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Revealing innumerable occult lesions with T1-weighted 3D-
black-blood-imaging in the detection of intracranial 
metastatic melanoma under BRAF therapy
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Abstract

In the setting of melanoma, brain metastases are very common 
and contribute to a large number of different neurological deficits 
as well as death. In recent years, the general prognosis for patients 
with intracranial metastatic melanoma has improved due to progress 
in imaging and therapeutic management. The addition of a contrast-
enhanced T1-weighted MSDE sequence, a so-called Black-Blood - se-
quence, to the initial and follow up-scans is an excellent method to 
display intracranial metastatic melanoma. With this case report we 
want to demonstrate the possible big discrepancy in the number of 
metastases displayed by the Black-Blood-sequence compared to con-
trast enhanced T1-weighted imaging in the setting of BRAF-mutated 
intracranial metastatic melanoma.
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Abbreviations: 3DBB: 3D-Black Blood; ADC: Apparent Diffusion Coef-
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Blood Imaging; Cet1w: Contrast-Enhanced T1-Weighted Imaging; 
CNS: Central Nervous System; CT: Computertomography; DWI: Dif-
fusion Weighted Imaging; FDG-PET-CT: Fluorodeoxyglucose-Positron 
Emission-Computer Tomography; FLAIR: Fluid-Attenuated-Inversion 
Recovery; MEK: Mitogen-Activated - Protein-Kinase; MRI: Magnetic 
Resonance Imaging; MSDE: Motion-Sensitized Driven-Equilibrium; T1-
TFE: T1-Weighted Turbo Field Echo.

Introduction

Intracranial metastatic melanoma is a very common entity 
that can increasingly be controlled as a result of improved 
therapeutic possibilities (immunotherapy, targeted therapy) in 
recent years. Management for initial and follow up imaging of 
the central nervous system is mostly comprised of contrast and 

non-contrast enhanced MRI [1]. Here, the Black Blood sequence 
(3DBB), which is mostly used for cardiac MRI, has led to 
increased attention. Research as well as routine clinical imaging 
for brain tumours, metastases, multiple sclerosis, aneurysms or 
vasculitis are the main fields for this imaging sequence [2-7].
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At our institution, the 3DBB is broadly used for pediatric and 
adult imaging, in the course of which we are frequently encoun-
tering interesting results. One of these is demonstrated by the 
following case report.

Case report

We report the case of a 52 year old female patient who pre-
sented to our department for follow-up imaging of the brain 
in the setting of BRAF-mutated (Serin/Threonin Kinase B-RAF) 
AJCC stage IV melanoma. The primary melanoma was located 
subumbilical and first treatment consisted of in-sano excision 
with sentinel-lymph-node biopsy. Additional systemic therapy 
included adjuvant treatment with the checkpoint inhibitor 
nivolumab over the course of 8 months as well as combined 
BRAF- and mitogen-activated –protein-kinase (MEK)-inhibitor 
treatment for about 8 months after metastatic disease had de-
veloped.

The initial intracranial staging-MRI was unremarkable but 
a subsequent staging FDG-PET-CT scan revealed a suspiciouss-
plenic and lymph nodelesion, which showed tracer-activity as 
well as a pulmonary metastasis, which was resected subse-
quently via video-assisted-thoracoscopy and histologically con-
firmed afterwards.

The first follow-up MRI at our department showed a cerebral 
progression with a metastatic lesion in the right thalamus and 
therefore monoclonal antibody-treatment was discontinued. 
(Figure 1).

For the diagnostic work-up a 1.5 Tesla MR scanner (Philips 
Ingenia, Eindhoven, Netherlands) was used and the following 
examination was performed: Diffusion-weighted imaging (DWI) 
and apparent diffusion coefficient (ADC), T1-weighted fluid-at-
tenuated inversion recovery (FLAIR), T2-weighted turbo-spin–
echo (T2-TSE) unenhanced and contrast-enhanced T1-weighted 
TFE with multiplanar-reconstruction and a contrast-enhanced 
T1-weighted 3D-Black Blood sequence.

The second follow-up MRI verified the lesion in the right 
thalamus once more and beyond that various other supra-and 
infratentoriallesions. To our astonishment, the contrast-en-
hanced-3DBB displayed the numerous additional lesions very 
accurately compared to the contrast-enhanced T1w-images 
where they remained hidden (Figure 2,3). The fact that intrac-
ranial melanoma metastases can have a miliary pattern in pa-
tients with progressive disease under BRAF-therapy could be 
observed earlier but the miliary pattern remains a rare mani-
festation [8-10]. However, to our knowledge, the discrepancy 
between ceT1w and ceT1BB images in the number of lesions 
displayed has previously not been described in the literature.

Figure 1: Axial 1.5; Tesla contrast-enhanced T1-weighted image, 
Single metastatic lesion in the right thalamus.

Figure 2: Axial 1.5; Tesla contrast-enhanced T1-weighted Black-
Blood imaging, Bilateral enhancement of innumerablemetastatic 
lesions.

Figure 3: Axial and sagittal 1.5 Tesla; Contrast-enhanced T1-weight-
edimages and contrast-enhanced Black-Blood images on the same 
section (a) ceT1w: Enhancement of one metastatic lesion and (b) 
ceT1BB: Bilateral enhancement of innumerablemetastatic lesions 
as wells as the already known right thalamic lesion. 
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Discussion

The "black blood" technique called MSDE (Motion-Sensitized 
Driven-Equilibrium) consists of a combination of RF pulses and 
gradients, acting as a black blood prepulse. MSDE has been in-
troduced to suppress blood signal in the complete volume of 
interest (3D acquisitions).

The gradient strengths in three directions are the key param-
eter to define the degree of blood suppression. The gradient 
strength needed to suppress the flowing blood is also related 
to the blood flow velocity. Slow flowing blood requires stronger 
gradients to destroy the blood signal. This is achieved by either 
increasing the gradient amplitude or its duration or by a com-
bination of amplitude and duration, depending on the system 
performance and SAR limitations. Fast flowing blood experi-
ences larger phase shifts, and thus the blood signal can be sup-
pressed using smaller gradient amplitude and/or shorter gradi-
ent duration. In MSDE-imaging the gradient strength relative to 
the flow velocity of the blood is adjusted by adapting the veloc-
ity encoding (in three directions).

The blood-flow-suppression-efficiency is linked to the gradi-
ent direction and blood flow direction. Blood flows orthogonal 
to the net gradient will hardly experience any phase shift and 
thus will not be suppressed. However, blood flowing along the 
gradient experiences a large phase shift and will be suppressed. 
In MSDE, flowing blood is suppressed prior to the imaging se-
quence (T1-TSE).

Therefore, this sequence consists of arterial and venous sig-
nal suppression, fat suppression and higher spatial resolution. 
This features show advantages after contrast-enhancement be-
cause solely those lesions avid for contrast agent are hyperin-
tense and insignificant structures like arteries, cortical veins or 
fat are suppressed.

The Black-Blood-sequence for intracranial imaging differs 
from regular T1-weighted imaging in terms of fat suppression, 
the aforementioned blood-flow suppression, a slice thickness of 
0,8mm ( compared to T1-TFE 1,0mm) and a voxel size of 0,8mm 
(compared to T1-TFE 1,0mm) which results in higher resolution 
of structures and soft tissue. This is an outstanding advantage 
compared to other sequences or imaging modalities.The limit-
ing factor concerning the acquisition of ceT1BB-images is the 
acquisition time or in general the availability at the institution.

In the setting of a melanoma, the diagnostic algorithm for 
initial and follow-up imaging of the CNS includes non-contrast 
and contrast-enhanced CTorMRI respectively. However, CT has 
a lower diagnostic value due to its limited spatial resolution and 
soft-tissue contrast. In contrast, MRI is an excellent reproducible 
and non-invasive tool that adds valuable information regarding 
affected areas, which we consider essential for the early and 
correct diagnosis of intracranial metastases. Usually contrast-
enhanced T1-weighted sequences are used to display intracra-
nial metastasis or leptomeningeal disease with excellent results 
[11]. However, this sequence has disadvantages regarding very 
small or thin leptomeningeal lesions. Gaviani et al. could show 
that a T2*-weighted sequence could aid some benefit but only 
in case of parenchymal lesions [12].

In our case, compared to regular contrast-enhanced T1w im-
ages, the ceT1BB revealed numerous additional lesions which 
where occult on ceT1w and displayed these countless supra- 
and infratentoriel lesions very precisely.

Conclusion

As this case demonstrates, we believe that the addition of a 
contrast enhanced-T1BB improves the diagnostic accuracy for 
the detection of otherwise occult intracranial metastatic lesions 
on ceT1w in the setting of melanoma under treatment. This ap-
pears to pertain in particular to melanoma treated with BRAF-/
MEK-inhibitor combinations, since a miliary pattern of cerebral 
metastases has been described repeatedly in this context.

Further research in this field will certainly be required, but 
we believe that adding a contrast enhanced-T1-Black Blood se-
quence in the diagnostic imaging work-up of intracranial meta-
static melanoma with BRAF-mutation could improve diagnostic 
outcome.
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