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Hemolytic Uremic Syndrome-associated Encephalopathy
Successfully Treated with Corticosteroids
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Abstract:

The encephalopathy that occurs in association with hemolytic uremic syndrome (HUS), which is caused by
enterohemorrhagic Escherichia coli (E. coli), has a high mortality rate and patients sometimes present se-
quelae. We herein describe the case of a 20-year-old woman who developed encephalopathy during the con-
valescent stage of HUS caused by E. coli O26. Hyperintense lesions were detected in the pons, basal ganglia,
and cortex on diffusion-weighted brain MRI. From the onset of HUS encephalopathy, we treated the patient
with methylprednisolone (mPSL) pulse therapy alone. Her condition improved, and she did not present se-
quelae. Our study shows that corticosteroids appear to be effective for the treatment of some patients with

HUS encephalopathy.
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Introduction

Hemolytic uremic syndrome (HUS) is defined as a triad
of hemolytic anemia with schistocytes, thrombocytopenia,
and acute kidney failure (1, 2). In Japan, HUS develops in
approximately 3.2-4.0% of all patients with symptomatic en-
terohemorrhagic Escherichia coli (EHEC) (3). Neurological
complications such as stroke, seizure, coma, and hemiparesis
occur in approximately 10-50% of cases (4, 5). Complica-
tions, leading to death in 17% and severe sequelae in 23%
of patients, are the main causes of acute mortality (2, 6). Al-
though it has been reported that methylprednisolone (mPSL)
pulse therapy improves the poor prognosis (7), early plasma
exchange was shown to ameliorate HUS encephalopathy (8)
and eculizumab (a monoclonal antibody against complement
factor C5) was found to be effective against intractable
HUS (9); however, these studies only involved a small num-
ber of patients; thus, there is no specific treatment available
for treating neurological complications.

In this report, we present the case of a 20-year-old
woman with coma after the onset of HUS caused by EHEC
026. Due to her symptoms and abnormalities on diffusion-

weighted magnetic resonance imaging (DW-MRI) of her
brain, we diagnosed the patient with HUS encephalopathy
and treated her with mPSL pulse therapy alone. Her symp-
toms improved with mPSL pulse therapy, and she showed
no neurological sequelae. This is the first report of mPSL
pulse therapy being effective when administered alone im-
mediately after the onset of HUS encephalopathy; thus, it is
important to develop methods for diagnosing HUS encepha-
lopathy in the early stage and to investigate therapies for
HUS encephalopathy.

Case Report

The patient was a 20-year-old woman. She was observed
with lower left abdominal pain and diarrhea, followed by
high fever; she also developed bloody diarrhea. Four days
after the appearance of the symptoms of gastroenteritis, she
was admitted to a nearby hospital and was treated with hy-
dration and antibiotics (Fosfomycin). Her digestive symp-
toms improved after treatment; however, she developed
hemolytic anemia and acute kidney injury five days after the
appearance of the symptoms of gastroenteritis. Her stool
culture revealed EHEC serotype O26, and the EHEC:026
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Brain MRI. Brain MRI [axial view of diffusion-weighted imaging (DWI) and the apparent

diffusion coefficient (ADC)]. (A) Brain MRI [FLAIR (TR/TE=11,000.0/140.0 ms), DWI, and ADC
(b=1,000 s/mm?, TR/TE=3,500.0/67.1 ms)] on admission. Hyperintense lesions were detected in the
right ventral pons, left insular cortex, bilateral basal ganglia, and left occipital cortex were on DWI
(arrows). Some of these lesions showed decreased ADC values (arrows). (B) Brain MRI [FLAIR (TR/
TE=11,000.0/125.0 ms), DWI, and ADC (b=1,000 s/mm?, TR/TE=5,000.0/65.0 ms)] after methylpred-
nisolone pulse therapy. The DWI and ADC values abnormalities that were present on admission had

disappeared.

was a verotoxin-producing E. coli; she was therefore diag-
nosed with HUS caused by EHEC:026. She was treated
with supportive care, and her symptoms improved; however,
she presented with a sudden disturbance of consciousness 10
days after the appearance of gastroenteritis symptoms. The
disturbance of consciousness was prolonged and the patient
was transferred to our hospital on the same day.

The patient had no particular past or family history. She
lived alone and did not eat raw food. No one around her
presented similar symptoms. She was observed to have high
fever, tachycardia, anemia of the palpebral conjunctiva, and
pedal edema; however, she did not have hypertension.

Neurological findings demonstrated that she was in a
coma [Glasgow Coma Scale (GCS) E2VIMI] and had neck
stiffness. Her left eye became internally dislocated-neither
eye could be abducted-and she was negative for the doll’s
eye reflex. She also had ocular bobbing. Anisocoria was not
noted, and the light reflex was normal; however, the eyelash
reflex was absent. Her left arm was flexed, and her other ex-
tremities showed flaccid paresis. Her tendon reflexes were
normal, and she did not show pathological reflexes or invol-
untary movement.

Laboratory tests revealed C-reactive protein elevation
(0.79 mg/dL), hemolytic anemia (schistocytes 0.69%), a low
platelet count (6.1x10%uL), liver dysfunction [aspartate

aminotransferase (AST) 153 IU/L, alanine aminotransferase
(ALT) 235 TU/L], and renal dysfunction (creatinine 1.13 mg/
dL), but not electrolyte abnormality. The activity of
disintegrin-like plasma and metalloproteinase with throm-
bospondin type 1 motifs 13 (ADAMTSI13) was mildly re-
duced (64.7%), and the patient was negative for ADAMTS
13 inhibitors. Thus, thrombotic thrombocytopenic purpura
was ruled out. A stool culture revealed EHEC O26. In the
cerebrospinal fluid (CSF), the cell count and protein concen-
tration were within the normal ranges; however, the level of
interleukin (IL)-6 was elevated (229 pg/mL; normal range <
4 pg/mL).

Hyperintense lesions were detected in the right ventral
pons, left insular cortex, bilateral basal ganglia, and left oc-
cipital cortex on DW-MRI of the brain (Figure A), and some
of these lesions showed decreased apparent diffusion coeffi-
cient (ADC) values. N-isopropyl-p-[(123)I]-iodoamphetamine
single photon emission computed tomography revealed the
reduction of the cerebral blood flow in the orbitofrontal
area, the cerebellum, and the brainstem. There were also dif-
fuse bursts of slow waves on an electroencephalogram; how-
ever, the wave was not spiked or sharp.

Due to the sudden disturbance of consciousness after the
onset of HUS and the abnormality of her bilateral deep gray
matter on brain MRI, we diagnosed the patient with HUS
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Table. A Review of the Patients with EHEC-associated HUS Encephalopathy who Underwent mPSL Pulse Therapy.
Days from on Days from on f Additional
Reference Age/Sex aB(/)Sf H(EJS (t)o s Hl?g Senciphzlzgta;y EHEC anti—pr(iiftl;milatory Outcome
No. encephalopathy  to mPSL pulse therapy serotype cytokine therapy (sequelac)
19 7™M A few days 0 days 0157 IVIg Alive (no)
20 28/F 5 days 1 day 0157 7-globulin, PE Alive (no)
21 7/F 2 days a few days o111 PDF, IVIg Alive (no)
7 16-19 years/F 8 days 4 days o111 PE, PMX, IVIg Alive (no)
<2 years/M 7 days 6 days Ol11 PMX, IVIg Alive (no)
20-29 years/F 8 days 3 days Ol111 PE, PMX Alive (intellectual
disability)
5-9 years/F 7 days 2 days o111 IVIg Alive (no)
20-29 years/F 8 days 2 days Ol111 PE, PMX Alive (no)
10-15 years/M 8 days 1 day 0111 IVig Alive (no)
5-9 years/F 9 days less than 1 day Ol111 PE Alive (no)
16-19 years/F 10 days 1 day Ol111 IVIg Alive (no)
10-15 years/F 9 days 0 days o111 PE, PMX, IVIg Alive (no)
20-29 years/F 10 days 2 days Ol111 PE, IVIg Alive (no)
5-9 years/F 11 days less than 1 day 0111 PE, IVIg Alive (no)
16-19 years/F 16 days less than 3 days Ol11 PE, PMX Alive (no)
22 26/F 0 days 6 days 0157/0111 PE, Cytokine Alive (higher
adsorption brain dysfunction)
23 14/F 2 days 0 days Ol11 PE Alive (no)
Present case 20/F 4 days 0 days 026 None Alive (no)

M: male, F: female, HUS: hemolytic uremic syndrome, EHEC: enterohemorrhagic Escherichia coli, mPSL: methylprednisolone, IVIg: IV immunoglobulin,

PE: plasma exchange, PDF: plasma diafiltration, PMX: polymyxin B-immobilized column direct hemoperfusion

encephalopathy. We treated her with mPSL pulse therapy
(1,000 mg/day for three days) alone, soon after she was
transferred to our hospital (10 days after the appearance of
the symptoms of gastroenteritis). Following treatment, her
consciousness disturbance improved (GCS E4V5M6), at 14
days after the appearance of the symptoms of gastroenteritis.
The patient’s ocular bobbing disappeared, and her hemolytic
anemia, low platelet count, and renal dysfunction improved.
Diffusion weighted image (DWI) and ADC abnormalities
were not detected on brain MRI after mPSL pulse therapy
(Figure B). A second three-day course of mPSL pulse ther-
apy was administered 17 days after the appearance of the
symptoms of gastroenteritis. The patient was discharged
without sequelae 33 days after the appearance of the symp-
toms of gastroenteritis.

Discussion

As HUS encephalopathy is a major cause of acute mortal-
ity, it is necessary to diagnose and treat the condition as
soon as possible. Diffuse brain edema and signal changes in
the bilateral deep gray matter, which participates in the lat-
eral segment of the lenticular nucleus, can be detected in pa-
tients who have severe symptoms. Increased DWI signals
are detected in the thalamus, cerebellum, and brain
stem (10). In the earliest phase, abnormalities are not de-
tected on fluid-attenuated inversion recovery (FLAIR) imag-
ing or T2-weighted imaging (T2WI); however, DWI abnor-
malities are detected in cases such as ours (11, 12). Thus, it
is very important to diagnose HUS encephalopathy in the

earliest phase by conducting DWI when performing brain
MRI

In our case, DWI showed restricted diffusion, and some
of these lesions showed decreased ADC values. The main
neuropathological observations in autopsy cases were diffuse
brain edema, astrogliosis, and microgliosis, which were
prominent in the thalamus and pons; however, signs of
thrombosis were nonexistent, and signs of microbleeding
around vessels were rare (13). These lesions were transient
and reversible. We therefore thought that they did not repre-
sent ischemic changes. It has been reported that some pa-
tients with multiple sclerosis or mild encephalitis/encephalo-
pathy with reversible splenial lesions showed hyperintensity
on DWI and decreased ADC values-this was true in our
case (14, 15). The mechanisms underlying the transient re-
duction of diffusion in patients with these inflammatory dis-
eases may be related to intramyelinic edema, interstitial
edema, and the infiltration of inflammatory cells (14, 16).
Thus, the DWI and ADC abnormalities may be related to
these mechanisms.

It is thought that HUS encephalopathy occurs due to di-
rect damage to the endothelium from verotoxin and neuroin-
flammation due to the release of cytokines, including IL-6
and tumor necrosis factor (TNF)-o (17, 18). Actually, in our
case, the level of IL-6 was elevated in the CSF. Thus, it was
considered that treatment with mPSL pulse therapy may
have been effective.

mPSL pulse therapy should be considered for patients
with severe symptoms; however, the efficacy of mPSL pulse
therapy for HUS encephalopathy has not yet been estab-
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lished. We investigated the cases in which HUS encephalo-
pathy was treated with mPSL pulse therapy (Ta-
ble) (7, 19-23). The number of days from the onset of HUS
to encephalopathy and mPSL pulse therapy varied. With the
exception of one patient, the patients treated with mPSL
pulse therapy had good outcomes without sequelae. It has
been reported that because mPSL suppresses inflammatory
cytokines, mPSL pulse therapy is effective for patients with
HUS encephalopathy and improves the poor prognosis (7).
We showed-once more-that HUS encephalopathy is related
to neuroinflammation and that treatment with mPSL therapy
is important. We first treated our patient with mPSL pulse
therapy. Although we considered plasma exchange as the
next step, mPSL pulse therapy was effective, and the patient
did not receive any other therapies. We administered mPSL
pulse therapy twice. Our case was the only case in which
mPSL pulse therapy was administered alone; all of the other
cases involved combined therapies, such as plasma ex-
change, IV immunoglobulin, plasma diafiltration, and/or
polymyxin B-immobilized fiber column direct hemoperfu-
sion. Our case was very interesting and important because
the patient was treated with mPSL pulse therapy alone and
had a good outcome without sequelae. It has been reported
that oral steroids (5 mg/kg/day) were not able to hema-
tologically or neurologically modify the acute phase of HUS
encephalopathy in children in comparison to a placebo (24).
However, the discrepancy may not only be caused by differ-
ences in children and adults but also by the dose of steroids
or the method of administration. Thus, high doses of mPSL
may be effective for treating some patients with HUS en-
cephalopathy.

In conclusion, our study shows that corticosteroids appear
to be effective for the treatment of some patients with HUS
encephalopathy. Our finding indicate that HUS encephalopa-
thy can be treated with mPSL pulse therapy alone when
neurological complications are reversible if HUS encephalo-
pathy is diagnosed in the earliest phase. If additional study
is advanced based on the findings of this case report, the di-
agnosis of HUS encephalopathy will be improved.
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