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Section 1
A 44-year-old left-handed male was admitted in October 2016 for acute-onset tingling and
weakness in the left arm, cheek, and tongue and speech difficulties. These symptoms completely
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disappeared 1 hour later but were followed by several hours of headache, nausea, and vomiting.
The patient experienced self-limiting gastroenteritis 2 months earlier. His medical history was
unremarkable except for mild muscle pain aggravated by physical activity starting 4 years earlier.
He never experienced a migraine, and his family history was negative for neurological disorders.
Neurological examination was normal. There was no joint swelling, rash, renal impairment, or
ocular signs. The working diagnoses were transitory ischemic attacks and migraine with aura. Brain
computed tomography (CT) and ultrasonography of the carotid arteries were normal.
On day 2, the patient had another attack, again with remission of neurological symptoms within
60 minutes but lasting headaches for several hours. Brain magnetic resonance imaging (MRI)
showed a widespread subcortical white matter hyperintense signal in both hemispheres, with
sparing of U-fibers, no thalamic or corpus callosal involvement, and no contrast enhancement
(Figures 1a, 1b). Blood analysis, including vasculitis panel and muscle enzymes, was normal except
for an M-component with IgG 6.5 g/L, slightly increased levels of kappa (19.7 mg/L; normal
3.3−19.47 mg/L), increased kappa/lambda ratio, and hypercalcemia (2.09 mmol/L; normal
2.15−2.51 mmol/L). Cerebrospinal fluid (CSF) analysis revealed increased protein levels (2.4g/L;
normal 0.15−0.5g/l) and leukocytes (11E6/L; normal <5E6/L). IgG was 392.1 mg/L (normal 14–52
mg/L), and the IgG index was elevated (0.67). CSF analysis was repeated after 11 and 19 days (9
mononuclear cells and 6.4 g/L protein and 21 cells and 3.03 g/L, respectively). No oligoclonal
bands were observed. Within 3 weeks of admission, the patient suffered from nine attacks akin to
the first one, with complete remission of neurological symptoms and subsequent headache.
Although electroencephalogram (EEG) did not reveal epileptic activity, the patient was started on
levetiracetam 500 mg twice daily.
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Questions
1. What is your differential diagnosis?
2. What diagnostic testing would you consider?

Section 2
Given the history of repeated TIA-like attacks with lateralized sensorimotor symptoms and aphasia

associated with bifrontal headache, nausea and vomiting, leukoencephalopathy on brain imaging,

and inflammatory CSF analysis, the differential diagnoses included infectious or autoimmune-

mediated inflammatory disorders, lymphoma, and CADASIL. The differential diagnosis of headache

with stroke-like episodes also includes mitochondrial encephalopathy with lactic acidosis and

stroke-like episodes (MELAS) and transient headache and neurological deficits with cerebrospinal

fluid lymphocytosis (HaNDL), but neither MELAS nor HaNDL was concordant with the MRI findings.

The relevance of the 4-year history of muscle pain associated with physical activity was uncertain

at this stage.
The primary working diagnosis was lymphoma, owing to the positive M-component, increased
kappa/lambda ratio, and inflammatory CSF. Lymphoma can present with fluctuating neurological
symptoms, although the lack of contrast enhancement on brain MRI is unusual. As the patient had
had gastroenteritis 2 months before disease onset, acute demyelinating encephalomyelitis or
another postinfectious disorder were considered. Autoimmune encephalitis was also considered;
however, there were no psychiatric features. The absence of gadolinium enhancement on MRI
pointed against sarcoidosis and anti-myelin oligodendrocyte glycoprotein (MOG) disease.
Infectious encephalitis, such as human immunodeficiency virus (HIV), might have been
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conceivable, but the relapsing-remitting symptoms did not fit. Finally, CADASIL was possible owing
to migraine-like episodes and leukoencephalopathy, although inflammatory CSF changes would be
very unusual, and there were no T2-weighted hyperintensities involving the bilateral anterior
temporal lobes or the external capsules.
CSF and blood examinations showed negative results for herpes simplex virus, HIV, Epstein Barr
virus, cytomegalovirus, varicella zoster virus, tick-borne encephalitis, mycoplasma, syphilis,
Borrelia, and 16S ribosomal RNA sequencing. Furthermore, synaptic antineuronal, paraneoplastic,
IL-2 receptor, aquaporin 4, anti-MOG, and thyroid antibodies (CSF and plasma); angiotensinconverting enzyme; and CSF cytology and flow cytometry were all negative. NOTCH-3 and
lysosomal diseases showed negative results on genetic testing. Flow cytometry and bone marrow
biopsy results were normal. Whole-body PET-CT showed no signs of malignancy or sarcoidosis.
Twenty-eight days after symptom onset, the patient did not have any focal neurological deficits
but was confused. The CSF examination was repeated, and shortly thereafter, the patient
developed severe headache and vomiting without the usual left-sided neurological deficits. The
patient’s vital signs were normal. He was calm but dysphasic and unable to recognize faces; he
answered questions only after several seconds, and he had ideomotor and ideational apraxia and
impaired working memory. CSF examinations revealed increased protein 3.42 g/L, 10 cells E6/L,
and IgG 420 mg/L. Brain CT angiography showed generalized cerebral edema but preserved whitegray demarcation, open basal cisterns, no ventricular enlargement, and normally appearing
vessels. Another MRI revealed unchanged leukoencephalopathy with symmetrical confluent white
matter hyperintensity, U-fiber sparing, and no contrast enhancement. Diffusion-weighted
sequences

did not show any ischemic changes. Brain positron emission tomography (PET) showed
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decreased metabolic activity, mainly bi-frontotemporal, matching the white matter lesions on
MRI. EEG showed an encephalopathic pattern. A hematological consultant diagnosed the patient
with monoclonal gammopathy of undetermined significance (MGUS), based on the positive Mcomponent with IgG kappa and increased kappa/lambda ratio.
At this point, it was felt that lymphoma, sarcoidosis, metabolic diseases, infectious agents, and
postinfectious disorders were unlikely. The patient was treated with IV methylprednisolone (1 g
daily for 5 days), followed by oral prednisone (100 mg), which was decreased over 14 days to 25
mg daily. The patient fully recovered and was discharged. Repeated lumbar puncture and
neuroimaging 1 month later showed normal CSF and near-normal MRI. Although white matter
changes were still present, they were less pronounced. The patient was diagnosed with steroidresponsive inflammatory leukoencephalopathy of uncertain etiology.
Questions
1. How would you manage this patient now?
2. What are the implications of the last MRI showing diminished, albeit persisting
leukoencephalopathy?

Section 3
The patient was managed for 2 years with low-dose prednisone, a steroid-sparing agent
(azathioprine), and an anti-epileptic drug (levetiracetam). Although the patient could return to
work full-time, he had minor relapses every time the prednisone was phased out, consistent with
suppressed but ongoing disease activity as revealed by MRI. In February 2019, the patient was
readmitted with a 3-week history of diarrhea, vomiting, and altered mental state. His Montreal
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Cognitive Assessment score was 16/30. He was started on high-dose IV methylprednisolone, and a
new CSF examination showed no cells, protein 3.88 g/L, IgG 476 mg/L, and increased
neurofilament light protein (1136 ng/L). Five days later, he became comatose and was intubated.
Brain CT showed supratentorial and infratentorial cerebral edema with obliterated basal cisterns
and herniation. He was transferred to the intensive care unit (ICU) for management of elevated
intracranial pressure (ICP). EEG monitoring revealed no epileptic activity. Blood workup showed
normal creatine phosphokinase but elevated plasma myoglobin (1120 µg/L; normal 24−77
µg/L).

Over the next three days, he developed multiorgan failure and massive generalized body

edema, including excessive body fluid (21 L). Blood pressure was kept stable using noradrenaline.
Hemoconcentration was noted, topping at 13.3 mmol/L (normal 8.3−10.5 g/L). Blood tests
revealed hypoalbuminemia and a 10-fold increase in IgG4 levels. Despite aggressive management,
including barbiturate coma, ICP was rising. A final diagnosis was made on the third day of
admission to the ICU.
Questions
1. What is the diagnosis?
2. Which treatment (s) should be considered?

Section 4
Based on the clinical symptoms, including a history of muscle pain with physical activity and
massive peripheral capillary leakage with excessive body fluid, hemoconcentration, brain edema,
and MGUS with a 10-fold increase in IgG4, the patient was diagnosed with monoclonal
gammopathy-associated systemic capillary-leak syndrome, also known as Clarkson’s disease. The
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patient was started on intravenous immunoglobulin IVIG, and intravenous epoprostenol was
administered. Eculizumab to inhibit C5 complement was considered but not given because ICP
decreased over the ensuing days. After one-and-a-half months of ICU treatment, the patient was
awake but tetraplegic. Nerve conduction studies were consistent with critical illness
polyneuromyopathy. He was referred for rehabilitation. Six months after ICU discharge, the
patient had no headaches, but the examination showed amnestic dysfunction, a right-sided
homonym visual field defect, and poor facial recognition. One year later, he worked part-time, but
he was unable to regain his previous job position. He was treated with subcutaneous
immunoglobulin (2 g per month), prednisone (25 mg), and azathioprine (200 mg daily). Brain MRI
was notable for secondary cerebral atrophy, including enlargement of the posterior horn and
occipital atrophy on the left (Figures 1c, 1d), consistent with his right-sided visual field defect.

Discussion
Clarkson’s disease is a rare syndrome, with 250 reported cases since 1960.1–6 Average onset is in

the mid-40s.7,8 Little is known about the triggering factors and the pathophysiology, which involves

recurrent episodes of vascular leakage of fluids and proteins into peripheral tissues, resulting in

whole-body edema and hypotensive shock.3 Genetic factors,9 neutrophil activation,6 and
adrenomedullin surges4 have been implicated. The severity and frequency of attacks vary from
once in a lifetime to several attacks per year.7,8 Antecedent flu-like illness is seen in 30% of
patients. Sustained physical exertion can also trigger attacks.7 Prodromal symptoms precede more
serious signs by 1−2 days in approximately half of all patients, including fatigue, edema, polydipsia,
abdominal pain, decreased urinary output, nausea, myalgia, and an increase in body weight.
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Subsequent neurological complications include coma, status epilepticus, and cerebral edema
leading to brain herniation.10,11 The survival rate was traditionally very low but has improved with
increasing

recognition

and

use

of

preventive

therapies.3

Specifically,

therapy

with

immunoglobulins is the strongest factor associated with survival.3 Our patient had several lesssevere attacks managed with prednisone before the diagnosis was made. The disease was finally
recognized owing to the history of muscle pain and edema following exercise, MGUS, very high
IgG4 levels, progressive leukoencephalopathy, and massive body edema, indicative of systemic
leakage. Although it cannot be ruled out that the history of exercise-induced muscle pain is
coincidental, we believe this is unlikely. Indeed, in a case series of 34 patients with Clarkson’s
disease, a history of muscle pain was noted in 14 patients (56%).8 Similarly, although transient
neurological symptoms have not been described in detail before in Clarkson syndrome, we believe
these symptoms were manifestations of capillary leakage rather than another unrelated disorder.
Following IVIG treatment, remarkable remission was observed; at the time of this writing, the
patient had no focal neurological deficits except for a visual field defect and moderate-to-severe
cognitive deficits compatible with prolonged inflammatory brain edema and secondary cerebral
atrophy. In summary, Clarkson’s disease can present with leukoencephalopathy with fluctuating,
progressive neurological deficits, culminating in a coma due to increased ICP. Despite an overall
good outcome, there can be substantial secondary brain atrophy on follow-up.
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Figure 1 Brain MRI
Brain MRI (a, b, axial T2-weighted; c, coronal FLAIR) from early in the disease course shows a Ufiber sparing leukoencephalopathy, consistent with generalized brain edema, and no gadolinium
contrast enhancement (T1-weighted with gadolinium not shown). At follow-up 3 years later (d, e,
axial T2-weighted; f, coronal FLAIR), brain edema has remitted, but there is brain atrophy,
including ventricular enlargement, most pronounced at the occipital lobe on the left side,
consistent with a secondary neurodegenerative process.
MRI, magnetic resonance imaging; FLAIR, fluid-attenuated inversion recovery
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