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Introduction of patients with IVLBCL develop cerebrovascular events,
cognitive impairment, spatial disorientation, transient
ischemic attacks, and seizures (8,9). Neuroimaging findings
vary widely in patients with IVLBCL, ranging from normal

findings to hyperintense lesions in the pons on T2-weighted

Intravascular large B-cell lymphoma (IVLBCL) is a rare
subtype of non-Hodgkin’s lymphoma, which was updated
and revised in the World Health Organization (WHO)

classification of lymphatic neoplasms in 2017 and classified imaging (T2WI), meningeal thickening and abnormal

as an independent subtype of extranodal diffuse large enhancement, infarct-like lesions, and non-specific white

B-cell lymphoma (1-4). The main pathological features
of IVLBCL are proliferation of lymphoma cells in the
lumen of capillaries, small- and medium-sized vessels,
leading to occlusions and subsequent changes. Most cases
of IVLBCL are not diagnosed until postmortem because
of variable clinical presentation and non-specific laboratory
findings (5-7).

Signs and symptoms of IVLBCL are attributed to vascular
occlusion. According to some case series reports, 80% of
patients have central nervous system (CNS) involvement,
but it is rarely limited to this system, and usually does not

involve lymph nodes or peripheral blood (2). More than half

matter lesions (6,9,10).

Because of the wide variation in clinical presentation
and non-specific brain magnetic resonance imaging (MRI)
findings, accurate diagnosis and early treatment of IVLBCL
remain difficult (5,11). In this study, the clinical data
and imaging characteristics of 4 IVLBCL patients were
summarized and analyzed to further improve radiologists
and clinicians’ understanding of the disease.

Case presentations

All procedures performed in this study were in accordance
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Table 1 Laboratory examination-related indicators of four patients

Xu et al. Unusual MRI pattern in intravascular large B-cell ymphoma

Laboratory findings Case 1 Case 2 Case 3 Case 4
Hb (g/L) (130-175) 127] 2671 - 185.01
RBC (10'?/L) (4.3-5.8) 4.09] 5.01 - 7.367
PLT (10°/L) (125-350) 164 267 - 149
WBC (10%L) (3.5-9.5) 4.09 6.19 - 5.96
ESR (mm/h) (0-20) 7 271 - 231
LDH (U/L) (120-250) 359.701 597.507 - 6411
CRP (mg/L) (0-10) 13.111 4.21 - -
ALT (U/L) (9-50) 28 44 - 12
AST (U/L) (15-40) 18 37 - 32
BMG (mg/L) (1.0-3.0) 2.51 1.70 - -
D-dimer (mg/L) (<0.5) 0.10 0.501 - 0.551
CSF-Pro (g/L) (0.15-0.45) 2.361 1.331 1.011 0.551

Hb, hemoglobin; RBC, red blood cell; PLT, platelet; WBC, white blood cell; ESR, erythrocyte sedimentation rate; LDH, lactate
dehydrogenase; CRP, C-reactive protein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMG, beta-2 microglobulin;
D-dimer, D2 polymers; CSF-Pro, cerebrospinal fluid protein. “1” means above the normal range, and “|” means below the normal range.

with the ethical standards of the institutional and/or
national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was provided by the 4 patients for publication of the case
reports and accompanying images. A copy of the written
consent is available for review by the editorial office of this
journal.

Case 1

A 56-year-old male with a lengthy medical history of
recurrent episodes of lower limb weakness and back pain
following a fall on the stairs 16 months prior, as well as a
history of stroke for 8 months, initially presented to our
department with a sudden onset of coma, accompanied
by seizures. The patient’s memory had deteriorated
significantly since the onset of the disease. There was
no lymphadenopathy, hepatosplenomegaly, or rash on
examination. Also, no fever, nausea, or vomiting was
observed during the treatment.

Blood routine examination (BRE) showed a mild
decrease in red blood cell count and hemoglobin count,
without leukocytosis or thrombocytopenia and erythrocyte
sedimentation (ESR) rate was normal. Lactate dehydrogenase

(LDH) and C-reactive protein (CRP) were elevated to
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359.70 U/L and 13.11 mg/L, respectively, whereas alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
and beta-2 microglobulin (BMG) were within normal limits.
The D-dimer was normal and cerebrospinal fluid (CSF)
analysis revealed an elevated protein level (7able I).

Cranial MRI showed abnormal signals in the
bilateral brain parenchyma, involving supratentorial and
infratentorial areas, including the periventricular white
matter, frontal lobe, parietal lobe, splenium of corpus
callosum, basal ganglia, left cerebellum, and left cerebral
peduncle. MRI showed diffuse hypointensity on T1-
weighted imaging (T1WI), hyperintensity on T2-weighted
imaging (T2WI) and T2-fluid attenuated inversion-
recovery (T2-FLAIR) imaging (Figure 1A4). On diffusion-
weighted imaging (DWI, b value =1,000 s/mm°®), these
lesions were partially hyperintense, but the corresponding
apparent diffusion coefficient (ADC) signal was not
reduced (Figure 1B,1C). Contrast enhancement scanning
with diethylenetriamine penta-acetic acid (Gd-DTPA)
revealed no significant abnormal enhancement (Figure 1D).
Susceptibility-weighted imaging (SWI) showed multiple
punctate to small clusters of microbleeds in the subcortical
areas of the bilateral cerebral hemispheres, cerebellum,
basal ganglia, and thalamus (Figure 1E-1H). The patient’s

physical examination revealed cognitive decompensation,
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Figure 1 A 56-year-old male’s images (case 1). (A) Hyperintense lesions in the periventricular white matter on T2-FLAIR. (B,C) DWI (b

value =1,000 s/mm”) showed multiple high-intensity in the periventricular white matter, and the corresponding ADC was not reduced. (D)

T1 enhancement scan has no abnormal enhancement in brain parenchyma. (E-H) SWI showed patchy of hypointensity in the subcortical

areas. (I,]) Pathologic specimen showed perivascular lymphocytic infiltration, and small vessels filled with uniformly bulky lymphocytes

(hematoxylin-eosin, x400). T2-FLAIR, T2 fluid-attenuated inversion recovery; DWI, diffusion-weighted imaging; ADC, apparent diffusion

coefficient; SWI, susceptibility-weighted imaging.

and the localization diagnosis was limbic system, cortical,
or diffuse white matter lesions. MRI revealed multiple
abnormal signals in the brain’s subcortex, more than ever
before, and inflammatory demyelinating lesions were
suspected. The patient received aspirin and clopidogrel
therapy for anti-platelet aggregation, along with a statin,
which were aimed at improving brain microcirculation.
Furthermore, symptomatic treatments, including nutritional
support and interventions targeting cognitive impairment,
were administered. The patient’s condition worsened during
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treatment and a brain biopsy was performed.

This patient’s brain biopsy revealed perivascular
lymphocytic infiltration, myelin degradation, small
vessel hyperplasia, and glial cell hyperplasia. The small
vessels were filled with consistently larger lymphocytes
(Figure 11,17). Tumor cells were positive for commonly
used B-cell markers (CD20, CD79a, and PAX-5), and other
B-cell markers (MUM]1, Bcl-2, and Bcl-6), and negative for
T-cell markers (CD3 and CD7) by immunohistochemical
staining, consistent with a diagnosis of IVLBCL. The Ki-67
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labeling was approximately 80%.

Case 2

A 60-year-old man was referred to Shandong Provincial
Hospital with a history of gait instability, recurrent
dizziness, generalized weakness, and numbness of the
limbs, accompanied by nausea and vomiting for 2 weeks.
The patient had poor mental health, hallucinations, and
weight loss since the condition first manifested. The weight
loss was significant, at 7-8 kg over 2 weeks. He also had a
history of hypertension and diabetes mellitus.

Laboratory workup revealed an elevated LDH level,
whereas CRP, ALT, AST, and BMG were within normal
limits. CSF analysis revealed an elevated protein level. BRE
was normal and ESR was elevated to 27 mm/h (Table 1).

Brain MRI showed multiple hypointense lesions on
T1WI, and hyperintense lesions on T2WI and T2-FLAIR
in the bilateral frontal lobe, parietal lobe, occipital lobe, left
temporal lobe, splenium of corpus callosum, and bilateral
cerebellar hemispheres (Figure 2A4). These lesions showed
hyperintensity on DWI and reduced signal intensity on the
corresponding ADC (Figure 2B,2C), whereas T2WI and
T2-FLAIR showed a more extensive and heterogeneous
lesion than on DWI (Figure 2D-2F). Patchy abnormal
enhancement was seen locally in the right frontal lobe,
as well as thickening and linear enhancement of the
right meningeal and subcortical gyrus-like enhancement
(Figure 2G-2I). This patient’s condition has been recurrent,
and the presence of multiple abnormal MRI signals suggests
a potential occurrence of acute-subacute infarction. The
patient received a combination of aspirin and clopidogrel
as dual anti-treatment, along with a statin, antihypertensive
medication, hypoglycemic agents, treatments to improve
cerebral circulation, as well as nutritional and psychiatric
symptomatic treatment for 2 months. Later, during the
follow-up, there was an occurrence of memory loss and
worsening of the patient’s condition. Consequently, a brain
tissue biopsy was performed.

Pathologic specimen showed perivascular lymphocytic
and invasion of brain tissue, and small vessels filled with
uniformly bulky lymphocytes (Figure 27,2K).

Case 3

A 67-year-old man presented with a history of dizziness,
weakness of both lower extremities, with gait instability
for 6 months. Subsequent head MRI revealed multiple
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Xu et al. Unusual MRI pattern in intravascular large B-cell ymphoma

subacute cerebral infarctions. A computed tomography (CT)
angiography of the head and neck showed severe stenosis
of the internal carotid artery. The patient underwent
angioplasty and stent placement. Although symptoms of
dizziness and bilateral lower limb weakness persisted, there
was some improvement compared to the initial onset.
However, the patient was admitted 2 months ago due to
worsening symptoms.

Laboratory tests suggested an elevated CSF protein
concentration of 1.01 g/L (Table I).

Multiple hypointense lesions on T1WI, hyperintense
lesions on T2WI, and T2-FLAIR in the bilateral frontal
lobe, parietal lobe, occipital lobe, temporal lobe, corpus
callosum, periventricular white matter, and left basal ganglia
were found on brain MRI (Figure 34,3B). DWI and ADC
maps show partial diffusion restriction in these lesions
(Figure 3C,3D). In brain parenchyma, there was patchy
abnormal enhancement (Figure 3E). SWI showed numerous
punctate to small clusters of microbleeds in the subcortical
areas of the bilateral cerebral hemispheres (Figure 3F-3H).
After stenting, the patient developed lower limb weakness
and aggravated dizziness symptoms. The intravenous
infusion of high doses of methylprednisolone led to a
reduction in brain lesions within a short time. Aspirin and
clopidogrel were continued, as were lipid-lowering and
circulatory drugs, but the symptoms did not improve. The
symptoms were still present during regular follow-up after
the brain biopsy.

Brain tissue biopsy suggested that few large cell infiltrates
in local small vessels were seen (Figure 31). These cells were
stained strongly with CD20 (Figure 37) and were negative
for CD3, with strong diffuse nuclear staining with Bcl-2,
focally positive MUMLI staining, and negative for CD10 and
Bcl-6 staining.

Case 4

A 31-year-old woman presented to Shandong Provincial
Hospital with a 3-month long headache and 2 days of
impaired consciousness due to episodic limb twitching.
The patient’s headache began to worsen 1 month prior to
admission, with blurred vision and unresponsiveness.

BRE demonstrated an increase in the number of red
blood cell counts and hemoglobin counts, and the D-dimer
was increased to 0.55 mg/L. CSF analysis showed an
increase in CSF protein to 0.55 g/L. External hospital
examination indicated LDH was elevated to 641 U/L
(Tible 1).
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Figure 2 Tmages of a 60-year-old male (case 2). (A,B) DWI (b value =1,000 s/mm’) showed multiple patches of hyperintensity in corpus
callosum and bilateral cerebral hemispheres. (C) The corresponding ADC map showed that some of these lesions were high-intensity,
and some were low-intensity (black arrow). (D,E) T2WI and T2-FLAIR showed focal hyperintensity in the right radial crown area. (F)
"The lesion of radial crown area appeared to be larger on T2ZWI than on DWI. (G) In image, gadolinium-enhanced T1-weighted imaging
revealed abnormal enhancement in the right frontal lobe. (H) Image illustrated thickening and linear enhancement of the right meninges.
(I) Subcortical gyrus-like enhancement. (J,K) Pathologic specimen showed perivascular lymphocytic and invasion of brain tissue, and small
vessels filled with uniformly bulky lymphocytes (hematoxylin-eosin, x400). DWI, diffusion-weighted imaging; ADC, apparent diffusion
coefficient; T2ZWI, T2-weighted imaging; T2-FLAIR, T2 fluid-attenuated inversion recovery; T1WI, T1-weighted imaging.
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Figure 3 Images of a 67-year-old male (case 3). (A,B) T2-FLAIR showed multiple patches of hyperintensity lesions in corpus callosum

and bilateral cerebral hemispheres. (C,D) The corresponding DWI (b value =1,000 s/mm?) showed that some of these lesions were high-

intensity. (E) Gadolinium-enhanced T1WI showed abnormal enhancement of periventricular white matter. (F-H) SWI showed numerous

punctate to small clusters of microbleeds in the subcortical areas of the bilateral cerebral hemispheres. (I) Optical microscopy findings

showed tumor cells were restricted to intravascular spaces (hematoxylin-eosin, x200). (J) Optical microscopy findings showed membrane of
tumor cells were positive for CD20 (x200). T2-FLAIR, T2 fluid-attenuated inversion recovery; DWI, diffusion-weighted imaging; T1WI,

T1-weighted imaging; SWI, susceptibility-weighted imaging.

The MRI revealed a large area of hyperintensity on T1WI
with a corresponding hypointensity on T2WI, surrounded
by patchy edema in the bilateral cerebral hemispheres and
right cerebellar hemisphere (Figure 44-4C). There were
some lesions that did not show hyperintensity on DWI
(Figure 4D,4E). SWI demonstrated numerous microbleeds
and superficial siderosis in the cortical and subcortical white
matter of the bilateral cerebral hemispheres (Figure 464G).
Following a contrast enhancement scan with Gd-DTPA, the
brain parenchyma showed diffuse abnormal enhancement

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

(Figure 4H). Cyclophosphamide was administered through
intravenous infusion, along with methylprednisolone
therapy. Subsequently, the treatment was transitioned to
oral administration of prednisolone. Hormone therapy
yielded in partial alleviation of symptoms; however,
symptoms experienced a resurgence upon cessation of
hormone treatment. Cerebral bleeding and lung infection
happened following the brain biopsy, and the patient’s
condition quickly deteriorated. She was sent back to the
neighborhood hospital for treatment after the operation,
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Figure 4 Images of a 31-year-old female (case 4). (A-C) Corresponding to TIWI (A), T2WI and T2-FLAIR, respectively, showing diffuse
patchy hyperintensity and hypointensity in the cerebral hemispheres bilaterally with edema of the surrounding brain tissue. (D,E) No

significant diffusion restriction seen on DWI (b value =1,000 s/mm?) and ADC. (F,G) Multiple low-intensity in the bilateral cerebral and

cerebellum can be seen on SWI. (H) Gadolinium-enhanced T1WI showed an enhanced lesion. (I) Pathologic specimen showed that there

was exudation and edema around the small vessels, and a large number of heterogeneous lymphocyte aggregates were seen in the lumen of

the small vessels (hematoxylin-eosin, x400). (J) Immunohistochemical staining showed: tumor cells CD79a(+) (x200). TIWI, T1-weighted
imaging; T2WI, T2-weighted imaging; T2-FLAIR, T2 fluid-attenuated inversion recovery; DWI, diffusion-weighted imaging; ADC,

apparent diffusion coefficient; SW1, susceptibility-weighted imaging.

where she later passed away. The illness lasted for longer
than 5 months in total.

"The brain biopsy’s histology revealed capillary hyperplasia
in the white matter, as well as hemorrhage, exudation,
and edema around small vessels. Atypical lymphoid cell
proliferation was observed in the lumen of small vessels in
the brain and meningeal surface (Figure 41), with positive
immunoreactivity for CD79a (Figure 47) and CD20 in the
small capillaries, leading to the diagnosis of intravascular
large B-cell lymphoma. There was no immunoreactivity

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

for CD2, CD3, CDS8, CD10, or CD30. The Ki-67 stain
showed a proliferative index of approximately 70%.

Discussion

IVLBCL is a rare systemic lymphoproliferative disorder
characterized by selective infiltration of lymphoid cells
in blood vessels. It exhibits striking angiotropic growth,
which results in a variety of clinical presentations and
extremely heterogeneous MRI findings depending on the
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location of the vascular occlusions (12-14). We found that
the white matter lesions caused by tumor cell intravascular
infiltration primarily affect small vessels rather than the
cerebrovascular distribution of classic gray-white matter
infarctions. Furthermore, the SWI frequently showed
multiple subcortical microbleeds along the small vessels.
The most common MRI findings are hyperintensity
lesions on T2WI and T2-FLAIR with bilateral white
matter involvement, and some of them may show diffusion
restriction on DWI and ADC maps, which is consistent
with the results of previous studies (5,8,10). The brain
MRI findings of IVLBCL were classified into the following
patterns: hyperintense lesions in the pons on T2WI,
meningeal thickening or abnormal enhancement, infarct-
like lesions, and non-specific white matter lesions (7,11,12).
The most common of these abnormal findings was an
infarct-like lesion (14). Unlike common cerebral infarcts
(atherosclerosis, cardiogenic embolism, etc.), the infarct-
like lesions seen in this group of cases were mostly located
in bilateral cerebral white matter, symmetrically distributed,
and not in accordance with typical infarcts in the vascular
distribution area. Although the patients with cerebral
infarcts typically exhibit restricted diffusion with low signal
intensity on ADC images; the presented cases in this group
demonstrated hyperintense lesions on DWI, with only mild
corresponding ADC signal reduction, generally equivalent
to or higher than the signal intensity. The cerebrovascular
distribution of these white matter lesions differs from that
of common cerebral infarct-like lesions. This may be related
to the existence of tumor cells in small vessels without
widespread in the peripheral blood. The pathophysiological
mechanisms underlying the characteristic pattern of
selective lymphoma cell growth in the vascular lumen are
unknown, but a possible explanation is a disruption in
intercellular adhesion molecules, which keeps lymphocytes
fixed in the initial position rather than spreading widely
with the peripheral blood circulation (15,16). There were 3
cases of the T2WI high-intensity lesions exhibiting punctate
or patchy enhancement within the lesions, which suggested
that the tumor cells had penetrated the extravascular
brain parenchyma, which is uncommon in typical cerebral
infarction; multiple focal white matter abnormal signals
are visible on MRI, which differs from the classical gray-
white matter distribution. It has also been explained in the
literature that microdefects in the parenchyma or sluggish
flow in the lumen of capillaries, small veins, and arteries
may be responsible for their bias towards involvement of the
periventricular white matter, which is not attributed to any

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Xu et al. Unusual MRI pattern in intravascular large B-cell ymphoma

vascular territory (6). The MRI appearance of intravascular
lymphomatosis may also manifest as meningeal thickening
and abnormal parenchymal enhancement which is likely due
to lymphoma cell extravascular invasion (10). In conclusion,
the selective infiltration of lymphoma cells within the
vasculature, as well as varying degrees of cellular infiltration,
resulted in different imaging patterns in IVLBCL patients.

Most importantly, in our cases, multiple microhemorrhages
with subcortical distribution along small vessels were found
in all 3 patients who underwent SWI sequences. One of them
had a large patchy hyperintensity on T1WI with a large edema
signal in the surrounding brain tissue, indicating subacute
early hemorrhage. On SWI, the other patients had scattered
hypointensity, indicating a chronic phase of hemorrhage. In
contrast, microhemorrhages in hypertensive patients primarily
distribute in the basal ganglia, brainstem, and thalamus. On
the other hand, microhemorrhages in amyloid cerebrovascular
disease are commonly found in the cerebral cortex and
subcortical regions, particularly in the occipital, temporal,
and parietal lobes. They are less frequently observed in the
brainstem and cerebellum. When considering the possibility
of IVLBCL, it is important to note the presence of multiple
white matter lesions involving small blood vessels in the brain.
These lesions are often accompanied by multiple subcortical
microhemorrhages along small blood vessels.

Previous cases have described multiple microhemorrhagic
lesions and large bleeding accompanied by symptoms
of neural detachment (9,17,18). The mechanism of
hemorrhage in IVLBCL is still unknown. We speculated
that the hemorrhage may be caused by chronic degenerative
or inflammatory changes and fibrin necrosis in the vessel
wall resulting from the direct interaction of atypical
lymphocytes with cerebrovascular endothelial cells
(9,17,19), and that this injury to the vessel wall can lead
to dilatation of the vessel, microaneurysm formation, and
finally hemorrhage. Also, luminal narrowing and occlusion
can occur if lymphoma cells infiltrate the vessel wall. Blood
stasis and venous infarction occur in capillaries and small
veins, which may lead to hemorrhagic lesions (20) and
progressive edema or venous infarction in the surrounding
tissues.

This study has several limitations, with its small sample
size being the greatest deficiency due to the rarity of this
disease. Although the brain MRI presentation was diverse,
all reflected a growth pattern of selective intravascular
infiltration of lymphoma cells. Only 3 cases were examined
with SWI, but all showed distribution along the subcortical
vessels. Due to the relatively poor clinical prognosis of
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IVLBCL, there was also no follow-up MRI examination
in our cohort. In conclusion, the vascular distribution of
white matter lesions in IVLBCL differs from that of classic
gray-white matter infarctions, and multiple subcortical
microbleeds along small vessels should be considered as a
possibility of IVLBCL. It is critical to recognize that these
MRI patterns may indicate selective and varying degrees of
vascular invasion by tumor cells, and that timely recognition
of these imaging patterns may lead to an early diagnosis of

IVLBCL with a better prognosis.
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