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ABSTRACT

SUMMARY: Hemolytic uremic syndrome is amultisystemdisorder that is caused by infectionwith Shiga-toxin-producing Escherichia coli.
HUS affectsmainly children and is rare among adults. This retrospective case series analyzes clinical signs andMR imaging findings of 11 adult
patients with HUS associated nervous system involvement during the epidemic EHEC outbreak in northern Europe with its epicenter in
Hamburg in May 2011. The most prevalent imaging finding was symmetric pointy vasogenic edema of the brain stem in the acute and
subacute phases of the disease (n � 5). One patient exhibited additional symmetric mesiotemporal signal changes mimicking limbic
encephalitis. Two patients developed subcortical patchy lesions, and 4 subjects did not present with any signal changes. Remarkably,
territorial ischemia, signs of hemorrhage, or blood-brain barrier disruption have not been detected.While brain stem lesionswere transient
and normalized with clinical recovery, supratentorial lesions did not resolve completely at 2-month follow-up examination.

ABBREVIATIONS: EHEC � enterohemorrhagic Escherichia coli; HUS � hemolytic uremic syndrome; PRES � posterior reversible encephalopathy syndrome;
STEC� Shiga toxin–producing E coli

Hemolytic uremic syndrome is a multisystem disorder that is

triggered by bacterial gastroenteritis with Shiga toxin–pro-

ducing enterohemorrhagic Escherichia coli. Typically HUS spo-

radically affects children younger than 3 years of age and is char-

acterized by acute renal failure, thrombocytopenia, and

microangiopathic hemolytic anemia.1 Even though central ner-

vous system involvement is a known and frequent complication

in infants with HUS (20%–50% of cases2,3), the scarce body of

literature mainly consists of case reports.2-12 Only a very few ret-

rospective studies on larger pediatric patient groups with HUS-

associated encephalopathy exist.13-15 The pathophysiology of

neurologic complications still remains enigmatic; therefore, the

treatment is essentially empiric.16

Neuroimaging studies in children revealed mainly bilateral

symmetric lesions of the basal ganglia4,6,15 or extensive cortical

and/or subcortical lesions,14 which may or may not be reversible.

In contrast to the clinical presentation in children, HUS is

generally a rare condition in adults, and it is not commonly asso-

ciated with neurologic symptoms. To our knowledge, only 2 cases

of young adults in their early 20s with HUS-associated encepha-

lopathy have been reported in the literature so far.17,18

Given the generally rare incidence of HUS in adults, the recent

epidemic with its epicenter in Hamburg and northern Germany,

which occurred in May and June 2011, was all the more puzzling,

because first, mainly immunocompetent adults were affected

(89% were older than 17 years of age; median age, 43 years), and

second, they often developed neurologic complications.19 As of

July 18, 2011, 3222 EHEC outbreak cases (including 39 deaths)

had been reported in Germany, including 852 with HUS and 32

HUS-associated deaths.19 The cause of this epidemic has been

identified as an unusually aggressive enterohemorrhagic E coli

(EHEC) type O104:H4 ST 678, most likely transferred by contam-

inated raw bean sprouts.19-21 These Shiga toxin 2– and extended

spectrum � lactamase–producing bacteria are known to be resis-

tant to most antibiotic treatments.

MATERIALS AND METHODS
Case Series
Within the course of this recent EHEC epidemic, 68 patients with

confirmed EHEC infection were treated in the Asklepios Clinic

Barmbek in Hamburg (47 women, 69%; 21 men, 31%; mean age,
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49.7 years). The presence of EHEC infection was confirmed by

polymerase chain reaction analysis of stool samples (EHEC-pos-

itive: n � 57); additionally Shiga toxin 2 (n � 33; 58%), Intimin

gene (n � 31; 54%), and Shiga toxin 1 (n � 2; 4%) were detected

by enzyme-linked immunosorbent assay.22

Of 68 patients with EHEC, 32 developed HUS in the course of

the disease (mean age, 44.6 years; 26 women, 81.3%). A group of

18 patients with HUS (56%) had neuropsychiatric symptoms

ranging from mild headache to massive fear, paranoia, aphasia,

severe generalized seizures, delirium, and coma (17 women, 1

man; mean age, 44 years; range, 19 – 66 years).

In our cohort, the detection of HUS and the onset of diarrhea

preceded the development of neurologic symptoms on average by

3 and 8 days, respectively. None of the subjects developed neuro-

logic symptoms before the HUS syndrome manifested, and there

was no history of neuropsychiatric disorders (hence, no preclini-

cal cranial MR imaging had been performed previously).

One woman (66 years of age) died immediately after the onset

of neurologic symptoms (coma) due to extensive intracranial

bleeding because of a hypertensive crisis and combined thrombo-

cytopenia. The bleeding was detected by CT.

Patients with aphasia, delirium, or more severe neurologic

complications underwent routine clinical MR imaging (1.5T

Achieva; Philips Healthcare, Best, Netherlands) in the acute phase

of neurologic symptoms (n � 9). Initial MR imaging in the acute

phase of the disease was performed, on average, with a delay of 2.7

days following the onset of neurologic symptoms. Two patients

required anesthesia for the initial MR imaging (subjects 1 and 10

in the On-line Table).

Follow-up examinations (n � 11; two additional patients

without initial MR imaging underwent neuroimaging in the sub-

acute phase and/or after 2 months, subjects 6 and 11; On-line

Table) were performed at different times, depending on the clin-

ical presentations (On-line Table). In total, 7 patients received

gadolinium in the acute phase of the disease (footnote a in the

On-line Table). All patients (or their next of kin, respectively)

gave written informed consent. The study was approved by the

local ethics board.

Clinical Presentation
All patients with HUS-associated encephalopathy included in this

study were female immunocompetent adults (n � 11; median

age, 45 years; range, 29 – 62 years; see the On-line Table for more

details). They all developed hyperexcitability syndrome with in-

creased muscle reflexes. Some patients also had myoclonus of the

extremities. Most striking, however, were neuropsychological ab-

normalities in all patients with encephalopathy, including mas-

sive anxiety attacks, severe memory deficits, and impaired con-

centration and orientation. Two patients developed additional

generalized epileptic seizures (On-line Table). Subject 1 was most

severely affected and presented with symptoms that resembled

limbic encephalitis, which is typically characterized by personality

changes, irritability, depression, seizures, memory loss, and

sometimes dementia.23

Patients with limbic encephalitis or other autoimmune en-

cephalopathies often express increased titers of onconeural anti-

bodies.24,25 Therefore, onconeural antibodies were tested in

blood samples of 8 patients. However, only in 1 patient were low

immunoglobulin M antibody titers against N-methyl-d-aspartate

receptors found (subject 10 in the On-line Table). Notably, sub-

ject 1 with clinical and neuroimaging signs of limbic encephalitis

(Fig 1) was negative for onconeural antibodies.

The interdisciplinary treatment approach included hemodial-

ysis, plasmapheresis, corticosteroids, erythrocyte transfusion,

and, in a few cases, the antibody eculizumab (Soliris). After 2

months, 8 patients presented with complete neurologic recovery

or without measurable symptoms. All of those 8 recovered pa-

tients went back to their former jobs; however, some reported

subjective lower resilience. Two other patients (subjects 4 and 6 in

the On-line Table) were not able to perform in their prior work

responsibilities due to mild depression and/or reduced resilience.

At the time of this article preparation, subject 1 was fully awake

but still had cognitive deficits, confusion, and relapsing seizures.

Because neither comorbidities nor any history of pre-existing

neuropsychiatric symptoms was present, it remains uncertain

why this patient had such severe symptoms in contrast to other

patients of our cohort.

Neuroimaging
Unexpectedly, none of the patients with HUS investigated in our

study showed signs of acute or subacute microbleeds on suscep-

tibility-weighted or T1-weighted images. Furthermore, none had

any territorial infarctions.

The overall severe clinical presentation did not correlate with

extensive lesion load in neuroimaging. The most characteristic

MR imaging findings of the acute phase were marked symmetrical

pointy T2 hyperintensities in the dorsal pontine base (n � 5; see

the Table, On-line Table, and Fig 2). In addition to such central

pontine signal alterations, 1 patient presented with bilateral T2

hyperintensities in the thalamus and mesiotemporal lobe, mim-

icking severe limbic encephalitis (Fig 1). Others developed juxta-

cortical and/or periventricular white matter (n � 3; Table).

Furthermore, 4 patients presented with bilateral or unilateral

signal alterations of the dorsolateral thalamus (pulvinar), partially

extending to the posterior limb of the internal capsule. The lenti-

form nucleus was not affected in this group.

Main MR imaging findings in patients with HUS with neurologic complicationsa

Peracute Acute Subacute Late Follow-Up
(Day 0) (Days 1–5) (Days 10–28) (Days 41–102)

Vasogenic edema of central pons 0/2 5/9 1/5 0/11
Symmetric patchy subcortical/cortical hyperintensities 0/2 3/9 3/5 4/11
Symmetric patchy or laminar hyperintensities of basal ganglia 0/2 4/9 2/5 2/11
Mesiotemporal signal changes 0/2 1/9 1/5 1/11
a MRI presentation of HUS encephalopathy at different stages of the disease (days of MR imaging performance after the onset of neurologic symptoms) presented in relation
to all patients imaged at this phase of disease. Note that not all patients underwent imaging at 4 different time points.
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In the acute phase of the disease, 5 patients were administered

intravenous gadolinium as a contrast material. Sixteen postcon-

trast scans were obtained in all patients with time. None of the

investigated patients showed signs of a blood-brain barrier dis-

ruption or meningeal enhancement.

In follow-up examinations, pointy signal changes of the pons

disappeared in all patients, correlating with clinical improvement.

Even in subject 1, who presented with severe infra- and supraten-

torial lesions in the acute phase of the disease, pontine signal hy-

perintensities were completely transient, whereas supratentorial

cerebral signal changes persisted (Fig 1).

The sensitivity for signal alterations was highest in T2-

weighted and FLAIR sequences; however, pontine signal changes

were more reliably detected in T2WI compared with FLAIR im-

aging (eg, Fig 2).

Diffusion-weighted imaging, including ADC, often had nor-

mal findings, even in the presence of acute, extensive lesions on

T2WI (Fig 3). In 4 patients, however, focal areas of increased DWI

signal were present in the acute and subacute clinical states. Brain

stem lesions with increased DWI signals correlated especially with

increased signal on the ADC map, suggestive of vasogenic edema.

Such alterations were always transient and disappeared without

any residual signal changes (Fig 3). In contrast, the patchy DWI

restriction in the left amygdala and hippocampal complex of sub-

ject 1 was interpreted as suggestive of cytotoxic edema (ie, de-

creased ADC signal) and left a small residual scar on follow-up

examinations (Fig 1).

DISCUSSION
In the pediatric population, central nervous system involvement

is a known complication of hemolytic uremic syndrome. In con-

trast, HUS-associated encephalopathy has been largely unknown

in adults. This feature might be due to the fact that HUS is gener-

ally a rare disease in adults and previous outbreaks were caused by

other EHEC strains not affecting the nervous system in such an

aggressive way. The pathophysiology of HUS encephalopathy is

still not understood,26,27 and whether it shares a common etiol-

ogy in pediatric and adult populations currently remains an open

question.

Regarding previous reports of pediatric HUS encephalopathy

cases and small patient groups, the main HUS-associated lesion

patterns in children can be summarized as follows:

● The neurologic outcome is usually favorable despite possible

residual brain lesions. Some authors report complete clinical

and neuroimaging recovery, but so far no reliable predictive

parameter for clinical outcome could be established.15 Hemor-

rhagic components within acute lesions might be indicative of

residual brain lesions at later stages and poorer clinical

outcome.2,28

● Marked areas of increased DWI signal (mostly vasogenic

edema) are the most common neuroimaging finding. In a

number of cases, accompanying hemorrhagic components

have been reported.2 To the best of our knowledge, there have

not been reports of territorial brain infarctions.

FIG 1. MR imaging findings of subject 1, presenting with delirium and severe generalized seizures. Transient bilateral laminar signal alterations of
the insula (short black arrows), amygdala, and ventral hippocampus (open white arrows) mimicking limbic encephalitis are most prominent 9
days after the onset of neurologic symptoms. Marked DWI signal increase in the bilateral thalamus (open black arrows) corresponds with
unaltered ADC values (not shown), indicative of vasogenic edema. Signal alterations shift from the bilateral mediolateral thalamus to the left
posterolateral thalamus (pulvinar) with time. Note transient patchy diffusion restriction with low ADC values (not shown) in the left amygdala
and hippocampal complex, suggestive of cytotoxic edema (either as a result from status epilepticus or as a neurotoxic and/or inflammatory
effect). Additionally, bilateral round signal hyperintensities (filled white arrows) can be visualized in the central pons, normalizing with clinical
improvement.
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● Lesions are often symmetric or nearly symmetric,2,3 less fre-

quently unilateral.16

● The main target sites are the basal ganglia, including surround-

ing white matter structures,2,3,5,8 thalamus, and/or occipitopa-

rietal white and gray matter structures mimicking posterior re-

versible encephalopathy syndrome.9,11,17,18,28

● A very few authors also reported additional symmetric signal

alterations of the brain stem.2,8,14,17

If one compares neuroimaging findings of the patients pre-
sented in this study with those in the literature, there seem to
be similarities but also marked differences between HUS-as-
sociated encephalopathy in children and adults:

● Severe neurologic symptoms do not always correlate with
extensive lesion load in neuroimaging in infants and adults
alike. The neurologic outcome is generally good in both
groups.

● Symmetric bilateral lesion distribution is a known feature in
the infant population, characteristic in our adult group as
well. This is supportive of the hypothesis that the underlying
pathomechanism might be of neurotoxic and/or inflamma-
tory origin (rather than ischemic or hemorrhagic; ie, as a
response to the Shiga toxin).

● Much to our surprise, none of the patients in this study

demonstrated hemorrhagic components or gadolinium-
enhancing lesions. The latter might be partially explained by
the fact that all the patients received steroids as part of their
treatment strategy, which, in turn, might have masked po-
tential blood-brain barrier disruption. However, the fact
that accompanying microbleeds are a common finding in
infants but were completely absent in our adult population
might be indicative of certain differences in the underlying
pathology and/or capillary resilience between the groups.

● The basal ganglia were less frequently and less extensively
affected in adults compared with children. Furthermore,
none of the patients presented with occipital symmetric sig-
nal changes typical for posterior reversible encephalopathy
syndrome.

● Marked areas of acute vasogenic edematous changes (but no
territorial infarctions) are typical neuroimaging findings in
children and adults alike.

● Reversible symmetric vasogenic edema of the central pons
was the most common imaging finding in adults, which has
been rarely described in infants.2

The limitations of the study were mainly its retrospective
nature with a relatively small sample size, which did not allow
meaningful statistics. However, a number of careful conclu-
sions regarding potential pathomechanisms and imaging pa-
rameters for outcome can be drawn from the descriptive anal-
ysis of imaging findings in this rare clinical case series of adult
HUS-associated encephalopathy.

In light of the recent article of Magnus et al,29 who reported
perivascular gliosis predominantly found in the thalamus and
pons in the postmortem brains of 5 patients with HUS-asso-
ciated encephalopathy (from the Hamburg 2011 cohort),
pathologic and neuroimaging findings point to a toxin-in-
duced neuronal edema and/or autoimmune-mediated
encephalopathy.

Because there are neither specific nor sensitive imaging
signs, HUS encephalopathy is still a clinical diagnosis, which
can only be corroborated by MR imaging. However, transient
symmetric vasogenic edema of the central pons in adult pa-
tients with HUS with neurologic complications is the most
common finding and therefore highly indicative. Previously,
reversible mild T2 hyperintensities of the brain stem have been
observed in different kinds of encephalopathy (ie, due to drug
exposure such as to metronidazole30 or due to virus infection
such as herpes simplex.31). In some patients, potential lesions
might have been overlooked due to the fact that pontine hy-
perintensities measured 4 –7 mm in diameter and all se-
quences applied within this clinical routine imaging protocol
had a section thickness of 5 mm. At this stage, it was not pos-
sible to restrict the lesions to exclusive brain stem nuclei be-
cause they were localized in a similar but not completely iden-
tical position in the dorsocentral pons. In this context, none of
the patients with such pontine signal alterations or any other
patients with HUS demonstrated isolated symptoms of brain
stem lesions such as oculomotor disturbances.

Most interesting, symmetric pontine signal changes were
transient in all 5/11 subjects and correlated with good clinical
outcome. On the other hand, patchy and laminar supratento-
rial lesions alike were not completely reversible and could still
be detected at 2-month follow-up. This pattern also held up in

FIG 2. MR imaging findings of subject 2 presenting with aphasia,
apraxia, and memory deficits. At the level of the fourth ventricle,
symmetric round signal hyperintensities (filled white arrows) can
be visualized in the central pons, normalizing with clinical im-
provement at day 17. (The DWI image on day 4 has been modified
from Reference 22.)
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subject 1, who presented with combined brain stem and cere-
bral lesions; at the time of the article preparation, infratento-
rial lesions were normalized and supratentorial lesions were
reduced but still visible. It remains to be seen in future repeat
MR imaging if supratentorial lesions might disappear at later
stages.

As summarized in the Table, when MR imaging has been
performed on the very same day as symptom onset, no signal
changes could be observed in our group. If this observation
can be corroborated in a larger patient group, performing MR
imaging would be recommended at least 1 day after the onset
of neurologic complications in patients with HUS.

CONCLUSIONS
The aim of this study was to identify predictive markers for good

and poor clinical outcomes in HUS encephalopathy in adults, to

assist clinicians and radiologists in the interpretation of clinical

and neuroimaging signs in this population. In summary, nearly all

patients with HUS with neurologic complications had a generally

good clinical outcome. Many patients did not present with any

lesions on cranial MR imaging. The most prevalent imaging

marker was transient symmetric vasogenic edema of the central

brain stem. Patients with additional or solely supratentorial le-

sions also had a satisfactory outcome; however, these lesions were

still detectable on 2-month follow-up scans. The patient with me-

siotemporal signal changes had the worst

outcome with residual seizures after 2

months. Because in our cohort no lesions

were detected on the day neurologic

symptoms occurred, performing MR im-

aging at least 1 day after symptom onset

is recommended. Whether there is a cor-

relation with residual lesion load and

clinical outcome remains to be investi-

gated in later follow-up examinations

and possibly in a larger group.
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