
Surgical Neurology International • 2023 • 14(89) | 1

is is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others 
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
©2023 Published by Scientific Scholar on behalf of Surgical Neurology International

Case Report

Clinical utility of positron emission tomography leading to 
rapid and accurate diagnosis of intravascular large B-cell 
lymphoma presenting with the central nervous system 
symptoms alone: A case report and review of the literature
Ryo Inagaki1, Akihiro Inoue1, Yukihiro Miyazaki2, Kota Kanehisa1, Joji Kunihiro1, Takuya Kondo3, Eiji Katayama3,  
Mashio Taniwaki3, Seiji Shigekawa1, Hideaki Watanabe1, Riko Kitazawa3, Takeharu Kunieda1

1Department of Neurosurgery, Ehime University School of Medicine, 2Department of Hematology, Clinical Immunology and Infectious Diseases, Ehime 
University School of Medicine, 3Division of Diagnostic Pathology, Ehime University Hospital, Toon, Japan.

E-mail: Ryo Inagaki - r.inagaki0608@gmail.com; *Akihiro Inoue - iakihiro3@gmail.com; Yukihiro Miyazaki - miyazaki.yukihiro.ay@ehime-u.ac.jp;  
Kota Kanehisa - b401027a.d.k.i@gmail.com; Joji Kunihiro - georgekunihiro5@gmail.com; Takuya Kondo - konkon@m.ehime-u.ac.jp;  
Eiji Katayama - eijik@m.ehime-u.ac.jp; Mashio Taniwaki - hechota@gmail.com; Seiji Shigekawa - shigekawa.seiji@gmail.com;  
Hideaki Watanabe - whideaki@m.ehime-u.ac.jp; Riko Kitazawa - riko@m.ehime-u.ac.jp; Takeharu Kunieda - kuny@m.ehime-u.ac.jp

ABSTRACT
Background: Intravascular large B-cell lymphoma (IVLBCL) is a rare entity among large B-cell non-Hodgkin 
lymphomas and is often difficult to diagnose. We report the case of a patient with IVLBCL who presented with 
central nervous system (CNS) symptoms alone, in which positron emission tomography (PET) enabled a rapid 
and accurate diagnosis.

Case Description: An 81-year-old woman was admitted to our hospital with a 3-month history of gradually 
progressive dementia and declining spontaneity. Magnetic resonance imaging revealed multiple hyperintense 
lesions bilaterally on diffusion-weighted imaging without enhancement on gadolinium-enhanced T1-weighted 
imaging. Laboratory findings showed elevated serum lactate dehydrogenase (626 U/L) and soluble interleukin-2 
receptor (sIL-2R) (4692 U/mL). Cerebrospinal fluid (CSF) analysis showed slightly elevated levels of protein 
(166  mg/dL) and lymphocytic cells (29/μL), and β2-microglobulin (β2-MG) (4.6  mg/L) was highly elevated. 
Whole-body computed tomography revealed faint ground-glass opacities in the upper and middle lung fields and 
diffuse enlargement of both kidneys without lymph node swelling. 18F-fluorodeoxyglucose (FDG)-PET showed 
diffuse and remarkably high FDG uptake in both upper lungs and kidneys without uptake by lymph nodes, 
suggesting a malignant hematological disease. IVLBCL was confirmed histologically by incisional random skin 
biopsy from the abdomen. Chemotherapy using R-CHOP regimen in combination with intrathecal methotrexate 
injection was started on day 5 after admission and follow-up neuroimaging showed no signs of recurrence.

Conclusion: IVLBCL presenting with CNS symptoms alone is rare and often has a poor prognosis associated 
with delayed diagnosis, and various evaluations (including systemic analysis) are therefore necessary for early 
diagnosis. FDG-PET, in addition to identification of clinical symptoms and evaluation of serum sIL-2R and CSF 
β2-MG, enables rapid therapeutic intervention in IVLBCL presenting with CNS symptoms.
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INTRODUCTION

Intravascular large B-cell lymphoma (IVLBCL) is a rare 
entity of large B-cell non-Hodgkin lymphoma that is 
characterized by selective proliferation of large cells within 
the lumen of small-  and medium-sized vessels of various 
organs.[10,14] IVLBCL displays a relatively high frequency 
of central nervous system (CNS), skin, and bone marrow 
involvement.[11,14] Neurological symptoms are highly 
heterogeneous, including dementia, hemiparesis, seizures, 
myoclonus, and mental changes.[7,14] is disease is more 
common in middle-aged and elderly patients. As the rapid 
progression of symptoms can lead to a poor prognosis, 
accurate diagnosis followed by early treatment is essential. 
Histological evidence of the presence of tumor cells is 
required for a definitive diagnosis, and the bone marrow 
and skin are often selected as biopsy sites as they are less 
invasive than the alternatives. In some patients, however, it 
can be difficult to obtain a diagnosis based on such biopsies. 
If the possibility of this disease is suspected, it is therefore 
important to perform targeted biopsy. Here, we report that 
the case of a patient who presented with progressive dementia 
and was diagnosed with IVLBCL based on random skin 
biopsy. e 18F-fluorodeoxyglucose (FDG) positron emission 

tomography (PET) findings were useful in obtaining a 
rapid and accurate diagnosis that enabled early therapeutic 
intervention.

CASE DESCRIPTION

An 81-year-old woman presented to our department with 
a 3-month history of gradually progressive dementia and 
decline in spontaneity. She had no medical history of 
atrial fibrillation. Neurological examination on admission 
revealed disturbance of consciousness but no weakness 
of the extremities. Her score of 12/30 on the mini-mental 
state examination (MMSE) indicated severe cognitive 
impairment. No fever or skin eruptions were present. 
Neuroimaging on magnetic resonance imaging demonstrated 
multiple hyperintense lesions bilaterally, including in the 
periventricular white matter, centrum semiovale, and corpus 
callosum on diffusion-weighted imaging and fluid attenuated 
inversion recovery. e lesions showed no enhancement 
on T1-weighted imaging following administration of 
gadolinium [Figure  1]. Electroencephalography (EEG) 
revealed epileptic discharge mainly in the right frontal 
lobe. Laboratory findings showed elevated serum lactate 
dehydrogenase (LDH) (626 U/L), C-reactive protein (CRP) 

Figure  1: Magnetic resonance imaging findings of the brain. Axial diffusion-weighted imaging 
(a-1 - a-2) and fluid-attenuated inversion recovery imaging (b-1 - b-2) obtained at admission reveal 
multiple hyperintense lesions bilaterally in the periventricular white matter, centrum semiovale, and 
corpus callosum. T1-weighted imaging (c-1 -  c-2) acquired after injection of gadolinium contrast 
medium shows no enhancement of the lesions.

a-1

a-2

b-1

b-2

c-1

c-2



Inagaki, et al.: Clinical utility of PET leading to the rapid diagnosis of IVLBCL

Surgical Neurology International • 2023 • 14(89) | 3

(13.31  mg/dL), and soluble interleukin (IL)-2 receptor 
(sIL-2R) (4692 U/mL). Cerebrospinal fluid (CSF) analysis 
revealed slightly elevated levels of protein (166  mg/dL) 
and lymphocytic cells (29/μL), and highly elevated β2-
microglobulin (β2-MG) (4.6 mg/L). Whole-body computed 
tomography revealed faint ground-glass opacities in the 
upper and middle lung fields and diffuse enlargement of 
the bilateral kidneys without lymph node swelling. FDG-
PET showed no obvious FDG accumulation in the brain. 
ere was diffuse FDG uptake in both the upper and middle 
lungs without uptake by lymph nodes and remarkably high 
FDG uptake in the bilateral kidneys, suggesting a malignant 
hematological disease [Figure  2]. Bone marrow biopsy 
and incisional random skin biopsy from the abdomen 
were performed. e bone marrow puncture contained no 
neoplastic cells, but the pathologic specimen obtained by 
skin biopsy showed occlusion of small vessels by neoplastic 
cells with prominent nucleoli inside the subcutaneous 
adipose tissue [Figures  3a and b]. Immunohistochemical 
examination revealed cluster of differentiation (CD) 79a (+), 
CD20 (+) and CD3 (−), suggesting multiorgan infiltration of 
B lymphohematopoietic system tumors [Figures  3c and d]. 
In addition, non-germinal center B-cell like phenotype was 
identified from the results of CD10 (+), bcl-6 (+), and 

MUM1 (+) according to the decision tree proposed by Hans 
et al.[4] e patient was negative for Epstein Barr virus (EBV) 
and the result of in situ hybridization using EBV-encoded 
small nuclear early region was negative, indicating that 
EBV infection was not related to IVLBCL in this case. At 
day 5 after admission to our institution, the patient began 
treatment with complete cyclophosphamide, doxorubicin, 
vincristine, and prednisolone with rituximab (R-CHOP) 
in combination with intrathecal methotrexate injection. At 
1  month after admission, follow-up neuroimaging showed 
no signs of recurrence [Figure  4], no epileptic discharges 
were seen on EEG, and her MMSE score had improved to 
27/30. After three cycles of R-CHOP in combination with 
intrathecal methotrexate injection, the patient’s serum LDH, 
CRP, and LDH, and CSF β2-MG levels normalized; and there 
was complete disappearance of the FDG accumulation in the 
lung and kidney on FDG-PET [Figure  5], and the patient 
achieved complete metabolic remission.

DISCUSSION

IVLBCL is a rare and fatal subtype of extranodal B cell 
lymphoma characterized by the selective growth of 
lymphoma cells, particularly in capillaries, in multiple 

Figure 2: Axial computed tomography (CT) of the chest (a-1 - a-3) shows faint diffuse ground glass 
opacities in the upper and middle lung fields bilaterally. 18 F-fluorodeoxyglucose (FDG)-positron 
emission tomography (PET) (b-1 - b-3) reveals slightly diffuse FDG uptake in the upper and middle 
lung fields bilaterally without uptake by lymph nodes. CT of the abdomen (c) demonstrates diffuse 
enlargement of both kidneys without lymph node swelling. FDG-PET (d) shows remarkably high 
FDG uptake in both kidneys.
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organs.[7,10,11,13,14] e proliferation of lymphoma cells within 
vessels causes clinical symptoms according to the organs 
affected and can include neurologic, hematologic, skin, bone 
marrow, and pulmonary involvement.[15] e incidence of 
this lymphoma is less than 1.0 per million. e median age 
of patients is 70.0  years, with the same frequency between 
males and females.[8] In general, the clinical presentation of 
IVLBCL is highly variable, making it difficult to diagnose. 
Two main variants have been reported in cases from Western 
countries, manifesting with relatively high frequencies 
of either skin rashes or multiple neurological deficits.[6,14] 
However, IVLBCL often presents with a set of non-specific 
clinical characteristics resulting from involvement of one 
or several organs.[14] Fever, general malaise, neurological 
symptoms, and dyspnea are frequently observed as symptoms 
associated with IVLBCL. e incidence of CNS involvement 
throughout the course of IVLBCL is high, ranging from 70% 
to 85%.[1] Glass et al. reported that progressive and multifocal 
cerebrovascular disease occurs in 76% of patients, spinal cord 
and nerve root damage in 38%, subacute encephalopathy in 
27%, cerebral neuropathy in 21%, and peripheral neuropathy 
in 5.0%.[3] e present case also had unexplained epileptic 
seizures, which may be an important finding indicating the 
possibility of IVLBCL.

Suspicion of IVLBCL is a crucial first step in the treatment 
process because IVLBCL has a poor prognosis when 
therapeutic intervention is delayed. The prognosis of 
IVLBCL patients will be greatly improved when they 
obtain a timely and accurate diagnosis and appropriate 
treatment. Accordingly, further investigations should be 
performed particularly in the presence of unexplained 
fever, skin rash, or neurologic manifestations. The 
laboratory findings of high serum LDH, CRP, and sIL2-R 
levels, anemia, and thrombocytopenia due to tumor 
infiltration of the bone marrow and hemophagocytosis are 
common in IVLBCL. Regarding CSF analysis, a previous 
study has reported that C-X-C motif chemokine ligand 
13, IL-10, sIL-2R, and β2-MG have excellent diagnostic 
ability for primary CNS lymphoma.[5] In the present 
patient, serum LDH, CRP, and sIL2-R were elevated and 
CSF analysis revealed extremely high β2-MG. FDG-PET 
is also valuable for the diagnosis of IVLBCL due to its 
sensitivity in organs with a rich blood supply, specifically 
the lungs and kidneys.[9] Tobin-Vealey et al. analyzed 
three cases of IVLBCL and reported that FDG-PET 
could help support a diagnosis of IVLBCL when clinical 
suspicion was high. The imaging findings can also be 
useful for identifying an appropriate site for biopsy to 

Figure  3: Histopathology of the resected lesion by random skin biopsy. Pathologic 
specimen (a and b) shows occlusion of small vessels by neoplastic cells with prominent nucleoli within 
subcutaneous adipose tissue. Tumor cells show positive staining for CD20 (c) and negative staining 
for CD3 (d). Magnification: (a) ×200; (b-d) ×400. Scale bars, 100 μm.
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confirm diagnosis.[12] Although there was no obvious FDG 
accumulation in the brain in the present case, FDG-PET 
showed diffuse and remarkably high FDG uptake in both 
upper lungs without uptake by lymph nodes and there 
was remarkably high uptake in both kidneys, suggesting 
a malignant hematological disease. This finding may be 
extremely useful in the early diagnosis of IVLBCL and in 
determining an appropriate biopsy site.

When IVLBCL is suspected based on the aforementioned 
symptoms and laboratory findings, pathological 
confirmation of tumor cells is the gold standard for 
diagnosis.[7,10,11,13,14] Identification of large tumor cells within 
the small vessels or sinusoids of an organ on an appropriate 
biopsy image is diagnostic for IVLBCL.[7,10,11,13,14] e 
combination of random skin biopsy and bone marrow 
puncture/biopsy has become commonly performed since 
the 2000s and enabled diagnosis in many cases. is 
method is less invasive than biopsies of deeper organs 
and has diagnostic value even when the symptoms and 
abnormalities are mild. When IVLBCL is suspected, it is 
recommended that this combination should be performed 
as a priority. Enzan et al. reported that of 82 random skin 
biopsies from 25  patients with IVLBCL, 46% had tumor 
cells only in subcutaneous adipose tissue and the median 

minimum depth from the skin surface where tumor cells 
were found was 3.64 mm. In 37% of cases, tumor cells were 
larger than 5 mm. Incisional biopsies should be performed 
keeping in mind that tumor cells are found only in the 
vessels of subcutaneous adipose tissue.[2] In the present case, 
bone marrow biopsy did not lead to a diagnosis but random 
skin biopsy confirmed the presence of CD 20 (+) tumor 
cells in the microvasculature of subcutaneous fat tissue, 
thus providing a rapid and minimally invasive diagnosis of 
IVLBCL.

ere are several important observations and findings in the 
present case. First, IVLBCL should be considered in patients 
who present with rapid progressive dementia and cerebral 
infarction with elevated serum LDH, CRP and sIL2-R, and 
CSF β2-MG. Second, because IVLBCL is a systemic disease, 
FDG-PET may be very useful for obtaining an early and 
accurate diagnosis, even if only neurologic symptoms are 
present. ird, because appropriate treatment can improve 
outcomes, a timely and accurate diagnosis is crucial for 
patients with IVLBCL. erefore, early random skin biopsy 
should be considered if IVLBCL is suspected. Further 
experience with this therapy and longer patient follow-up is 
required.

Figure 4: Brain magnetic resonance imaging (MRI) findings at 1 month after admission. e multiple 
high-intensity lesions apparent on MRI obtained at admission have decreased on diffusion-weighted 
imaging (a-1 - a-2), and no new lesions are identified on fluid-attenuated inversion recovery imaging 
(b-1 - b-2) and gadolinium-enhanced T1-weighted imaging (c-1 - c-2).
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CONCLUSION

As IVLBCL is a very rare entity and often has a poor prognosis, 
it is necessary to quickly identify the possibility of IVLBCL 
based on the laboratory findings followed by appropriate 
biopsy to enable early therapeutic intervention. In the present 
patient, FDG-PET supported the diagnosis of IVLBCL when 
clinical suspicion was high. In aged patients with progressive 
cerebral infarction as well as cognitive decline and recurrent 
epileptic seizures, it may be important to perform whole-body 
FDG-PET in addition to analysis of serum sIL-2R and CSF 
β2-MG, considering the possibility of IVLBCL.
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