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ABSTRACT

Introduction:

Brain metastases are the most common intracranial neoplasm in adult patients, and one of the fearsome

complications proves to be intratumoral hemorrhage. The neurosurgical management of patients

harboring a bleeding brain metastasis is not fully established and there is still today an ongoing debate

on the optimal management of these patients. The aim of this article is to provide the neurosurgeons

with practical tools to assist in their decision-making process in the management of BMs.

Methods:

We conducted a literature review of the relevant Pubmed, Cochrane, and Google scholar-indexed

articles published between 2000 and 2019. The following keywords were entered in the Pubmed search

engine: [metastasis], [metastases], [brain metastases], [brain metastasis], [hemorrhage], [hematoma],

[blood clot], [intracerebral hemorrhage], [intracranial hemorrhage]. The review was performed in

accordance with the PRISMA recommendations.

Results:
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Based on PubMed, Cochrane, and Google scholar, 459 articles were retained, 392 were then removed
because of their non-adequacy with the topic and, 9 articles were removed because they were not
written in English language. So, 58 articles were analyzed. Radiological evaluation is crucial, but few
traps exist. The frequency of overall brain tumor-related with intracranial hematoma is 7.2%, with a

higher frequency for secondary tumors.

The local recurrence rate after resection of a hemorrhagic metastasis seems to be better probably

because of an easier “en bloc” resection thanks to the hematoma.

An atypical presentation is reported in up to 4% in patients with chronic or acute subdural hematoma.

Patients with subarachnoid hemorrhage and epidural hematoma are rare.

A clear-cut correlation between the incidence of bleeding event in brain mets and prior stereotactic

radiosurgery was not established
Conclusion:

The current literature pertaining to the neurosurgical management of acute bleeding in brain metastasis
is scant and the level of evidence remains low (experts ‘opinions; class C). Herein we suggest a flowchart

to assist in dealing with those difficult patients.
Introduction

Brain metastases are the most common intracranial neoplasms in adult patients. They appear in 10 to
30% of patient with systemic cancer [1]. Hemorrhagic transformation leads most of the time to a
decision that needs to be taken acutely, in an emergency setting and that is consequently not based in
the multidisciplinary environment of the tumoral board. The frequency of spontaneous intracerebral
hemorrhage in patients with intracranial neoplasms ranges between 1.4 to 10% (average 2.5%) [2-5].
Intracerebral hemorrhage is more frequent in patients with cerebral metastases than in patients with
gliomas (14% versus 0.8%, respectively) [6]. Brain metastases from melanoma, renal cell carcinoma,
choriocarcinoma, and thyroid carcinoma have a well-known propensity for spontaneous hemorrhage
[7]. A dramatic dreadful complication of an intracranial bleeding is the subsequent neurological and
functional alteration that may strongly impact the quality of life (QoL) of the patient. The patient’s
QoL is indeed a crucial criterion to take into account before any neurosurgical procedures and to be
weighted up against the functional prognosis and the potentially short overall survival expectancy for

patients with brain metastases [8].

Based on the literature review, we herein summarize the epidemiology, clinical features, diagnostic
evaluation, neurosurgical management and prognosis for adult patients harboring a brain metastasis-
related intracerebral hemorrhage. The goal of this study is to come up with a few suggestions to help

the neurosurgeon in their decision-making process in emergency settings.
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Methods

A literature search was conducted on PubMed, Cochrane, and Google Scholar in 2019 to identify all
studies, except pediatric studies, concerning brain metastases and intracerebral hemorrhage in the
English language. The inclusive search dates were from 2000 through 2019 and specific search terms
included [metastasis], [metastases], [brain metastases], [brain metastasis], [hemorrhage], [hematoma],
[blood clot], [intracerebral hemorrhage], [intracranial hemorrhage]. After the searches were
completed, the abstract of each publication was reviewed to determine relevance or adequacy with our
topic and selected studies were further analyzed for this review. We used the right reporting tool for
practice guidelines in health care to strengthen the methodology [9]. The review was conducted in
accordance with PRISMA recommendations [10].

Results

A total of 455 articles in PubMed, 5 in Cochrane and 3 in Google Scholar were initially found with the
above-mentioned search criteria. Of those 459 articles were retained after removing duplicates. 392
were then removed because of their non-adequacy with the topic of this article. Indeed, 9 articles were
removed because they were not written in English language. So, 58 articles were analyzed and could

serve as a basis to establish guidelines.

Currently, there are no surgical guidelines about the surgical management of brain hemorrhagic
metastases. In the light of current guidelines for spontaneous stroke hematomas, we advocate an early
decompression surgery (clot removal together with metastasis removal) to diminish mass effect, for
patient with neurological deterioration and/or vigilance alteration [11,12]. The need of a
decompressive craniectomy associated with clot removal is still discussed with conflicting results in
few non-randomized trials [13,14]. In the randomized study STICH Il pertaining to patient suffering
from an intracerebral hematoma, the authors do not report any increase of disability after surgical clot
removing (Class III, Level of evidence B) [11], .The European Stroke Organization (ESO)

guidelines for the management of spontaneous intracerebral hemorrhage, favor an early surgery for
patients with a Glasgow Coma Scale score 9-12 (Class II, Level of evidence A)[12]. In our review, the
results of STITCH II study can’t be extrapolated to patients with brain metastases, and the timing for
surgery is still controversial. Indeed, these studies seem to be harmful for ultra-early clot removal (<2
hours) for cerebral hematomas, because it could increase the risk of early re-bleeding (Class 111, Level
of evidence B). In the opposite, patients with cerebellar hematomas and with a brainstem compression,
or a neurologically deterioration, and/or a hydrocephalus should benefit from an ultra-early surgical
removal (Class I, Level of evidence B) [15]. This reflection seems to be coherent with the current
literature. The removal of hematoma in patient suffering from a neurological deterioration, should be
performed. This removal could improve the onco-functional imbalance and avoid death but needs to

be analyzed in the light of the oncological prognosis of the patient, with the consequences of the
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surgery. This is the reason why we cannot extrapolate the results of STITCH II study with these

patients.

Pitfalls

A common diagnostic pitfall is the spontaneous intracranial hematoma (not directly related to a brain
metastasis) caused by the systemic neoplasm. Shrader et al. reported in a prospective study of 2041
patients, that the frequency of tumor related with spontaneous intracranial hematoma is 7.2%, with a
higher frequency for brain metastases. This point is pivotal for the daily management of patients with
spontaneous intracranial hematoma, where a neoplastic disease should be searched for, even in

patients with no past medical history of cancer [3,16].

Collision-Tumors

In the literature, exceptional cases reports were reported. Indeed, hemorrhagic brain
metastases could also mimic a cavernous angioma. Such an atypical presentation was reported
by Lu et al. in two cases of patients with metastatic melanoma [17]. Another kind of vascular
brain abnormality is described in the literature. An association of a brain arteriovenous
malformation with an intracranial metastasis is reported by Morollon et al. [18], but also in

the case of a brain arteriovenous fistulae [19].

Atypical cases

Moreover, neoplastic cranial aneurysm is a rare entity, and according to the primary tumor the
risk of bleeding may prove not negligible and is higher than 80% for the vast majority of
neoplasms. Neoplastic cranial aneurysms could rupture and bleed more frequently in the case
of lung cancer, and a choriocarcinoma rather than a cardiac myxoma [20].

Hemorrhagic brain metastases could show many kinds of imaging presentations. Indeed, Seki

et al. reported in 2016 on one patient with dural metastasis mimicking a meningioma [21].

In rare cases, atypical presentation is chronic or acute subdural hematoma. This rate is around
0.5 to 4% in these patients [22,23]. Another atypical presentation, was epidural hematoma in

a patient with a skull metastasis from an ovarian cancer [24].

Another pitfall lies in the risk of patients who are diagnosed with subdural hematoma in the setting of
a known cancer. Those patients could have a hemorrhagic dural metastasis misdiagnosed as a subdural
hematoma. In case of leukemia or hemopathy, the subdural hematoma can be independent of the
bleeding diathesis induced by the disease. This invasion of the dura-mater should lead to perform a

dural biopsy during the surgical procedure of the hematoma evacuation [22,25].
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Hirooka et al. reported a rare case of a patient with a subarachnoid hemorrhage who
developed secondarily, a brain metastasis. Metastases from lung cancer represent the majority
of brain metastases [26], and malignant pleural mesothelioma, is a fatal neoplasm, but
uncommon. This disease is a consequence of asbestos exposure for many years (more than 40
years). In this rare case, the authors hypothesize that subarachnoid hemorrhage would have
led to a blood brain barrier disruption, and in fine permitted the development of a brain

metastases [20,26].

Another atypical case revelation is during a long air travel: According to the authors the vasoactive

factors could be modified by the pressure during a long airplane flight and led to a hemorrhage [27].

Radiosurgery

Cases of fatal bleeding occurring just after, or during radiosurgery for brain metastases have been
described but seemed to be truly exceptional and seems to be multifactorial, but there has not been to
date compelling evidence of a clear association [28,29]. Few risk factors of delayed bleeding seem to
be associated like a peri-tumoral minor oozing of blood before radiosurgery, the use of anticoagulant
drug, the use of antiangiogenic drug, and the hemorrhagic predisposition of the primitive neoplasms

(melanoma, renal neoplasm) [30].

Neurosurgical management: Propositions

In the light of these element we propose a flowchart to help the neurosurgeon in their decision-making
process in acute settings. (Figure 2). We hope that these propositions may improve the complex

management of these patients:

Patients without a clear oncological past medical history should systematically benefit from of a

pathological analysis of the clot which was removed in emergencies.

Patients with a clear oncological history and a life expectancy superior to 3 months, should have a
skull bone biopsy in case of epidural hematoma. A dura-mater biopsy should be done in case of
subdural hematoma, and “en bloc” resection should be done as much as possible, thanks to the

surgical dissection plane to be found around the hematoma.

Patients with a life expectancy of less than 3 months should be oriented for best supportive care

(Figure2).
Discussion

Little is known in the literature about the management and the outcomes of patients with hemorrhagic

brain metastases. And coagulation status in cancer patients can be altered by different factors:

- Chemotherapy or bone marrow invasion could induce thrombocytopenia [31].
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- The coagulation factors may be affected by liver metastases [32,33].

- Targeted therapies, especially tyrosine-kinase inhibitors, seem to increase the frequency of
fatal intracranial hemorrhage in patients with brain metastases [34,35].

- Inhibitors of angiogenesis, like bevacizumab (frequently used in renal cancer), which is a
monoclonal antibody targeting the vascular endothelial growth factor (VEGF), could
induce coagulopathy and increase the risk of hemorrhage [36] .The risk of spontaneous
tumor hemorrhage related to Bevacizumab administration is still an unsolved issue but
seems to be very low in clinical trials [37-39].

Moreover, cancer is a global disease with many consequences on the immune system, with systemic

inflammatory response [40] which leads to a kind of hyper-metabolism for the patient and should not

be viewed as a single focal lesion for the patient,. This is the reason why patients under

anticoagulation therapy, like anti-vitamin K (AVK), or low molecular weight heparin, could have an

increased risk of hemorrhage [41].

The survival prognosis of the systemic cancer and the functional prognosis have to be discussed with
the referring oncologist, the medical team, and the patient’s family. For example, patients suffering
from melanoma with brain metastasis who have genetic mutation of BRAF V600E, have a better
survival prognosis and should benefit from a more aggressive therapeutic management [42—46] . The
genomic heterogeneity of brain metastases, and the molecular profile could be an opportunity for

specific therapies [47,48] to improve outcomes and reduce morbidity [49].

Obviously, patients with only few weeks/days of life expectancy should be managed conservatively
and benefit from palliative care. The QoL, and particularly the quality of the “last years of life” should

remain a key element for the neurosurgeon and the medical oncologists.

Only one study reports the surgical outcomes of hemorrhagic brain metastases. Yoo et al, reported a
retrospective series of 21 patients with hemorrhagic metastases (single metastasis in 15 cases, oligo-
metastatic condition in 6 cases) with a mean time to progression of 20.8 months and with a median
survival time of 11.7 months after surgery. An interesting point is the fact that, the local recurrence
after resection of a hemorrhagic metastasis is low: 12 month-free survival is higher than 80% in this
series. The progression-free survival reported in the Yoo’s paper, seems to be associated with an “en

bloc” resection [50] (Class II, Level of evidence C).

The functional prognosis should be taken into consideration by neurosurgeons before going
for surgery in a patient with brain hemorrhagic metastases. The functional anatomy of human
brain white matter pathway should be incorporated in the choice of the surgical approach in

order to perform a minimal cortectomy and to gain access to the brain metastases and the clot
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through an intra-parenchymal “safe” corridor. The shortest pathway through the brain to the
clot is not always the best option as it may disrupt main eloquent subcortical pathways [51].
Indeed, patients with a glioblastoma seems to be more at risk of developing a brain
hemorrhage than patients with brain metastases, according to Zwicker et al. [52]. Moreover,
anticoagulation use seems to be quite safe for low molecular weight heparin and Oral Factor
Xa Inhibitor [53,54].

Conclusion

The current literature pertaining to the neurosurgical management of acute bleeding in brain metastasis
is scant and the level of evidence remains low (experts ‘opinions; class C) we suggest a flowchart to

assist in dealing with those difficult patients [55].

In line with the literature, it appears the benefit of removing hemorrhagic BM really exist
when the neurological condition of the patient acutely deteriorates. In the setting of an
intracranial bleeding, the possibility of an underlying secondary tumor should be investigated
regardless of the existence of an oncological past medical history or not. Multidisciplinary
team management of those patients, performed in close interaction with medical oncologists

is pivotal to the optimal care in the era of personalized medicine
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