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AHHOTAUMA

KaBepHo3Hble ManbhopMaLmu rofoBHOr0 Mo3ra 6narofapa pasBUTMI0 COBPEMEHHBIX METO[OB He/poBM3yanu3aumum
ABNAIOTCA B NOCNeAHME rofbl BCE Yalle 06Hapyu1BaeMoii natonorvei. HecMoTpa Ha 406pOKaYeCTBEHHBIN XapaKTep Teye-
HWA B 6ONbLUMHCTBE CNy4aes, AaHHbIe 06pa30BaHWA MOryT NPUBOAUTL K Pa3BUTUIO CYAOPOHKHOI0 CUHAPOMA U CEPbE3HBIM
HEBPOJIOrMYECKUM HapyLLeHuaM. KaKk npaBuno, NpUYMHaMmM KIMHUYECKUX CUMIMTOMOB ABASIOTCA KPOBOMU3UAHMA B CTPYK-
TypY KaBEPHOM W OKPY}KaloLLYt0 MapeHXMMY FOJIOBHOMO MO3ra. Bbibop TaKTUKM BeeHWA NaLMEHTOB C KaBePHO3HBIMU MaJlb-
dopMaumAMM rofIOBHOrO MO3ra 3aBUCUT OT TUMa Manb(opMaLmm, eé pa3MepoB, JTOKaNM3aLmMm, HalMumA NOBTOPHBIX Kpo-
BOM3NIUAHUI U KIIMHUYECKON KapTUHBI.

[laHHbIi 0630p NUTEpaTypbl NOCBALLEH COBPEMEHHBIM METOZIaM NIEYEHUA KaBEPHO3HbIX ManbGOpMaLiuii roNOBHOM0 Mo3-
ra, B YaCTHOCTM XMpypruyeckuM noaxoaaMm. B cnyyanx rny6MHHOrO pacnonoeHus 04aroB B GYHKLUMOHANBbHO 3HAUMMBbIX
30Hax rojI0BHOrO MO3ra, /1A KOTOPbIX XapaKTepeH MaKCUMalbHbIA PUCK OCIIOMHEHWIA NPU XMPYPrUYECKOM BMeLLaTeSlb-
CTBe, anbTepHaTUBHLIMM BbICTYMAlOT METOAbI Iy4EBOM Tepanmu, Takue KaK CTepeoTakcuyecKasn pagmoXupypris, NpoToHHan
Tepanus. PaccMaTpuBaloTCA BO3MOMHOCTH, 3¢dEKTUBHOCTL M 6e30MacHOCTb CTEPEOTAKCUYECKOr0 PaaMoXMpypPruyecKoro
NeYeHNA, UCNONb30BaHWe NPOTOHHOM TePaNuUM B IEYEHUM KaBEPHO3HbIX ManbpopMaLmii. BbiaBneHbl npenmMyLLecTsa fyye-
BbIX METO/I0B JIeYeHWA KaBEPHO3HbIX MasbhopMaLmii.

KnioueBble cnoBa: KaBepHo3Hble ManbhopMaLmm; nyyeBan amarHoctvka; MPT; 0630p; annapaT faMMa-HoM; NpPOTOHHas
Tepanus; paamMoxXmpypriyeckoe NieyeHune; CTepeoTakcuyeckan nasepHan abnauma.
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ABSTRACT

Cavernous malformations of the brain have become an increasingly common pathology in recent years, thanks to the
advancement of modern methods of neuroimaging. Despite the benign nature of the course in most cases, these formations
can cause convulsions and serious neurological disorders. Typically, clinical manifestations are caused by hemorrhages in
the structure of the cavernous and surrounding parenchyma of the brain. The management strategy chosen for patients with
cerebral cavernous malformations is determined by the type of malformation, its size, localization, the presence of repeated
hemorrhages, and the clinical picture.

This literature review focuses on modern methods of treating cerebral cavernous malformations. The main methods of
treatment for cavernous malformations of the brain, particularly surgical treatment, have been analyzed. If surgical interven-
tion is not possible, alternative methods of treatment include radiation therapy, such as stereotaxic radiosurgery, and proton
therapy, in cases of deep location of foci in functionally significant areas of the brain, which are characterized by the highest
risk of complications. The possibilities, efficacy, and safety of stereotactic radiosurgical treatment are discussed, as well as
the use of proton therapy in the treatment of cavernous malformations. Furthermore, radiation therapy has been shown to be
beneficial for cavernous malformations.

Keywords: cavernous malformations; radiation diagnostics; MRI; review; Gamma knife; proton therapy; radiosurgical
treatment; stereotaxic laser ablation.
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INTRODUCTION

Cavernous malformations (CM) are vascular lesions of
the brain and spinal cord with less blood supply and consist
of caverns with an endothelial lining [1-4]. CMs are detected
both in the supra- and infratentorial regions of the brain and
less often in the spinal cord [5-8].

These lesions are the second most common vascular
malformations of the central nervous system after develop-
mental venous anomalies [9-11].

The prevalence of CM in men and women is comparable.
Although CM can also be found in children, the diagnosis is
usually established at age 20-40 years. In most cases, CM
may not manifest clinically; however, over time, it can cause
serious focal and cerebral neurological symptoms because
of CM rupture and hemorrhage into the structure of the le-
sions and the surrounding brain tissues [12].

Although several studies have reported that the levels
of risks of hemorrhages and seizures in this patient popula-
tion have been established to date, a clear identification of
modifiable risk factors is a significant challenge. Manage-
ment of patients with CM includes monitoring or performing
surgery [13, 14].

SURGICAL TREATMENT OF BRAIN CM

Microsurgical resection remains the “gold” standard of
CM treatment, which can permanently relieve the patient of
the concomitant manifestations of CM and the risks of de-
veloping neurological deficits associated with hemorrhages.
Assessment of the risk of surgical intervention depends on
the size and location of the lesion, proximity to the brain
surface, and experience of the surgeon [15]. Surgical treat-
ment is aimed at total removal of the CM and surrounding
potential epileptogenic zones [16]. However, if these lesions
are located close to vital structures (distance of <1 cm),
complete resection can lead to postoperative neurological
damage. In CMs localized in brain areas such as the thala-
mus, basal ganglia, or brainstem, surgery is usually per-
formed only with frequent recurrent hemorrhages or with a
significant deterioration in the patient’s condition.

Several authors note that the relatively low incidence
of complications of surgical treatment exceeds the risk of
hemorrhage in patients without previous diagnosis. Thus,
surgical removal of asymptomatic foci, especially in cases
of deep localization or localization in the brainstem, is un-
reasonable.

Foci that are deeply located in the basal ganglia or thala-
mus require a technically complex surgery, in which critical
structures of the brain, including the nuclei and tracts of the
white matter, can be affected; there is a risk of damage to
the perforating arteries. Postoperative complications of this
surgical intervention, even among experienced specialists,
occur in 5%-18% of cases, and lethal outcomes occur in
approximately 2% [17].
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Despite the progress and improvement of surgical tech-
niques, many patients still do not qualify for surgery or have
received incomplete treatment, so CM remains untreated. As
treatment for this patient population, stereotactic irradiation,
such as radiosurgery and stereotactic radiation therapy, is
gaining increasing significance.

POSSIBILITIES, EFFICIENCY,
AND SAFETY OF RADIOSURGICAL
TREATMENT OF BRAIN CM

Numerous studies have focused on the use of radiation
therapy for arteriovenous malformations and dural arterio-
venous fistulas [18-20]. Some studies have also demon-
strated the possibility of applying this method to treat CM.
Radiation therapy is mainly indicated for CM up to 3 cm in
diameter and located in deep brain areas, such as those with
the highest risk of complications. At present, stereotactic
radiosurgical treatment is one of the main radiation therapy
methods used to treat CM. Several uncontrolled studies have
reported that the risk of recurrent hemorrhage after radio-
surgery is reduced in patients after 2 years.

Lee et al. examined the efficacy and safety of radiosurgi-
cal treatment using the Gamma Knife in patients with brain
CM [21] by analyzing the results of treatment of 261 patients
with 331 symptomatic CM (average age, 39.9 years; average
CM volume, 3.1 ml). The average radiation dose throughout
the treatment period was 11.9 Gy. Patients were followed
up for 69 months. Several patients were diagnosed with CM
after an initial hemorrhage. In total, 136 hemorrhages were
diagnosed before treatment.

Researchers concluded that radiosurgical treatment re-
duced the risk of hemorrhage in patients with CM; therefore,
this method is considered an effective alternative treatment
for patients with difficult surgical access or with severe con-
comitant diseases.

Kefeli et al. attempted to evaluate the results of treat-
ment of brainstem CM using the Gamma Knife [22]. Their
study included 82 patients with 1-3 hemorrhagic events
confirmed by X-ray imaging before treatment. After the
treatment, the average target volume was 0.3 ml, and
the maximum radiation dose was 12 Gy. The average
follow-up durations were 25.5 months before surgery
and 50.3 months after surgery. The annual pretreat-
ment hemorrhage rate was 8.6%. In the post-treatment
follow-up, only three patients experienced recurrence of
hemorrhage; thus, the frequency of recurrent hemorrhage
within 1 year after treatment was 0.87%, i.e., the risk of
such complications was significantly reduced with this
therapeutic approach.

The magnitude of hemorrhage risk in CM has not been
clearly defined so far. During the natural course of CM, the
annual risk of hemorrhage ranges from 2.3% to 4.1%, while
in surgical treatment, the risk ranges from 2.7% to 6.8%
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[23, 24]. However, the risk of recurrent hemorrhage in CM
increases after the initial hemorrhage, reaching 40% [25].

Wen et al. performed a meta-analysis to assess the
clinical efficacy of radiosurgical treatment of CM using the
Gamma Knife and revealed no significant differences in the
frequency of hemorrhages between the first 2 years of the
postoperative period and the subsequent 2 years (RR 2.81;
95% confidence interval 0.20-13.42) [26].

Recent studies have established an annual decrease in
the frequency of hemorrhage from 39.5% to 7.2% during the
first 2 years after CM treatment using the Gamma Knife and
from 3.6% to 1% in subsequent years [22, 27, 28].

Kondziolka et al. studied the frequency of hemorrhages
by monitoring CM and revealed that the annual frequency
of hemorrhage was 5.9% before radiosurgery and 1.1% at
2 years after surgery [29]. Aboukais et al. demonstrated a
decrease in this indicator from 3.16% to 2.46% [30]. More-
over, Lopez-Serrano et al. reported annual hemorrhage
rates of 3.06% and 1.4% before and after radiosurgical
treatment [31].

Some authors believe that the efficiency of using the
Gamma Knife is apparent 2-3 years after radiosurgical
treatment, which is due to a decrease in the CM volume over
time caused by sclerosis and vascular thrombobliteration
after irradiation [31, 32]. However, whether the decrease in
the frequency of hemorrhages is associated with radiosurgi-
cal interventions or is a consequence of the natural course
of CM is under discussion [21].

The assumption was that the mechanisms of radiosur-
gical treatment of vascular malformations are based on
processes such as the proliferation of endothelial cells and
hyalinization, which causes the closure of the vessel lumen.
Gewirtz et al. and Nyary et al. performed histological exami-
nations of CM tissues in patients undergoing radiosurgical
treatment, which revealed signs of fibrinoid necrosis, de-
struction of endothelial cells, and pronounced fibrosis in the
connective tissue stroma [33, 34].

Park et al. analyzed long-term results of radiosur-
gical treatment of symptomatic brainstem CM using the
Gamma Knife in 45 patients (14 men, 31 women) [27].
The follow-up duration was more than 5 years, with an
average of 9.31 (range, 5.1-19.4) years. All patients had
a history of one or more episodes of symptomatic hemor-
rhage before radiosurgical treatment. These hemorrhag-
es were accompanied by manifestations of neurological
deficit, including cranial nerve dysfunction, hemiparesis,
hemisensory deficiency, spasticity, and chorea. The av-
erage target CM volume was 1.82 cm®, and the median
radiation dose limit was 13 Gy. Finally, the authors con-
cluded that radiosurgical treatment with Gamma Knife
is safe and clinically effective for treating CM, which re-
duced the recurrence rate of hemorrhage.

Until 2019, three major studies were conducted on
the use of the Gamma Knife (with >100 cases and at
least 4 years of follow-up) in the treatment of recurrent
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hemorrhagic or symptomatic CMs [35-37]. These stud-
ies enrolled a total of 530 patients. Kida showed that the
annual incidence of hemorrhages after using the Gamma
Knife decreased from 9.5% within 1 year to 4.7% within 2
years [37]. In other studies, the annual hemorrhage rate
after treatment decreased from 15% within 2 years to 2.4%
after 2 years [35].

Some researchers consider gender, severity of neuro-
logical manifestations before the intervention, CM size, de-
gree of edema of the surrounding tissues, and radiation dose
as factors that influence the frequency of hemorrhages in
patients undergoing radiosurgical treatment [36]. Moreover,
Kim et al. did not reveal significant differences in the fre-
quency of hemorrhages depending on the CM volume, radia-
tion dose, gender, and patient age at the time of treatment
with the use of Gamma Knife [38].

A common complication for most patients with CM is
epileptic seizures, and a correlation between the devel-
opment of hemorrhages and seizures is suggested. Pa-
tients with CM often experience concomitant headaches
or dizziness with hemorrhages [37]. Experimental stud-
ies have revealed that the deposition of blood clot me-
tabolites, especially iron, can be a similar epileptogenic
factor. Studies using magnetic resonance imaging (MRI)
have confirmed the relationship between the development
of seizures and hemorrhages in time in these patients.
Another risk factor for the occurrence of seizures is the
localization of the CM, primarily supratentorial, archicor-
tical, and mesiotemporal. In comparison with MRI data,
Menzler et al. demonstrated that 49 of 81 patients with
CM with involvement of the cerebral cortex had seizures,
while none of the 17 patients with exclusively subcortical
localization of CM had seizures [39].

Considering the complications of radiosurgical treatment
of CM, the risk of radiation-induced brain damage with the
emergence of neurological disorders, including headache,
dizziness, facial nerve palsy, facial paresthesia, diplopia,
dysarthria, and asthenia in the extremities, should be noted
[30]. Another serious side effect is radiation necrosis, which
can promote tumor development [40].

Some researchers express concern about the ability of
radiation exposure to induce the formation of new CMs, es-
pecially in children and individuals with familial illness [41].

The optimal radiation dose limit during radiosurgical
treatment of brainstem CM is not clearly defined; however,
Lee et al. and Kim et al. believed that the dose limit of 11 Gy
is sufficient to reduce the risk of radiation complications [21,
38]. The use of a level dose is effective, while a decrease in
the risk of hemorrhage to 2.4% was recorded 2 years after
Gamma Knife application, including improvement in neuro-
logical status, and the rate of radiation-induced complica-
tions was 2.32%.

In general, the therapeutic dose of radiation concerning
radiotoxicity in radiosurgical treatment of CM in the brain-
stem is 11-13 Gy [42].
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Fig. 1. Plan for proton radiosurgery of a periostemal cavernoma: contrast-enhanced magnetic resonance imaging before treatment and

after 3 months showing complete resorption of the cavernoma.

Following current recommendations for radiosurgery,
this approach should be considered in treating single CM
in patients with a history of hemorrhage in brain areas
where the surgical risk of tissue damage is unacceptably
high [43]. The expert opinion is that these methods are
not recommended in cases where the CM is available for
surgical treatment, in asymptomatic cases, and in familial
forms of the pathology.

Stereotactic laser ablation of these lesions is also con-
sidered a potentially promising method for treating CM with
epileptoid manifestations [44].

Thus, radiosurgical treatment of brain CM is a rela-
tively safe approach; as with its use, some complica-
tions, such as vascular ruptures and damage to the
brain tissue, are not registered. This method implies a
single provision of the entire radiation dose, which is
required to obtain the desired result and is sufficiently
safe for the surrounding brain matter. This approach is
characterized by the highest efficiency in the treatment
of CM. In some cases, the desired radiation doses can-
not be used safely because of the CM size (volume),
while a decrease in the dose leads to a decrease in the
exposure efficiency [45].

According to Lee et al., in the past, the efficiency of
radiosurgical treatment of CM was limited by insufficient
capabilities of neuroimaging methods, high doses of ra-
diation (>15 Gy), and incomplete or excessive coverage
of the target area [21]. Advances in neuroimaging (such
as MRI), optimization of radiation doses, and planning of

DAI: https://doi.org/10.17816/DD60532

interventions using appropriate software have reduced sig-
nificantly the risk of complications of radiosurgery.

PROTON THERAPY
IN THE TREATMENT OF CM

Proton therapy is an even more advanced method of
radiation therapy when surgical removal is impossible
or the patient refuses to undergo surgery. CM proton
therapy, similar to stereotactic radiosurgical treatment,
obliterates lesion structures and thereby reduces the risk
of subsequent hemorrhages. As an advantage, proton
therapy allows sufficient and accurate irradiation of the
tumor (accuracy of approximately 0.5 mm) with minimal
damage to healthy tissues and a decrease in the risk of
side effects [46].

The treatment effect is observed within 5-90 months
after application. Complete obliteration of the neoplasm
is achieved in 70% of cases. The plan of proton radio-
surgery of the cavernoma in the peristem is presented
in Fig. 1 [47].

CONCLUSION

CMs are vascular neoplasms of the brain, which
mechanism of development is based on vascular pro-
liferation, dysmorphism, and hemorrhagic angiopathy.
Clinical symptoms are caused by recurrent hemorrhages
in the structure of cavernous angiomas with subsequent
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deposition of iron in surrounding brain tissues, which can
result in the emergence of epileptogenesis foci, especially
when the cavernomas are localized in the mesiotemporal
and archicortical regions of the brain. Improvement of
diagnostics and treatment methods is a multidisciplinary
issue. The treatment method depends on the type, size,
and location of the malformation and history of hemor-
rhages. Since the risk of complications of surgical in-
tervention is high in some patients with CM and patients
with a familial form of CM, improvement of alternative
surgical treatment methods is extremely important. Ste-
reotactic radiation therapy is currently increasingly used
in the treatment of CMs.
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