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PICTORIAL ESSAY

Familial Haemophagocytic L ymphohistiocytosis. Spectrum of
Neuroimaging Findingsin Three Siblings
BYW Li, TW Yeung, HY Lau
Department of Radiology, Tuen Mun Hospital, Tuen Mun, Hong Kong

BACKGROUND FAMILY HISTORY

A consanguineous Pakistani couple presented with a
history of recurrent miscarriagesandinfant deaths(Figure
1). Their first pregnancy ended with intrauterine death at
27 weeks of gestation. The second pregnancy produced
twins: twin | died at age 18 monthsand twin Il wasmale
and currently healthy with normal development. The
third pregnancy produced a male who presented with
status epilepticus and global developmental delay at age
2 years. He developed persistent breakthrough seizures
despite being prescribed long-term anticonvulsants
and died at age 34 months after developing multiorgan
failure. The fourth pregnancy ended with miscarriage
at 8 weeks of gestation. The fifth pregnancy produced
a female who was clinically followed up from birth
due to a family history of suspected neurodegenerative
disease. This girl was found to have developmental
delay at age 12 months and became epileptic. She was
subsequently diagnosed with familial haemophagocytic
lymphohistiocytosis (fFHLH) following whole exome
sequencing that detected a homozygous missense
mutation in the PRF1 (perforin) gene. Post-mortem
genetic sequencing subsequently identified the same
mutation in the deceased elder brother from the third

pregnancy.

IMAGING FINDINGS

The computed tomography and magnetic resonance
imaging (MRI) brain findings of the three affected
siblings are reviewed, two of whom were diagnosed with
fHLH and the third who died of suspected complications
of the same disease. A review of the imaging findings for
the three patients is summarised in the Table.

Patient 1

The first affected sibling was twin I from the second
pregnancy who was born a term following an
unremarkable perinatal history. He presented with signs
and symptoms of neurodegeneration at age 5 months.
Laboratory investigations revealed a salient finding of
elevated serum neopterin and immunoglobulin G.

The initial MRI scan showed an infiltrative heterogeneous
high-intensity T1 signal involving bilateral deep grey
matter (basa ganglia, thalamus), bilatera cerebra
(coronaradiata, centrum semiovale) and cerebellar white
matter and brainstem (midbrain and pons).

Differentias at that time included malignancy such as
malignant brainstem glioma, primitive neuroectodermal
tumours, and atypical rhabdoid teratoid tumour.
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First-degree cousins
Mother Father

Female Twin | male Twin Il male
(died at 18
(IUD at 27 weeks) months) (healthy 9 years old)
Patient 1

Male Unknown sex Female
(drfne:n";‘; 3 (IUD at 8 weeks) (d'ag?ﬁfﬁ? with
post-mortem ]
diagonosis of Patient 3
fHLH)
Patient 2

Figure 1. Pedigree chart of the family.

Abbreviations: fHLH = familial haemophagocytic lymphohistiocytosis; IUD = intrauterine death.

Table. Summary of clinical, laboratory and neuroradiological findings in the three siblings

Patient 1 Patient 2 Patient 3
Age at onset 5 months 16 months 12 months
Presenting symptoms Neurodegeneration Developmental regression Developmental regression
Progression of symptoms ~ Seizures Status epilepticus at 23 months Status epilepticus at 12 months

Magnetic resonance

Mixed solid-cystic lesions in

Enhancing cerebellar lesion
Leptomeningeal enhancement

Abnormal gyral and subcortical
white matter signal in cerebrum and

Raised serum IgG, ferritin

Reduced serum fibrinogen

Raised CSF IgG, neopterin
Homozygous missense mutation in

cerebellum

Abnormal MR spectroscopy
(decreased choline, creatine and
N-acetyl aspartate)

Raised CSF IgG

Low serum NK cells

Homozygous missense mutation in
PRF1 gene

PRF1 gene

imaging findings cerebrum and cerebellum
Laboratory findings Raised CSF IgG, neopterin
Outcome Death at 18 months due to chest

infection

Death at 34 months due to multi-
organ failure

Long-term hospitalisation with
frequent breakthrough seizures

Abbreviations: CSF = cerebrospinal fluid; IgG = immunoglobulin G; MR = magnetic resonance.

Computed tomography brain studies demonstrated
progressive increase in bilateral cortical and thalamic
calcifications (Figure 2).

Subsequent MRI scan amonth later showed enlargement
of the high-intensity T1 signal lesion in bilateral deep
grey matter, cerebral white matter and brainstem (Figure
3a), and an extensive high-intensity T2 signal in bilateral
cerebra white matter and blooming artefacts suggestive
of calcifications and haemosiderin deposition (Figure 3b
and c).

Patient 2

The second case was the mae child from the third
pregnancy who developed developmental regression
at age 16 months and was admitted to hospital at age
23 months after presenting with status epilepticus.
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Abnormal laboratory tests showed elevated levels of
immunoglobulin G and neopterinin the cerebrospinal fluid
(CSF). Elevated ferritin, triglyceride, immunoglobulin
G and reduced fibrinogen blood serum levels were also
evident. Post-mortem exome sequencing of the patient’s
DNA revealed a PRF1 genetic mutation.

Initial MRI brain showed restricted diffusion at the deep
cortical region of the cerebrum suggestive of hypoxic
ischaemic brain insult. There was also a rim-enhancing
right cerebellar lesion. An infective or inflammatory
process or neoplasm was initialy considered.

Serial brain MRI scans showed interval enlargement
of the right cerebellar lesion (Figure 4c) and increasing
high-intensity T2 signal in bilatera cerebral and
cerebellar white matter as well as bilateral deep grey
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nuclei and brainstem (Figure 4a and b). There was also
development of diffuse leptomeningeal enhancement
(Figure 4d).

Patient 3
The female child from the fifth pregnancy presented with
convulsions and status epilepticus at age 12 months.

Figure 2. Computed tomography scan showing bilateral cortical
and thalamic calcifications in patient 1.

Elevated serum immunoglobulin G was detected.
Subsequently, whole exome sequencing detected a
homozygous missense mutation at the PRF1 gene.

Initial MRI scan showed patchy confluent high-intensity
T2/fluid-attenuated inversion recovery signals along the
gyri and subcortical white matter of bilateral cerebral
and cerebellar hemispheres (Figure 5aand b). Therewas
also acluster of tiny enhancing foci at the superior aspect
of the cerebellar vermis suspicious of leptomeningeal
enhancement (Figure 6). Restricted diffusion was present
along the gyri and subcortical white matter of bilateral
cerebrum and deep grey matter affecting the thalami and
lentiform nuclei (Figure 5c¢).

Repeat MRI scan after 2 weeks revealed increased high-
intensity T2 signd at the deep grey matter, especialy
a the thdami and lentiform nuclei (Figure 7d), with
atrophic changes to the cerebellum. There was partialy
resolved contrast enhancement at the periphery and
edges of the white matter lesions. Previously seen
abnormal leptomeningeal enhancement at the superior
aspect of the cerebellar vermis also showed partia
resolution. However, there was more extensive restricted
diffusion along bilateral cerebral gyri and subcortica
white matter and new restricted diffusion at bilateral
insular cortex and caudate nuclei (Figure 7b and c).
M agnetic resonance spectroscopy performed at the same
time showed decreased choline, creatine and N-acetyl
aspartate at the deep grey nuclei and cerebellar lesions
and focal areas of lactate pesk.

Figure 3. Magnetic resonance imaging scans showing (a) infiltrative intense T1 signal involving the cerebellum, and (b, c) high-intensity T2

signal and blooming in bilateral cerebrum and cerebellum in patient 1.
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Figure 4. Patient 2. Magnetic resonance
imaging scans showing (a, b) high-
intensity T2 signal at bilateral cerebral and
cerebellar white matter, bilateral deep grey
nuclei and brainstem; (c) right cerebellar
rim-enhancing lesion; and (d) diffuse
leptomeningeal enhancement affecting
both supra- and infra-tentorial regions.

Figure 5. Patient 3. Magnetic resonance imaging scans showing (a) T2 and (b) fluid-attenuated inversion recovery high-intensity signals
along the gyri and subcortical white matter of bilateral cerebrum and cerebellum; and (c) restricted diffusion along gyri and subcortical white

matter of bilateral cerebrum and deep grey matter.
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The MRI scan performed 1 month later showed
progressive brain parenchymal loss with extensive
white matter high-intensity T2 signal, aso involving the
lentiform nuclel and cerebellum (Figure 8). Progressive
ventriculomegaly was also observed, compatible with
generalised brain parenchymal atrophy.

Figure 6. Patient 3. Magnetic resonance imaging scan showing
leptomeningeal enhancement at the superior aspect of the
cerebellar vermis.

DISCUSSION

HLH is a progressively fatal disease characterised by
uncontrolled proliferation of activated, non-neoplastic
lymphocytes and macrophages, resulting in phagocytosis
of other blood cells and overproduction of inflammatory
cytokines. It can be divided into primary and secondary
forms. The primary (familia) form of HLH (as in our
case series) is related to genetic abnormalities with an
autosomal recessive mode of inheritance and is usualy
diagnosed in the first 2 years of life. The secondary form
is associated with infection, malignancy, and prolonged
immunosuppression.

The clinical and neuroradiological findings are
indistinguishable between the two forms of HLH and
most clinical episodes in the familial form are triggered
by infection. Therefore, any underlying infection or
causative agent should be sought even when suspecting
fHLH.

Thediagnosisof HLH isbased on established clinical and
laboratory diagnostic criteria, including family history,
fever, splenomegaly, cytopeniaof at least two cell lines,
hypertriglyceridaemia, hypofibrinogenaemia, elevated
ferritin, histological evidence of haemophagocytosis in
the bone marrow, CSF, or lymph nodes and detection
of genetic mutations' The neuroradiological findings
are supportive but not sufficiently specific to achieve the
diagnosis.

It is known that the clinical outcome of HLH is poor,
particularly if untreated, but the introduction of specific

Figure 7. Patient 3. Magnetic resonance imaging scans showing (a) high-intense T2 signal at the deep grey matter; and (b, c) extensive
restricted diffusion along bilateral cerebral gyri and subcortical white matter and at bilateral insular cortex and caudate nuclei.
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Figure 8. Patient 3. (a, b) Magnetic resonance
imaging scans showing progressive atrophy
of brain parenchyma with extensive white
matter high-intensity T2 signal.

treatment protocols (HLH-94 and HLH-2004) has
improved the prognosis. More recently, stem cell or
bone marrow transplantation has become a promising
treatment option for patients with primary HLH.2

In addition to sepsis and haemorrhage, central nervous
system (CNS) involvement is another main contributor
to morbidity and mortality in HLH. CNS involvement
is frequent and often progressive but can be treated.
Therefore, the importance of early detection, accurate
evaluation of severity, and monitoring of treatment
response with neuroimaging studies cannot be stressed
enough.

Depending on the patient’s clinica presentation and
neuroimaging findings, other differential diagnoses
may have to be considered, including brain abscess,
metastasis, multiple sclerosis, acute disseminating
encephalomyelitis, lymphoma, malignant glioma and
even child abuse.

In peediatric patients with CNS involvement, the
histopathological findings can be classified by the
microscopic stages of disease, as characterised by
increasing severity®*: stage | shows leptomeningea
lymphocyte and histiocyte infiltration; stage II represents
additional parenchymal involvement with perivascular
infiltration; and stage III progresses to cerebral tissue
necrosis, gliosis and demyelination in addition to
massive tissue infiltration most significantly affecting
the white matter.

A correlation between the histopathological stage and
CNS imaging findings has been described.*®> CNS
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infiltration typically begins in the meninges, and then
induces perivascular changes.® Radiographically, stage |
is represented by leptomeningeal enhancement, as seen
on the initial MRI in one of our patients (Figure 6). The
extent of enhancement in HLH likely correlates with
the degree of meningeal infiltration by lymphocytes and
histiocytes. In previous studies, leptomeningeal contrast
enhancement has also been shown to correlate with
clinical symptoms of meningitis*

Imaging findings for stages Il and Il include diffuse white
matter changes with variable enhancement, haemorrhage
and redtricted diffusion, progressing to parenchymal
infarction, calcifications, and atrophy. Other imaging
findings include delayed myelination, hydrocephalus,
and subdural fluid collections.3* Our patients presented
with a wide spectrum of imaging findings encompassing
different stages.

Enhancing parenchymal lesions have been described in
HLH with CNS involvement, and predominantly affect
the cerebrum and cerebellum.™ In one of our cases, a
large right cerebellar enhancing lesion was shown on
MRI. Additionaly, nodular or ring-enhancing brain
parenchymal lesions have been reported,®'° as seen in
one of our patients (Figure 4c) and is postulated to be
due to the compromised blood-brain barrier associated
with active demyelination.

Ventriculomegaly identified in patients with CNS
involvement in HLH may be due to communicating
hydrocephalus or parenchymal atrophy. In two of our
cases, progressive ventricular enlargement and widening
of the sulcal spaces was likely due to parenchymal
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atrophy. In cases of communicating hydrocephalus, the
underlying cause may be a disturbance in CSF drainage
due to leptomeningeal infiltration.

Assessment of restricted diffusion on diffusion-weighted
imaging sequence is useful in cases of HLH. Restricted
diffusion in white matter lesionsin HLH iswell reported
in the literature® and it was aso evident in one of our
patients. This is postulated to be due to neuronal loss
along with cytotoxic oedema and demyelination in the
acute phase of the disease.®

Magnetic resonance spectroscopy performed in one of
our patients also showed metabolic changes correlating
with neuroimaging findings, with markedly reduced
choline, creatine, and N-acetyl aspartate suggesting
decreased neurd density and gliosis representing the end
result of tissue destruction.® Focal areas of lactate peak
were suggestive of anaerobic metabolism.

Overdl, the severity of CNS involvement in HLH
is variable and related to the duration of illness. The
neuroimaging findings correlate with clinical evolution
and are useful to monitor disease progression or
regression. Imaging findings should be correlated
with clinical symptoms in addition to laboratory and
pathological findings in order to narrow the differential
diagnosis and provide timely diagnosis of patients with
HLH.

CONCLUSION
fHLH is arare hereditary disease and can present with
a wide range of neuroradiological findings. Despite the
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typically non-specific clinical presentation, awareness of
this entity and familiarity with the spectrum of imaging
findings may facilitate early diagnosis and timely
commencement of appropriate treatment to modify and
improve the disease course.
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