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SUMMARY: GBS and its MFS variant are acute polyneuropathies that are considered to represent a
continuum rather than distinct entities, due to the overlap in their clinical features. Enhancement of the
CE roots represents the neuroradiologic hallmark of GBS, while findings of neuroimaging studies in
MFS are usually unremarkable. Our purpose was to evaluate the MR imaging findings of polyneurop-
athy in 17 children affected by GBS and its MFS variant. Fourteen of our 17 patients demonstrated CE
enhancement, with predominant involvement of the anterior roots. Of 6 patients who underwent MR
imaging of the brain, 5 had cranial nerve involvement. In children affected by GBS-MFS, involvement
of the CE roots may be considered part of a more extensive autoimmune neuropathy, as demonstrated
by enhancement of cranial nerves. Brain MR imaging should be considered in the routine evaluation in
pediatric patients with GBS-MFS for the evaluation of the cranial nerves.

ABBREVIATIONS: CE � cauda equina; GBS � Guillain-Barré Syndrome; MFS � Miller Fisher
syndrome

GBS is a rapidly progressing peripheral inflammatory poly-
neuropathy that causes acute neuromuscular failure. The

incidence of GBS has been reported to be 1–2 per 100,000 in
the general population.1-3 A mild respiratory or gastrointesti-
nal tract infection precedes onset of symptoms in 75% of pa-
tients with GBS.4,5 It has been suggested that surgical proce-
dures, lymphoma, and systemic lupus erythematosus may also
be predisposing conditions for GBS.4

Presentation of GBS is initially characterized by progressive
and ascending weakness of the extremities and areflexia. Pro-
gression of symptoms is rapid and may include sensory distur-
bances, facial nerve palsies, autonomic dysfunction, pain,
numbness, paraesthesia, and respiratory failure.6,7 Diagnosis
is usually established on the basis of the clinical presentation
but may be aided by CSF characteristics, electrophysiologic
examination, and neuroimaging findings. An elevated CSF
protein level without pleocytosis is usually indicative of
GBS.7,8

Many symptoms of GBS are nonspecific, and because the
diagnosis is based mainly on clinical features, MR imaging is
an important tool used in the differential diagnosis.

MFS is considered the cranial nerve variant of GBS, and
diagnosis is based on the triad of ophthalmoplegia, ataxia, and
areflexia.9,10 In GBS, neuroimaging demonstrates involve-
ment of the CE roots; however, in MFS, MR imaging findings
are usually within normal limits.11 The aim of this study was to
review the MR imaging findings of polyneuropathy in chil-
dren affected by either GBS or the MFS variant and to assess

whether these diagnoses constitute a clinical-neuroradiologic
spectrum.

Materials and Methods
Our study group included 17 pediatric patients with GBS who were

retrospectively selected from the patients seen at our institution be-

tween 2001 and 2010. The clinical diagnostic criteria for GBS pro-

posed by van Doorn et al in 20087 were used in this study. The 10

criteria required for and highly suggestive of GBS include progressive

weakness in both arms and legs (it might start with weakness only in

the legs); areflexia (or decreased tendon reflexes); progression of

symptoms for days to 4 weeks; relative symmetry of symptoms; mild

sensory symptoms or signs; cranial nerve involvement, especially bi-

lateral weakness of facial muscles; autonomic dysfunction; pain; and a

high concentration of protein in the CSF.7 The triad of ophthalmo-

plegia, ataxia, and areflexia proposed by Fisher in 19569 required for

the diagnosis of MFS was used in this study.

In our study group, GBS affected males more than females (59%

over 41%, respectively). The mean age of our patient population was

9.41 years (range, 16 months to 18 years). Sixteen patients (94%)

experienced either a viral or respiratory infection within 3 weeks be-

fore the onset of symptoms. Our patient population demonstrated

considerable variability in recovery time, from 2 weeks to 3 years. All

patients were treated with intravenous immunoglobulinin therapy

along with other treatment methods, including pain management (13

patients, 76.5%), physical therapy (12 patients, 70.6%), antibiotics (6

patients, 35.3%), steroids (3 patients, 17.6%), dietary supplementa-

tion (3 patients, 17.6%), and respiratory support (3 patients, 17.6%).

A lumbar puncture was performed in all patients, and the CSF was

analyzed for increased protein levels (�45 mg/dL). Seven patients

also underwent electromyography. All patients received full spinal

MR imaging, and 6 patients also underwent cranial MR imaging.

Patients were scanned with a 1.5T magnet (Signa; GE Healthcare,

Milwaukee, Wisconsin) by using a standard spinal and brain protocol

that included short- and long-TR precontrast sequences. After the

injection of 0.1 mL/kg of gadolinium-based contrast material, 3-mm

sagittal and axial images were obtained through the spine. For those

patients undergoing brain MR imaging, postcontrast images included

5-mm axial and coronal T1-weighted images. The images were retro-

Received August 14, 2010; accepted after revision September 6.

From the Department of Radiology (G.Z., A.P., A.B., C.F.), University of Pittsburgh Medical
Center, Children’s Hospital of Pittsburgh, Pittsburgh, Pennsylvania.

Please address correspondence to: Giulio Zuccoli, MD, Department of Radiology, University
of Pittsburgh Medical Center, Children’s Hospital of Pittsburgh, PA 15224; e-mail:giulio.
zuccoli@gmail.com

Indicates open access to non-subscribers at www.ajnr.org

DOI 10.3174/ajnr.A2358

PED
IA

TRICS
CLIN

ICAL
REPORT

AJNR Am J Neuroradiol 32:639 – 42 � Apr 2011 � www.ajnr.org 639



spectively evaluated by 2 experienced pediatric neuroradiologists.

The degree of enhancement of the CE roots was defined as absent,

present, or strongly present. The anterior and posterior intrathecal

roots were evaluated separately. Enhancement of the cranial nerves

was defined as absent or present. Consensus was reached on discor-

dant interpretations by a third pediatric neuroradiologist, indepen-

dently. Brain images were evaluated for abnormal parenchymal sig-

nal-intensity alterations on all pulse sequences and pathologic

enhancement of the cranial nerves.

Results

Clinical and Laboratory Findings
In our patient population, all patients experienced neuropathy
and varying degrees of ataxia. Additional symptoms included
areflexia (16 patients, 94.1%), progressive weakness (16 pa-
tients, 94.1%), pain (13 patients, 76.5%), relative symmetry of
symptoms (12 patients, 70.6%), autonomic dysfunction (9 pa-
tients, 52.9%), sensory symptoms (7 patients, 41.2%), facial
nerve palsy (5 patients, 29.4%), ophthalmoplegia (4 patients,
23.5%), and dysphagia (3 patients, 17.6%). Twelve (70.6%)
patients were found to have elevated CSF protein levels. Re-
sults of extensive investigations for infectious, hematologic,
and neoplastic disorders were negative. Of the 7 patients who
underwent electrophysiologic studies, 6 (85.7%) studies were
positive for GBS. All of our patients, with the exception of 1,
demonstrated more than half (�5) of the clinical features re-
quired for and highly suggestive of GBS.7 Most interesting, all
of our patients also displayed at least 2 of the hallmark char-
acteristics for the MFS variant of GBS,7,11 and 3 patients dem-
onstrated the full triad.

Neuroimaging Findings
Involvement of the CE roots was observed in 14 patients
(82.3%). There was simultaneous enhancement of the ante-
rior and posterior CE roots in 11 patients (64.7%). Isolated
enhancement of the anterior CE roots was observed in 3 pa-
tients (17.6%). There was no evidence of isolated posterior CE
root enhancement. Strong enhancement of the anterior CE
roots was demonstrated in 9 patients (52.9%), and 3 patients
(17.6%) had strong enhancement of the posterior roots. Most

interesting, all 3 patients with strong enhancement of the pos-
terior CE roots also had strong enhancement of the anterior
roots. Of the 3 patients with the full MFS triad, 1 showed CE
root enhancement.

Of 6 patients who had MR imaging of the brain, 5 patients
(83.3%) demonstrated cranial nerve involvement. The third
and the sixth cranial nerves were the most commonly affected,
but the fifth, seventh, eleventh, and twelfth cranial nerves also
showed involvement. This involvement was associated with
CE root enhancement in 1 of 3 patients who had the classic
MFS triad. There was no evidence of abnormal brain paren-
chymal signal intensity on any of the pulse sequences
examined.

Discussion
Our study demonstrates a high incidence of cranial nerve ab-
normalities in pediatric GBS and its MFS variant. These find-

Fig 1. Patient 3. Bilateral enhancement of the intratemporal seventh cranial nerve is seen
(solid arrows). Note the fundal enhancement of the seventh cranial nerve (open arrows),
right greater than left.

Fig 2. Patient 4. Bilateral enhancement of the fifth cranial nerve is observed on a coronal
T1-weighted image (open arrows).

Fig 3. Patient 4. Bilateral enhancement of the eleventh cranial nerve is noted on an axial
T1-weighted image (open arrows).
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ings support the concept that pediatric GBS and MFS are acute
polyneuropathies that represent a continuum rather than dis-
tinct entities, due to the overlap in their clinical and neurora-
diologic features. In children affected by GBS-MFS, involve-
ment of the CE roots may be considered part of a more
extensive autoimmune neuropathy, as demonstrated by en-
hancement of cranial nerves. Brain MR imaging should be
considered in the routine evaluation of pediatric patients with
GBS-MFS. Cranial imaging in GBS-MFS may allow early de-
tection of disease in patients with inconclusive neurologic ex-
amination findings or in patients with inconclusive spine MR
imaging findings. These observations also support the notion
that cranial neuroimaging could become a more central part
of the baseline assessment and treatment-monitoring plan and
that cranial nerve enhancement may become part of clinical
diagnostic criteria for GBS and MFS if these findings could be
reproduced in a large prospective study of cranial nerve in-
volvement in GBS and MFS. Our study is limited, due its ret-
rospective and observational design. Also, our MR imaging

techniques were difficult to completely standardize during a
9-year period.

Involvement of the CE Roots
Thickening and contrast enhancement in the CE roots on MR
imaging is characteristic of patients with GBS and has been
shown to be present in 95% of typical patients with GBS.12-16

Although prominent nerve root enhancement has been ob-
served along with an increased severity of leg weakness,14 the
correlation between intracranial findings and clinical out-
comes is poorly established.13,17,18 It was previously suggested
that enhancement solely of the anterior CE roots was indica-
tive of GBS, but it is now known that both the anterior and
posterior roots may be simultaneously involved.13,18,19 We
found that the involvement of the anterior CE roots was more
intense and frequent, thus confirming that though nonspe-
cific, selective or relatively more intense enhancement of the
anterior CE roots favors the diagnosis of GBS.

Involvement of the Cranial Nerves
Cranial involvement in pediatric patients with GBS has been
reported in the literature, but the frequency and extent of in-
volvement are unclear.20-23 A recent study of GBS in a pediat-
ric population found that brain MR imaging findings of the
patients were all within normal limits and did not show any
abnormality concerning the cranial nerves.18 However, 5 of
our patients had involvement of at least 1 cranial nerve (Figs
1– 6).

GBS is clinically known to commonly involve the facial
nerves, but most interesting, facial nerve enhancement has
only been rarely reported on MR imaging.24 In this study, we
did find contrast enhancement of the facial nerves in 1 patient,
though 5 patients presented with facial nerve palsy. Further-
more, of the 3 patients who demonstrated involvement of the
oculomotor cranial nerve, only 1 had ophthalmoplegia. The
remainder of the involved cranial nerves as demonstrated by
MR imaging had no clinical association, thus suggesting that
enhancement does not necessarily correlate with the clinical
symptoms.

Fig 4. Patient 9. Bilateral enhancement of the third cranial nerve is observed on an axial
T1-weighted image (solid arrows).

Fig 5. Patient 9. Bilateral enhancement of the sixth cranial nerve is seen on an axial
T1-weighted image (solid arrows).

Fig 6. Patient 9. Bilateral subtle enhancement of the twelfth cranial nerve is seen on an
axial T1-weighted image (solid arrows).
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Conclusions
Even though MFS is represented by the classic triad of oph-
thalmoplegia, ataxia, and areflexia, MFS can present with only
1 of these features.11 If we accept this definition of MFS, then
all of our patients met the diagnostic criteria for both GBS and
MFS. Furthermore, we have shown that the neuroimaging fea-
tures of GBS and MFS overlap. Our findings support the hy-
pothesis that GBS and MFS represent the same clinical-neu-
roradiologic entity. The observation of a high incidence of
cranial nerve enhancement in these pediatric patients with
GBS-MFS suggests the possibility that routine cranial imaging
could be integrated into the work-up of these patients.
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