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Abstract

Introduction: Management of brainstem metastatic tumor is challenging. brainstem metastasis is an uncommon complication of
systemic cancer, generally considered to have a highly unfavorable prognosis. Surgical risks are high and standard radiation or
chemotherapy have little effect. The purpose of this study is to evaluate our experience an overview of the removal of
abnormalities of brain stem metastases and the general treatment protocol of these types of metastases, which are very
unfavorable.

Methods: The present paper is a literature review using the following databases: PubMed, Scientific Direct, Library Genesis,
using the terms: Brainstem Metastases Malformation. Articles from May 2019 were selected, resulting in a total of 19 articles
that met the inclusion criteria considering their citations and respective impacts.

Results: Complications were predicted and observed according to existing factors and factors that will arise in the future. Local
tumor control was achieved in 90.7% of patients.

Conclusion: The results of this small series demonstrate that treatments now can be a valuable modality for safe and effective
management of brain stem metastasis. Owing to the high risk of surgical resection and low efficacy of medical treatment,

radiosurgery can be proposed upfront.
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Introduction

The central nervous system is a remarkably beautiful,
intricate, and delicate structure. In generally patients
with brain metastases generally reserve a poor
prognosis despite modern therapies.”*® Brain metastases
are the most common intracranial neoplasm, with an
annual incidence of nearly 170,000 to 200,000 cases
diagnosed in the United States. Of these, only about 3-
5% occur in the brainstem.’*?*3! The prognosis of
brainstem metastases is highly unfavorable with
survival ranging from 1 to 6 months.®

The most common route of brain metastasis is
hematogenous spread though perineural spread has
also been documented.!” Neurological deficiencies are
the main symptoms caused by the growing tumor mass.
The dense concentration of neural tracts and nuclei in
the brainstem means that brainstem metastasis

frequently causes significant neurological defects
including cranial neuropathies and deficits of motor
and sensory nerves. Although relatively uncommon,
brainstem metastases come with a poor prognosis and
estimated survival without treatment is one to six
months.*® Early detection and appropriate treatment of
brain metastasis are crucial in minimizing the
consequences of imminent disability. Brainstem
metastases (BSMs), however, present a challenge to
both patients and physicians, because they frequently
cause significant neurologic compromise and are
generally not amenable to surgical resection.?®

Usually, the clinical presentation of brainstem CN
often correlates with their anatomical location. Somatic
motor and sensory symptoms predominate, as would
be expected given the presence of these tracts along the
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entire axis of the brainstem.*> Oculomotor abnormalities
are more common with lesions of the mesencephalon
compared with other portions of the brainstem.?
Ataxia, meanwhile, has been reported more commonly
with lesions situated toward the medulla although this
is not always the case, as cerebellar long tracts and
cerebellar peduncles are present in all segments of the
brainstem.*®

Anatomy of Brainstem

Although not an exhaustive treatise on brainstem
anatomy, in this article, we provide a very simple
summary for a better understanding of anatomy and
Histopathology for brainstem. There are not completely
“safe” entry zones to the brainstem, but knowledge of
brainstem anatomy and how it relates to a particular
lesion will help guide the surgeon to the best
approach.

Nestled between the clivus and the cerebellum, the
brainstem is a relatively small, yet highly inter-
connected structure. Except for olfaction and vision,
all sensory and motor pathways flow through the
brainstem, making it a primary gateway between the
mind and body.

Sensations related to the immediate environment
(tactile, taste) might have been an early addition and
are localized to the hindbrain. Distant sensations

(vision, olfaction) emerged later; hence, they are
located in the midbrain and forebrain. On the other
hand, orientation in space (labyrinth) originated early
along with motor coordination. Hearing later branched
as an adaptation of the vestibular system and vibratory
perception. Associative and correlative functions began
to unfold in the midbrain (e.g., optic tectum), followed
by the emergence of higher diencephalic centers.®
Hence, the thalamus anatomically constitutes a rostral
continuation of the midbrain with no sulcal separation
between the two.

the underlying structures. The surgeon should be
familiar with the anatomy surrounding the brainstem
at each level. In every direction, except for the middle
cerebellar peduncle and fourth ventricle, there is a
subarachnoid cerebrospinal fluid (CSF) cistern
immediately adjacent to the brainstem. Each of these
typically contains vessels and one or more CNs
(Figure 1).

Given the high concentration of eloquent structures
in the brainstem, lesions are usually resected through
their exophytic portion, if present. When the lesion
does not present itself to the pial surface, anatomical
entry zones®3 can be exploited to access it with the
least possible risk of neural injury. Below is a list of
the described zones, which are also summarized in
Table 1.

Figure 1. Brainstem seen from the Anterolateral Perspective. Sulc: Sulcus; CN: Cranial nerve.
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Table 1. List of the Described Zones

Region Safe Entry Zone (s) Limits Surgical Approach (s)
Midbrain
Ventral Perioculomotor zone Pyramidal tract and exit of CN IlI Pterional/FOZ-Transcavernous

Antero- lateral  Lateral mesencephalic Cerebral peduncle and tectal area Subtemporal
sulcus Lateral infratentorial
Posterior Supracollicular zone Transverse line above the superior colliculi SCIT
Infracollicular zone Transverse line below the inferior colliculi Occipital trans-tentorial
Intercollicular zone Vertical line between colliculi
Pons
Antero- Peritrigeminal zone Vertical line on the medial aspect of CNs V Retrosigmoid
lateral and VIl entry points, lateral to pyramidal tract ~ Transpetrosal approaches
Area lateral to CNs Lateral to entry points of CNs V and VII
V-VII; MCP
Dorsal Median sulcus Midline between bilateral Transcerebellomedullary
MLFs fissure telovelar
Suprafacial collicular zone  Above facial colliculus Transvermian
Infrafacial collicular zone  Facial colliculus and hypoglossal trigone
Medulla
Antero- Pre-olivary sulcus Olive and pyramidal tract Far lateral
lateral Retro-olivary sulcus Olive and ICP/CNs IX and X
Dorsal Posterior median sulcus Bilateral gracile tubercles Suboccipital

Posterior intermediate
sulcus

Gracile and cuneate tubercles

Lateral to cuneate tubercle

Posterior lateral sulcus

CN: Cranial nerve; FOZ: Fronto-orbito-zygomatic; ICP: Inferior cerebellar peduncle; MCP: Middle cerebellar peduncle; MLF: Medial longitudinal

fasciculus; SCIT: Supracerebellar-infratentorial.

Pathology

In generally the brainstem contains all cell types of
the central nervous system, that Consequently, the
brainstem may be involved in infectious, oncologic,
neurodegenerative, and vascular disease processes.

The brainstem that not only serves as a conduit for
nearly all the information between the brain and the
spinal cord and elsewhere, but also performs
numerous vital functions by the presence of cranial
nerve nuclei and centers of control for many essential
functions. In generally even the smallest lesion may
have profound effects on brainstem function. Histo-
logical standpoint, the brainstem contains all the
cellular elements, including neurons, glia, leptomeninges,
ventricular surfaces, and a rich vascular supply. For
obvious reasons, much of the abnormal pathology of
the brainstem cannot be easily assessed by large biopsies
or resections and is therefore elucidated by neuro-
radiological studies and autopsy-based examinations.*>**

Table 2. Rare Intrinsic Tumors of the Brainstem

According to the anatomical position of the brain
stem, it is composed of three parts, each of which
includes a series of Developmental and Acquired
Malformations.

Tumors of the brainstem include many among the
primary neuroepithelial tumors, including astrocytoma’s,
glioneuronal tumors, and very rarely oligodendrogliomas.
Given the tendency of childhood brain tumors to originate
in the posterior fossa in general, it is important to
distinguish between tumors that arise in the brainstem
itself and those that originate in the cerebellum, cranial
nerve tumors, and intraventricular tumors. Among
these tumors, it is useful to subdivide those that
typically arise in the midbrain, pons, or medulla.*>

The available evidence indicates that there are
no other injuries that have dangerous and harmful
effects on the CNS, especially the brainstem,
which can cause irritation of the existing risk
factors for patients (Table).

Tumor

Brainstem Involvement

Hemangioblastoma, World Health Organization grade |
Primitive neuroectodermal tumor (Central nervous system

embryonal tumor)

Metastatic

Germ cell tumors, mostly germinomas

Medulla, sporadic
Pons

Most commonly from lung and breast primary tumors

Diverse manifestations.

Mostly

favorable outcomes

chemotherapy and radiation therapy
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Table 3. In the Extraordinary Table of Diseases and Diseases in the General CNS, Especially in the Brain Stem

Infections
1. Bacterial
2. Viral

Inflammatory Diseases
1. Demyelinating Diseases

2. Chronic Lymphocytic Inflammation with Pontine Perivascular Enhancement Responsive to Steroids

3. Bickerstaff's Brainstem Encephalitis

4. Paraneoplastic Brainstem Encephalitis
Metabolic and Toxic Injury

1. Central Pontine Myelinolysis

2. Multifocal Pontine Leukoencephalopathy
Vascular

1. Arteriovenous Malformations

2. Cavernous Malformation

3. Hypoxia-Ischemia
Trauma

1.  Duret Hemorrhages

2. Traumatic Axonal Injury
Neurodegenerative Diseases
Alzheimer disease (AD)
Synucleinopathies
Parkinson disease (PD)
Dementia with Lewy bodies (DLB)
Multiple system atrophy (MSA)
Progressive supranuclear palsy
Motor neuron diseases

Spinal muscular atrophies
Amyotrophic lateral sclerosis

— = O NOUTh WN =

-

Bulbar hereditary motor neuropathies (progressive bulbar palsy)
X-linked bulbospinal neuropathy (spinobulbar muscular atrophy, Kennedy disease)

Materials and Methods

Search Strategy for Identification of Studies

The purpose of searching the literature was to
identify evidence of resection of brainstem metastases.
The Medline, PubMed, Scientific Direct, Library
Genesis database (from 1960 to 2019) and the Cochrane
Library were searched for potentially relevant articles.
The search strategy combines controlled vocabulary
and textual terms for brainstem metastases and brain
metastases. In addition, the bibliographies of all
included reviews and included studies were searched
for additional references, which were not registered in
the above-mentioned databases. Experts in the field of
Neurosurgeon and Neuro-oncologist Surgery were also
asked to supply additional articles.

Selection of Articles

Articles were selected based on title and abstract. The
following inclusion criteria were used: (i) brainstem
metastases, (ii) the relationship between brainstem
metastasis and applied treatments, (iii) histopatho-
logical, physio pathological and serological factors,
brainstem metastasis, (iv) all articles with Examine
different but effective languages on the subject. Each
article must meet all four criteria. There were no

restrictions on study design. The following two criteria
were used to exclude articles: if only a comparison was
made between experimental and non-experimental, or
if a comparison was made between treatment and other
relevant factors relative to the main variable. If the
abstract was not available electronically or the article
abstract information was insufficient, the articles were
reviewed in full text for more detailed information. All
retrieved articles were reviewed in full text by all
authors to ensure that they met the inclusion criteria. In
case of disagreement in the selection of articles
between the two judges, the abstracts and articles were
re-examined and discussed until a consensus was
reached.

Results
A total of 19 studies met the inclusion criteria for the
review.

Flow of Studies through the Review

The electronic search identified 188 articles. After
screening all titles and abstracts, 19 articles were
identified but after reviewing the full text, five of these
were excluded from the review. The main reasons for
exclusion was that the measurement tool involved a
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therapies were outside the main subject of the research
or the expressions of the required variables were
outside the scope of our subject. Systematic review and
meta-analysis of the leaf balance scale were identified
in the search, and its reference list was screened to
identify additional items not found in the electronic

search. When the reference lists of previously identified
systematic reviews were reviewed, additional articles
were identified and included in the review. Upon
reviewing the reference lists and abstracts of
potentially relevant papers no extra articles were found
to be relevant.
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Figure 2. Histogram of the Incidence of Brain Metastasis based on Age5?

Characteristics of Included Studies

The 19 included studies involved participants (some
of the included studies reported data for the same
participants, where this was the case the participant
was counted only once). a variety of measurement
tools captured. A summary of the studies is presented.
An Effect Size was calculated in one study where data
was available but an Effect Size was not included in
the original article. Most of the included studies were
prospective cohort studies. Limitations of studies
include with less data volume were also considered in
the main process of the workflow (Figure 3).

Discussion

This Review Literature summarized current studies
relating to Brainstem Metastasis Malformation was due
to the desired therapeutic and pathological events in
this type of tumor. This review demonstrated the
variability in the responsiveness of these measures.
Given the favorable local control shown in the
brainstem and the lack of data on the prognosis of
brainstem metastases, we sought to determine whether
metastatic disease in the brainstem affects survival
after treatment compared to patients with brain

metastases that involve the brainstem. It is not brain or
not, we were.

The brainstem contains several densely packed,
critical neural tracts. As a result, tumors that metastasize
to the brainstem pose a difficult therapeutic challenge,
and local progression can result in rapid neurologic
decline or death. Resection of a brainstem metastasis is
seldom performed given the operative risk, comorbidities,
and overall prognosis of this patient cohort.™

The pineal region and thalamus are challenging to
access because of their central location within the
calvaria near important surrounding neurovascular
structures. Likewise, lesions in the brainstem are
challenging because of the many pathways and nuclei
packed into a small area and the risks of exposing
intra-axial brainstem pathology. However, improved
imaging techniques, electrophysiological monitoring,
and more precise microsurgical and endoscopic
techniques have decreased morbidity and mortality
rates related to surgery for brainstem, thalamus, and
pineal region lesions (e.g., cavernous malformations
and gliomas). These surgeries have also been
facilitated by safe entry zones, and surgical approaches
that can be tailored to the morphology.®**
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Figure 3. PRISMA Flow Diagram

Brainstem Metastases

Metastatic tumors within the brainstem pose many
unique and difficult therapy decisions. Local progression
of disease within the brainstem is associated with an
acute and severe neurologic decline. Access by craniotomy
is not indicated because of the risk associated with the
approach corridors needed to respect the metastasis
even if it is exophytic. Systemic chemotherapy has
little demonstrated effectiveness.®

Tumors were said to be controlled locally if they
were decreased or unchanged in size, and to have failed
locally if they increased in size (as determined by a
volume increase of >10%) over the follow-up period.®®

Unlike other locations within the brain, brainstem

metastases are seldom resected given the surgical risks
associated with their location in regions of critical
brain function.* The literature reports conflicting
recommendations on resection of this abnormality of
metastases to maximize the cure ratio.

Approximately, 80% of brain metastases occur in the
cerebrum, another 10-15% in the cerebellum and about
2-3% in the brainstem.®® Although brainstem metastases
are rare, they are associated with the worst prognosis
with a survival rate of 1-6 months without directed
therapy.®®®” Brainstem metastases (BSM) are often ino-
perable, compromised by the density of functional fiber
tracts converging in a small cross-sectional area/volume.®

Brainstem metastases are a particularly difficult

International Journal of Medical Reviews. 2023;10(2):497-506 | 502



Arabestanino et al

oncological and neurological clinical problem. In most
cases, these lesions are inoperable and carry a grim
prognosis.®®® Furthermore, most chemotherapeutic

Table 4. Symptoms in Patients with Brainstem Metastasis (%)

agents cannot pass through the blood brain barrier
making chemotherapy ineffective. The presenting signs
and symptoms of studies are shown in Table 4.

Symptom Study and Number of Patients
Headache 44 %
Focal weakness 18 %
Facial weakness, causing asymmetry or drooping of saliva 22 %
Seizure 19 %
Ataxia 6 %
Aphasia 1%
Failure to thrive in young children 1%
Sensory change 10 %

The unregulated cell cycles of cancerous cells in the
brain have a faster turnover rate and a reduced ability
to repair DNA damage. The prognosis for patients with
brainstem metastasis is very poor with a median
survival time ranging from 4 to 12 months.%7%"*

The chance for long-term survival at one year is
approximately 30% according to a study done by
Hussain et al.”? Furthermore, a review of the literature
reveals a current controversy over which treatment
modality, or combination thereof, provides the best
treatment and survival probability for the patient. In a
report written by Aoyama et al.”

Brain metastases are hematogenous spread, and it is
posited that the relatively low incidence of these
lesions is linked to the fact that brainstem receives
lower blood flow than other parts of the brain.”* The
prognosis for patients with brainstem metastases is
poor. These lesions are rarely operable, and, in most
cases, it is not possible to achieve local control with
conventional radiotherapy options.”™

Brainstem metastases are usually evaluated differently
from metastases in other brain locations because of the
lower radiation tolerance of brainstem tissue and its
neurological importance.”® These metastases are not
easy to access surgically, and WBRT alone does not
achieve sufficient local control in most cases.’’

Surgical Approaches

Depending on the location of the lesion in the
thalamus, the approach may be the anterior
interhemispheric transcallosal approach (including the
trans ventricular, transforaminal, and trans choroidal or
transcortical variations), or the posterior interhemispheric
transcallosal, parieto-occipital transcortical trans
ventricular, or infratentorial sup acerebellar approach.>*

Several different types of tumors can occupy the
pineal region, including tumors originating in the
pineal body (pine-aloblastomas/pineocytomas, teratomas,
and germinomas), in the splenium of the corpus
callosum (intrinsic glial tumors), in the velum
interpositum (meningiomas), or in the fornix.**?

The surgical approaches used to access lesions in the
pineal region are dependent on the complex anatomical
relationship of the surgical target to surrounding
structures, the location of the arteries feeding the
lesion, anatomical variations, and the extent of resection
goals. A wide variety of approaches the morphology of
the target lesion. These approaches include the
infratentorial sup acerebellar approach, the posterior-
interhemispheric trans tentorial approach, the occipital
interhemispheric approach, the parieto-occipital
interhemispheric transcallosal approach, the posterior
transcortical approach via the angular gyrus and lateral
ventricle, the posterior sub temporal approach, and the
combined supra- and infratentorial trans sinus
approaches

In generally these preliminary results provide
evidence that the development of brainstem metastases
is associated with inferior survival compared to
patients with non-brainstem brain metastases, despite
favorable local control in the modern treatment era.
The results obtained could not show that extracranial
disease or a specific histology is associated with
brainstem metastasis.”®*

Conclusion

The importance of knowledge by neurosurgeons and
neuro-oncology surgery about the diagnosis, treatment,
and prevention in an early and accurate way of the
Malformation Brainstem Metastasis to avoid the
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evolution of serious results. In the future, as the
aggregate experience of neurosurgeons accrues and as
surgical technology improves, the range of patients for
whom surgery is a viable option to prevent devastating
may expand.
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