HEBpPONOriYyHOMY
ornaai BiA3HayeHO He3HauyHe (4 6ann) 3MeHLWeHHs
M'A30BOI CUAM NpuW BiABEAEHHI Nfeya, Wo XapakTepHo
ONS ypaxeHHs KopiHus xpebus C5.
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3a gaHuMm MPT i3 KOHTpacTyBaHHSM BUSBJIEHO iHTpa-
ekcTpasepTebpanbHy NyX/AuHY, WO NownpoBanacs Kpisb
Mixxxpebuesuin oTBip. PagionoriyHa kapTuHa Halbinble
BiAnosinana HespuHoMi (Puc. 1).

NMpoBeneHo onepauilo — BUAANEHHSA MYXJUHMU
(Simpson II). Migxia 80 NyxnuMHM 06paHo 3aaHbOGIYHNIA.
Kpi3b po3pi3 no cepeHin NiHii BUAiNeHo ayxku xpebuis
C4 i C5 Ta cyrnobosi BigpoCcTkM pa3oM i3 cyrnobom.
BukoHaHo naMiHekTOMitO Ha piBHi xpebuis C4 i C5
Ta ¢daceTekToMito 3niBa cyrnoba C4-C5. lMNpuBepTas
yBary po3wupeHun MixxpebueBui kaHan i aypanbHa
MaHXeTa 3 03HaKaMu 3Ha4YHOro HanpyxeHHs. Mepwnm
eTanoM BWAaNEHO iHTpadypasibHY 4YacTUHY MYyXJINHWU.
HepBoBuiA KOpiHELb WAAXOM AuceKuii BigaineHo Big
TKAHWHW NYXAWHW. PO3ITHYTO AypajnbHy MaHXeTy Ta
BMAANIEHO YaCTUHY NyXJIMHWU, WO NoKanisysanacs B
AinsHui MixxxpebueBoro oTBOopy Ta nowwuptoBanacs
ekcTpaBepTebpanbHO. Y MexaxX AypasibHOI MaHXeTu
HepBOBMI KOpiHeUb 6yB CTPYKTYPHO 3pyMHOBaHUM, WO
He AaBano MOXMBOCTI 36eperTu Heps. lNicha BuaaneHHs
NyXJAWHW pa3oM i3 ypaXeHWM HepBOBWUM KOPiHUEM
TMO koaryfnbOoBaHO B MiCLi MOXiAHOrO POCTY MyXJMHW.
MpoBeaeHo repmeTnyHe ywmntta TMO B gingHui oTBopy
HEpPBOBOro KOPIiHLUSA Ta MOWMPEHHSA NMYXJIUHW.

MicnsonepauinHui nepiog — 6e3 ocobnmnBocTeln.
HesponoriyHo nauieHTka 6e3 noripweHHs. CkepoBaHa
Ans nopanbworo peabiniTauinHoro nikyBaHHsA. 3roaom
nawieHTKa NoBepHynaca A0 BUKOHAHHSA CNyX60BUX
obos’A3kKiB.

3a pe3ynbTaTaMum NaToriCToAOriYHOro AOCNIAXEHHS
BepudikoBaHo MeHiHriomy (Grade 2).

3a gaHuMm MPT 4yepes 6 Mic nicna onepauii, 03HaK
NaTosIOriYHOro HAKOMUYEHHS KOHTPACTHOI PEYOBUHMU, LLIO
Morno 6 CBifYMTM NPO peunamB NyXJNHU, HE BUSBIEHO
(Puc. 2).

Puc. 1. MPT wuinHoro Biaainy xpebrta 3 KoHTpacTyBaHHAM, T2-pexunm. CTpinka BKa3lye Ha iHTpa-
ekcTpaBepTebpanbHy NyXANHY, WO NOWMPIOETLCS KPi3b MiXxxpebueBui oTeip. Po3Mipy nyxnumHm —

13,0x22,0x8,5 MM

CTatTsl MICTUTb PUCYHKM, SIKi BiOGPaxatoTbCsl B APYKOBaHiv BepCil y BiATIHKaX Ciporo, B €/1eKTPOHHIM — y KOJ1bOpi.
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Puc. 2. MPT wuitHoro Bigainy xpebTta 3 KoHTpacTyBaHHSM, T2-pexuM. lMicnsonepauinHnii KOHTPOb
yepes 6 Mic nicng snaaneHHs MeHiHriomu. Simpson II

O6roBopeHHsn

OCHOBHUM MeTOAOM NMiKyBaHHS CMiHanbHUX
MEHIHriOM € XipypriuyHui, wo HavedeKTUBHIWe
3MeHLYE YacToTy peumamnsiB (3-15%) nicns BuaaneHHs
[10,17]. 3aranbHONPUNHATOK XipypriYyHOK TAaKTUKOM €
paauKanbHe BUAANEHHS MEHIHIIOM LeHTpasibHOi HEPBOBOI
cnctemu (Simpson I), ockinbkun cy6ToTanbHe BUAANEHHS €
YMHHWUKOM peumanByBaHHs. MNpu cniHanbHNX MeHiHrioMax
AOBeAeHUMN 0AaTKOBUMWN YNHHUKAMM peLnaNBYBaHHSA €
mMonoaui Bik (<18 pokiB), nokanisauis B LUMNHOMY BiaAini,
MOWNpPEHi «aypasibHi XBOCTU NYXJIMHM», YONIOBiYa CTaTb
[18-20]. 3 ornsay Ha cknaaHicTb naacTtukn TMO i pusmnk
YWKOAXEHHSA HeBpaNbHUX CTPYKTYp Ta MOpPYLIEHHS
repMeTn4HocTi TMO BuMaaneHHs cniHasibHUX MEHIHrioM
BMKOHYIOTb NepeBaxHo 3a Tunom Simpson II. lMpoTte
3HAYHOro 36iNblIEeHHS YacTOTU peunanByBaHHS He
CMOCTEePIraeTbCs, AK y BUNaAKy KpaHianbHUX MEHIHTIOM.
YacTtoTa peunaunsiB Npyv BUMAANEHHI 3a TMNOM Simpson
II ctaHoBUTbL 1-8% [4,17,21]. O6roBOpOETLCA TUN
BuaaneHHs (Simpson I abo Simpson II) y Bunagky
CNiHaNbHUX MEHIHIIOM Yepe3 HU3bKWUIN PU3UK PeunamnBiB
Ta 36iNblWeHHS KiNbKOCTI yCcKNaAHeHb. He BcTaHOBNEHO
3HaAYyLWoi pi3HMUI 3a BMXXMBAHICTIO 3a Pi3HUX TuNIB
BmaaneHHs (Simpson I un Simpson II) [4].

Y 6inbwOCTi BUNaaKiB BAAETbCA AOCATTU TOTaIbHOIO
BUAANEHHS MeHiHrioM [22]. [leBHO0 Mipol0 paAuKanbHICTb
BUAANEHHS 3aneXwuTb Big nokanizauii. Jop3anbHi
Ta gop3oslaTepasibHi MEHiIHrioMM 4yacTiwe BAAETbLCH
BMAANUTU TOTaNbHO, 3 pe3eKuielo Ta nnactmkow TMO
[4]. 3a HEMOXIMBOCTI BUAANEHHS 30HN NOXiAHOIO POCTY
peKkoMeHZOBaHa AMceKLuisa-po3LwenseHHa nucTkise TMO,
wo 36inbWwye paankanbHICTb | 36epirae repMeTUYHICTb
060/10HKM [23]. YCTAHOBJ/IEHO, WO B TPETUHU CNiHANBbHUX
MEeHiHrioM HasBHa iHBa3iga TMO, a caMe NOoLWNPEHHS MiX
BHYTPILHIM Ta 30BHIWHIM TUCTKaMKn, y 47% — «aypanbHi
XBOCTU», WO MiATBEPAXEHO MaTOriCTONOrNiYHNMHK
pocnipgxeHHsamn [24]. Y pocniaxeHHi K. Kobayashi Ta
cniBaBT. i3 116 cniHanbHMX MeHiHrioM 3 Manu dopmy
raHTeni 3 TpaHcopaMiHanbHUM, ekcTpaBepTebpanbHUM
nowupeHHamM. licna BuaaneHHsa 3a tunom Simpson II'y
UMX TPbOX BUMagKax crnocrepirann peumameyBaHHs [4].

http://theunj.org

3 ornsay Ha HeobXiAHICTb 36epeXXeHHs HeBpaibHUX
CTPYKTYp NpW paAuKanbHOMY BUAANEHHI NMYXJUHWU
peKkoMeHAO0BaHO 3acCTOCOBYBaTW iHTpaonepauiiHumn
HENpodi3ioNOriYHNM MOHITOPUHI — TpaHCKpaHianbHi
MOTOPHI BUK/IMKAHI NoTeHuianu, nig yac goonepauifHoi
AiarHoCTUKM — NMPOBOAUTU efleKTpoHelpoMiorpadito
3 OUiIHKOK CTyneHs NOpyWeHHS MNPOBIAHOCTI
B MPOKCMMasbHUX BigAinax HepBa Ta iHHepBauii
BignosigHoro m’'ssa [25].

OCHOBHMMW MeTOoAaMMU XipypriyHOro fikKyBaHHS
€ [26]:

1) KnacMyHui BIAKPUTUI JOCTYN i MiKPOXipypridyHe
BWAANEHHS, WO HahyacTiwe 3aCTOCOBYOTh;

2) ManoiHBa3uBHa Xipypris;

3) eHpockoniyHa xipypris.

Bubip metoay xipyprii 3anexutb Bia 6aratbox
YMHHUKIB, LLLO NOB’A3aHO 3 arpecielo NyXJnHU, CKIagHuM
TUMOM MowunpeHHs (Hanpuknaa, nepeaHa nokanisauis
WoAO0 CMMHHOIO MO3KYy rpygaHoro Bigainy xpebrta ab6o
nepeaHbobiYHa Nokanilauis WoA0 BEPXHLOrO LWWNIAHOIO
BiAAINYy xpebTa, Wo Moxxe KoMnpeMyBaTu BepTebpanbHy
apTtepito [27].

CKNagHWM € ONTUMaNbHUA XipypriyHMn 4ocTyn Ao
BEHTPaNibHUX eKCTpa-iHTpaBepTebpasbHUX MeHiHriom
wunnHoro Bigainy [28]. OaHakoBO ePEKTUBHUMMU
€ AOCTYNM NepeaHih i3 KOPNOpPOEKTOMI€E Ta
KoprnopoaesoM i 3aAHbOBIYHUIA i3 namiHeKTOMiED Ta
YacTKOBO 0aHOb6IYHOW haceTekTOMie [28]. OCHOBHUM
npuHUMNOM BMBOPY AOCTYNy A0 BEHTpPasibHUX eKcTpa-
iHTpaBepTebpasbHUX MEHIHIIOM WMWNHOrO BiAAINYy €
piBEHb YpaXeHHs: NpW BEpPXHbOLWMWIAHIA nokanisauii
nepesary cnig BiaaasaTu 3a4Hb0O6iYHOMY AOCTYyny, Npu
HMXXHbBOLUMIAHIM Nokanizauii — nepegHbOMY.

MicnaonepauiiHa neTanbHICTb NPU ChiHaNbHUX
MeHiHriomax 3asBu4yail € Hu3bkow — Big 0 Ao 4,7% 3a
AaHUMKM pi3HMx aBTopis [29,30].

[MpoMeHeBY Tepanito MOXHa 3acTOCOBYBaTu 3a
BWCOKOr0 CTyneHs 3/105KiCHOCTI abo peunamsi [31].

HaBeaeHuin KNiHiYHWIA BUNaaoOK AEMOHCTPYE, WO,
He3BaXkaloUM Ha 3HayHe BAOCKOHa/leHHS MeToA4iB
HenpoBi3dyani3auii Ta agekBaTHe goonepauinHe
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nnaHyBaHHSA o06cAry BTpyYaHHSHA, Yy AeSAKUX
BMMNaAKax iHTpaonepauinHi 3HaxiaAku MOXYyTb 6yTwu
HenepeabadyyBaHMMKU. 3a HaABHOCTI KJACUYHUX,
MPakTUYHO MATONFHOMOHIYHUX O3HAK HEBPUHOMMU
(raHTenenopibHa dopmMa, WO CynpoOBOAXYETbCS
@HaTOMIYHMM pO3LWUPEHHAM MiXXpebueBoro oTBOpY)
€ NiaCcTaBoOK HaBiTb ANS AOCBiAYEeHMX XipypriB obpaTu
neBHuUin ob6cAr BTpy4vyaHHsA. BusaBneHHs MeHiHriomum,
nokanizoBaHoOi iHTpa-ekcTpakaHanbHO, noTpebye
3HAYHO BiNbLKNX 3yCUnb ANS aAeKBaTHOMO i BUAaneHHs,
MiHiMi3auii pu3nkKiB HEBPOSIOFiIYHMX HACNIAKIB Ta
3arasbHOXipypriyHnX ycknaAHeHb, Takux siK nikBopes
abo yTBOpEeHHs NiKBOPHUX KicT. O6i3HAHICTb 3 TakMMun
CUTyauisMM Ma€E BaxXNmMBe NpakTUYHE 3HAYeHHS §K
WoA0 paauKanbHOCTI BUAANEHHS NYXJWHW, Tak WoOA0
HeobxigHOT 06pobkn TMO, WO € KPUTUYHUM AnNS
3MEHLUEHHS PU3NKY peuuauByBaHHS.

BucHoBKM

OCHOBHMM METOAOM JiKyBaHHAM CMNiHalbHUX
MEHIHrioM € XipypridyHuin. ¥ Bunagky Aop3asnbHOi Ta
natepanbHOi fokanisauii onTMManbHUM € TOTanbHe
BUAANIEHHS Pa3oM i3 AiNSHKOK noxigHoro pocty TMO
(Simpson I). Y Bunaaky BeHTpanbHOi nokanisauii
HaJAETbCA Nepesara BUAANEHHIO Ny XJIMHU Ta Koarynsuii
AinsHkM noxigHoro pocTy (Simpson II).

Y poonepauinHuin Ta iHTpaonepauiiHui nepioa
pPEKOMEHA0BAHO BUKOPUCTOBYBATU €/1eKTPOdi3ionoriyHi
MeTOoAM ANS OUiHKN (PYHKLiOHaNbHOro CTaHy HEBPanbHUX
CTPYKTYP.

IHTpa-ekcTpakaHanbHa nokani3auia MeHiHrioMmu
TpannsaeTbCca piaKko. BoHa MOXe 3HA4YHO yCKNaAHUTU
AoonepauiiHy AiarHOCTUMKY, a TakoX notpebyBaTtu
NeBHMUX HAaBUYOK NpU BMAASIEHHI TaKOi MEHIHIioOMM.

Po3kpuTtTa iHbopmauii

KoH@nikT iHTEpECiB

ABTOpPW 3asBNSATb NPO BIACYTHICTb KOHMAIKTY
iHTepeciB.

IHgpopmoBaHa 3roga

Big nauieHTKM oTpuMaHo iHpopMoBaHy 3roay Ha
ONPUIOAHEHHS AAHMUX.
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