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ABSTRACT

Introduction: “Mini brain” image pattern has been identified as a radiological sign for diagnosing multiple myeloma (MM) and solitary
plasmacytomas in magnetic resonance imaging (MRI). However, there is still very little data on the frequency with which it can be observed,
and its real diagnostic accuracy. Obijetive: In this study, we present our case series, discuss sensitivity and specificity of “mini brain” in the
diagnosis of multiple myeloma (MM)/plasmacytoma, and conduct a literature review. Methods: The study sample consisted of asymptomatic
and/or symptomatic patients consecutively diagnosed with expansive vertebral disease. Patients were evaluated with MRI. A literature review
was conducted on the relationship of the radiological sign “mini brain” and the diagnosis of multiple myeloma (MM) or plasmacytoma.
Results: Forty-seven patients were evaluated consecutively. Among five patients diagnosed with multiple myeloma, four had an MRI pattern
of “mini brain”. The sensitivity of “mini brain” was 80%. The specificity was 97.6%. The accuracy was 95.8%. Sensitivity and specificity were
100% when we considered differential diagnoses only with neoplastic lesions involving the spine. Conclusions: “Mini brain” is a feasible and
reliable sign for the diagnosis of multiple myeloma /plasmacytoma, guiding physicians for adequate screening and treatment. Nevertheless,
it should not replace pathological investigation after vertebral biopsy. Level of Evidence llI; Study of case: Case-control study.
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RESUMO

Introducéo. O padréo de imagem “Mini brain” foi identificado como um sinal radiolégico para diagnosticar mieloma mdiltiplo e plasmocitomas
solitarios em ressonéancia magnética (MR). No entanto, ainda existem dados escassos sobre a frequéncia na qual ele pode ser observado ea real
precisao diagndstica. Objetivo: No presente estudo, apresentamos nossa série, discutimos a sensibilidade ea especificidade de”’mini-brain” sobre
o diagnéstico de mieloma mdltiplo (MM)/ plasmocitoma e reviséo da literatura. Métodos. A amostra do estudo consistiu de pacientes assintoma-
ticos e/ou sintomaticos consecutivamente diagnosticados com doenca vertebral expansiva. Os pacientes foram avaliados com RM. Realizou-se
revisao da literatura sobre a relagdo do sinal radiolégico “mini-brain” e o diagnéstico de mieloma mdultiplo (MM) ou plamocitoma. Resultados.
Quarenta e sete pacientes foram avaliados consecutivamente. Entre os cinco pacientes diagnosticados com mieloma mdiltiplo, quatro apresenta-
vam padrdo MR de “mini-brain”. A sensibilidade do “mini-brain” foi de 80%. A especificidade foi de 97,6%. A acuracia foi de 95,8%. A sensibilidade
ea especificidade foram de 100%, quando consideramos diagndsticos diferenciais somente com lesbes neoplasicas. Concluséo. “Mini brain” é
um sinal viavel e confiavel para diagnosticar mieloma mdltiplo/plasmocitoma, orientando os médicos para triagem e tratamento adequados. No
entanto, ndo deve substituir a investigagao patoldgica apés bidpsia vertebral. Nivel de Evidéncia llI; Estudo de caso: Estudo caso-controle.

Descritores: Plasmocitoma;, Espectroscopia de ressonancia magnética; Sensibilidade e especificidade.

RESUMEN

Introduccion: Se ha identificado un patrén de imagen “mini brain” como una sefial radiolégica para el diagnéstico de mieloma mdltiple (MM)
y plasmocitomas solitarios en resonancia magnética (RM). Sin embargo, todavia los datos sobre la frecuencia con la que se puede observar y
su exactitud diagndstica real son escasos. Objetivo: En el presente estudio, presentamos nuestra serie de casos, discutimos la sensibilidad y
la especificidad del “mini brain” en el diagndstico de mieloma mdltiple/plasmocitoma y revisamos la literatura. Métodos: La muestra del estudio
consistié en pacientes asintomaticos y/o sintomaticos consecutivamente diagnosticados con enfermedad vertebral expansiva. Los pacientes
fueron evaluados con RM. Se realiz6 una revision de la literatura sobre la relacion entre la senal radioldgica “mini brain” y el diagndéstico de
mieloma mdiltiple o plasmocitoma. Resultados: Cuarenta y siete pacientes fueron evaluados consecutivamente. Entre los cinco pacientes
diagnosticados con mieloma mdultiple, cuatro tenian un patrén de resonancia magnética de “mini brain”. La sensibilidad del “mini brain” fue del
80%. La especificidad fue 97,6%. La precision fue 95,8%. La sensibilidad'y la especificidad fueron del 100% cuando consideramos diagndsticos
diferenciales tinicamente con lesiones neoplasicas que afectan a la columna vertebral. Conclusiones: El “mini brain " es una sefal factible y
confiable para diagnosticar mieloma mdltiple/plasmocitoma, que guia a los médicos para deteccion y tratamiento adecuados. Sin embargo, no
deberia reemplazar la investigacion patoldgica después de la biopsia vertebral. Nivel de Evidencia Ill; Tipo de Estudio: Estudio de caso control.

Descriptores: Plasmocitoma; Espectroscopia de resonancia magneética; Sensibilidad y especificidad.
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INTRODUCTION

Multiple myeloma (MM) is a neoplasm with an incidence of appro-
ximately six in 100,000. It is rare, corresponding to 1% of malignant
and 13% of hematological neoplasms. It is characterized by renal
failure, hypercalcemia, anemia, infection, and bone pain.'®

Lesions are commonly found in the axial skeleton with lytic features.
An overlapping condition may occur with association with multiple
myeloma, however plasmacytomas may precede MM, and solitary
plasmacytomas may be found as a single lytic lesion without signs
of myeloma cells on bone marrow examination. '

Bone involvement in MM is characteristic, and vertebral fractures
are common. However, several other metabolic, degenerative,
neoplastic and infectious conditions may also involve the spine.
Currently, when a lesion is noted on the image scan and no clinical
evidence of myeloma is present, a biopsy is usually required to
establish the diagnosis. Elucidating characteristic and specific
radiological images to diagnose MM or plasmacytoma may warrant
prompt and ideal treatment.’

“Mini brain” image pattern has been identified as a radiologi-
cal sign to diagnose MM and solitary plasmacytomas in magnetic
resonance (MRI).5"?Axial T2-weighted images of the T12 vertebral
body highlight the cortical and radiated pattern (“mini brain” sign).
However, there is still very little data on the frequency with which it
can be observed and the real diagnostic accuracy.®'?

In this study, we present our series, discuss the sensitivity and
specificity of “mini brain” in the diagnosis of MM/plasmacytoma, and
conduct a review of the current literature.

METHODS

This is a retrospective study to correlate postoperative pathological
reports with preoperative MRI findings, to determine sensitivity and
specificity of “Mini Brain” pattern. The study sample consisted of
asymptomatic and/or symptomatic patients consecutively diagnosed
with expansive vertebral disease evaluated in the Spine Section
service of our institution (Hospital do Servidor Publico Estadual de
Sao Paulo - IAMSPE) from January 2014 to January 2016.

Patients were evaluated in the preoperative period with a neuro-
logical examination and radiological investigation (X-ray, tomography
and MRI). All patients were submitted to surgical procedures (biopsy
or excision).

All images were analyzed by two senior neurosurgeons and one
neuroradiologist. Their analyses were blind (they did not know the
pathological report).

The project was approved by the Research Ethics Committee in
IAMSPE (number 0141/2011). All the patients involved adhered to the
ethical requirements, and signed informed consent forms.

Review

A literature review was conducted on the relationship between
the radiological sign “mini brain” and the diagnosis of MM or plas-
macytoma. The literature review was performed in the MEDLINE (via
PubMed) database.

We included all available studies which described the finding.
Articles published in English from 1964 to 2016 were considered
for analysis.

The search strategy used was detailed below:

((“multiple myeloma”[MeSH Terms] OR (“multiple”[All Fields] AND
“myeloma”[All Fields]) OR “multiple myeloma”[All Fields]) OR
(“plasmacytoma”[MeSH Terms] OR “plasmacytoma’[All Fields]
OR “plasmocytoma”[All Fields])) AND ((“spine”[MeSH Terms]
OR “spine”[All Fields]) OR (“spine”’[MeSH Terms] OR “spine”[All
Fields] OR “vertebral”[All Fields])) AND (“magnetic resonance
spectroscopy”’[MeSH Terms] OR (“magnetic”[All Fields] AND “re-
sonance”[All Fields] AND “spectroscopy”[All Fields]) OR “magnetic
resonance spectroscopy”[All Fields] OR (“magnetic’[All Fields]
AND “resonance”[All Fields]) OR “magnetic resonance” [All Fields])
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The searches were performed by two authors, independently,
and disagreements were resolved by discussion.

Statistics

Parametric numerical data were expressed as mean * standard
deviation, and nonparametric data, as median and percentages.

RESULTS

Forty-seven patients were evaluated consecutively, being submit-
ted to diagnostic or therapeutic procedures, according to Figure 1.
There were 21 men and 16 women. The mean age of the patients
was 65.4 + 23.6 years. Among these patients, five had diagnoses
of MM or plasmacytoma and 45 had other diagnoses. (Figure 1)
The patients with plasmacytoma/MM were three women and
two men, with ages ranging from 48 to 83 years and a mean age
of 63.6 years. Two patients presented with Frankel C and three with
Frankel E. The levels involved were, in each patient, T1, T2, T11, L1 and
L3. The main symptom was pain in three patients and motor deficit in two
patients. Radiological pattern was a biconcave lytic fracture. (Table 1)
Of the five patients diagnosed with MM, 4 had a pattern of “mini
brain” in the MRI (Figures 2 and 3). The sensitivity of “mini brain” was
80%. The specificity was 97.6% (among the other 42 patients with
infiltrating lesions in spine, “mini brain” pattern was observed in 1
patient (spondylodiscitis)) (Figure 4). Accuracy for diagnosis was 95.8%.
Sensitivity and specificity were 100% when we considered dif-
ferential diagnoses only with neoplastic lesions involving the spine.

Review

The search returned 97 papers. After selecting works by title, 12
remained in the final evaluation. Among the 12, only six were specific
for radiological image patterns for MM/plasmocytoma.®'2

Sha et al. reported a characteristic appearance in four cases out
of six patients with plasmacytoma. MRI features were curvilinear areas
of low signal intensity within the vertebra and/or cortical irregularity.®
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Figure 1. Pathological results of 47 patients evaluated.
Table 1. Data of 5 patients with MM/plasmacytoma.
. Sex/ Radiological
Patient Age Frankel| Level | Symptom aspect Pathology
1 |ms1| ¢ | T11 | Dorsalgia Ly“cf biconcave| o macytoma
racture
2 F/65 E T1 |Cervicalgia Lytic biconcave Plasmacytoma
fracture

Lytic biconcave

3 FI71 E L3 fracture

Cervicalgia Plasmacytoma

Motor
deficit

Lytic biconcave

4 M/83 c L1 fracture

Plasmacytoma

Lytic biconcave

5 F148 E 2 fracture

Dorsalgia Plasmacytoma
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Figure 2. Typical image of MM/plasmacytoma patient with biconcave Iytic
thoracic fracture.

= - /l | s \
Figure 3. Images of patient with MM/plasmacytoma. In A, a typical finding of

“mini brain” in axial MRI image. In B, the only case with MM/plasmacytoma
without “mini brain” finding.

Figure 4. A case with “mini brain” appearance, however with a diagnosis of
spondylodiscitis and no MM/plasmacytoma.

Major et al. studied 37 cases being 10 MM/plasmacytomas and
described a finding of high intensity of abnormal signal throughout
the vertebral body and low linear signal intensity resembling brain
grooves, naming this pattern the “mini brain” aspect. Furthermore,
none of the other 27 patients with non-MM neoplastic lesions pre-
sented this finding.”

The authors go further and propose a “mini brain” appearance in
an expansive lesion of the vertebral body as sufficiently pathognomonic
of solitary plasmacytoma and even discuss whether there is need for
biopsy. They also report that this finding was pathognomonic among
neoplastic lesions, however other lesions could potentially present
a similar pattern, as in a case of postoperative spondylodiscitis.”®

Kaliswal et al. reported the diagnosis of a 50-year-old male pa-
tient with previous dorsalgia and lytic biconcave fracture in L4. They
described the finding of “mini brain”. They suggest that this finding
is specific and should warrant prompt investigation for MM and
plasmacytoma, although a biopsy is still necessary to determine
pathological diagnosis.®

Subhas et al. described “mini brain” in a 70-year-old fema-
le patient with a lytic femur fracture. This report was the first
to analyze “mini brain” outside the spine. They concluded that
this finding strongly suggests MM/plasmacytoma in the axial or
appendicular skeleton.'®

Ferreira-Filho et al. reported a case of a 41-year-old woman with
dorsalgia for six months and a lytic lesion in the lower thoracic spine.
They also state that this finding is specific for diagnosis.'

Gupta et al. describe the case of a 55-year-old man with a lytic
lesionin T12. Radiological diagnosis based on a finding of “mini brain”
was subsequently supported by a pathological report.'

DISCUSSION

Multiple myeloma (MM) is a B-cell malignancy of antibody-secre-
ting plasma cells expanding in the bone marrow. Symptoms develop as
aresult of anemia, immunosuppression, kidney failure, hypercalcemia,
and bone destruction with painful pathologic fractures.'®

Up to 80% of patients suffer vertebral compression fractures or
pathological fractures of the long bones. These occur either as a result
of diffuse osteoporosis or, more commonly, at the site of osteolytic
lesions, as a consequence of both activation of osteoclasts and
inactivation of osteoblasts mediated by the interaction of myeloma
cells with the bone marrow microenvironment.'

The “mini brain” image pattern has been identified as a radio-
logical sign for the diagnosis of MM and solitary plasmacytomas in
MRI. Axial T2-weighted images of the T12 vertebral body highlight
the cortical and radiated pattern (“mini brain” sign). Postcontrast T1-
weighted fat-saturated images show heterogeneous enhancement
(arrowhead Mini brain sign represents cortical thickening and is most
likely caused by lytic lesions). Thickened struts resemble sulci in the
brain, leading to a small brain appearance. A “spoke-wheel” pattern
has also been described.®'2

The characteristic appearance of thickened cortical struts may be
due to chronic bone marrow compromise by disease with secondary
compensation of bone strengthening in the cortical layer. This phe-
nomenon is also described in Paget s disease and hemangiomas,
however in these cases, the “mini brain” pattern is not seen.51

In our sample, all cases with MM and/or plasmacytoma were
radiologically characterized by biconcave lytic fractures, with
hypointensity in T1 and hyperintensity in T2. The levels most com-
monly involved are the lower thoracic levels. This is corroborated
by other studies.

We found high sensitivity and specificity (80% and 97.6%) for
the MM/plasmacytoma diagnosis using the “mini brain” MRI pattern
among patients with any expansive lesion of spine. However, we
observed a similar sign in a patient with spondylodiscitis and one
patient with MM/Plasmacytoma did not present “mini brain”. When
considering only neoplastic lesions, the accuracy was 100%.

Thus, “mini brain” is a feasible and reliable sign for diagnosing
MM/plasmacytoma, and is helpful for application in clinical practice,
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guiding radiologists, clinical practitioners, hematologists and spine
physicians to adequate screening and treatment. Nevertheless, as far as
we know, “mini brain” should not prevent pathological investigation after
vertebral biopsy, as there is a small but real possibility of misdiagnosis.

Limitations

The main limitation of this study is the relative rarity of MM/
plasmacytoma patients with spinal findings, making it more diffi-
cult to determine a reliable and robust information of sensitivity.
Further inclusion of evaluations of other centers is important
in this matter.

45

CONCLUSIONS

Among spinal expansive lesions, “mini-brain” pattern had sensiti-
vity of 80% and specificity of 97% for diagnosing MM/plasmacytoma.
When considering only neoplastic lesions, the accuracy was 100%.

This should be taken into account in clinical practice, facilitating and
improving the diagnosis and management of MM/plasmacytoma patients.

All authors declare no potential conflict of interest related to
this article.
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