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Vasospasm Monitored by Transcranial
Doppler
James H. Halsey*
Department of Neurology, University of Alabama School of Medicine, 1720 2nd Ave, S. FOT
1203, Birmingham, AL 35294-3412, USA

Vasospasm almost always occurs following rupture of an aneurysm in the Circle of
Willis. Spasm is less likely in peripherally located aneurysms, for example those complicating
bacterial endocarditis.
For a day or two spasm is often absent or minimal. If the patient’s condition is good,
many surgeons will proceed at this time either with surgery or endovascular placement of coils
in the aneurysm to make it undergo thrombosis.
Spasm is due to the evolution of oxyhemoglobin from hemoglobin, causing depletion of the vasodilating nitrous oxide synthase.1 From the third day after hemorrhage onward,
with or without surgical or endovascular intervention, spasm develops progressively, generally
reaching a maximum plateau at the end of the first week. It is during the period of increasing
spasm and the early plateau period that serious ischemic complications are likely to occur.The
standard management during this time is “Triple H”: Hypertension, Hemodilution, and Hypervolemia.
Although this paradigm has been widely accepted for 20 years its efficacy remains
unproven. Moreover it may carry medical morbidity, including pulmonary edema, myocardial
ischemia, catheter infections, and cerebral edema.2 Obviously careful ICU monitoring of the
potential medical morbidities is important.
For specific monitoring, we have adopted the technique of Transcranial Doppler
(TCD).3 This non-invasive method permits daily measurements defining the severity and time
course of the evolving spasm in the individual patient. We have found that daily measurements
are essential for this purpose. This enables optimization of medical management of the medical
therapy.
In most cases this is adequate to bring the patient through without ischemic damage. In
rare cases, TCD demonstrates a rapidly increasing severity of spasm. This is usually confirmed
by angiography representing a vascular emergency. This can be dealt with by percutaneous
angioplasty As the plateau progresses after which spasm decreases. All this can be objectively
defined by TCD.
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ABSTRACT

The immune-neuropathies are a heterogenous group of peripheral nerve disorders. Their diagnostic classification is mainly based on the documentation of the distribution pattern of peripheral nerve impairment and the results of nerve conduction studies.
Nerve conduction studies remain nowadays fundamental not only for the diagnosis
of Chronic Inflammatory Demyelinating Polyneuropathy (CIDP), but also for the followup and measurement of response to immune-treatment. The challenge though of acquiring
the best static and dynamic image of the relevant nerve structures, led to the development
of high frequency ultrasound technology. Neuromuscular ultrasound has been able to detect
thickened or swollen roots, peripheral nerves or plexus, findings that are consistent with ongoing inflammation, especially in cases of Chronic Inflammatory Demyelinating Polyneuropathy (CIDP). Similar findings have been described also in other immune-mediated neuropathies such as Guillain–Barré Syndrome (GBS), Multifocal Motor Neuropathy (MMN)
and Multifocal Acquired Demyelinating Sensory and Motor Neuropathy (MADSAM).
This review provides a timely update on the ultrasound findings of chronic inflammatory demyelinating polyneuropathy.
INTRODUCTION

Vascular ultrasound has gained a key role in the diagnostics of vascular lesions of the
central nervous system. The recent development of high frequency ultrasonography (> 12MHz)
provided the neurologist with a valuable tool to study peripheral nerve structures in detail.

Copyright:
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The first pathological ultrasound findings on peripheral nerve structures have been
published in 1985 by Solbiati et al.1 On the other hand, Fornage and Rifkin reported for the
first time the pathological findings of carpal tunnel syndrome.2 Immune-mediated neuropathies
are a heterogenous group of disorders, with a frequency of 13% on consecutive patients with
neuropathy seen at neuromuscular reference centres.3 The diagnosis and classification is based,
in typical cases, on the time course, distribution pattern of nerve impairment (predominant
involvement of motor/sensory fibers or/and autonomic nerve system), and paraclinical parameters [such as nerve conductions studies and serum antibodies]. On cases, with a typical clinical
presentation, an extended diagnostic work-up, including cerebrospinal fluid examination, nerve
conductions studies, sural nerve biopsy, laboratory testing, may be needed.
The role of neuromuscular ultrasound in the diagnostic workup of CIDP remains in the
literature less well defined and parallels the beginning of research on entrapment neuropathies.
Only a few studies in the literature have used ultrasound to examine the pathological changes
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in immune-mediated neuropathies and their correlation with
the clinical and electrophysiological findings. The already
published case reports/series provide the scientific society with
the hope of using neuromuscular ultrasound as a helpful tool
in addition to nerve conduction studies and clinical examination for the classification of immune-mediated neuropathies.
In this manuscript we provide a timely update on the
pathological ultrasound findings of CIDP.
Quantification of ultrasound findings

Cross Sectional Area (CSA) reference values for
peripheral nerves and brachial plexus have been reported in
various studies in the literature.4,5 The difficulty to differentiate a normal from a pathological heterogeneity of cross
sectional area changes in peripheral nerves, especially in the
case of immune-mediated neuropathies, remains an important
limitation of neuromuscular ultrasound in clinical practice.
Four novel ultrasound measures, aiming to quantify
pathological ultrasound changes of peripheral nerves, have
been recently introduced from Padua et al.6 1) the intranerve
cross sectional area variability (for each nerve), defined as
maximal cross sectional area/minimal cross sectional area
and 2) the internerve cross sectional area variability (for each
patient), defined as nerve with maximal intranerve cross sectional area variability/nerve with minimal intranerve cross
sectional area variability. In addition, our study group introduced two other ultrasound measures: 3) the Side to Side Difference ratio of the Intranerve cross sectional area Variability
(SSDIVA) (for each nerve), defined as side with maximal intranerve cross sectional area variability/side with minimal
intranerve cross sectional area variability,7 4) the intraplexus
cross sectional area variability, defined as maximal cross sectional area/minimal cross sectional area of brachial plexus.5
Using the intranerve cross sectional area variability
the sonographer may differentiate in immune-mediated neuropathies focal (higher values) from diffuse (lower values)
peripheral nerve or brachial plexus enlargement, while the
internerve cross sectional area variability may reveal possible
distribution patterns of peripheral nerve impairment.5-7 On the
other hand the side to side difference ratio of the intranerve
cross sectional area variability may be useful in detecting any
lateralization of pathological changes and the intraplexus cross
sectional area variability in differentiating focal (higher values) from diffuse (lower values) brachial plexus enlargement.5,7
Ultrasound findings in chronic inflammatory demyelinating POLYneuropathy (CIDP)

The Chronic Inflammatory Demyelinating Polyneuropathy (CIDP) is an acquired immune-mediated inflammatory
disorder of the peripheral nerve system. Its estimated prevalence is about 9 per 100,000 adults.8,9,10 It is clinically charac-
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-terized by the progressive or relapsing occurrence of symmetrical weakness in both proximal and distal muscles, impaired
sensation, absent or diminished tendon reflexes, an elevated
cerebrospinal fluid protein level, demyelinating nerve-conduction studies, and signs of demyelination in nerve-biopsy specimens. The most widely used treatments for CIDP consist of intravenous immunoglobulin, plasma exchange, corticosteroids
and immunosuppression.
Currently 16 studies (evaluating a total of 155 cases)
on nerve sonography in CIDP patients have been published
(Table 1). The first description of the sonographic findings of
CIDP was published from Taniguchi et al.11 In this report, the
authors documented a brachial plexus hypertrophy on both
sides and peripheral nerve hypertrophy at several sites. Similar
findings had only been reported in MRI studies until then.12-14
A possible explanation of this finding could derive from the
classical “onion-bulb” histological appearance of the nerves in
CIDP, as a result of recurrent episodes of demyelination and
remyelination.15
After this initial publication, several years passed until the first systematic ultrasound study of CIDP patients was
published. In 2004, Matsuoka et al. reported the ultrasound
findings of the cervical roots in 13 patients with CIDP and 35
healthy individuals.16 The authors demonstrated a hypertrophy
of the cervical roots in 9 out of 13 patients with CIDP, a finding that seems to correlate with the elevated levels of protein
in CSF. Similar findings have been reported in several case reports in the following years.16-19 In further ultrasound studies
of CIDP patients, diffuse nerve enlargements could be demonstrated.20 These findings seem to correlate with the disease
duration, but don’t seem to show any significant correlation
with functional disability or NCS findings.21-23
Another important aspect in the field of sonography in
CIDP, is the possible use of this method for identifying nerve
conduction blocks. The localization of the nerve conduction
block is often difficult to be made in the nerve conduction studies, especially when dealing with proximal parts of the nerves.
By overlooking this typical NCS finding of CIDP, a delay in
the diagnosis and therefore treatment can occur. In three CIDP
cases in the literature, a correlation between the site of hypertrophy detected with ultrasound and the site of conduction
block detected with NCS could be demonstrated.24,25 Although
this seems to be a promising development, it is worth noting
that Zaidman et al. failed to confirm these findings in a later
study.21 Systematic studies are therefore required to proof the
sensitivity and specificity of this finding.
A novel approach to the quantification of the pathological findings in CIDP was recently published from Padua
et al.6 Using two new measures, the intranerve and internerve
cross sectional area variability, in a small group of immunemediated neuropathies, the authors were able to demonstrate
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Authors

Patients (n)

Control
group (n)

Median
nerve

Ulnar
nerve

Radial
nerve

Brachial
plexus

Fibular
nerve

Tibial
nerve

Sural
nerve

Taniguchi et
al. 2000

1

-

X

X

-

-

-

-

-

Matsuoka et
al. 2004

13

35

-

-

-

X

-

-

-

Granata et. al.
2009

1

-

X

X

-

-

-

-

-

Imamura et
al. 2009

1

-

X

-

-

-

-

-

-

Zaidman et al.
2009

36

90

X

X

-

-

-

-

-

Rajabally et
al. 2011

14

14

X

-

-

-

-

-

Padua et al.
2012

2

63

X

X

-

-

X

-

N

Kerasnoudis
et al. 2012a

4

30

X

X

-

-

X

-

-

Kerasnoudis
et al. 2012b

1

30

X

X

-

X

X

X

-

Jang et al.
2012

1

-

X

X

-

-

X

X

-

Kerasnoudis
et al. 2013a

48

75

X

X

X

X

X

X

X

Kerasnoudis
et al. 2013b

34

74

X

X

X

X

X

X

X

Goedee et al,
2013

11

-

X

X

N

-

X

X

-

Jang et al,
2014

10

18

X

X

X

X

X

X

X

Zaidman et al,
2013

55

-

X

X

-

-

X

X

-

Sugimoto et
al, 2013

16

-

X

X

-

X

-

-

-

Table 1: Overview of the nerve ultrasound studies on CIDP. Nerves, which were studied and showed pathological ultrasound changes are marked with “X”, nerves which
showed no pathological changes are marked with “N” and nerves, that were not studied at all are marked with “ - “.

Figure 1: Overview of the ‘‘Bochum ultrasound score’’ for distinguishing CIDP from AIDP. Cross sectional area of the ulnar nerve in Guyon’s canal (a), upper-arm (b), of the radial nerve in
spiral groove (c) and of the sural nerve between the gastrocnemius muscle (d) in a patient with CIDP. The patient showed in all anatomic sites a pathological cross sectional area enlargement, when compared to controls (5), receiving a maximum sum score of 4 points
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that the CIDP shows preferably a diffuse pattern of nerve enlargement (lower values of intranerve cross sectional area variability), when compared to other immune-neuropathies, such
as the Multifocal Motor Neuropathy (MMN) (higher values
of intranerve cross sectional area variability). These findings
have been confirmed in a later study from our ultrasound lab.26
Recent reports on ultrasound findings in CIDP
have highlighted the differerent patterns of pathological
echogenity27,28 and the increased vascularisation.29 In addition, nerve ultrasound findings do not seem to correlate
with electrophysiological findings or functional disability.23
Differentiation of CIDP from AIDP using neuromuscular ultrasound

The typical CIDP is characterised by a progressive,
symmetric, proximal and distal muscle weakness, paresthesias, sensory dysfunction and impaired balance, which may
evolve slowly over at least 2 months.29,30 Although CIDP
symptoms do not usually reach their most severe until at
least 2 months from disease onset,31 about 16% of the patients may have a subacute onset, with monophasic course.30
The diagnostic challenge of distinguishing these two
immune-mediated polyradiculoneuropathies during the subacute phase remains high, as in case of CIDP convincing data
from randomised controlled trials indicate, that corticosteroids,
Intravenous Immunoglobulines (IVIg) and plasmapheresis exert short term or long term clinical improvement in about twothird of patients.32 Recent clinical criteria have been proposed
in order to distinguish sub- acute CIDP from AIDP. According
to these criteria, sub- acute CIDP should be considered when a
patient thought to have AIDP deteriorates again after 8 weeks
from onset or when deterioration occurs 3 times or more. Especially when the patient remains able to walk independently
and has no cranial nerve or autonomic nerve system dysfunction, maintenance treatment for CIDP should be considered.33,34
Nerve conduction studies with respect to sural nerve
sparing pattern, sensory ratio >1, or the presence of A-waves
are not always helpful in distinguishing these two immune-mediated polyradiculoneuropathies during the sub- acute phase.33
Although the role of neuromuscular ultrasound in the
diagnostic workup of immune-mediated polyneuropathies remains less well defined, the recent introduction of a new ultrasound score (Bochum Ultrasound Score-BUS) allowed the
differentiation of sub- acute CIDP from AIDP35 (Figure 1).
In view of our recent report, the anatomical sites summarised under the “Bochum Ultrasound Score’’ included the
cross sectional area of: a) the ulnar nerve in Guyon’s canal, b) the
ulnar nerve in upper arm, c) the radial nerve in spiral groove and
d) the sural nerve between the lateral and medial head of the gastrocnemius muscle (Figure 1). The scoring system included two
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simple rules 1) the patient received 1 point, for each of the above
anatomic sites, where he showed a pathological cross sectional
area enlargement, compared the reference values of our lab,5 2)
if the patient showed on both sides of the body a pathological
cross sectional area nerve enlargement of the concrete nerve,
he also received only 1 point.35 Considering the above, each
patient could receive a minimum sum score of 0 points and a
maximum sum score of 4 points. Following the previous report in the literature we used as a cut-off value for differentiating a sub- acute CIDP from AIDP a sum score of ≥ 2 points.
Among the advantages of the Bochum ultrasound
score are a) easy administration, as it summarizes 4 anatomical
sites that can be easily sonographically examined, b) economy
of time, as it can be performed quickly (about 10 mins), c)
high sensitivity and specificity in patients with no difference
in disease duration, and d) lack of side effects or pain for the
patients, while performing nerve ultrasound. “Bochum Ultrasound Score” should undergo multicentre, prospective evaluation in a larger sample of patients presenting with an (sub-)acute
or chronic polyneuropathy to prove its specificity for CIDP
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ABSTRACT

Positron Emission Tomography (PET) is a powerful imaging technique exploring in
vivo brain functions. Today PET is becoming an essential tool in specialist clinical neurology
settings particularly for diagnosing Alzheimer’s, Parkinson’s and epilepsy disease states. This
inaugural article aims to deliver a brief insight into PET techniques in the diagnosis of neurological diseases including multiple sclerosis.
Keywords: Radiotracer; Positron Emission Tomography (PET); Neurology; Alzheimer’s disease; Parkinson’s disease; Epilepsy; Multiple sclerosis.
INTRODUCTION

The imaging of the human body can be traced back to 1895 with the discovery of
x-rays by the 1901 Nobel Laureate Wilhelm Conrad Röntgen.1 Currently a variety of imaging
techniques are used to effectively assist the diagnosis of disease in humans. These include
Computed Tomography (CT), Magnetic Resonance Imaging (MRI) and Single Photon Emission Computed Tomography (SPECT) all capable of generating 3-D anatomical images of
the human body.2 Since the 1990s a revolutionized imaging tool for Nuclear Medicine has
emerged called Positron Emission Tomography (PET).3

Figure 1: From Left to Right: examples of brain images produced by X-ray, CT, MRI, SPECT and PET techniques.

PET, in contrast to other conventional imaging techniques, provides an insight into
the biochemical/physiological processes of the human body.4 The biochemistry of the body
is altered when it is in a disease state. For example, PET imaging has the capability to detect
certain cancer stages before apparent structural changes appear, whereas MRI is unable to see
these subtle changes. PET utilizes ‘positron’ emitting radiotracers to deliver images of the human body.
Copyright:
© 2014 Kitson SL. This is an open
access article distributed under the
Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction
in any medium, provided the original work is properly cited.
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These radiotracers must be synthesized very quickly due to the short half-life of the
nuclide (t1/2<20 mins for carbon-11; t1/2<110 mins for fluorine-18).5
Non-invasive PET imaging has been used as a research tool since the 1970s. By the
1990s this advance in technology aided the diagnosis, staging and monitoring of disease states
in patients.6 In 1953, the pioneering work of Brownell and Sweet at Massachusetts General
Hospital allowed the completion of the first positron detector to study brain function.7,8 The
earliest clinical applications were carried out in 1988 to diagnose cancers of the head-and-neck.
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However, it was not until 1997 when approval was
granted by the US Food & Drugs Administration that PET
could be considered seriously as a major imaging tool.9 Subsequently, PET has become an established tool for the clinical assessment of head-and-neck cancers.10 In addition, PET
imaging is being used to differentiate between benign and
malignant tumours and is able to locate the metastases in
the diseased organ, for example as in cancer of the lung.11
PET radiotracers have been developed to study the
role of dopamine and serotonin neurotransmission processes
in the brain.12 These radiotracers have probed the areas of
the brain and Central Nervous System (CNS) for storage, reuptake, post-synaptic binding and signaling mechanisms. Research continues to develop diagnostic imaging in the area of
PET-immunology which target monoclonal antibodies towards
tumor associated antigens. The design of PET 18F Reporter
Probes such as Fluoropenciclovir (FPCV) has been developed
to image Herpes Simplex Virus type-1 and thymidine kinase
(HSV1-tk) for reporter expression.13 Other research areas include the use of PET imaging to track the transplantation of
stem cells into diseased areas of myocardial infarction and
also in Parkinson’s disease.14 This enables the detection and
monitoring of the functions of newly transplanted stem cells.
Currently, commercial multi-ring PET scanners have
enhanced spatial resolution of detection with less than 5mm
coupled with a greater sensitivity, axial coverage and increased
image volume. The spatial resolution of PET is less than that of
CT and MRI.15 This allows for whole-body PET studies to be
carried out rapidly.16 The future role of PET imaging is pivotal in
the organization of ‘personalized medicine’ by routinely screening and monitoring malignant disease states. According to Ronald L van Heertum MD17 of the University of Columbia, “PET
is revolutionizing the fields of oncology, cardiology, neurology,
and psychiatry, with a major impact on patient management.”
PET Neuro-Imaging

The basic principle of PET neuro-imaging is based
on an assumption that high areas of radioactivity are related
to brain activity.18 This activity can be evaluated by measuring
the blood flow to various regions of the brain by administering
the radiotracer [O15] oxygen. The disadvantage of using this
radiotracer is its relatively short half-life of approximately 2
minutes. Therefore, on its output from the cyclotron it must
be immediately transported and administered to the patient.19
In this article various radiotracers are discussed to circumvent
these limitations in the diagnosis of Alzheimer’s, Parkinson’s,
epilepsy and multiple sclerosis.
Alzheimer’s disease

In Alzheimer’s patients the PET-18FDG ([18F]fluorodeoxyglucose) scans show a gradual deterioration of the brain
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which leads to loss of memory and breakdown of cognitive
thinking patterns.20,21 The diagnosis of Alzheimer’s disease in
patients can sometimes be made by carrying out a number of
psychometric tests to evaluate the level of cognitive ability.
PET-18FDG imaging can confirm a conclusive diagnosis of Alzheimer’s disease.
PET-18 FDG imaging of the brain may also be used to
differentiate Alzheimer’s disease from other dementia conditions. The most important consideration for the patient is an
early diagnosis of the onset of Alzheimer’s disease so treatment can be initiated as quickly as possible for the best outcome.22
A range of positron radiotracers have been developed
for PET imaging specifically towards neuro-receptor subtypes.23 These PET radiotracers act as either agonists or antagonists to allow the visualization of neuro-receptor sites in particular neurological disease states. For example the radiotracer
[11C]PIB also called Pittsburgh Compound-B is a novel PET
probe which helps in the visualization of beta-amyloid (Aβ)
plaques in the brains of Alzheimer’s patients.
PET amyloid plaque imaging with Pittsburgh Compound-B is shown to have a higher accumulation in subjects
diagnosed with Alzheimer’s disease compared to patients with
no dementia. Most importantly, Pittsburgh Compound-B confirms the existence of Aβ plaques prior to the onset of dementia. This PET tracer is able to detect preclinical Alzheimer’s
disease pathology with the same accuracy as seen in post-mortem examinations.24
In October 2013 the FDA gave approval to the amyloid 18F PET imaging agent Vizamyl® (flutemetamol).25 This
imaging agent differs slightly from the other FDA approval
(April 2012) of Amyvid® because it is used to evaluate the
density of plaques using a colour-calibrated scale of signal intensity.
Consequently, Amyvid® was approved using a grayscale. Amyvid®, like Pittsburgh Compound-B binds to betaamyloid. However due to its longer half-life of 110 minutes
it was found to accumulate more in the brains of people with
Alzheimer’s disease, particularly in the regions known to be
associated with beta-amyloid deposits.
26

Parkinson’s disease

Dopamine is a ‘phenethylamine’ neurotransmitter and
is produced in several areas of the brain including the substantia nigra. There are five types of dopamine receptors called D1,
D2, D3, D4 and D5. The PET radiotracer [18F]DOPA is widely
used in the study of the dopaminergic system in movement
disorders. [18F]DOPA is taken up by the terminals of dopaminergic neurons and converted to [18F]dopamine by the enzyme
dopa decarboxylase and other dopamine metabolites.
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PET imaging with [18F]DOPA can provide in vivo diagnostic
information about the function of the pre-synaptic dopaminergic terminals. Other PET tracers that bind to pre-synaptic
dopamine transporters include [11C]methylphenidate and [11C]
dihydrotetrabenazine.27
Parkinson’s Disease (PD) is the result of loss of dopaminergic neurons in the substantia nigra. The greatest loss of
neurons is seen in the ventrolateral tier of the pars compacta,
with decreased involvement in the dorsomedial tier. The above
regions can be detected by use of PET-[18F]DOPA to indicate
the [18F]DOPA levels in the putamen contralateral area of the
brain.28
Epilepsy

The application of PET-18FDG imaging in epileptic
patients is to determine the regions of the brain which show
epileptogenic foci. PET imaging using the radiotracer 18FDG
was first introduced in the 1980s to study epilepsy following
the observation of regional glucose hypo-metabolism in patients with partial seizures. PET-18FDG can detect the epileptogenic regions in patients with Temporal Lobe Epilepsy (TLE)
reducing the need for Electroencephalogram (EEC) studies.
PET can also measure the binding of specific radiotracers to
‘brain’ receptors which contribute to the formation of seizures.
For example serotonin 5-HT1A receptor binding is shown to be
decreased in TLE.29 PET-18FDG, to date, compared to MRI remains the most sensitive, non-invasive imaging tool for temporal lobe seizures.30
The PET radiotracer [11C]flumazenil has been used to
study the Benzodiazepine-receptor (BZD) in the role of epilepsy.31 These BZD receptors are situated in the same region
as the γ-aminobutyric acid (GABA) receptors: the latter being
the most important inhibitory neurotransmitters in the CNS. A
reduction in [11C]flumazenil binding has been observed at the
mesial temporal lobe in TLE patients in the amygdale and hippocampus regions of the brain.
Multiple Sclerosis

The myelin PET radiotracer [11C]MeDAS has been
shown in animal models to penetrate the blood-brain barrier
and therefore accumulate in regions of the brain indicating the
presence of demyelination.32 Combinations of different PET
radiotracers including [18F]FDG, [11C]PK11195 and [11C]MeDAS contribute to the characterization of individual lesions;
monitoring of temporal changes in multiple sclerosis and evaluation of treatment responses.33 A hybrid imaging approach
using PET-MRI would provide a new approach to the formal
diagnosis and treatment plan in patients with multiple sclerosis.34
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Conclusion

In the near future PET imaging will become a routine diagnostic tool for many underlying neurological diseases
such as dementia and Parkinson’s. PET imaging is playing
a key role in the diagnosis of Alzheimer’s disease from the
development of the radiotracer Pittsburgh Compound-B used
to detect amyloid plaques in the brain. The FDA approval of
Vizamyl® and Amyvid® to evaluate the density of plaques in
the progression of Alzheimer’s disease has demonstrated the
clinical application of PET neuro-imaging. Continued research
and development in PET imaging will contribute to even earlier diagnosis of more disease states such as multiple sclerosis.
This could potentially lead to a ‘personalized medicine’ culture
which would be governed by our own genetic signature.
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Abstract

Acute polyneuropathy in children with acute lymphoblastic leukemia is extremely
rare, but its onset and association with Guillain-Barré syndrome presents a diagnostic challenge. We report a 5-year-old boy who presented with inability to walk during induction chemotherapy for acute lymphoblastic leukemia. Subsequently he developed painful penile erections, difficulty urinating and swallowing. Besides adding a rare case to the literature and based
on a systemic review of the literature, we provide and discuss the neurologic profile and differential diagnosis of the acute polyneuropathy in childhood leukemia. Early recognition of
acute polyneuropathy in children with acute lymphocytic leukemia will facilitate a judicious
use of immunotherapy for Guillain-Barré syndrome and prevent a high morbidly and mortality.
KeyWords: Acute lymphoblastic leukemia; Acute polyneuropathy; Vincristine neurotoxicity;
Guillain-Barré syndrome; Magnetic Resonance Image.
Introduction

Acute Lymphoblastic Leukemia (ALL) peak age 2 to 5 years is the most common
(30%) form of all childhood malignancies.1 Central Nervous System (CNS) complications are
well documented in ALL. Acute polyneuropathy before, during, and after the chemotherapy
has been documented in adults and children. However, it is a rare complication of ALL. It is
usually induced by vincristine or Guillain-Barre Syndrome (GBS). The clinical manifestation,
Cerebrospinal fluid (CSF), and neurophysiologic studies are the cornerstones in making the
diagnosis of acute polyneuropathy.2 The chemotherapeutic drugs, vincristine, methotrexate and
cytarabine, and CNS radiation are essential components of ALL chemotherapy.
We report a 5-year-old boy with ALL who developed acute symmetrical polyneuropathy. Based on a systemic review of the literature, we provide and discuss the neurologic profile
and differential diagnosis of the acute polyneuropathy in childhood leukemia.
Copyright:

Case Report

© 2014 Gupta SN. This is an open
access article distributed under the
Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction
in any medium, provided the original work is properly cited.

A 5-year-old newly diagnosed pre-B-Cell acute Lymphoblastic Leukemia (ALL) boy
was on the Children Oncology Group (COG) ALL 0932 chemotherapy protocol. This consists
of intrathecal cytarabine 70 mg on day 1, vincristine 1.2 mg intravenous push over a minute
on day 1, 8, 15 and 22, pegaspargase 1950 IU intravenous infusion over an hour on day 4, and
intrathecal methotrexate 12 mg on day 8 and 29. Prior to admission, he has had completed the
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first course of induction chemotherapy except for the final dose
of methotrexate. He received no CNS radiation.
He presented with bilateral leg pain for the past 4
days. He was unable to bear his weight or walk. He had no
trauma, antecedent infection, or family history of hereditary
neuropathy. Home medications beside chemotherapy included
acetaminophen with codeine, fluconazole, bactrim, ondansetron, lansoprazole, and dexamethasone. The pain responded to
intravenous morphine. On the 20th day of induction therapy, he
developed episodes of painful erections and micturition difficulty. Urological assessment ruled out any anatomic concerns.
His urinalysis and urine culture, both were normal. He was
evaluated by hematology and rehabilitation medicine.
On examination he was comfortably lying in the bed.
His vitals and temperature were normal. His weight was 24.4
kg (90th percentile) and height was 119.6 cm. (97th percentile).
Liver was palpable 4 inches below the right subcostal margin.
Neurological examination revealed normal cranial nerves. His
legs were flaccid and he had no strength as compare with 3/5
muscle power in his arms. The leg movements elicited pain.
Deep tendon reflexes were decreased in both legs. Cold sensation, joint position, and vibration were normal. He had no
muscle tenderness or fasciculation.
Laboratory investigations revealed normal creatine
phosphokinase and aldolase. Contrast-enhanced T1-weighted
sagittal and axial Magnetic Resonance Images (MRI) of the
lumbosacral spinal revealed enhancement of the anterior (ventral) roots (Figure 1(A) and (B). CSF study revealed 18 wbc/
µL (0-5), 2 rbc/ uL (0), no blast cells, protein 160 mg/dL (1545), glucose 53 mg/dL (50-80), myelin basic protein 2.19 ng /
ml (0.00-1.10). Nerve conduction studies indicated motor ax
onopahty in the several examined nerves with no evidence of
demyelination.

Figure 1 (A) and (B): Contrast enhanced T1-weighted magnetic resonance sagittal (A) and
axial (B) images of the lumbosacral spine show enhancement of the anterior (motor) roots in
the distal spinal cord (arrows). Please note there is no enhancement of the posterior roots.
Foot Note: Although enhancement of the cauda equina is a non-specific neuroimaging findings finding
but its presence in appropriate context suggests polyradiculopathy. This provides insight for an etiologic
evaluation.

Upon his mother’s request, he was transferred to the
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University of Michigan Medical Center where he developed
swallowing difficulty requiring nasogastric feeding and spastic
neurogenic bladder requiring urinary catheterization. He received Intravenous Immunoglobulin (IVIG) in a dosage of 0.4
gm/kg/day for 5 days. Once his neurological status plateaued,
he resumed a modified COG chemotherapy Protocol ALL
1131 in which vincristine and methotrexate were withheld. After three months, a follow-up MRI of the lumbosacral spine
revealed decreased enhancement of the anterior nerve roots.
After four months of presentation, he had no functional motor
improvement and he needed a wheel chair for ambulation.
Discussion

Table summarizes the results of the systemic review
of the literature of neurologic manifestations in children with
acute lymphocytic leukemia.3-8
Since 1987 to 2014 a total of 9 children with ALL
aged 3-7 years developed neurologic symptoms. The majority (7/9) were boys. Onset of the symptoms in relation to chemotherapy varied from 14 days to 2 years. The most common
neurologic presentation was refusal or inability to walk. Five
children were diagnosed with GBS, 3 children with vincristine
induced polyneuropathy, and one child had methotrexate induced polyneuropathy. The cranial nerve/s involvement with
or without respiratory failure were common (7/9). Most commonly affected cranial nerve in both systemic and meningeal
ALL optic nerve was conspicuously absent from these reports.9
The seizure was uncommon (1/9).
Why Axonal Neurotoxicity?
Vincristine inhibits microtubule formation resulting
into an arrest of dividing cells. This commonly produces an
asymptomatic axonal rather than a demyelinating polyneuropathy.10 GBS in children with no ALL commonly causes demyelinating polyneuropathy. The common finding of axonal
injury in children with ALL leukemia suggests vulnerability of
the axons in ALL. Studies suggest that individual susceptibility
and younger age contribute to the likelihood of neurotoxicity.
Vincristine neurotoxicity relates to the plasma peak concentration rather than to the total dosage.11 Our patient had no evidence or family history of a pre-existing hereditary neuropathy like Charcot-Marie-Tooth disease. But the children with
ALL along with pre-existing hereditary neuropathy have an
increased risk for vincristine axonal neurotoxicity.12 Vindesine
like vincristine a vinca alkaloid which is used as an alternative
for vincristine causes a similar neurotoxicity.13
DIAGNOSIS
Given the complexity of children concurrently receiving multiple neurotoxic drugs and presenting with variable
neurologic presentations, the question arises whether emer-
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Authors’ Diagnosis

Interventio
IVIG4 given/ Drug
discontinued

Not available/Yes, No

GBS5 potentiating the
vincristine toxicity

No/Vincristine

A slow recovery in the arms
after 18 months

Difficulty walking , leg pain, weakness, and the
left facial nerve palsy

Not available/Yes, No

GBS

Yes/NA

A complete recovery in six
weeks

Day 15th
Progressive quadriparesis and areflexia over 2
weeks period, received no vincristine

Yes/Yes, No

Methotrexate intrathecal
induced ventral
polyradiculopathy

Yes/Intrathecal methotrexate

Complete recovery in four
weeks

Day 14th

Not available/
Not available,
Not available

Vincristine
toxicity

No/No

Died on 33 rd. day of Induction
therapy

7 year, Male

Day 24th
Flaccid quadriparesis, III, IV,, IX, X cranial
nerves paresis, generalized seizure, and respiratory failure

Not available/
No, No

Vincristine
toxicity

No/No

Died on the 32nd day of induction chemotherapy

4.3 year,
Female

Year 2
Progressive and ascending extremities weakness,
No sensory symptoms

Yes/No, No

Vincristine induced motor
paraparesis

No/Vincristine

Assisted walking at age 9
months of follow up

6 year,
Male

Week 5
Progressive symmetrical limbs weakness and
facial nerve palsy, No sensory symptoms

Not available/
Yes, Yes

Acute motor axonal neuropathy a variant of GBS

Yes /No

8 weeks later, a full recovery
to normal.

Not available/
No, No

Acute motor axonal neuropathy variant of GBS

Yes/No

Initial improvement during
IVIG therapy, but succumbed
to sepsis.

Yes/Yes, Yes

GBS/ALL potentiating the
vincristine toxicity

Yes/Vincristine and
Methotrexate

In wheel chair after 4 months
after therapy

Authors [Reference]Year

Age, Sex

Norman M et al.
[3] 1987

3.6 year, Male

Ascending paresthesia and flaccid quadriparesis,
and respiratory failure

Aral YZ et al.[4]
2001

4 year, Male

Anderson SC et
al.[5]
2002

3 year,
Female

Yun Woo
Chang et al.[7]
2003

Rajeshwari
B. et al. [8]
2013

Current
Study
2014

Onset and Neurologic Features in relation to
Chemotherapy
Day 19th

Spinal MRI1, Elevated CSF2 protein/
CSFWBC3

Outcome

Month 3rd

3 year, Male
Ray M
et al. [6]
2002
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2 year,
Male

5 year,
Male

Flaccid quadriparesis, difficulty micturition, loss
of vision, downward gaze palsy, loss of gag reflex,
and respiratory failure

Week 4
Rapidly progressive ascending paralysis and
respiratory failure
Day 19th
Leg pain, quadriparesis, difficulty micturition ,
priapism, and difficulty swallowing

Foot Note: The diagnosis of acute neuropathy in ALL is based on the neurologic manifestations, spinal MRI, the
typical CSF findings, and decreased conduction velocities in the affected peripheral nerves. GBS and vincristine induced polyneuropathy are rare but these are two common type of axonal neuropathy in children with ALL.

-gence of a new symptomology is the result of ALL, ALL relapse, neurotoxicity of the drugs in use or a new onset second
condition like GBS.
The initial presentation of acute polyneuropathy particularly GBS is vague. At times, an erroneous diagnosis of
viral or cerebellar dysfunction is made. Because these complexities likely to interrupt ongoing chemotherapy or hinder
initiation of IVIG therapy, prompt differentiation of these
medical and neurologic entities are of practical importance.
Differential Diagnosis
Bone marrow infiltration causing bony tenderness
or pain and pathological fractures can be early manifestations of ALL14 Infarction or hemorrhage into the nerves and
leptomeninges caused by direct leukemic cell infiltration are
uncommon. Nonetheless, it has been reported as the presenting neurologic manifestation of ALL. It usually develops during the induction chemotherapy. But a symmetrical
polyradiculopathy presenting 6 months before the onset of
ALL has been described.15 A focal or an asymmetric motor or sensory symptoms affecting limb/s is possible. Cran-
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MRI: Magnetic Resonance Image
CSF: Cerebrospinal Fluid
WBC: White Blood Cell counts
4
IVIG: Intravenous Immunoglobulin
5
GBS: Guillain-Barre Syndrome
1
2
3

ial nerves III, IV, and VI involvement either in isolation or
combination can be presenting manifestations of ALL.16
Refusal to bear weight or inability to walk due to
pain or weakness in an apparently healthy child with no history of trauma should raise the possibility of neurologic etiology. In fact an inability to walk in a child is the most common
presentation of an acute polyneuropathy or cauda equina syndrome. ALL, GBS, vincristine, methotrexate, and cytarabine
administration, all are known to cause acute polyneuropathy.17
Acquired polyneuropathy is characterized by an asymmetric
involvement. But polyneuropathy caused by GBS or vincristine neurotoxicity despite being an acquired polyneuropathy
is usually bilateral symmetrical.18 Autonomic dysfunctions in
the form of gastrointestinal or urinary system disturbance, impotence, priapism, and orthostatic hypotension can also occur.
Its involvement with or without painful lower limbs occurs
in the cauda equina syndrome and should prompt spinal cord
compromise. Acute CNS complications, seizures and acute
encephalopathy are extremely rare, but have been reported.19
Methotrexate, cytarabine, and corticosteroids (triple-drug therapy) are the most common drugs used intrathe-
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-cally. They produce both central and peripheral nervous
systems toxicity. The most common presentation of methotrexate toxicity is an acute encephalopathy, stroke-and
seizure-like activity, spinal cord disturbance, and cauda
equina syndrome.20,21 Cytarabine can affect any part of the
nervous system but cerebellar syndromes, myelopathy, and
peripheral neuropathy occur in a decreasing frequency.
It should be noted that although we did not perform test for porphyria to entertain the differential diagnosis of acute axonal polyneuropathy with autonomic nerve
system dysfunction or rule out rarely occurring acute form
of chronic inflammatory demyelinating polyneuropathy,
which may mimic the clinical picture of classical GBS.
However, both of these conditions should be considered.
Spinal Magnetic Resonance Imaging
Spinal MRI with and without contrast confirms the
clinical impression of spinal cord compression, vertebral collapse, epidural leukemic mass, and transverse myelitis. It is
also useful in demonstrating cauda equina, anterior or posterior roots, contrast enhancement which suggests a break in
the blood-brain barrier.22 Although enhancement of the cauda
equina is a non-specific finding but its presence in appropriate clinical context suggests polyradiculopathy. This provides
insight for an etiologic evaluation. Enhancement can also be
caused by neurotoxicity after an intrathecal administration
of methotrexate. It should be noted that an early MRI can be
normal in patients with acute myeloencephalopathy. The literature review in the assessment of peripheral neuropathy suggests infrequent (3/9) use of spinal MRI. But it is probably
the single most important initial investigation in those children in whom the cause of the gait difficulty remains unclear.
Diagnostic Challenge
Differentiating GBS from vincristine-induced
toxicity in children with ALL is a diagnostic challenge.
Both conditions affect the peripheral nervous system and
have similar CSF, spinal MRI, and neurophysiologic findings. But vincristine toxicity might progress to involve
the CNS. The absence of a clear infectious trigger, negative bacterial and viral studies, and the absence of anti-ganglioside antibodies makes vincristine toxicity more likely.

http://dx.doi.org/10.17140/NOJ-1-103

use of IVIG in chemotherapy-induced neuropathy is empirical.
Depending upon the cause and severity, the neurologic outcome has been variable, ranging from a full recovery
to death (Table 1). It should be noted that 4/9 children with
ALL developed respiratory failure. The children with respiratory failure had highest number of deaths; three out of 4
children. Our patient developed severe motor and sensory axonal neuropathy, neurogenic bladder, priapism, and difficulty
swallowing evolving over several weeks. We believe that he
had GBS possibly induced by the neurotoxic effect of vincristine or an altered immunologic status secondary to ALL.
However, he did not develop respiratory failure or sepsis.
Conclusion

Reported cases in the literature suggest that other than
areflexia acute polyneuropathy in children with ALL receiving chemotherapy is rare. A progressive ascending sensory and
motor sign and symptom are likely due to GBS or vincristineinduced neurotoxicity. Lumbosacral MRI showing root enhancement, CSF studies, and an abnormal nerve conduction
study facilitate early diagnosis. Early recognition of acute
polyneuropathy will facilitate a judicious use of immunotherapy for GBS, very much needed lifesaving chemotherapy, and
prevent a high mortality and morbidity in children with acute
childhood leukemia.
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Treatment and Outcome
The children with diagnosis of GBS received empirical
IVIG except the earliest reports of Norman M et al 1987. Interrupting chemotherapy will usually reverse the acute polyneuropathy. But if the neuropathy is caused by ALL or its relapse, chemotherapy may need to be intensified. Plasmapheresis and IVIG
therapy are indicated in GBS. Both have similar efficacy, but
for practical reasons IVIG is the preferred initial therapy.23 The
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Abstract

Wernicke Encephalopathy (WE) is an acute and serious secondary neurological syndrome caused by a deficit of thiamine or vitamin B1. Although it rarely presents with the classic
triad, the most frequent presenting symptoms are: mental confusion, ocular-motor dysfunction
and ataxia. Laboratory and image studies can be useful, but diagnosis is fundamentally clinical, and if this syndrome is suspected treatment must be started as soon as possible. The most
frequent cause in our setting is chronic alcoholism; however, there are increasing numbers of
reported cases secondary to parenteral nutrition not correctly supplemented with vitamins. Here
we present a case of WE secondary to parenteral nutrition not correctly supplemented with vitamins. This patient presented the classic clinical triad and was therefore diagnosed and treated
rapidly, responding to treatment in an effective manner. Thus, the clinical presentation corresponded to a deficit of other vitamins associated with the same vitamin complex iv that was not
administered, including a regenerative anemia and eczema craquele. This case emphasizes the
need to supplement parenteral nutrition with thiamine and other vitamins. At the same time, it
stresses the importance of suspecting this syndrome in all clinically compatible patients with
non-vitamin supplemented parenteral nutrition.
KeyWords: Wernicke Encephalopathy (WE); Home parenteral nutrition; Thiamine deficiency.
ABBREVIATIONS: Wernicke Encephalopathy (WE); Radiotherapy (RT); Home Parenteral Nu-

trition (HPN); Computerized Tomography (CT); Magnetic Resonance Imaging (MRI).
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We present the case of a woman 55 years of age, who presented at the hospital emergency room with change of gait, confusion and double vision over the previous two weeks. Her
personal history showed a cervical adenocarcinoma ten years previously which required surgical treatment in addition to chemo- and radiotherapy, which was in remission at the time. As
a side effect of the radiotherapy treatment she presented severe actinic enteritis which caused
intolerance to oral and enteral feeding, and for this reason she had received total Home Parenteral Nutrition (HPN) for two and a half years.
In the context of a low emotional state for personal reasons, the patient neglected the
correct management of her parenteral nutrition, having suspended her vitamin supplements
(Table 1) for 20-30 days. At the end of this time she presented at the emergency room complain
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Table 1: Composition of the vitamin complex administered to the patient
Retinol Palmitate (Vitamin A)

3500 IU

Cholecalciferol (Vitamin D3)

220 IU

Alfa Toco pherol (Vitamin E)

11,2 IU

Ascorbid acid (Vitamin C)

125 mg

Nicotinamide (Vitamin B3)

46 mg

Pantothenic acid (Vitamin B5)

16,15 mg

Pyridoxine (Vitamin B6)

5,5 mg

Riboflavin (Vitamin B2)

5,67 mg

Thiamine (Vitamin B1)

3,51 mg

Folinic Acid

414 mcg

D-Biotin

69 mcg

Cyanocobalamin (Vitamin B12)

6 mcg

ing of asthenia, progressive instability of gait (to the point
where she could no longer ambulate without aid) for one week
prior to presentation, accompanied by a loss of coordination in
the superior extremities which made management of the central line, and double vision in all positions of gaze.
On physical examination the patient was disorientated in time and space, without affecting language or speech.
Extrinsic ocular motility was altered, presenting paresis of
both external rectus muscles and one horizontal rotatory nystagmus, constantly in all positions of gaze. From the motor
aspect, muscular balance was normal (motor strength 5/5), as
were the osteotendinous reflexes, with the exception of the
achilles which were bilaterally absent. The cutaneous plantar
reflexes were flexors. The sensitivity study revealed a mild distal hypopalesthesia in the inferior extremities, without other
noteworthy changes. The patient also presented ataxia of the
trunk which made seating difficult and bipedal ambulation impossible without aid.
Regarding additional tests that were carried out, the
analytic study detected the presence of thrombocytopenia
(102,000 platelets/ml) and normocytic normochromic anemia
(hemoglobin 10,3 g/dl, mean corpuscular volume 87,5 fl), in
addition to hypoalbuminemia of 2,53 g/dl, indicating moderate protein deficiency. The remainder of the additional tests,
including radiography of the thorax, abdomen and a CT scan
of the cranium obtained results within normal parameters.
Considering the clinical history and the described
findings on physical examination, Wernicke syndrome was suspected, and for this reason treatment was started with 300 mg
of thiamine iv every 8 hours, subsequently continuing with 300
mg iv/day of the vitamin for one week, while simultaneously
reintroducing parenteral nutrition with vitamins and minerals
incorporated. It should be taken into account that since the patient attended on the weekend, it was not possible to carry out
a Magnetic Resonance Imaging (MRI) scan or any non-urgent
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analysis in her referring hospital, and for this reason thiamine
levels previous to iv administration could not be determined.
On detection of low levels of folic acid and the further suspicion of deficiency in other B-group vitamins, a blood
smear was taken which indicated serious reticulocytosis. Following transfusion with a concentrate of erythrocytes and 100
mg of folic acid iv administered in two doses, the anemia improved, also showing a great quantity of reticulocytes in the
smear over the two days of treatment. Analysis of vitamin levels in the blood, including complex B, were normal (Vitamin
B1: 10,81 µg/l, Vitamin B6: 13 nmol/l, Vitamin B12: 897 pg/
ml, folic acid: 15,30 ng/ml), after three days of the treatment
described previously. Half way through the hospital stay the
patient developed non-pruritic dry eczema on the right thigh,
corresponding to eczema craquele (xerodermic), probably
caused by nutritional deficiency.
The patient recovered equally well from the confusional syndrome as from the ophthalmoparesis in less than 24
hours, continuing with a certain degree of ataxia and instability of gait which improved with rehabilitation, although they
did not recover adequate ambulation. The eczema was also resolved with topical treatment.
DISCUSSION

HPN is indicated in patients with an inability use the
digestive tract, as occurred in our patient, who presents chronic
intestinal insufficiency due to actinic enteritis, indicating standard parenteral nutrition of 1,700 kcal, to which is added daily a
complex of minerals and multivitamins adjusted to their needs.
Poor praxis or adherence to the treatment can give rise to a
state of calorific-protein or micronutrient malnutrition, causing
the typical symptoms of each deficiency.1,2
Wernicke syndrome is a neurological complication,
relatively common, stemming from a deficit of thiamine or vitamin B1 and which can lead to an extremely negative outcome
with high mortality if not correctly identified and treated.3 Thiamine is a water soluble vitamin which is involved in energyproducing enzymatic cascades during glucose metabolism.
With reduced activity of these enzymes, it produces inhibition
of normal glucose metabolism, causing damage to certain areas
of the brain.4 Wernicke syndrome is characterized clinically by
the triad of mental confusion, ocular-motor dysfunction and
ataxia. Nevertheless, the presence of this triad is more of an
exception than a rule and the conjunction of the three symptoms is in a third of patients. Confusion is the most frequent
presenting symptom, followed by ataxia and ocular problems.5
Our patient presented the classic triad, which greatly facilitated
diagnosis.
Although the most frequent cause in our setting is
chronic alcoholism, Wernicke Encephalopathy (WE) can be
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caused by any other medical condition which produces malnutrition.6 This includes prolonged administration of parenteral
nutrition without the correct vitamin supplements, as occurred
in our case.2 While laboratory and image studies can be useful,
EW diagnosis is fundamentally clinical and often it is the clinical response to treatment that confirms the suspected diagnosis.7
The sensitivity and specificity of laboratory tests in symptomatic patients is uncertain. There usefulness is questionable due
to the fact that a finding of normal thiamine does not exclude
a diagnosis of WE and that in the majority of healthcare centers it is not possible to obtain results immediately, requiring
treatment to be administered empirically on suspicion of the
syndrome.8 In this case, confronted with the suspicion of WE
and the impossibility of requesting thiamine levels in advance,
establishment of opportune treatment proceeded, obtaining
said levels, which were normal, at a later stage.
Imaging studies are also unnecessary in all suspected
WE patients and the initiation of treatment should not be delayed.9 However, imaging diagnosis can be useful in providing evidence of WE and help eliminate possible alternative
diagnoses. CT scan can show small, symmetrical signs of low
density in the diencephalon, midbrain and periventricular regions which are enhanced after the administration of contrast.
Nevertheless, this is considered an insensitive test because, as
in our case, a negative result does not exclude WE.10 MRI is
the image study of choice for diagnosis, but although sensitivity is somewhat better, it is estimated to be just 53% with the
highest specificity (93%).11 The most common findings include
areas of increased T2 and diminished T1 signs, localized in
the third ventricle, periventricular region, medial thalamus and
mammillary bodies, in addition to an alteration in the diffusion
signal in said zones.12 The abnormal T2 sign, however, can disappear in the first 48 hours after treatment with thiamine.13 In
our case, given that by the time it was possible to undertake an
MRI more than 48 hours had elapsed, and that the patient was
responding well to treatment, the test was not carried out.
In all those patients with clinically suspected WE, thiamine should immediately be administered intravenously prior
to administration of glucose. Although different therapeutic
options exist, it is accepted that the treatment should consist
of 250-500 mg three times per day for the first 3-5 days, and if
there is an improvement, 250 mg iv once per day for the next
3-5 days, moving finally to 100 mg orally en those patients
who tolerate it.9,14 Although sometimes incomplete, in general
the response to treatment is rapid, with ophthalmoparesis being
the first symptom tor resolve, followed by a partial or total improvement of confusional syndrome, with a certain degree of
ataxia persisting in up to 50% of cases,15 as occurred with our
patient. She recovered as well from the confusional syndrome
as from the diplopia in less than 24 hours, remaining with a
certain degree of residual ataxia and gait instability.
There are various published cases in the literature
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which are linked the use of parenteral nutrition to WE.2,16,17 Given that the majority of patients for whom TPN is indicated have
no other way of acquiring said vitamin, its deficiency is due to
the lack of supplementation of the same in the parenteral nutrition bag. The recommended dose of thiamine for a healthy adult
is 1,4 mg per day or 0,5 mg per 1000 kcal consumed. It is calculated that the reserve of thiamine in the body is approximately
30 g, from which we can calculate that the symptoms will appear
after 18-20 days of exogenous non-availability of the vitamin.18
CONCLUSION

In conclusion, we consider the supplementation of
thiamine and other vitamins in patients with TPN to be an absolute necessity. It is important to come to the suspicion of this
syndrome in those patients when they present compatible symptoms, with the objective of establishing treatment with thiamine
as soon as possible. Likewise, with thiamine included in a vitamin complex, it is common to find other deficiencies which must
also be ruled out.
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We report a rare case of angioedema in an adolescent female with multiple problems,
seizures migraines, peudotumor cerebrii, supraventricular tachycardia, and obesity. Management of drug therapy in such patients presents a clinical challenge. We discuss a single drug
solution particularly in those patients in whom the memory of side effects of the drug is a vivid
reality.
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Introduction

Urticaria manifests as a skin eruption consisting of raised, intensely itchy papules or
wheals which involves superficial dermis. In contrast, angioedema is a result deeper subcutaneous and submucosal tissue edema. Both are caused by post capillary venule inflammation
resulting in fluid leakage. Clinical manifestations and etiology of acute onset angioedema are
variable. Carbamazepine and acetazolamide like many other drugs may produce mild to severe
adverse reactions.1,2 Indeed angioedema is a rare complication of drug therapy in children.3 The
incidence peaks the third decade of life. Women are more often affected than men. Culprit drugs
include analgesics, antibiotics, and contrast media. In the adult literature angiotensin-converting
enzyme inhibitors are probably the best documented drugs that can induce angioedema.4 However, there is a lack of published report of carbamazepine or acetazolamide-induced angioedema
in children.5
By illustrating an acute onset angioedema, we discuss a single drug solution particularly in those patients in whom the memory of side effects of the drug is a vivid reality.
Case Report
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A 15 year-old female presented with an acute onset skin rashes, as well as painless lip,
and eyelid swelling. She had no breathing difficulties. Her past history included supraventricular tachycardia, generalized epilepsy, an idiopathic increased intracranial pressure and disabling
migraine attacks. The presenting symptoms occurred on the 26th day of starting carbamazepine
(3.6 mg/kg/day) and acetazolamide. She has been receiving daily digoxin. She had no history of
fever, systemic symptoms, and hereditary angioedema.
She was afebrile. Her vital signs were stable. Her body mass index was 52.4 Kg./m2,
over 95 percentile. Height and weight were 170 centimeters and 152 kilograms, respectively).
Her facial appearance was notable for disproportionate swelling of the lips and eyelids and
inflamed conjunctivae. Her extremities had non-pruritic maculopapular rashes. No skin and
mucocutaneous ulcerations, or organomegaly were seen.
th
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Differential white cell counts, eosinophil, serum biochemistry, and liver function tests, all were normal. Assessments of the complement system (CH50, C3 and C4), all were
normal. Serum peak carbamazepine level was 6.5 (5.0-12
mcg./ml) and digoxin level was 0.5 (normal 0.9-12 ng./ml).
Clinical intervention and the course
She was hospitalized for angioedema management.
Diphenhydramine was administered. Carbamazepine and acetazolamide, both were discontinued, while digoxin therapy
was continued. On the second day, she had a transient and selflimiting clinical seizure. This was managed conservatively
without re-starting anticonvulsant therapy. The patient made a
slow but steady recovery and she was discharged on digoxin.
Fourth day after hospital discharge, she had a major seizure.
Then topiramate (2.8 mg/kg. body weight/day) was started.
Over the next year, her debilitating migraines, seizures, intracranial pressure, all three were under controlled with the use of
topiramate. She lost about twenty kilograms of body weight
over twenty-four months of follow up.
Discussion

Like our patient, angioedema with urticaria occurs
in 40% of patients. The presented characteristics in the presence of normal laboratory testing and no family history support
the diagnosis of angioedema with urticaria which is probably
caused by carbamazepine or acetazolamide. Both drugs are
known to induce angioedema. Because both drugs were initiated and discontinued simultaneously, it is debatable which drug
was responsible for angioedema. We did not re-challenge with
carbamazepine or acetazolamide which may have provided a
clue. Acetazolamide is a sulfonamide derivative. Therefore
cross sensitivity is possible.6 On other hand, Duran-Ferreras et
al, reported carbamazepine hypersensitivity affecting skin and
kidney.7 Laryngeal swelling is rare when angioedema is associated with urticarial rashes.8
Therapeutic challenge: A single-drug solution
Before instituting the drug, one should ascertain its
benefits and risks, and should set a realistic expected goal of
therapeutic intervention. In our case, a daily drug prophylaxis
was indicated for two common neurological problems, recurrent seizures and debilitating migraines. Topiramate was chosen to prevent both due to; (1) being a broad acting anticonvulsant, (2) its role in prevention of migraine attacks, additionally
for (3) weight reduction as its side effect and, most importantly,
(4) Topiramate has not been reported to cause angioedema.9
It should be noted that if our patient did not have epilepsy, a daily drug therapy for migraines was still needed. In
this context, replacing digoxin by beta-blocker (atenolol or
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propranolol) to treat both supraventricular tachycardia and migraines may have been an appropriate choice.
The timing
The timing of re-starting anticonvulsant may be debatable. This may raise an ethical concern because anticonvulsant therapy was withheld even after reoccurrence of the minor
seizure. This was done because of following; (1) the patient
was still recovering from angioedema, (2) to allow a washout
period for carbamazepine and acetazolamide, (3) to assess the
need for a long-term anticonvulsant preventive therapy. Such
documentation is important because there is no guarantee that
use of a new drug (topiramate) will not cause side effect. This
will also aid in the reinforcement of compliance.
Conclusions

Many drugs including carbamazepine and acetazolamide may cause angioedema with or without urticaria. It is
imperative to set a goal first before looking for the means. In
the context of potential side effects the drug therapy should
be carefully justified. While choosing a single drug therapy it
worth considering if the selected drug’s side effect can be utilized to prevent other symptoms like in our patient.
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Abstract
Background: Mindfulness-based interventions (MBIs) have previously been associated with
structural gray matter changes in normal healthy adults. However, it remains unknown if standardized MBIs can induce similar changes in older adults and those with health complaints as
well. The objective of this investigation was to examine the effect of a standardized MBI on
the gray matter tissue of older adults with sleep disturbances.
Methods: This exploratory single-group pilot longitudinal study examined local gray matter
changes over a six-week MBI period. Participants included six older adult community volunteers (M=66.5 years of age, SD=5.5, range=58-75; 66% female) with sleep disturbances recruited through advertisement in local newspapers/flyers posted at a university medical center
and affiliated clinics in Los Angeles, CA. The MBI was delivered as a weekly, two-hour, sixsession, group-based course in mindfulness meditation. Gray matter was measured voxel-wise
pre- and post-intervention.
Results: A significant gray matter increase was identified within the precuneus, possibly implicating meditation-induced changes of the default mode network. In contrast, observed significant gray matter decreases may have been driven by MBI-related remediation of brain
architecture subserving sleep complaints.
Conclusions: Exploratory findings suggest that mindfulness meditation practice is associated
with a detectable alteration of cerebral gray matter in older adults.
KeyWords: Mindfulness; Meditation; Aging; Brain imaging; Voxel-based morphometry.
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Mindfulness-based Interventions (MBIs) train participants in formalized and systematic mainstreamed mindfulness meditation practices, which are shown to impart significant improvements in stress-related ailments in age groups spanning childhood1 to adulthood.2 Mindbody practices are more recently showing utility for improving the health of older adults.3,4
Neural mechanisms, both functional and structural, may underlie some of these observed benefits. As shown with magnetic resonance imaging, MBIs as brief as eight weeks can modulate
the brain structure of young and mid-aged adults,5,6 and several cross-sectional studies note
significant links between mindfulness practice and gray matter configuration.7-10 However, as
the effects of MBIs on brain structure have been predominantly investigated in younger and
middle-aged cohorts, it remains unknown if and how MBIs impact brain structure specifically
in older adults.
In this exploratory, data-generating study, we examine pre-to-post changes in cerebral
gray matter volume in older adults with sleep disturbance symptoms who participated in a
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six-week formalized MBI. We applied voxel-based morphometry to detect potential significant changes in gray matter volume
with an extremely high regional specificity (i.e., voxel by voxel)
across the entire brain. To our knowledge, this is the first study
focused solely on older adults to examine brain changes associated with participation in a mindfulness meditation program.
Methods
Participants and Procedures

Participants included six older adult community volunteers (M=66.5 years of age, SD=5.5, range=58-75; 66% female;
100% Caucasian) recruited through advertisement in local newspapers/flyers posted at a university medical center and affiliated
clinics in Los Angeles, CA, U.S.A. Participants were a subsample
from a larger trial that examined the efficacy of a MBI on sleep
complaints.11 Except for the six subjects described here, the remainder of the sample did not undergo brain scans. Participants
were eligible for the study if they were >55 years old, spoke
English, and experienced current sleep complaints (Pittsburg
Sleep Quality Index >5),12 and spoke English. Participants were
ineligible if they had a significant current practice of any form
of meditation (>15 minutes daily) or depression (Patient Health
Questionnaire>14).13 The UCLA Institutional Review Board approved all study procedures. Eligible respondents provided written informed consent prior to enrolling in the study. Eight visits
to the study site were requested to complete the study protocol,
including 1 pre-intervention brain scan, 6 MBI sessions, and 1
post-intervention brain scan. All scans were administered within
10 days pre- and post-intervention. Assessment visits included
survey completion and MRI safety screening.
Intervention
Mindful Awareness Practices for Daily Living (MAPs):

MAPs is a weekly, 2-hour, 6-session, group-based
course in mindfulness meditation (see http://marc.ucla.edu). A
certified teacher with over 20 years of mindfulness practice delivered the formalized program curriculum to study participants.
An average of 10 to 30 minutes of mindful experiential practice is engaged in each class in addition to the teacher-delivered
didactic material and group discussion. Participants are also
provided with a book on mindfulness accompanied by a guided
meditation CD for personal use (see Ref. 11 for more intervention details). Mindfulness practice is assigned as homework beginning with 5 minutes daily then advances to 20 minutes daily
by final session. The MAPs program has been shown in previous work to attenuate psychological stress and increase levels of
mindfulness in a community-based setting.14
Image Acquisition and Analysis

All brain images were acquired on a 1.5 T Siemens Sonata scanner (Erlangen, Germany) using an 8-channel head coil
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and a T1-weighted MPRAGE sequence with the following parameters: 1900 ms TR, 4.38 ms TE, 15° flip angle, 160 contiguous sagittal slices, 256x256 mm2 FOV, 1x1x1 mm3 voxel size.
Brain images were processed using the SPM8 software (www.
fil.ion.ucl.ac.uk/spm) and the VBM8 toolbox (dbm.neuro.unijena.de/vbm.html) with the protocol for longitudinal studies as
previously described15 wherein images were smoothed with an
8 mm FWHM kernel. Voxel-wise gray matter was compared at
baseline (t1) and follow-up (t2) using a paired t-test in SPM8.
Results were corrected for multiple comparisons by controlling
the Family-Wise Error (FWE) at cluster-level using a threshold
of p ≤ 0.05, adjusted for non-stationarity.16
Results

As shown in Figure 1, the voxel-wise analysis revealed
one cluster indicating significant gray matter increase in the
right precuneus (247 voxels, cluster maximum [x;y;z]: 6; -64;
19, p=2.4x10-15) and decreases in the left prefrontal cortex (408
voxels, x;y;z: -39; 50; -8, p=1.0x10-10), right hippocampus (136
voxels, x;y;z: 24; -36;3, p=1.3 x 10-7), right thalamus (199 voxels, x;y;z:3;-21;12, p=1.7x10-5), and right parietal cortex (311
voxels, x;y;z: 9;-45;58, p=1.8x10-15).
Discussion

Outcomes from this exploratory, data-generating, study
demonstrate that after the course of a six-week standardized
mindfulness meditation program, significant changes in local
gray matter were observed in older adults with sleep complaints.
Although mindfulness-induced gray matter changes have been
detected and described previously,5,6 the current findings are
particularly interesting given the mature age of the participants.
Gray matter changes due to MBIs were previously reported in a
group of young and healthy, albeit stressed, individuals.5,6 Such
changes in brain anatomy observed in young populations, however, cannot be easily extrapolated to older adults. Our observed
gray matter increase within the precuneus in the older adult
brain corroborates a previous longitudinal MBI study, in which
the cluster peak voxel was located in the neighboring posterior
cingulate cortex.6 The cluster identified in our study, as well as
the one from the previous mindfulness meditation study, are located in the posterior part of the default mode network,17 which
is implicated in meditation training.18 The precuneus is central to
the human experience of the phenomenological self, a process
proposed to be essential to meditation practice.19 Although unanticipated, gray matter decreases observed in this study have been
reported previously5 and in our study may constitute effects that
are specific to the older age of our participants and/or to the brain
architecture subserving the remediation of sleep complaints. As
such, findings might not generalize to asymptomatic or younger
adults. This study highlights the need for future research to investigate neuroplastic changes that are associated with mindfulness meditation in older adults. This new line of investigation
is promising when considering the recent experimental research
showing that mind-body practices can reduce psychological
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Figure 1: Significant increase and decrease in gray matter over the mindfulness meditation intervention period; threshold at p≤ 0.05 (corrected for multiple comparisons). The color bar encodes T-values. Significant gray matter increase was located in the right precuneus. Significant gray matter decreases were located in (a) the
left prefrontal cortex, (b) the right hippocampus, (c) the right thalamus, and (d) the right parietal cortex.

ailments in older adults while also modulating immune cell
parameters.3,4
Limitations of this exploratory study include the prepost observational design and lack of a control group, which
limits interpretation of causal inference. Sample size was small
and all participants were Caucasian and reported current sleep
disturbances, thus statistical noise is a potential explanation for
the results and the generalizability of findings is curtailed. Future
controlled studies enrolling adequate sample sizes are needed to
replicate our preliminary results in older adults.
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Objective: Infection is one of the most frequent complications of ventriculoperitoneal shunts.
However, Streptococcus pyogenes (Group A Streptococcus, GAS) as a causative agent appears
to be extremely rare. We present an unusual case of a peritoneal shunt infection due to GAS that
occurred after pharyngitis with scarlet fever.
Case Description: A 31 year-old woman with congenital shunt-dependent hydrocephalus presented with fever, vomiting, and acute abdominal symptoms several weeks after being treated
for pharyngitis and scarlet fever. She was found to have a large intra-abdominal peritoneal
catheter-associated abscess that grew out GAS.
Results: The patient’s shunt was externalized at the clavicle and the cerebrospinal fluid (CSF)
was sterile. Her peritoneal abscess was treated by percutaneous drainage, laparotomy, and intravenous antibiotics. More permanent CSF diversion was accomplished via ventriculoatrial
shunt creation after treatment. She made a full recovery.
Conclusion: While shunt infection is an all too common clinical problem, this is the first report
of a peritoneal shunt infection caused by GAS after pharyngitis and scarlet fever. Presumably,
this infection occurred as a result of haematogenous spread to the shunt site in the abdomen.
KEYWORDS: Abdominal abscess; Group A streptococcus; Shunt infection; Streptococcus pyogenes; Ventriculoperitoneal shunt.
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Ventriculoperitoneal shunt (VPS) infections are frequent complications that result in
shunt failure in 5-15% of patients.1 Common causative agents include Staphylococcus aureus,
Coagulase-negative staphylococcus species, a variety of gram-negative rods, Propionibacterium species, and Enterococcus faecalis. Other less common isolates include Haemophilus
influenza type B, Klebsiella pneumoniae, Serratia marcescens, Group B Streptococcus, Streptococcus pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa and Morganella morganii.2
The mechanism of shunt infection most frequently involves colonization of the shunt by skin
flora at the time of surgery or postoperatively via breakdown of the wound. Alternatively, shunt
infection can occur due to direct contamination of the peritoneal end of the shunt by gut flora
in the setting of bowel perforation or peritonitis.3
We present a rare case of a hydrocephalic patient with a ventriculoperitoneal shunt
who developed a Streptococcus pyogenes (Group A Streptococcus, GAS) peritoneal catheterassociated intra-abdominal abscess that occurred several weeks after pharyngitis and scarlet
fever. GAS colonizes epithelial surfaces, primarily the throat and skin, but also the vagina and
rectum, from where it can cause a wide array of superficial, invasive, and immune-mediated
diseases. GAS most commonly causes mild infections such as pharyngitis and impetigo, but
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is also associated with serious non-suppurative complications
such as acute rheumatic fever, acute glomerulonephtritis, and
toxic shock syndrome.4 Suppurative complications include peritonsillar/retropharyngeal abscess, sinusitis, meningitis, brain abscess, or thrombosis of intracranial venous sinuses.4 However, to
our knowledge this is the first case of a peritoneal shunt abscess
due to GAS following pharyngitis and scarlet fever reported in
the literature. Only one other case of GAS shunt infection has
been reported, however that case involved direct contamination
of the cranial shunt site.5
CASE REPORT

Our patient was a 31 year-old woman with a history
of holoprosencephaly and VPS dependent congenital hydrocephalus requiring a total of nine previous shunt revisions. Her
most recent revision was four years prior to presentation due to
fractured shunt tubing in the neck. At that time, she underwent
a complete shunt revision. The old distal catheter could not be
completely removed due to calcification and scarring and was
left in place from the upper chest down to the peritoneal cavity.
Her immediate post-operative course from that surgery was uneventful with confirmation of correct shunt placement on x-ray
and no evidence of CSF leak.

http://dx.doi.org/10.17140/NOJ-1-107

In late December 2013, she developed a systemic illness characterized by cough, fever, and scarlitiniform rash. A
throat culture was unable to be obtained due to limited patient
cooperation. She was clinically diagnosed with GAS pharyngitis
and scarlet fever and treated with a seven-day course of amoxicillin. The patient’s symptoms did not completely resolve and
she was treated with a second 7-day course of amoxicillin for
presumed streptococcal pharyngitis in February 2014.
Approximately three weeks later, the patient developed
fevers, diaphoresis, diarrhea, and bilious vomiting. She presented to the emergency department at our institution. On physical
examination she was febrile to 38.7, tachycardic to the 130s, and
with a normal blood pressure. She was at her neurological baseline. Her abdomen was soft, distended, and tender to palpation.
Her white blood cell count was elevated, measuring 15.4 x 109/L
with 61% neutrophils and 20% bands. Elevated inflammatory
markers were also identified including an erythrocyte sedimentation rate of 103 mm/hr and platelet count of 635 x 109/L. A
Computed Tomography (CT) scan of the abdomen was obtained
and revealed a large anterior intra-abdominal loculated fluid collection involving the two VPS peritoneal catheters (Figure 1).
CT imaging of her head was unchanged from her previous studies.

Figure 1: Contrast-enhanced computed tomography scan of the abdomen with L5 axial (A), S1 axial (B), and coronal (C) images demonstrating the peritoneal catheters
(red arrow) within the large, loculated abdominal abscess (white arrows).
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The shunt was immediately externalized at the clavicle
and cerebrospinal fluid was evaluated showing: one erythrocyte
and no leukocytes per mm3, glucose of 104 mg/dL, and protein
of 10 mg/dL. The patient immediately underwent ultrasound
guided percutaneous drainage of the abdominal collection that
revealed pus. The resulting cultures of the peritoneal abscess
grew numerous colonies of GAS sensitive to penicillin. Blood
and CSF cultures showed no growth. Given extensive adhesions
and loculations, a laparotomy was required to remove the distal
shunt catheters and complete the abscess evacuation.
The patient was treated with a 14-day course of vancomycin given the patient’s known allergy to cephalosporins.
After a transthoracic echocardiogram revealed no vegetations,
a ventriculoatrial shunt was created to definitively manage her
hydrocephalus. This was performed without complications and
patient had no subsequent sequalae of her infection.
CONCLUSIONS

Peritoneal GAS shunt-related abscess could be a potential complication of GAS pharyngitis with scarlet fever in a
patient with a VPS. Clinicians should be aware of the possibility
of hematogenous spread of GAS and VPS infection. A combination of abscess drainage, surgical removal of shunt tubing, and
antibiotic therapy was successful in this case. Ventriculoatrial
shunting is a reasonable option for CSF diversion when the peritoneum is prohibited due to infection or adhesions.
DISCUSSION

Streptococcus pyogenes is the most common bacterial
cause of pharyngitis with over 600 million cases per year.6 Occasionally, GAS pharyngitis is accompanied by scarlet fever,
which manifests as a diffuse erythematous and finely papular
rash, “strawberry tongue”, and exudative pharyngitis. Development of the scarlet fever rash is thought to be the result of delayed-type skin reactivity to streptococcal pyrogenic exotoxins
produced by the organism.4
Less commonly, GAS has the capacity to breach epithelial barriers and cause a variety of invasive diseases. The
incidence of severe invasive GAS infections in North America
has been estimated to be 1.5 -7.0 cases per 100,000 persons annually.7 Invasive GAS infection is defined as an infection associated with isolation of GAS from a normally sterile body site.
Acute peritonitis caused by GAS is a form of invasive infection
that is rarely diagnosed in a person without underlying disease
such as hepatic cirrhosis, immunosuppression, or nephroticsyndrome.8 In the few cases reported describing GAS peritonitis in
healthy women, the entry sites of GAS were not well understood. Ascending genital infections are thought to be the major
primary source,8 however other possible primary locations of
infection are respiratory tract and cutaneous sites with hematogenous spread of bacteria.9 Direct transluminal spread from the
bowel has also been suggested in the pathogenesis of primary
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GAS peritonitis.10 However, given the preceding pharyngitis in
our case, hematogenous spread of GAS to the peritoneum is the
most plausible mechanism of infection.
Hematogenous spread as a mode of VPS associated abscess is not well described in the literature. The occurrence of an
abdominal abscess following VPS placement is rare, accounting
for only 5% of intra-abdominal shunt related complications in
one retrospective study.11 The organisms isolated from VPS related abdominal abscesses include pseudomonas,2 staphylococci
and enterococcus,12 consistent with the most common organisms
associated with VPS infections. Hepatic abscesses are the most
commonly reported intra-abdominal location in the literature.
The pathogenic mechanisms postulated are penetration of the
shunt tube into the liver and subsequent abscess formation from
bacterial translocation from skin flora versus seeding into the
liver via portal veins due to intraabdominal sepsis.13 In our patient, the VPS may have served as a nidus for the infection given
the large collections surrounding the near entirety of the tubing
in the peritoneal cavity.
There has only been one other case of a GAS shunt
infection reported in the literature. Patel et al. describe a 7-yearold male who presented with purulent drainage from a cranial
shunt site, with GAS isolated from the wound and CSF cultures.5
The mechanism of infection was hypothesized to be autoinoculation from a pharyngeal source as the patient frequently placed
his fingers in his mouth and scratched his shunt site. Alternatively, GAS meningitis is a known but rare manifestation of invasive GAS infections, and may have resulted in a secondary
shunt infection.14 However, these mechanisms are not likely to
be responsible for the shunt infection in our case as the intra-abdominal GAS abscess did not track to the skin and there was no
evidence of a CSF infection. Additionally, our patient’s shunt revision surgery was distant enough in the past (4 years prior) that
infection from bacterial translocation from skin was unlikely.
The occurrence of a peritoneal shunt infection necessitates shunt externalization and drainage of the infected collection.15 The options for hydrocephalus management thereafter
include: replacement of shunt into peritoneum, ventriculoatrial
shunt, or placement of shunt tube into pleural cavity. In our case,
the recent infection and extensive adhesions within the abdomen
excluded the peritoneum as a viable shunt site. A ventriculoatrial
shunt was placed for long-term management of hydrocephalus
given the patient’s high output of CSF.
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