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This article presents a short review of the literature concerning neurological complications of gastrointestinal disorders. These
disorders include the following: inflammatory bowel diseases (ulcerative colitis, Crohn’s disease), celiac disease, H. Pylori
infection, hepatitis C, Wilson’s disease, hepatic failure-liver transplantation, gastroenteritis. The most frequent neurological
complications are peripheral neuropathy, cerebellar dysfunction, thromboembolism. The exact pathophysiologic mechanism
remains unclear. In most cases neurological manifestations are the first clinical manifestation of the disease.

Corresponding author: Gkampeta Anastasia, St. Kyriakidi 1, Thessaloniki, 54636, Greece

Introduction

Neurological complications of gastrointestinal
disorders are not of less importance. Exceptionally,
they are the first clinical manifestation of the disease.
The most common gastrointestinal disorders that
have been correlated with neurological complications
are the following: inflammatory bowel diseases
(ulcerative colitis, Crohn’s disease), celiac disease
and hepatic failure. This article presents a short
review of the literature concerning neurological
complications of gastrointestinal disorders.

Inflammatory bowel diseases (ulcerative colitis,
Crohn’s disease)

Inflammatory bowel diseases (IBD), which include
Crohn's disease (CD) and ulcerative colitis (UC) have
a worldwide distribution and are common causes of
gastrointestinal morbidity in Western Europe and
Northern America, with prevalence approaching 400
per 100.000 [1]. The extraintestinal manifestations of
IBD are not of less importance. In some cases they
are the first clinical manifestation of the disease and
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may precede the onset of gastrointestinal symptoms
by many years. The real incidence of neurological
complications is unknown with reports varying from
0.25 to 35.7% [2-5]. In some countries IBDs have an
early childhood onset [6].

Neurological complications that have been reported
are the following: peripheral neuropathy, drug
induced neurotoxicity, cranial nerve palsies (mainly
optic, facial and abducens nerve), increased risk of
thromboembolism in cerebral arterial and venous
circulation, multiple sclerosis (MS), myopathies.
Less common symptoms of patients with IBD are
migraine, tension headache, cerebellar syndrome,
dystonia, urinary incontinence, Parkinson-like
syndrome, organic brain syndrome, chronic fatigue
syndrome, chronic back pain, vertigo, nausea [2-5,7].
Also, a rare complication of growth retardation and
delayed sexual maturation due to inadequacy of
hypothalamic-pituitary function in a child with
Crohn’s disease has been described [8].

Peripheral neuropathy (PN) is one of the most
frequently reported neurological complications in
IBD patients. The neuropathy may be axonal or
demyelinating type [2,5]. Men with IBD may be
more susceptible to the development of PN than
women, but the latter may be more prone to
demyelinating type. Although peripheral neuropathy
is an unusual event in children with IBD, several
authors report the development of sensorimotor
polyneuropathy even few days before the onset of
intestinal symptoms [9]. In a retrospective study of
patients with PN and either CD or UC, conducted by
Gondim et al., it was demonstrated that PN
symptoms began earlier in the course of CD than in
UC (p < 0.05) [10,11]. The exact mechanism of
neurological complications in these patients is
unclear. However, the concept that PN manifesting in
IBD is probably autoimmune-induced is strongly
supported by further reports, describing recovery
after initiation of steroid treatment [12].

At least three different medications used in the
treatment of IBD, cyclosporine A, metronidazole and
sulfasalazine have been reported as causative factors
for drug induced neuropathy. 25% of cyclosporine A
users present with neurotoxicity. The clinical
presentation of those patients includes paraesthesias,
tremor, ataxia, motor deficits, altered consciousness
and various degrees of visual and oculomotor
disturbances. Possible mechanisms include either
direct toxicity to peripheral nerves or indirect effect
through thromboembolic phenomena leading to

ischemic optic neuropathy [13-15]. Peripheral
neuropathy is a well-documented side effect of
metronidazole, especially in daily dosages over 800
mg for long periods of time. In this case neuropathy
is characterized by sensory phenomenology (with
occasional sensory ataxic features) with or without
resolution after discontinuation [11]. Less than 5% of
treated patients with sulfasalazine present with drug
induced neurotoxicity necessitating discontinuation
[15].

Almost 0.12-4% of IBD patients present with
cerebrovascular disorders that affect both arterial and
venous circulation, occur at any age in both sexes
equal and tend to correlate with disease activity. The
cerebral circulation may be affected by
hypercoagulability related thrombosis, vasculitis and
consumption coagulopathy. It has been reported that
that IBD patients, especially UC, have a three to
fourfold increased risk of thromboembolism [5,16-
18].

There are several reports of IBD patients who
eventually developed a Multiple sclerosis-like disease
as well as reports of patients diagnosed with MS who
developed IBD [16,19-22]. A comorbidity between
MS and CD was found by Beaugerie et al. who
reported that 4 of 832 patients diagnosed with CD
developed MS [23].

Myasthenia Gravis (MG) is a rare complication of
IBD patients, especially those with UC. A possible
mechanism could be the production of acetylocholine
receptor antibodies in those patients [22,24]. A rare
but well-established and serious neurological
complication in patients with CD is spinal epidural
abscess. Predisposing factors in these patients include
both immunosuppressive treatment and the presence
of intra-abdominal or retroperitoneal fistulas [25].

Celiac disease

The first reported evidence that celiac disease might
present with extraintestinal manifestations was made
by Shuster, Marks and Watson in 1963-65. They
observed that dermatitis herpetiformis was a form of
gluten-sensitive dermatopathy that shared the same
small bowel pathology, but not the gastrointestinal
symptoms seen in patients with celiac disease [26].
However, the first detailed descriptive study of
patients with celiac disease (confirmed on jejunal
biopsy) and a neurological deficit was published by
Cooke and Smith in 1966. The predominant
abnormality was a sensory ataxia indicative of
damage to the dorsal columns in the spinal cord,
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while some patients presented with cerebellar
dysfunction [27]. Since then, a number of
neurological disorders have been described in
patients with celiac disease, the most frequent being
cerebellar dysfunction, epilepsy and peripheral
neuropathy.

About 10% of patients with celiac disease develop
neurological complications [28]. The most common
neurological manifestations include the following:
cerebellar ataxia, peripheral neuropathy, epilepsy,
cerebral calcifications. Less often the following
neurological manifestations have been described:
multifocal leukoencephalopathy, dementia,
myopathy, myoclonus, myelopathy, Stiff-man
syndrome, multiple sclerosis [22,29,30].

Cerebellar ataxia is the most common reported
neurological complication of patients with celiac
disease [28,31-33]. The exact patho-physiologic
mechanism is not known. However, the increased
serum levels of antigliadin antibodies (AGA) and
antibodies against transglutaminase-2 (TG2) and
transglutaminase-6 (TG6) are considered as the most
possible causative factor [34,35]. Gluten ataxia
usually presents with pure cerebellar ataxia or, rarely,
ataxia in combination with myoclonus, tremor or
chorea with a mean age onset of 53 years. Up to 60%
of patients with celiac disease presenting with
cerebellar ataxia have evidence of cerebellar atrophy
on Magnetic Resonance Imaging (MRI). Also, use of
proton magnetic resonance spectroscopy shows
significant ~ differences in  mean  N-acetyl
concentrations at short echo-time and in N-acetyl
aspartate to choline ratios at long echo-time between
patients with gluten ataxia and healthy controls,
indicative of cerebellar disfunction [36].

The second most common complication of celiac
disease is peripheral neuropathy. Up to 23% of
patients with established celiac disease on a gluten-
free diet have neurophysiological evidence of a
peripheral neuropathy [37]. The most common type
is symmetrical sensorimotor axonal peripheral
neuropathy, slowly progressive with a mean age at
onset of 55 years and a mean duration of neuropathy
to diagnosis of gluten sensitivity of 9 years. The data
available from post mortems and nerve biopsy
samples are consistent with an inflammatory etiology
(perivascular lymphocytic infiltration) [38].

Several reports since 1978 have suggested a link
between epilepsy and celiac disease with prevalence
from 1 to 5% [39-44]. The most frequently reported
type of seizures is a specific type of focal epilepsy

associated with occipital calcifications, resistant to
antiepileptic therapy and tends to affect young
patients (mean age 16 years) [44]. More recent
studies suggest a significant association between
temporal lobe epilepsy with hippocampal sclerosis
and celiac disease [45]. Moreover, it is remarkable
the fact that some patients with celiac disease and
epilepsy have a better control of seizures after the
introduction of gluten-free diet [46,47].

Since 2001 there are several reports of patients with
celiac disease presenting with episodic headaches
that mimic migraine and in some cases associated
with focal neurological deficits and also white matter
abnormalities in neuroimaging (gluten
encephalopathy) [48-54]. It is remarkable the fact
that headaches resolve with introduction of gluten-
free diet in most patients, while white matter
abnormalities do not resolve. The distribution of
these abnormalities is more suggestive of a vascular
rather than a demyelinating etiology and in some
patients coexists with ataxia, neuropathy or cognitive
deficits [48].

At last, a rare complication of celiac disease is
dementia with remarkable memory dysfunction
which did not resolve with the introduction of a
gluten-free diet [55]. Other rare complications that
have been reported are cognitive deficits, memory
impairment, acalculia in patients with celiac disease
and subsequent vitamin B12, vitamin E and folic acid
deficiency. Neurological manifestations in these
patients did not resolve  with  vitamin
supplementation, however, they improved after the
introduction of a gluten-free diet [56].

The initial assumption was that neurological
manifestations in patients diagnosed with celiac
disease were caused by vitamin deficiencies
secondary to malabsorption as a result of the
enteropathy. The patients were undernourished, with
severe weight loss, low serum albumin, and often
multiple vitamin deficiencies, mainly vitamin B1, B3,
B12, E [57]. However, post-mortem data reveal an
inflammatory process that primarily, but not
exclusively, affect the cerebellum and other parts of
central and peripheral nervous system. The few data
available from post mortems and nerve biopsy
samples are consistent with an inflammatory etiology
revealed by the presence of perivascular lymphocytic
infiltration, diffuse infiltration mainly of T
lymphocytes within the cerebellar white matter as
well as in dorsal root ganglia and loss of Purkinje
cells throughout the cerebellar. All the above suggest
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that neurological manifestations in patients with
celiac disease are immune mediated [27]. The role of
humoral immunity in neurological gluten sensitivity
is supported by the fact that patients with celiac
disease who present with neurological complications
also have humoral immunity disorders. The auto-
antibodies that have been mainly correlated with
neurological ~manifestations are antibodies to
transglutaminases (TG) [58,59].

H. Pylori infection

H. Pylori infection has been associated with many
extra-gastrointestinal ~ manifestations  such  as
hematological diseases, cardiovascular disorders,
metabolic disorders, skin diseases and neurological
disorders. Neurological complications of H. Pylori
infection include stroke, idiopathic parkinsonism,
dementia, Alzheimer’s disease and epilepsy [60].
Several studies have found strong association
between H. Pylori infection with ischemic
atherosclerotic stroke combined with greater intima-
media thickness (mainly H. Pylori CagA+ strain) [61-
65]. A possible explanation could be the fact that H.
Pylori infection affects the instability of carotid
plague and also causes hyperhomocysteinaemia
[66,67]. Moreover, there is only a small sample study
reporting the association between H. Pylori infection
and epilepsy, especially in patients with poor
prognosis [68].

Hepatitis C virus (HCV) infection

Hepatitis C virus (HCV) infection has become a
major cause of liver disease worldwide. HCV chronic
infection is often associated with abnormal
immunological responses that can result in several
extrahepatic conditions. Neurological complications
include sensory or motor peripheral neuropathy and
less often central nervous system involvement
(depression,  cognitive  impairment,  cerebral
vasculitis, transient ischemic attacks [69-78].

Wilson’s disease

Wilson’s disease is an infrequent metabolic disorder
developing as the result of a dysfunction in the
mechanisms regulating copper excretion into bile.
Although the primary defect lies in the hepatobiliary
system, it determines the accumulation of toxic levels
of copper in various organs, causing different clinical
manifestations. The main neurologic complication
that have been reported is peripheral sensori-motor
polyneuropathy with both demyelinating and axonal
involvement. Other neurologic dysfunctions include
tremor, abnormal movement, dysarthria, dysphagia,

dystonia and ataxia. However, most patients show
improvement of neurological manifestations after
liver transplantation [79,80].

Hepatic failure — liver transplantation

Liver dysfunction due to acute or chronic liver
disease is characterized by multiple neuropsychiatric
manifestations defined as hepatic encephalopathy, a
condition that was first describe by Adams and Foley
in 1952 [81]. Usually, hepatic encephalopathy is
characterized by acute onset of altered mental status
with gradual worsening that can lead to stupor or
coma. Besides, encephalopathy as seen in Reye and
Reye-like syndrome have been recognized in patients
with hepatic failure [82]. Neurologic manifestations
in hepatic failure can be divided into following
groups: those due to hypoglycemia, sepsis,
intracranial bleeding resulting from coagulopathies,
electrolyte disturbances, renal failure, cerebral
edema.

About 1/3 of patients underwent liver transplantation
present with neurological complications with onset
during the first month following transplantation. In
general, neurological complications can be
categorized into those related to the underlying
disease, to the transplant procedure, to side effects of
immunosuppressive drugs. Seizures are the most
common neurological complication following liver
transplantation. Other complications, mainly in
adults, include: encephalopathy, posterior reversible
leukoencephalopathy syndrome (PRES), stroke,
meningitis, cerebellar  dysfunction, headaches,
neuropsychiatric manifestations, cognitive disorders,
sleep disorders, tremor and peripheral neuropathy
[83-93]. It has been presumed from several studies

that  metabolic  derangements  caused by
transplantation and the alteration of blood-brain
barrier, one to six months following liver

transplantation in both adults and children, may be
the predisposal factor in those patients [87].

PRES is clinically characterized by acute onset of
neurological dysfunction in the form of seizures,
headache, and visual disturbances, first described by
J. Hinchey et al. in 1996. The characteristic
radiological findings are symmetric Dbilateral
subcortical/cortical hyperintensity in T2-weighted
images, predominantly in the posterior regions of the
cerebral hemispheres, typical of vasogenic edema. It
iS more common in patients receiving immuno-
suppressive agents (mainly cyclosporine in high
doses) and can be reversed after discontinuation of
reduction of the immune suppressant [93,94].
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For pediatric patients with liver transplantation there
are fewer references reporting an incidence of
neurologic complications following transplantation
from 8 to 46% [83]. In a recent retrospective study of
65 patients aged <21 years old conducted by Ghosh
et al, 30.7% of patients presented with neurological
complications after liver transplantation. The most
common complication was seizures, while a small
number of patients presented with other less common
complications such as PRES, encephalopathy,
headaches, peripheral neuropathy, sleep disturbances
and cerebellar dysfunction. Seizures were partial or
generalized, most frequently of the tonic-clonic type,
caused by metabolic derangements, immuno-
suppressive agents, hypoxic-ischemic brain injury,
cerebral structural lesions (ischemic or more
commonly hemorrhagic strokes), and infections [95].

Gastroenteritis

Gastroenteritis, since 1995, has been associated with
clusters of seizures even in the absence of fever.
Most commonly affects children aged under 6 years
old. Usually children begin to have gastrointestinal
symptoms followed by clusters of seizures lasting up
to 5 minutes with lethargy (with or without ataxia)
and recover completely in 48 hours. The convulsions
are short, symmetrical, generalized tonic-clonic,
occurring in clusters. It is presumed to be a benign
complication with rotavirus being the most common
cause. Prognosis is always favorable and anti-
convulsant therapy is not recommended [96-103].
However, more severe and life threatening
complications have been reported due to infection of
other pathogens rather than rotavirus (Salmonella, E.
Coli) including encephalopathy, disseminated
intravascular coagulation, hemolytic-uremic
syndrome [104,105].

Conclusions

Neurological complications are common in patients
with gastrointestinal disorders. Most references
report IBD and celiac disease as the most common

gastrointestinal diseases  with neurological
complications. The most frequently described
neurological complications are peripheral
neuropathy, cerebellar dysfunction,
thromboembolism. The exact pathophysiologic
mechanism remains unclear. However, many

mechanisms have been described such as: vitamin
deficiency, immunosupression, side effects of
immunosuppressive  agents,  thromboembolism,
problems related to medical procedures. The most
frequent side effects of immunosuppressive treatment

include tremor, encephalopathy, seizures and
headache. Psychosis and myopathy have been
reported as adverse events of corticosteroids. The
acute diagnosis of patients with neurological
complications is of great importance because in most
cases neurological manifestations precede the onset
of neurological symptoms.

References

1. Watts DA, Satsangi J. The genetic
jigsaw of inflammatory bowel disease.
Gut 2002;50:31-6.

2. Elsehety A, Bertorini TE. Neurologic
and neuropsychiatric complications of
Crohn's disease. South Med J 1997;90:
606-10.

3. Greenstein AJ, Janowitz HD, Sachar
DB. The extra-intestinal complications
of Crohn's disease and ulcerative colitis:
a study of 700 patients. Medicine
1976;55:401-12.

4. Rankin GB, Watts HD, Melnyk CS,
Kelley ML Jr. National Cooperative
Crohn's Disease Study: extraintestinal
manifestations and perianal
complications. Gastroenterology
1979;77:914-20.

5. Lossos A, River Y, Eliakim A, Steiner I.
Neurologic aspects in inflammatory
bowel disease. Neurology 1995;45:416—
21.

6. Maisawa S, Sasaki M, Ida S, Uchida K,
Kagimoto S, Shimizu T, et al
Characteristics of inflammatory bowel
disease with an onset before eight years
of age: a multicenter epidemiological
survey in Japan.J Gastroenterol Hepatol
2013;28:499-504.

7. Zois CD, Katsanos KH, Kosmidou M,
Tsianos EV. Neurologic manifestations
in inflammatory bowel diseases: current
knowledge and novel insights. J Crohns
Colitis 2010;4:115-24.

8. Green JR, O'Donoghue DP, Edwards
CR, Dawson AM. A case of apparent
hypopituitarism complicating chronic
inflammatory ~ bowel  disease in
childhood and adolescence. Acta
Paediatr Scand 1977;66:643-7.

9. Greco F, Pavone P, Falsaperla R, Sorge
G. Peripheral neuropathy as first sign of
ulcerative colitis in a child. J Clin
Gastroenterol 2004;38:115-7.

10. Stahlberg D, Barany F, Einarsson K,
Ursing B, EIlmgvist D, Persson A.
Neurophysiologic studies of patients

Journal of Pediatric Sciences 2014;6;e201




11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

with Crohn's disease on long-term
treatment with metronidazole. Scand J
Gastroenterol 1991;26:219-24.

Gondim FA, Brannagan TH 3rd, Sander
HW, Chin RL, Latov N. Peripheral
neuropathy in patients with
inflammatory bowel disease. Brain
2005;128:867-79.

Yesilova Z, Naharci I, Uygun A, Ulas
HU, Dagalp K. Motor axonal
polyneuropathy in the course of
ulcerative colitis: a case report. Turk J
Gastroenterol 2006;17:58-61.

Berden JH, Hoitsma AJ, Merx JL,
Keyser A. Severe central nervous system
toxicity associated with cyclosporine.
Lancet 1985;1: 219-20.

Porges Y, Blumen S, Fireman Z,
Sternberg A, Zamir D. Cyclosporine-
induced optic neuropathy,
ophthalmoplegia and nystagmus in a
patient with Crohn's disease. Am J
Ophthalmol 1998;126:607-9.

Watkinson G. Sulfasalazine: a review of
40 years' experience. Drugs 1986;32:1—
11.

Scheid R, Teich N. Neurologic
manifestations of ulcerative colitis. Eur J
Neurol 2007;14:483-93.

Nguyen LT, Laberge JM, Guttman FM,
Albert D. Spontaneous deep vein
thrombosis in childhood and
adolescence. J Pediatr Surg
1986;21:640-3.

Goodwin FC, Beattie RM, Millar J,
Kirkham FJ. Celiac disease and
childhood stroke. Pediatr  Neurol
2004;31:139-42.

Purrmann J, Arendt G, Cleveland S,
Borchard F, Fiirst W, Gemsa R, et al.
Association of Crohn's disease and
multiple sclerosis. Is there a common
background? J Clin  Gastroenterol
1992;14:43-6.

Buccino GP, Corrente G, Visintini D.
Crohn's disease and multiple sclerosis:a
single case report. Ital J Neurol Sci
1994;15:303-6.

Kitchin LI, Knobler RL, Friedman LS.
Crohn's disease in a patient with multiple
sclerosis. J Clin Gastroenterol 1991;13:
331-4.

Ghezzi A, Zaffaroni M. Neurological
manifestations of gastrointestinal
disorders, with particular reference to the
differential ~ diagnosis of  multiple
sclerosis. Neurol Sci 2001;22 Suppl
2:117-22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Beaugerie L, Lamy P, Ganne N,
Carbonnel F, Le Quintrec Y, Cosnes J, et
al. Morbid associations in Crohn's
disease. Study of a series of 832 patients.
Presse Med 1997;26:892-4.

Martin RW, Shah A. Myasthenia Gravis
coexistent with Crohn's disease. J Clin
Gastroenterol 1991;13:112-3.
Gelfenbeyn M, Goodkin R, Kliot M.
Sterile recurrent spinal epidural abscess
in a patient with Crohn's disease: a case
report. Surg Neurol 2006;65:178-84.
Marks J, Shuster S, Watson AJ. Small
bowel changes in dermatitis
herpetiformis. Lancet 1966; 1280-2.
Cooke WT, Smith WT. Neurological
disorders associated with adult coeliac
disease. Brain 1966;89:683—722.

Finelli PF, McEntee WJ, Ambler M,
Kestenbaum D. Adult celiac disease
presenting as cerebellar syndrome.
Neurology 1980;30:245-9.
Hadjivassiliou M, Sanders DS,
Griinewald RA, Woodroofe N, Boscolo
S, Aeschlimann D. The neurology of
gluten sensitivity. Lancet Neurol 2010;
9: 330-42.

Gobbi G, Bouquet F, Greco L,
Lambertini A, Tassinari CA, Ventura A,
et al. Coeliac disease, epilepsy and
cerebral calcifi cations. Lancet 1992;
340: 439-43.

Ghezzi A, Filippi M, Falini A, Zaffaroni
M. Cerebral involvement in celiac
disease: a serial MRI study in a patient
with brainstem and cerebellar symptoms.
Neurology 1997;49:1447-50.

Ward ME, Murphy JT, Greenberg GR.
Celiac disease and spinocerebellar
degeneration with normal vitamin E
status. Neurology 1985;35:1199-1201.
Beversdorf D, Moses P, Reeves A, Dunn
J. A man with weight loss, ataxia, and
confusion for 3 months. Lancet
1996;347:446.

Hadjivassiliou M, Aeschlimann P,
Strigun A, Sanders DS, Woodroofe N,
Aeschlimann D. Autoantibodies in
gluten ataxia recognise a novel neuronal
transglutaminase. Ann Neurol 2008; 64:
332-43.

Hadjivassiliou M, Aeschlimann P,
Sanders DS, et al. Antibodies against
TG6 as the only serological marker of
gluten ataxia. Proceedings of the 13th
nternational Coeliac Disease
Symposium. Amsterdam; April 6-8,
2009. 09.1.

Journal of Pediatric Sciences 2014;6;e201




36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

Wilkinson 1D, Hadjivassiliou M,
Dickson JM, Wallis L, Griinewald RA,
Coley SC, et al. Cerebellar abnormalities
on proton MR spectroscopy in gluten
ataxia. J Neurol Neurosurg Psychiatry
2005; 76: 1011-13.

Luostarinen L, Himanen SL, Luostarinen
M, Collin P, Pirttila T. Neuromuscular
and sensory disturbances in patients with
well treated celiac disease. J Neurol
Neurosurg Psychiatry 2003; 74: 490-4.
Hadjivassiliou M, Griinewald RA,
Kandler RH, Chattopadhyay AK, Jarratt
JA, Sanders DS, et al. Neuropathy
associated with gluten sensitivity. J
Neurol Neurosurg Psychiatry 2006; 77:
1262-6.

Chapman RWG, Laidlow JM, Colin-
Jones D, Eade OE, Smith CL. Increased
prevalence of epilepsy in coeliac disease
BMJ. 1978; 2: 250-1.

Fois A, Vascotto M, Di Bartolo RM, Di
Marco V. Celiac disease and epilepsy in
pediatric patients. Childs Nerv Syst
1994; 10: 450-4.

Cronin CC, Jackson LM, Feighery C,
Shanahan F, Abuzakouk M, Ryder DQ,
et al. Coeliac disease and epilepsy Q JM.
1998; 91: 303-8.

Gobbi G, Bouquet F, Greco L,
Lambertini A, Tassinari CA, Ventura A,
et al. Coeliac disease, epilepsy and
cerebral calcifi cations. Lancet 1992;
340: 439-43.

Magaudda A, Dalla Bernardina B, De
Marco P, Sfaello Z, Longo M, Colamaria
V, et al. Bilateral occipital calcifi cation,
epilepsy and celiac disease: clinical and
neuroimaging features of a new
syndrome. J  Neurol  Neurosurg
Psychiatry 1993; 56: 885-9.

Toti P, Balestri P, Cano M, et al. Celiac
disease with cerebral calcium and silica
deposits: X-ray spectroscopic fi ndings,
an autopsy study. Neurology 1996; 46:
1088-92.

Toti P, Balestri P, Cano M, Galluzzi P,
Megha T, Farnetani MA, et al
Hippocampal sclerosis in refractory
temporal lobe epilepsy is associated with
gluten sensitivity. J Neurol Neurosurg
Psychiatry 2009; 80: 626-30.

Mavroudi A, Karatza E, Papastavrou T,
Panteliadis C, Spiroglou K. Succesful
treatment of epilepsy and celiac disease
with a gluten-free diet. Pediatr Neurol
2005; 33: 292-5.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Harper E, Moses H, Lagrange A. Occult
celiac disease presenting as epilepsy and
MRI changes that responded to gluten-
free diet. Neurology 2007; 68: 533.
Hadjivassiliou M, Griinewald RAG,
Lawden M, Davies-Jones GAB, Powell
T, Smith CML. Headache and CNS
white matter abnormalities associated
with gluten sensitivity. Neurology 2001;
56: 385-8.

Gabrielli M, Cremonini F, Fiore G,
Addolorato G, Padalino C, Candelli M,
et al. Association between migraine and
celiac disease: results from a preliminary
casecontrol and therapeutic study. Am J
Gastroenterol 2003; 98: 625-9.
Addolorato G, Di Giuda D, De Rossi G,
Valenza V, Domenicali M, Caputo F, et
al. Regional cerebral hypoperfusion in
patients with celiac disease. Am J Med
2004; 116: 312-7.

Kieslich M, Errazuriz G, Rosselt HG,
Moeller-Hartmann W, Zanell BH. Brain
white matter lesions in celiac disease: a
prospective study in diet treated patients.
Paediatrics 2001; 108: 21.

Paul F, Pfueller CF, Wuerfel JT, Egerer
K, Tanczos B, Baumgart DC, et al.
Celiac antibodies in the diagnostic
workup of white matter lesions.
Neurology 2008; 71: 223-5.

Hu WT, Murray JA, Greenway MC,
Parisi JE, Josephs KA. Cognitive
impairment and celiac disease. Arch
Neurol 2006; 63: 1440-6.

Frisoni GB, Carabellese N, Longhi M,
Geroldi C, Bianchetti A, Govoni S, et al.
Is celiac disease associated with
Alzheimer’s disease. Acta Neurol Scand
1997; 95: 147-51.

Collin P, Pirttild T, Nurmikko T, Somer
H, Erild T, Keyrildinen O. Celiac
disease, brain atrophy, and dementia.
Neurology 1991;41:372-5.

Hu WT, Murray JA, Greenaway MC,
Parisi JE, Josephs KA. Cognitive
impairment and celiac disease. Arch
Neurol 2006;63:1440-6.

Cooke  WT. The neurological
manifestations of malabsorption.
Postgrad Med J 1978;54:760-2.
Hadjivassiliou M, Boscolo S, Davies-
Jones GA, Griinewald RA, Not T,
Sanders DS, et al. The humoral response
in the pathogenesis of gluten ataxia.
Neurology 2002;58:1221-6.
Hadjivassiliou M, Méki M, Sanders DS,
Williamson CA, Griinewald RA,

Journal of Pediatric Sciences 2014;6;e201




60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Woodroofe NM, et al. Autoantibody
targeting of brain and intestinal
transglutaminase in  gluten ataxia.
Neurology 2006;66:373-7.

Tan HJ, Goh KL. Extragastrointestinal
manifestations of Helicobacter pylori
infection: facts or myth? A critical
review. J Dig Dis 2012;13:342-9.

De Bastiani R, Gabrielli M, Ubaldi E,
Benedetto E, Sanna G, Cottone C, et al.
High prevalence of Cag-A positive H.
pylori strains in ischemic stroke: a
primary  care  multicenter  study.
Helicobacter 2008; 13: 274-7.

Pietroiusti A, Diomedi M, Silvestrini M,
Cupini LM, Luzzi I, Gomez-Miguel MJ,
et al. Cytotoxin-associated gene-A-
positive Helicobacter pylori strains are
associated with atherosclerotic stroke.
Circulation 2002; 106: 580—4.

Diomedi M, Pietroiusti A, Silvestrini M,
Rizzato B, Cupini LM, Ferrante F, et al.
CagA-positive  Helicobacter  pylori
strains may influence the natural history
of atherosclerotic stroke. Neurology
2004; 63: 800-4.

Zhang S, Guo Y, Ma Y, Teng Y.
Relationship between the cytotoxin-
associated gene-A status of H pylori
strains and cerebral infarction in
European Caucasians and Chinese Han:
a meta-analysis. World J Gastroenterol
2008; 14: 1286-92.

Pasceri V, Patti G, Cammarota G,
Pristipino C, Richichi G, Di Sciascio G.
Virulent strains of Helicobacter pylori
and vascular diseases: a meta-analysis.
Am Heart J 2006; 151: 1215-22.
Gabrielli M, Santoliquido A, Cremonini
F, Cicconi V, Candelli M, Serricchio M,
et al. CagA-positive cytotoxic H. pylori
strains as a link between plaque
instability and atherosclerotic stroke. Eur
Heart J 2004; 25: 64-8.

Sung JJ, Sanderson JE.
Hyperhomocysteinaemia, Helicobacter
pylori, and coronary artery disease.
Heart 1996; 76: 305-7.

Ozturk A, Ozturk CE, Ozdemirli B,
Yucel M, Bahgebasi T. Helicobacter
pylori infection in epileptic patients.
Seizure 2007; 16: 147-52.

Cacoub P, Saadoun D, Limal N, Léger
JM, Maisonobe T. Hepatitis C virus
infection and mixed cryoglobulinaemia
vasculitis: a review of neurological
complications. AIDS 2005; 19: 128-134.

70.

71.

72.

73.

74,

75.

76.

77.

78.

79.

80.

Cacoub P, Renou C, Rosenthal E, Cohen
P, Loury I, Loustaud-Ratti V, et al.
Extrahepatic manifestations associated
with hepatitis C virus infection. A
prospective multicenter study of 321
patients. The GERMIVIC. Groupe
d’Etude et de Recherche en Medecine
Interne et Maladies Infectieuses sur le
Virus de I’Hepatite C. Medicine 2000;
79: 47-56.

Lidove O, Cacoub P, Maisonobe T,
Servan J, Thibault V, Piette JC, et al.
Hepatitis C virus infection with
peripheral neuropathy is not always
associated with cryoglobulinaemia. Ann
Rheum Dis 2001; 60: 290-2.

Paoletti V, Donnarumma L, De Matteis
A, Mammarella A, Labbadia G, Musca
A, et al. Peripheral neuropathy without
cryoglobulinemia in  patients  with
hepatitis C virus infection. Panminerva
Med 2000; 42: 175-8.

Nemni R, Sanvito L, Quattrini A,
Santuccio G, Camerlingo M, Canal N.
Peripheral neuropathy in hepatitis C
virus infection with and without
cryoglobulinaemia. J Neurol Neurosurg
Psychiatry 2003; 74: 1267-71.

Bonetti B, Scardoni M, Monaco S,
Rizzuto N, Scarpa A. Hepatitis C virus
infection of peripheral nerves in type Il
cryoglobulinaemia.  Virchows  Arch
1999; 434: 533-5.

Origgi L, Vanoli M, Carbone A, Grasso
M, Scorza R. Central nervous system
involvement in patients with HCV-
related cryoglobulinemia. Am J Med Sci
1998; 315: 208-10.

Petty GW, Duffy J, Houston J. Cerebral
ischemia in patients with hepatitis C
virus infection and mixed
cryoglobulinemia. Mayo Clin Proc 1996;
71: 671-8.

Heckmann JG, Kayser C, Heuss D,
Manger B, Blum HE, Neundorfer B.
Neurological manifestations of chronic
hepatitis C. J Neurol 1999; 246: 486-91.
Tembl JI, Ferrer JM, Sevilla MT, Lago
A, Mayordomo F, Vilchez JJ.
Neurologic complications associated
with  hepatitis C virus infection.
Neurology 1999; 53: 861-4.

Jung KH, Ahn TB, Jeon BS. Wilson
disease with an initial manifestation of
polyneuropathy. Arch Neurol
2005;62:1628-31.

Schumacher G, Platz KP, Mueller AR,
Neuhaus R, Steinmiiller T, Bechstein

Journal of Pediatric Sciences 2014;6;e201




81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

WO, et al. Liver transplantation:
treatment of choice for hepatic and
neurological manifestation of Wilson's
disease. Clin Transplant 1997;11:217-24.
Adams RD, Foley JM. The neurological
disorder associated with liver disease.
Res Publ Assoc Res Nerv Ment Dis
1953;32:198-237.

Cag M, Saouli AC, Audet M, Wolf P,
Cinqualbre J. Reye syndrome and liver
transplantation.  Turk J Pediatr
2010;52:662-4.

Menegaux F, Keeffe EB, Andrews BT,
Egawa H, Monge H, Concepcion W, et
al. Neurological complications of liver
transplantation in adult versus pediatric
patients. Transplantation 1994;58:447—
50.

Lewis MB, Howdle PD. Neurologic
complications of liver transplantation in
adults. Neurology 2003;61:1174-8.
Bronster DJ, Emre S, Boccagni P,
Sheiner PA, Schwartz ME, Miller CM.
Central nervous system complications in
liver transplant recipients-incidence,
timing, and long-term follow-up. Clin
Transplant 2000;14:1-7.

Ghaus N, Bohlega S, Rezeig M.
Neurological complications in liver
transplantation. J Neurol
2001;248:1042-8.

Vogt DP, Lederman RJ, Carey WD,
Broughan TA. Neurologic complications
of liver transplantation. Transplantation
1988;45:1057-61.

Stein DP, Lederman RJ, Vogt DP, Carey

WD, Broughan TA. Neurological
complications following liver
transplantation. Ann Neurol

1992;31:644-9.

Moreno E, Gomez SR, Gonzalez I,
Loinaz C, Garcia I, Perez A, et al.
Neurologic  complications in liver
transplantation. Acta Neurol Scand
1993;87:25-31.

Boin IF, Falcdo AE, Luzo AC, Cardoso
AR, Caruy CA, Leonardi LS. Analysis
of neurologic complications within the
first 30 days after orthotopic liver
transplantation. Transplant Proc
2001;33:3695-6.

Vecino MC, Cantisani G, Zanotelli ML,
Marrone CA, Brandido AB, Cassal AP, et
al. Neurological complications in liver
transplantation. Transplant Proc
1999;31:3048-9.

Shibolet O, Galun E, Bishara A, Eid A,
Birmanns B, Ilan Y, et al. Major

93.

94.

95.

96.

97.

98.

99.

10

neurological complications following
liver transplantation. Transplant Proc
2001;33:2959.

Gumiis H, Per H, Kumandas S, Yikilmaz
A Reversible posterior
leukoencephalopathy ~ syndrome  in
childhood: report of nine cases and
review of the literature. Neurol Sci
2010;31:125-31.

Cosottini M, Lazzarotti G, Ceravolo R,
Michelassi MC, Canapicchi R, Murri L.
Cyclosporine-related posterior reversible
encephalopathy syndrome (PRES) in
non-transplant patient: a case report and
literature  review. Eur J Neurol
2003;10:461-2.

Ghosh PS, Hupertz V, Ghosh D.
Neurological complications following
pediatric liver transplant. J Pediatr
Gastroenterol Nutr 2012;54:540-6.
Komori H, Wada M, Eto M, Oki H, Aida
K, Fujimoto T. Benign convulsions with
mild gastroenteritis: a report of 10 recent
cases detailing clinical varieties. Brain
Dev 1995;17:334-7.

Narchi H. Benign afebrile cluster
convulsions with gastroenteritis: an
observational study. BMC Pediatr 2004
5;4:2.

Hung JJ, Wen HY, Yen MH, Chen HW,
Yan DC, Lin KL, et al. Rotavirus
gastroenteritis associated with afebrile
convulsion in children: clinical analysis
of 40 cases. Chang Gung Med J
2003;26:654-9.

Goldwater PN, Rowland K, Thesinger
M, Abbott K, Grieve A, Palombo EA, et
al. Rotavirus encephalopathy:
pathogenesis reviewed. J Paediatr Child
Health 2001;37:206-9.

100.Morioka S, Otabe O, Uehara H, Yokoi

K, Ohmizono Y, Ishimaru Y, Morimoto
M, Hosoi H. Recurrence of transient
splenial lesions in a child with "benign
convulsions with gastroenteritis”". No To
Hattatsu 2010;42:449-53.

101.Narchi H. Benign afebrile cluster

convulsions with gastroenteritis: an
observational study. BMC Pediatr 2004
5;4:2.

102.Verrotti A, Tocco AM, Coppola GG,

Altobelli E, Chiarelli F. Afebrile benign
convulsions with mild gastroenteritis: a
new entity? Acta Neurol Scand
2009;120:73-9.

103.Fasheh Youssef W, Pino Ramirez R,

Campistol Plana J, Pineda Marfa M.
Benign afebrile convulsions in the

Journal of Pediatric Sciences 2014;6;e201




11

course of mild acute gastroenteritis: a
study of 28 patients and a literature
review. Pediatr Emerg Care
2011;27:1062-4.

104.Matano S, Inamura K, Konishi M,
Okumura T, Kawai H, Okamura T, et al.
Encephalopathy, disseminated
intravascular coagulation, and
hemolytic-uremic ~ syndrome after
infection with enterohemorrhagic
Escherichia coli 0111. J Infect
Chemother 2012;18:558-64.

105.Arii J, Tanabe Y, Miyake M, Noda M,
Takahashi Y, Hishiki H, et al. Acute
encephalopathy associated with
nontyphoidal salmonellosis. J Child
Neurol 2001;16:539-40.

Journal of Pediatric Sciences 2014;6;e201




