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Posterior reversible encephalopathy syndrome (PRES) is a complex neurological condition characterized by the acute onset of neurological symptoms, such as seizures and potentially reversible
vasogenic edema with preferential involvement of the parieto-occipital region in brain magnetic
resonance imaging. Although PRES can present with a wide spectrum of clinical manifestations,
the most common are seizures, visual disturbances, headaches, and altered mental states. PRES
has been recognized in a wide variety of clinical settings including hypertension, immunosuppressants following organ transplantation, chemotherapy, renal diseases, sepsis, and autoimmune
disorders. It has been increasingly reported even in children, but many aspects of this syndrome
are incompletely understood and validated diagnostic criteria is still lacking. In this review, we
will cover putative pathophysiological mechanisms, etiologic categories, clinico-radiological
manifestations, and outcomes from previous studies.
Keywords: Posterior leukoencephalopathy syndrome; Children

Introduction
Posterior reversible encephalopathy syndrome (PRES) is a clinical
and radiographic syndrome with different etiologies that are
grouped together and referred to as posterior leukoencephalopathy
syndrome, reversible posterior leukoencephalopathy syndrome,
brain capillary leak syndrome, or hyperperfusion encephalopathy.
PRES was first recognized in 1996 in patients who had renal insufficiency or hypertension or who were immunosuppressed [1].
PRES is characterized by a sudden onset of neurological symptoms, such as seizures, headache, visual disturbances, and reversible, cortical/subcortical vasogenic edema, commonly involving
the parieto-occipital region of the brain [2-4]. Although the patho-

physiology remains controversial, acute endothelial damage and
subsequent interstitial brain edema is thought to cause PRES in
patients with comorbid conditions such as hypertension crisis,
kidney disease, use of cytotoxic drugs, immune mediated diseases
[5,6]. Generally speaking, PRES has a good prognosis and is often
reversible if treated early and adequately.
PRES in children has been more frequently reported, but most
of the reports were conducted as single-center, retrospective studies, with focused populations, and a limited number of patients.
The estimated incidence of PRES in children ranges from 0.04% to
0.7% [7-9]. As expected, many aspects of PRES are incompletely
understood in children. This review will discuss putative pathophysiological mechanisms, etiologies, clinico-radiological manifes-
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tations, and outcomes from a pediatric perspective.

Pathophysiological theories
Several theories have been proposed regarding the pathophysiological of PRES; these are summarized in Table 1. The vasogenic
theory proposes that sudden, severe hypertension (i.e., exceeding
the capacity of cerebral blood flow autoregulation) leads to endothelial injury, breakdown of the blood-brain barrier (BBB), and
subsequent vasogenic edema [2,10]. On the other hand, vasospasm and resultant cerebral ischemia may develop neurological
symptoms [6,11]. The cytotoxic theory proposes that the endothelial dysfunction of PRES is due to exogenic toxins, such as drugs
for chemotherapy or immunosuppression, or endogenic toxins,
such as those generated during sepsis or eclampsia [2,6,12,13].
The immunogenic theory proposes that endotheliopathy, mediated by T-cell activation and the release of cytokines such as tumor
necrosis factor-α (TNF) and interleukin-1 (IL-1), increases endothelial permeability and subsequent vasogenic edema [3,4,10,14].
In addition, TNF-α and IL-1 induce astrocytes to produce vascular
endothelial growth factor, which disintegrates tight junction and
increases vascular permeability. Finally, the neuropeptide theory
proposes that potent vasoconstrictive neuropeptides, such as endothelin 1 and thromboxane A2, induce severe vasoconstriction,
endothelial dysfunction, and subsequent cerebral hypoperfusion,
which can proceed to cerebral ischemia and edema [14]. However,
evidence to support each of these theories is lacking. We therefore
postulate that PRES can result from combinations of these mechanisms, at least in the initial phase.

Etiology/predisposing factors
Initially, PRES was associated with immunosuppressive therapy,
such as cyclosporine A after transplantation, or conditions in
which blood pressure (BP) rises acutely [1,15-19]. Other comorbid conditions or risk factors of PRES have been reported and are
becoming more frequent in children; these are summarized in
Table 2. As in adult cases, primary or secondary hypertension and
renal disease are the most significant predisposing factors in chil-

Table 1. Proposed pathophysiological mechanisms of posterior
reversible encephalopathy syndrome
Vasogenic
Cytotoxic
Immunogenic
Neuropeptide/vasoconstriction
44

dren and adolescents [6,9]. In addition, the use of immunosuppressive agents after organ transplantation or bone marrow transplantation, including tacrolimus, cyclosporine A, mycophenolate,
and corticosteroids, has been a major risk factor [4,6,15,19,20].
PRES has also been reported in children with cancers, such as
acute lymphoblastic leukemia or lymphoreticular malignancy,
and/or the use of chemotherapeutic drugs such as vincristine, cyclophosphamide, cytarabine (Ara-C), cisplatin, methotrexate, and
L-asparaginase [6,9]. It is not surprising that autoimmune disorders are one of the most common comorbidities [4,6,9,21]. Immunoglobulin or therapeutic monoclonal antibodies, such as rituximab, can be causative agents [6,22,23]. Furthermore previous
studies in patients, including children, reported a significant association between blood transfusion and PRES [9,24,25]. Other predisposing factors include sepsis, hypercalcemia, hypomagnesemia,
Guillain-Barré syndrome, Crohn’s disease, dialysis, and trauma
[4,6,9,26].

Clinico-radiological features and diagnosis
Children with PRES typically present with sudden onset of neurological symptoms, such as seizures, visual disturbances, headaches,
and altered mental states [1-3,19,27,28]. Focal or generalized seizures are the most common symptom, accounting for approximately 90% of children with PRES [4,29]. As with adults, headache is another common symptom, followed by visual disturbances, including hemianopia, blurred vision, cortical blindness, or visual hallucinations), altered mental state, hemiparesis, dysarthria/
aphasia, ataxia, involuntary movements, dizziness/vertigo, and
other various focal neurologic signs [4,19,27,29].
The typical magnetic resonance imaging (MRI) findings of

Table 2. Etiologic categories of PRES in children and adolescents
Hypertension: primary or secondary
Renal disorders: ARF, HUS, ESRD
Immunosuppression/organ transplantation: immunosuppressive agents
Immune deficiency
Cancer related: chemotherapy, malignancy, tumor lysis syndrome
Autoimmune disorders/Connective tissue disorders: SLE, polyarteritis
nodosa, rheumatoid arthritis, scleroderma
Infection: sepsis, MODS
Metabolic: hypomagnesemia, hypercalcemia
Others: preeclampsia, cocaine, IVIG, dialysis, blood transfusion, Crohn’s
disease, sickle cell anemia, trauma, Guillain-Barré syndrome
PRES, posterior reversible encephalopathy syndrome; ARF, acute renal
failure; HUS, hemolytic uremic syndrome; ESRD, end-stage renal disease;
SLE, systemic lupus erythematosus; MODS, multiple organ dysfunction
syndrome; IVIG, intravenous immunoglobulin.
https://doi.org/10.26815/acn.2020.00031
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PRES can be recognized as cortical and subcortical, fairly symmetric, T2 or fluid-attenuated inversion recovery hyperintensities, primarily in the parieto-occipital region. These features can be caused
by vasogenic edema, although some cases show additional involvement of frontal or temporal lobes (Fig. 1). Based on the distribution of vasogenic edema, four major patterns have been described.
These patterns are the classic parieto-occipital pattern in the middle cerebral artery (MCA) and posterior cerebra artery border
zone, the superior frontal sulcus pattern predominantly along the
anterior cerebral artery-MCA watershed zone, the holohemispheric watershed pattern, and the central pattern located predominantly
in the deep white matter, basal ganglia, thalami, and brain stem in a
minority of children with PRES [4,30]. Fig. 2 shows an atypical

A

B

case of PRES with multiple hyperintense lesions in the brain stem,
especially the pons. Most such lesions resolve within days or weeks
when the underlying causes are eliminated or treated appropriately.
However, intracranial hemorrhage, cerebral infarction, hydrocephalus, and other irreversible injuries that lead to more severe neurological sequelae can be seen in some cases. Furthermore, it is not
uncommon for MRI findings to not correlate with clinical severity.
Diffusion-weighted imaging (DWI) with calculated apparent diffusion coefficient (ADC) maps help to distinguish vasogenic edema from cytotoxic edema or acute infarction. In general, PRES lesions are not well-defined by DWI, but are hyperintense in ADC
maps (Table 3). With cytotoxic edema with diffusion restriction,
very subtle or even normal MRI findings are seen in some cases.
PRES and reversible cerebral vasoconstriction syndrome (RCVS)
often coexist; therefore, it appears that PRES overlap with RCVS
can be a complication of RCVS [31].
To date, validated guidelines and diagnostic criteria for PRES are
still lacking; therefore, diagnoses are made by clinical judgement.
Given the uncertainty of this judgement, brain MRI is crucial for
diagnosing PRES and excluding similar neurological conditions.

A

B

C

D

C

Fig. 1. A 9-year-old girl with systemic lupus erythematosus
presented with seizures. The magnetic resonance imaging shows
typical findings of vasogenic edema in posterior reversible
encephalopathy syndrome. (A) The apparent diffusion coefficient
map shows multiple, hyperintense lesions, predominantly
in biparietal regions. (B) The lesions are not well-defined in
diffusion-weighted imaging. (C) Axial T2 fluid-attenuated
inversion recovery sequences reveal multiple hyperintense lesions
in the biparietal and left frontal regions.
https://doi.org/10.26815/acn.2020.00031

Fig. 2. A 13-year-old boy with chronic kidney disease presented
with headache and diplopia. The magnetic resonance imaging
shows atypical findings of posterior reversible encephalopathy
syndrome. (A) The apparent diffusion coefficient map shows
multiple, hyperintense lesions in the brain stem, especially the
pons. (B) The pontine lesion is not well-defined in diffusionweighted imaging. (C, D) Axial T2 fluid-attenuated inversion
recovery sequences reveal multiple, hyperintense lesions in the
brain stem and bilateral thalami.
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Table 3. Radiological findings of neurological conditions by signal
intensity
MRI
ADC
DWI
T2/FLAIR

a

Vasogenic edema
↑
Isointense
↑

Cytotoxic edema
↓
↑
↑

ADC, apparent diffusion coefficient; DWI, diffusion weighted imaging;
FLAIR, fluid-attenuated inversion recovery.
a
PRES=vasogenic edema.

Differential diagnosis strategies for PRES in children and adolescents are shown in Table 4. Recently, a reasonable diagnostic algorithm for PRES has been proposed. Such an algorithm will help to
identify atypical cases, and might increase our understanding of
the full range of PRES [3]. The overall clinical and radiological features of PRES in children are similar to those in adults, with a few
minor differences; therefore, the proposed diagnostic algorithm
can be applied in children.
Recent studies have reported that albumin-cytologic dissociation
of cerebrospinal fluid (CSF) occurs in most patients with PRES,
and there is a positive correlation between the severity of vasogenic
edema and the CSF protein level [32,33]. In addition, nonconvulsive seizures and epileptiform patterns, such as periodic localized or
lateralized epileptiform discharges, predominantly over posterior
regions are observed with continuous electroencephalography
monitoring in 23 out of 37 (62%) patients with PRES [34].

Treatment
Robust clinical studies that identify effective therapies are lacking.
As a result, PRES lacks evidence-based treatment regimens. However, in most cases, this syndrome typically resolves within days or
weeks when the underlying causes are eliminated or treated appropriately. The most important first step is the prompt removal of
underlying causes, such as the discontinuation of immunosuppressive agents when PRES is diagnosed or suspected. There is a general consensus that treatment of hypertension is important. The
initial goal is to reduce BP by 20% to 30% with the first few hours.
Patients should be continuously monitored in an intensive care
unit to avoid pronounced fluctuations of BP. Acute seizures should
be treated with intravenous antiepileptic drugs (AED), such as
lorazepam, fosphenytoin, or levetiracetam, although no specific
guidelines for AED treatment are available.

Prognosis and outcome
Generally speaking, PRES is a reversible neurological condition
46

Table 4. Differential diagnosis of PRES in children and adolescents
Vascular: border zone infarcts, cerebral sinovenous thrombosis, intracerebral hemorrhage, central nervous system vasculitis, hypoxic/ischemic
encephalopathy
Autoimmune: MS, NMO, ADEM, lupus cerebritis, Hashimoto’s disease,
paraneoplastic/autoimmune encephalitis
Infectious: herpes simplex encephalitis
Cancer related: lymphoma, gliomatosis cerebri, metastasis
Seizure related: postictal
Toxic/metabolic: metabolic encephalopathy, toxic leukoencephalopathy
Other: MELAS, radiation
PRES, posterior reversible encephalopathy syndrome; MS, multiple
sclerosis; NMO, neuromyelitis optica; ADEM, acute disseminated
encephalomyelitis; MELAS, mitochondrial encephalopathy, lactic acidosis,
and stroke-like episodes.

with a good prognosis if treated early and appropriately. However,
despite the name, some clinical and radiological features are not
fully reversible. Previous studies report complete recoveries only in
approximately 70% to 90% of cases [35-37]. Most patients recover
within a week, typically with hours to a few days, although some
patients take several weeks to recover [37]. Atypical MRI findings
such as hemorrhage and diffusion restriction are associated with
poor outcomes [38].
Permanent neurological sequelae are reported in approximately
10% to 20% of patients and death can occur in 3% to 17% of cases
[21,36,39]. Poor outcomes can result from intracranial hemorrhage, brain stem compression from posterior fossa edema, acute
hydrocephalus, or severe whole brain edema. Recurrence occurs in
approximately 5% to 10% of patients [40].

Conclusion
PRES is a complex clinico-radiological syndrome characterized by
acute neurological symptoms, such as seizures and potentially reversible parieto-occipital vasogenic edema in brain MRI. PRES is
caused by cerebral endotheliopathy with subsequent disruption of
the BBB and vasogenic edema. PRES occurs in specific settings
such as abrupt hypertension, renal disorders, the use of immunosuppressive drugs, or following organ transplantation. Brain MRI
is crucial for diagnosing PRES, but validated diagnostic criteria
have yet to be established. If the underlying cause is removed in the
early phase, PRES resolves in days to weeks. However, neurological
sequelae and even mortality can occur, particularly in patients with
intracranial hemorrhages.
Although our knowledge of and experience in treating PRES
have increased dramatically, many aspects remain unclear. Further
studies are needed to elucidate the pathophysiologic mechanisms;
such understanding could provide a backbone for clinical research
https://doi.org/10.26815/acn.2020.00031
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and identify treatments that can cure PRES. From a clinical perspective, validated diagnostic tools or algorithms and possible
treatment options should be developed from large, multicenter,
prospective studies to improve clinical outcomes.
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Purpose: Spinal muscular atrophy (SMA) is a genetic progressive neuromuscular disorder, and
nusinersen has shown to improve its symptoms. Scoliosis is a frequent symptom in patients with
SMA and complicates the intrathecal injection of nusinersen. The aim of this study was to investigate the safety and effectiveness of fluoroscopy-guided intrathecal injections in patients with
SMA with severe scoliosis.
Methods: We retrospectively reviewed the medical records of 11 patients with SMA treated with
nusinersen intrathecal injections at the Samsung Medical Center from 2018 to 2020. We assessed the type of SMA, genetic results, spine computed tomography or fluoroscopy findings, and
adverse effects associated with the injection.
Results: Of 11 patients with SMA, six were diagnosed with severe scoliosis, four of whom underwent an operation for scoliosis. The six patients with severe scoliosis started receiving the nusinersen injection at a median age of 15.7 years. A total of 25 injections were completely performed
with the interlaminar approach (ILA) at the lumbar level under C-arm fluoroscopy guidance. No
adverse effects other than mild headache occurred. In one patient who underwent the complete
fusion operation for scoliosis, laminectomy was performed for the nusinersen injection, and 3
doses were administered intrathecally via the interlaminar route at the lumbar level.
Conclusion: Fluoroscopy-guided ILA is a safe method for the intrathecal injection of nusinersen
in patients with SMA with severe scoliosis. When defining the route, laminectomy might be necessary to open the window for the ILA route at the lumbar level.
Keywords: Fluoroscopy; Injections, spinal; Muscular atrophy, spinal; Scoliosis; Nusinersen

Introduction
Spinal muscular atrophy (SMA) is a hereditary progressive neuromuscular disorder. Most patients with SMA present with homozy-

gous disruption of the survival motor neuron 1 (SMN1) gene on
chromosome 5q13.2 [1]. The SMN protein is encoded identically
by both SMN1 gene and SMN2 gene. However, SMN2 gene only
produces 10% to 15% of all functional SMN proteins with typical-
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ly alternating splicing [2,3]. Insufficient SMN protein levels cause
progressive spinal anterior horn cell degeneration. Nusinersen
(Spinraza, Biogen, Cambridge, MA, USA) modifies the pre-messenger RNA splicing of SMN2 to prevent the exclusion of exon 7
and increases the expression of the SMN protein [4]. However,
nusinersen is an oligonucleotide that is limited to penetrating the
cell membrane and needs to be administered locally through an intrathecal injection [5].
Scoliosis occurs commonly in neuromuscular disorders and decreases the vital capacity of the lungs by worsening the expansion
of the chest wall. Patients with SMA frequently present with scoliosis as the general course of disease. Scoliosis develops in all types
of non-ambulant patients with SMA from early childhood. Scoliosis is usually considered severe when the spinal curve measured
with the Cobb method exceeds 40° to 50°. Progressed scoliosis requires surgery, mostly posterior corrective spinal fusion surgery in
adolescence [6,7].
Nusinersen is an expensive drug and required a secure and complete administration route. The posterior interlaminar approach
(ILA) is the representative and safe method for the intrathecal administration of the drug. Patients with scoliosis or spinal deformity
require image-guided technique for this approach. Certain methods of spinal fusion surgery make it difficult to approach because it
causes the obstruction of the interlaminar space even under imaging guidance. Various methods for the intrathecal approach have
been developed, but each method has reported adverse effects.
Therefore, evaluation of the security for the nusinersen injection
requires increased follow-up time and evidence. The objectives of
this study were to investigate the safety and effectiveness of fluoroscopy-guided nusinersen intrathecal injections for SMA patients
with severe scoliosis, including the safety and effectiveness of laminectomy for creating the route for ILA necessitated by obstruction
of the interlaminar space after complete fusion operation of the
whole spine.

Materials and Methods
We enrolled patients diagnosed with SMA and scheduled for a
nusinersen injection in the period from 2018 to 2020 at the Samsung Medical Center. Inclusion criteria were same with the Korea
National Health Insurance Service indication for nusinersen as
follows: the presence of the clinical manifestation before the age
of 3 years; and the presence of the SMN2 copy. Exclusion criteria
were based on the usual respiratory function. The patients, who
necessitate the artificial ventilation for consecutive 21 days and 16
hours per day, were excluded. The use of artificial ventilator
during the acute infection including pneumonia, was not counted
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for the evaluation.
We retrospectively reviewed their medical records, including the
age of onset of the first symptom, spine computed tomography
(CT) or fluoroscopy findings, results of genetic testing, including
copy numbers of SMN1 and SMN2 genes, and motor function at
each nusinersen therapy. We performed the Multiplex ligation-dependent probe amplification for finding the copy number variation
of SMN1 and SMN2 genes.
Nusinersen injections were started with four times of loading injection. The first three doses were given by 2-week intervals and
the fourth dose was administered 5 weeks after the 3rd injection
(on week 0, 2, 4, 9). Maintenance doses have been given by
4-month intervals. Regardless of the patient’s body weight or body
surface area, 12 mg (5 mL) of nusinersen was administered in each
according to the manufacturer’s guide. All patients applied local
anesthetic ointment (lidocaine and prilocaine) on the skin corresponding to L3–4 and L4–5 level at least 30 minutes before the
procedure. Of 11 patients, four needed the sedative medication for
poor cooperation or the fear of the procedure and they were given
one dose of intravenous midazolam (0.05 mg/kg, maximum 3
mg) just before the procedure under the continuous electrocardiography and oxygen saturation monitoring until that patient was
fully awakened and maintained stable respiration. After confirming
the spinal needle located in the cerebrospinal fluid (CSF) space, we
drained 5 mL of CSF according to the manufacture’s guide, which
is the same amount as the injection dose of nusinersen, and administered the medication slowly over 2 minutes. After the procedure,
the patients were encouraged to lie in the supine position and provided the physical pressure to injection site with gauze or pillow for
more than 2 hours.
For SMA patients with severe scoliosis, C-arm fluoroscopy
(Siemens Artis Zee System, Erlangen, Germany) was performed
for nusinersen infusion. Each patient was placed in the lateral decubitus or supine position according to the curvature seen on the
spine CT. C-arm fluoroscopy visualized the location of spinal needle and each insertion angle was decided depend on each image
of fluoroscopy.
We analyzed the response to treatment based on the Hammersmith Infant Neurological Examination section 2 [8] for patients
under the age of 24 months or development performance corresponding to the age of 24 months and Hammersmith Functional
Motor Scale Expanded [9] for patients above the age of 24 months.
We assessed scoliosis by measuring the spinal curve with the Cobb
method. Severe scoliosis was defined as a spinal curve angle over
30º which affects the posture on physical examination and is expected to pose difficulty in the ILA at the lumbar level. The respiratory function was measured indirectly by venous blood gas analhttps://doi.org/10.26815/acn.2020.00045
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ysis. First, we checked the vital signs and chest X-ray findings
during the admission period. We additionally performed venous
blood gas analysis for the patients being supported with artificial
ventilator or presenting the respiratory difficulty including chest
retraction or tachypnea. Conventional spirometry was performed
in only one patient (Patient 11) for evaluation of the initial respiratory function and showed the severe restrictive pattern. Other patients did not perform the additional pulmonary function test.
This study protocol was approved by the Institutional Review
Board of the Samsung Seoul Hospital (IRB file No. 2020-02-115).
Informed consent was waived by the board.

formed lumbar spine CT for five patients, which confirmed the accessibility to the CSF space in all patients (Fig. 1). One patient
showed no accessible route because of complete fusion of the posterior portion of the lumbar spine.
Four patients underwent the fusion operation for scoliosis at a
median age of 10.3 years (range, 10 to 10.5; mean, 10.3) and started receiving the nusinersen injection at a median age of 19.2 years
(range, 13.5 to 22.6; mean, 18.60) (Table 2). For them, a trial injection was administered under C-arm fluoroscopy guidance, which
can offer cone beam CT acquisition when necessary, by checking
for a direct access to the CSF space. Three patients (Patients 8, 9,
and 10) were operated with posterior instrumentation, two of

Results
Eleven patients with SMA were included in this study: one with
type 1 SMA and 10 with type 2. Nusinersen administration was
started at a median age of 10.1 years (range, 0.4 to 22.6; mean,
10.3). Five patients had no or mild scoliosis because they were less
than 7 years of age at the start of this study. The other six patients
had severe scoliosis, four of whom had undergone a scoliosis surgery. The number of nusinersen injections per patient was the median five times (range, 4 to 9) in all 11 SMA patients and the number of fluoroscopy-guided injections per patient was the median of
five times (range, 1 to 5).
Six patients with scoliosis started receiving the nusinersen injection at a median age of 15.7 years (range, 10.1 to 22.6; mean, 15.7)
(Table 1). A total of 25 intrathecal injections were administered
under C-arm fluoroscopy guidance without general anesthesia or
respiratory support. To prove the accessibility to the CSF space insuring the perfect intrathecal injection of nusinersen, we per-

A

B

Fig. 1. Three-dimensional reconstruction of spine computed
tomography. (A) Patient 5 with spinal muscular atrophy (SMA)
presented a scoliosis and no history of operation for scoliosis. (B)
Patient 9 with SMA presented a scoliosis and history of posterior
instrumentation with partial fusion at the central canal.

Table 1. Clinical characteristics of patients with spinal muscular atrophy
Case

Sex

Onset -age of symptom
(mo)

Type

1

M

At birth

I

2
3
4
5
6
7
8
9
10
11

F
F
F
F
F
F
F
F
F
F

9
7
15
8
9
19
8
6
8
18

II
II
II
II
II
II
II
II
II
II

Copy number
SMN 1
SMN 2
0
2
0
0
0
0
0
0
0
0
0
0

3
3
3
2
3
3
1
3
3
3

Ambulation

Scoliosis

Ventilator care

None

No

BiPAP via tracheostomy
during sleep (less than 8 hr)

None
None
Possible
None
None
None
None
None
None
None

No
No
No
Yes
Yes
No
Yes
Yes
Yes
Yes

None
None
None
None
None
None
CPAP during sleep (7 yr)
Mask BiPAP during sleep
None
None

SMN, survival of motor neuron; BiPAP, biphasic positive airway pressure; CPAP, continuous positive airway pressure.
https://doi.org/10.26815/acn.2020.00045
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Table 2. Intrathecal injection of nusinersen in 11 patients with spinal muscular atrophy
Age at 1st No. of nusinat scolimeasure Age
inCase nusinersen ersen injec- Scoliosis
osis opera- Fluoroscopy-guided
by
Cobb
angle
(°)
terlaminar approacha
(yr)
tion
tion (yr)
1
2
3
4
5
6
7
8

0.4
1.4
4.3
6.8
10.1
13.8
2.3
20.8

9
9
5
5
5
5
5
4

9
10

13.5
22.6

4
4

11

17.5

3

5
2
6
8
53.1
36.4
7
9 yr: 57
→post-op: 16
→post-op: 7–20
9 yr: 31
→post-op: 1
10 yr: 37.7
→11 yr: 92.6
→post-op: 5

Motor function
HINE-2
HFMSE
Initial
Last
Initial
Last
0
9
3
14
15
6
11
8
12
43
50
9
17
14
18
18
23
30
38
2
2
0
0

Follow-up
period (mo)

None
None
10

None
None
None
None
Fluoroscopy-guided
Fluoroscopy-guided
None
Fluoroscopy-guided

23
20
5
5
6
6
6
6

10.5
10

Fluoroscopy-guided
Fluoroscopy-guided

5
6

7
7

3
0

4
0

6
5

10.5

Post-laminectomy
(at age of 17.4 yr)
→Fluoroscopy-guided

6

6

3

3

1

HINE-2, Hammersmith Infant Neurologic Examination; HFMSE, Hammersmith Functional Motor Scale-Expanded; op, operation.
a
All intrathecal injection was performed via interlaminar route.

A

B

Fig. 2. Fluoroscopy of spinal muscular atrophy patients with
severe scoliosis. All fluoroscopy-guided procedures are performed
with the interlaminar approach at the lumbar level. (A) Patient 5
presents with severe scoliosis not treated with an operation and
is administered with an intrathecal injection at the age of 10.1
years. (B) Patient 9 had undergone posterior instrumentation with
partial fusion for scoliosis at age of 10.5 years and has started
receiving intrathecal injections at the age of 20.8 years.

whom (Patients 8 and 10) showed partial fusion of the central canal and facet joint with preserved interlaminar space at the lumbar
level. Approaching the CSF space was successful through the interlaminar path. A total of 12 intrathecal injections were administered
under C-arm fluoroscopy guidance (Fig. 2).
The approach was impossible in one patient (Patient 11) because of complete fusion of all the posterior elements of the thoracolumbar spines. She presented with delayed motor development
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and motor weakness at the age of 18 months and was diagnosed
with type II SMA. At the age of 10 years, her scoliosis was severe
(Cobb angle, 92.6°). At the age of 10.5 years, she underwent scoliosis operation (Fig. 3). Because of the complete fusion operation
for scoliosis, typical ILA at the lumbar level was impossible, and
coccygeal approach was also impossible for assessing the intrathecal cavity. Laminectomy was performed at the L2 and L3 levels to
secure the route for nusinersen injections. Three days after laminectomy, we confirmed an assessable route at the L3 level under
C-arm fluoroscopy guidance (Fig. 3). Three doses of nusinersen
therapy were successfully administered without any adverse effect,
such as stenosis or leakage from the intrathecal route.

1. Intrathecal injection-related adverse effect
No serious adverse effects related to intrathecal injections of nusinersen occurred. Two patients had headache for 2 days after the injection, which was controlled with hydration and non-steroidal anti-inflammatory drugs.
Patient 5 with type II SMA and severe scoliosis (Cobb angle,
53.1°) had headache and dizziness for 2 days after the intrathecal
injection. Decreased oral intake of food after the injection might
induce headache, and sufficient hydration could prevent the occurrence of headache in following injections.
Patient 8 with type II SMA and scoliosis operation had headache
for 2 days after the intrathecal injection, which was controlled with
acetaminophen. The intensity of headache was mild and did not
https://doi.org/10.26815/acn.2020.00045
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A

B

C

D

Fig. 3. Fluoroscopy after laminectomy: Patient 11. Patient 11 had
undergone posterior instrumentation with complete fusion for
scoliosis at the age of 10.5 years and laminectomy at the age of
17.4 years. (A) Figure shows a lumbar spine computed tomography
scan in the sagittal view performed at the age of 17 years. (B)
Figure shows an intraoperative image during laminectomy
performed at the age of 17.4 years. (C) Figure shows a conebeam computed tomography scan acquired during fluoroscopy
performed 3 days after laminectomy. A spinal needle is approached
into the interlaminar space at the L3 level. (D) A three-dimensional
reconstruction image is acquired during fluoroscopy for confirming
the possibility of the intrathecal approach.

affect the performance of activities of daily living.

Discussion
This study showed successful intrathecal injections of nusinersen
under C-arm fluoroscopy guidance in six SMA patients with severe
scoliosis. Nusinersen injections were administered successfully in
four patients who had undergone the posterior fusion operation
for scoliosis. In one patient who had undergone the complete fusion operation, the approach to the CSF space was obstructed even
under fluoroscopy guidance. However, the CSF space was successfully accessed after laminectomy. No procedure-associated serious
adverse effects other than mild headache occurred.
The spinal anatomy influences the intrathecal injection of
nusinersen. As SMA progresses, spinal deformity worsens; therefore, anatomical distortion becomes a hurdle for the intrathecal
approach and required real-time imaging guidance for approaching the interlaminar route [10-14]. Furthermore, multiple operahttps://doi.org/10.26815/acn.2020.00045

tions of spondylodesis might cause ossification of the puncture
site, necessitating the consideration of approaches other than a direct puncture [11].
Ultrasound and fluoroscopy can be utilized for real-time imaging-guided approaches. Ultrasound has a limitation of view due to
artifacts associated with instrumentation used in the scoliosis operation and thick cutaneous or subcutaneous tissue around the approaching site [15]. Fluoroscopy provides superior images compared to ultrasound but still has the potential risks associated with
accumulated radiation [16]. We successfully administered 25 times
of intrathecal injections in six SMA patients with severe scoliosis
via the interlaminar route under fluoroscopy guidance for up to 8
months. None of the patients developed stenosis or ossification associated with the intrathecal injection.
As for the anatomic approach route, ILA, transforaminal approach (TFA), and cervical level approaches have been reported
[12-14]. The transforaminal space is commonly used for epidural
steroid injections and is the only route directly assessable to the intrathecal space in a patient with fusion of interlaminar route. Up to
42 TFA cases were successfully completed without complications,
and 30 cervical punctures were performed without bleeding or infection with the cervical puncture (Table 3). However, one patient
reportedly developed subarachnoid hemorrhage associated with
TFA at the lumbar level. TFA might increase the risk of nerve or
vascular injury, which causes more severe neurologic complications, especially at the cervical level, including quadriparesis,
stroke, and death [17]. In addition, implantation of an intrathecal
port system can be considered in SMA patient with profound scoliosis for reducing sedation and radiation exposure induced by fluorocopy [18]. However, this required follow-up to evaluate probable risks, such as of infection or obstruction. To date, ILA has been
the dominant route being safe and efficient for nusinersen injections [10]. Many reports have suggested the safe and definite intrathecal route for scoliosis patients with type 2 or 3 SMA, and our
study demonstrates the ILA injection. All our patients underwent
injections with ILA at the lumber level. Our study included a relatively young patient diagnosed with type 2 SMA and severe scoliosis. Unlike older patients, younger ones need the safest method for
these approaches, considering compliance during the procedure.
ILA at the lumbar level might be considerd as the most appropriate
approach, and reconstruction for that route is preferred to finding
another approaching route.
Surgical treatments for scoliosis are necessary for the improvement of posture and lung capacity. Conventionally, the posterior
fusion operation has been the most popular. However, a fusion
mass can obstruct the lumbar ILA, and two related studies reported the operation to open the bone window for ILA at the lumbar
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Table 3. Literature review: treatment course of SMA type 2 and type 3 patients with scoliosis

Wurst et al.
(2019) [10]

Jun 2017–
Jun 2018

No. of patients Age at injection
Operation for
(SMA type)
(yr)
scoliosis
20 (9 with type 2, Mean: 32.80
4
11 with type 3) Range: 11–60

Kizina et al.
(2019) [11]

Aug 2016–
Aug 2017

15 (9 with type 2,
6 with type 3)

Bortolani et al.
(2019) [12]

2019

12 (8 with type 2,
4 with type 3)

Study

Year

Veerapandiyan et 2016–2019
al. (2020) [13]

12 (1 with type 1,
4 with type 2, 7
with type 3)

Towbin et al.
(2019) [14]

9

2017–2018

Duration of
Approach method
Adverse effect
follow-up
Mean: 1.44 pro- Lumbar puncture: 5: Post-lumbar syncedures
93
drome
Range: 1-6 procedures
Without image
support: 36
Mean: 35.1
Spinal fusion
1 yr
Lumbar puncturea Impossible approach in
Median: 33.0
with
two patients with
Range: 25–58
spondylodesis and ossification of puncture
site.
CT (n= 12)
Fluoroscopy (n= 3)
Mean: 30
7: Spine fusion sur- Median: 4 pro- CT guided
2: L5 radiculopathy
Range: 16–55
gery
cedures
Range: 1–5
procedures
5: ILA
2: Post-lumbar puncture
syndrome
7: TFA (all at lum- 1: Subarachnoid hemorbar level)
rhage (TFA)
Range: 12–52 10: Spinal fusion Mean 17.4 mo 30: cervical punc- Post-procedural headRange: 4-26 mo tures
ache (9%), site pain
(5.7%)
57: lumbar punc- No headache, site pain,
tures (23 fluoro- bleeding or infection
scopic guided)
with cervical puncture
Seizure in one patient.
Range: 4–38 (4, Supine fusion oper- Total 45 proce- 42 of 45 proceNo complication
10, 25, and 38) ation
dures
dures: TFA (3: via
cervical)
16
Spondylodesis of
Intrathecal port
the segments
system via microTH7-S1 at 14 yr
surgical hemilaof age
minectomy L4
Median: 45
Posterior fusion
Up to 10 mo
Hardware removal No post-op pseudomeRange: 34–46
and laminectomy ningocele or CSF leak
(L3–S1)→dural
substitute

Flotats-Bastardas 2019
et al. (2020)
[18]

1 (type 2)

Ko et al. (2019)
[19]

2019

3 (all type 2)

Labianca et al.
(2019) [20]

2018

5

Median: 10
Range: 8–15

2: Posterior spine Median: 6 mo Laminectomy (L3– Intrathecal infusion after
fusion, T2-pelvis Range: 3.5–10
L4 level)→free fat 6 wk of laminectomy
instrumentation mo
graft

4

Median: 15
Range: 12–19

Spinal instrumen- Total 14 proce- Ultrasound-guided 2: Post-procedure headtation: no secure dures
cervical puncture ache
window at lum(TFA)
bar level

Ortiz et al. (2019) May 2017–
[15]
Mar 2018

SMA, spinal muscular atrophy; CT, computed tomography; ILA, interlaminar approach; TFA, transforaminal approach; CSF, cerebrospinal fluid.
a
Lumbar puncture includes all ILA and TFA at the lumbar level and did not descript the exact number of each approach.

level [19,20]. In our study, one patient (Patient 11) was treated
with posterior instrumentation and complete fusion for scoliosis,
which hindered the window for ILA at the lumbar level. We decided to open the bone window with laminectomy at the L2–L3 level,
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rather than TFA or cervical puncture. This patient was confirmed
the interlaminar route by fluoroscopy, 3 days after laminectomy,
and, three loading doses were completely administered with fluoroscopy-guided ILA without adverse outcomes, such as post-operhttps://doi.org/10.26815/acn.2020.00045
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ative or post-injection CSF leak or pseudo-meningocele. The laminectomy window enabled a safe lumbar puncture but still has a potential to weaken the support with the remaining hardware or rod
used for mechanical stability. This approach requires close monitoring for stability. Simultaneously, other supplements, such as fat
transplantation or artificial dura, may be necessary to secure the
bone window without obstructing the route [21].
In this study, we did not assess the improvement of motor function or cost-effectiveness of nusinersen because of short follow-up
duration. There are various opinions on the treatment with nusinersen in SMA patients with low level of motor function as disease
progresses. Nusinersen is not curative medication and theoretically
requires lifelong intrathecal injection. In patients showing the significant improvement to treatment, maintaining the injection of
nusinersen is reasonable, however, lofty price is an economic burden. On the other hand, restricting nusinersen treatment to patients, who are in the advanced stage of disease or show the minimal response, could be an ethical problem [22]. Even with evidences about the safety and effectiveness proved by clinical trials,
repetitive invasive injections and cost-effectiveness would require
further investigations.
This study illustrated successful fluoroscopy-guided intrathecal
injections of nusinersen with ILA in a relatively large number of
patients with severe scoliosis. There were no short-term adverse effects associated with fluoroscopy, laminectomy for the bone window, or ILA at the lumbar level. ILA at the lumbar level is the safest
method for intrathecal injections, and fluoroscopy guidance was
necessary for an accurate approach in patients with severe scoliosis.
In addition, laminectomy for creating the window of ILA can also
be considered based on the previous operation method. For further evidences, longer follow-ups and a larger number of patients
are necessary for the evaluation of stability of the post-laminectomy state and safety of repeated fluoroscopy-guided lumbar punctures. In conclusion, fluoroscopy-guided ILA is safe and effective
for the intrathecal administration of nusinersen in SMA patients
with severe scoliosis. Future studies with a larger number of patients are warranted.
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Purpose: Given that intellectual disability affects 15% to 63% of boys with Duchenne muscular
dystrophy (DMD), it is relevant to evaluate if the Mini-Mental State Examination (MMSE) is a
reliable test for screening in these cognitively impaired boys.
Methods: A descriptive study of 74 DMD boys was performed. Age, years of schooling, genotype,
and performance in the MMSE and Wechsler Intelligence Scale for Children (WISC)-IV were
verified.
Results: Sixty-seven patients, with a mean of age 12.1±3 years were enrolled. Verbal comprehension (76.9±13.9) and working memory (71.2±16.7) indexes showed the highest impairment.
Correlation between the MMSE (20.3±6.1) and WISC-IV (74.4±15.6) was moderate (r=0.556).
Conclusion: The MMSE is a good cognitive screening test for DMD patients of 9 years and older,
particularly in countries where the public health system does not provide expensive neuropsychological batteries, and has 78% accuracy and 82% sensitivity for scores ≤21. Subtests of the
MMSE with better discriminatory power (for orientation, attention, and calculation) can help
educators, teachers, and families to develop simple activities or academic games that enhance
such mental skills.
Keywords: Muscular dystrophy, Duchenne; Intellectual disability; Mental status and dementia
tests; Wechsler scales; Dystrophin

Introduction
Duchenne muscular dystrophy (DMD), a lethal X-linked recessive
neuromuscular disorder, is caused by mutations in the gene encoding the dystrophin protein. Besides muscle weakness, static cogni-

tive and language disabilities are also present. Point prevalence per
100,000 males varies from 1.9 (2012) in the USA to 6.1 (2012) in
Canada [1]. Higher rates of intellectual disabilities (ID), ranging
from 15% to 65%, are reported among DMD patients [2].
Clinical literature reports a high rate of ID (ranging from 15% to
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63%) [2-12], borderline intelligence (10% to 26%) [6-8], mild ID
(15% to 27%) [2,6,10,11], moderate ID (6.7% to 10%) [2,10], severe ID (0.4% to 10%) [2,10], and profound ID (0.08%) among
DMD patients [2]. Several studies have found an overall reduction
of intelligence quotient (IQ) in boys with DMD, by the Wechsler
scale, recording total scores from 76 to 90.2 [2-7,9,13-15].
The DMD gene contains 79 exons and seven alternative promoters, that generate different protein isoforms with diverse tissue
expression patterns. The exact role of dystrophin isoforms in the
central nervous system remains unclear; however, it is possible that
mutations affecting Dp140 [4-8,11,14,16-18] and Dp71 [57,8,11,14,19-22]. DMD patients without Dp140 show reduced
gray matter volume and decreased cerebral blood flow [23,24].
The absence of dystrophin has been established to result in aberrant synapse maturation and neurotransmission in the hippocampus, neocortex, cerebellum, and amygdala, and has been linked to
learning and memory problems [25].
Several precise and complex cognitive batteries, such as Wechsler
Intelligence Scale for Children (WISC), are available to appraise
developmental and intelligence deficits in childhood, but they require specific training for the examiner, are expansive and have
long testing time. The Mini-Mental State Exam (MMSE) is an
easy, quick and reliable test for cognitive screening in adults, which
can be carried out in 5 minutes [26]. Some authors have performed several modifications to the original MMSE for use in
young children [27-29]. Only one study evaluated the original
MMSE in 181 healthy children (4 to 12 years), and scores surpassed 24 points, on average, at the age of 6, which is considered
the cutoff to distinguish healthy adults from those cognitively impaired [30] Modified versions of the MMSE in childhood have
shown correlations with WISC, and can be used as a screening tool
for detection of learning disabilities. The Brazilian researchers evaluated 103 children (6 to 9 years) with learning disabilities. The
Italian study has been shaped MMSE in three different versions according to school class in children aged 6 to 13 [31,32]. Original
MMSE or modified versions of MMSE has not been explored in
other specific neurological diseases in childhood.
Besides neurodevelopmental evaluation and school history review is part of a standard medical consultation, it is important to
provide an objective cognitive measure close to the literacy age in
boys with DMD. Although a simple cognitive screening test such
as MMSE does not replace neuropsychological evaluation, their
application can be cost-effective in the Brazilian public health system with narrow budget. It is important to verify the applicability
of the original MMSE in this group, which could demonstrate early
handicaps, and possibly guide the appropriate pedagogical counseling and the speech therapy intervention. Our aim was to verify
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the potential use of the MMSE as a cognitive screening tool in a
group of boys with DMD comparing it to the WISC rates and describe the genotypes in this convenience sample.

Materials and Methods
1. Participants
A primary observational, cross-sectional, prospective, and descriptive study of 74 boys with DMD was performed. All patients were
recruited as a convenience sample from a public outpatient clinic
of low socioeconomic and educational status in Rio de Janeiro,
Brazil. The study protocol was approved by the Ethics Committee
of Puericultura and Pediatria Martagão Gesteira Institute (IPPMG)/Federal University of Rio de Janeiro (UFRJ) (CAAE number: 43450415.0.0000.5264). Informed written consent was obtained from parents. The inclusion criteria were (1) diagnostic
confirmation of DMD by genetic testing (polymerase chain reaction, multiplex ligation-dependent probe amplification, or exome
sequencing) and/or by identification of typical histopathological
changes from muscle biopsy; (2) age from 6 to 16 years old; and
(3) minimum length of schooling 3 years. The exclusion criteria
were (1) selective mutism; (2) previous medical history of central
nervous system injury (hypoxic- ischemic event, premature birth,
neonatal jaundice, neonatal sepsis, congenital hypothyroidism,
drugs, or alcohol consumption during pregnancy), severe psychiatric disorder or any sensory deficit that could interfere with the
execution of the test; (3) non-invasive or invasive ventilation support with inability to speak and answer oral questions; and (4)
muscle strength grading 0 or 1 in the distal upper limbs, impairing
writing or drawing.
2. Procedure
Neuropsychological tests consisted of the MMSE Brazilian version
[33] as a screening test for ID, and the WISC Fourth Edition
(WISC-IV) Brazilian version [34] as the gold-standard for stratification of IQ. This scale is divided into four indexes that contribute
to a total full scale of IQ (FSIQ): verbal comprehension index
(VCI), an overall measure of verbal concept formation; perceptual
reasoning index (PRI) a measure of non-verbal and fluid reasoning; processing speed index (PSI), a measure of visuo-motor integration; and learning and working memory index (WMI), a measure of memory span and freedom from distractibility. According
to WISC-IV, patients were divided into four categories based on
their IQ scores: normal intelligence (80 to 119), borderline intelligence (70 to 79), mild ID (55 to 69), and moderate ID (40 to 54)
[34]. The definition of ID was also based on the diagnostic and
statistical manual of mental disorders 5 (DMS-5) clinical criteria:
https://doi.org/10.26815/acn.2020.00052
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(1) deficit in intellectual functions and (2) deficits in adaptive
functioning (conceptual, social, and practical domains) [35].
Cognitive tests were administrated during regular medical visits
in different rooms and by the same medical researcher (MMSE)
and neuropsychologist (WISC-IV). The total time taken for the
administration of the MMSE was around 5 minutes and the
WISC-IV lasted 50 minutes. Sociodemographic data (age, patients’
years of schooling, mothers’ years of schooling, fathers’ years of
schooling) and genetic profile (type and site of genetic mutations)
were registered during interview and/or from medical records.
The sample was also subgrouped on the basis of genetic mutation
site, as those with mutations upstream of exon 30 (proximal mutations), between exon 31 and 62 (middle mutations disrupting
Dp140), or downstream of exon 63 (distal mutations disrupting
Dp71).

3. Data analyses
Microsoft Excel electronic worksheets for Mac 2011 version 14.7.2
and the SPSS Statistics version 20.0 (IBM Co., Armonk, NY, USA)
for Mac 2011 were used to plot the data and for statistical analyses.
We first undertook descriptive analysis of the sample distribution
according to chronologic age, patient’s school grade (years of
schooling), parents’ school grade (years of mother’s and father’s
schooling) and type/site of genetic mutation. Measures of central
tendency (mean, mode, median), standard deviation, and maximum and minimum values were calculated. Continuous variables
with a normal distribution were analyzed with the Student’s t-test
for independent samples; the Mann-Whitney U test was applied
for variables with non-normal distribution, and statistical significance was set at P ≤ 0.05. Spearman's correlation coefficient was
used to assess the relationship between MMSE total score and other variables such as chronologic age, school grade, parents’ school
grade, and WISC-IV test scores. Categorical variables were plotted
in crosstabs and evaluated by chi-square test/Fisher’s exact and
kappa concordance tests. The receiver operator characteristic
(ROC) curve was calculated to reach the best MMSE cut-off point
to adequately screen ID. Validity tests (sensitivity, specificity, positive/negative predictive value and positive/negative likelihood ratio) were implemented for different MMSE cut-off points, in order
to define which had the highest accuracy.

Results
1. Patient sociodemographics
Of the 74 DMD patients regularly followed in our center during
the period of study, only 67 fulfilled all the inclusion criteria and
the age range was between 6 and 16 years (mean 12.1 ± 3 [range, 7
https://doi.org/10.26815/acn.2020.00052

to 16]). Seven DMD patients were not included in the analysis,
among which two had selective mutism, two had suffered neonatal
hypoxia and three patients had hand muscle strength grading zero.
The patient ages followed a normal distribution. Three patients
were excluded because of selective mutism and four were out of
age range. Fifty-three patients (74.6%) had a diagnosis of DMD
through genetic testing, and 18 patients (25.4%) were diagnosed
through muscle biopsy. The majority of mutations were intragenic
deletions (50.7%). Single or multi-exon duplications accounted for
9.9% of patients, and point mutations accounted for 14.1%. Upstream exon 30 mutations (exons 1–30), middle mutations (exons
31–62) disrupting the Dp140 isoform, and downstream of exon
63 mutations (exon 63–79) disrupting Dp71, were seen in 28.2%,
35.2%, and 2.8%, respectively. The WISC-IV battery, used to grade
cognitive categories, was applied in 53 patients only, due to staffing
constraints. The FSIQ in the sample (53/67 patients) was
74.4 ± 15.6, one standard deviation below the population mean
(t-test one sample P<0.001). The VCI and WMI showed the highest impairment, with means scores of 76.9 ± 13.9 and 71.2 ± 16.7),
respectively. The MMSE total mean score was 20.3 ± 6.1 points in
the DMD sample (t-test one sample P <0.001). On examining
DMD patients without ID, we found cognitive performances belonging to the middle-lower stratum of the general population:
FSIQ mean of 84.2 ± 11.3), VCI mean of 84.1 ± 12.1, and WMO
mean of 80.4 ± 13.1. Other descriptive information concerning sociodemographic data, MMSE total scores, WISC-IV total scores
and index scores compared between the two groups (with and
without ID), are shown in Table 1.

2. Neurocognitive profile
Nineteen of 53 patients showed normal IQ (28%), 13 patients
borderline IQ (19%), 17 mild ID (25%), and four moderate ID
(6%). None achieved a higher IQ or had severe/profound ID.
Mean scores of MMSE and subtests are shown in Table 2. The
MMSE total score increased with chronological age in both
groups, with ID (rs = 0.551) and without ID (rs = 0.565), and with
years of schooling (rs = 0.437) (P < 0.05). Correlation between
MMSE and WISC-IV was positive and moderate (rs = 0.556) and
a similar trend in each of the four categories was observed (rs = –
0.522) (P < 0.05) (Table 3). The relationship between MMSE total score and age in DMD patients without ID is shown in Fig. 1. It
can be seen that from 9 to 10 years of age the MMSE score reaches
a stability plateau, and most scores are above 24 points, the cutoff
value for healthy adults.
Neuropsychological evaluation by MMSE and WISC-IV
demonstrated the lowest scores in middle and distal mutations, although without statistical significance (Table 4).
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Table 1. MMSE and WISC-IV total scores and indexes in Duchenne muscular dystrophy patients with and without ID
Variable
With ID
Without ID
P valuea
Number (%)
35 (52)
32 (48)
Age (yr)
12.2 ± 3.3/12 (7–16)
11.5 ± 2.4/11.5 (7–16)
0.336
Patient's years of schooling
6.6 ± 3.2/7
6.8 ± 1.9/7
0.742
Mother's years of schooling
9.6 ± 2.7/9
11 ± 3.3/12
0.083
Father's years of schooling
8.3 ± 3.9/8
11.5 ± 4.5/12
0.005
MMSE total score
16.9 ± 5.2/15.5 (7–26)
24.1 ± 4.6/25 (14–30)
< 0.001
WISC-IV total score
59.5 ± 6.7/60
84.2 ± 11.3/83
< 0.001
VCI
65.9 ± 8.2/67
84.1 ± 12.1/84
< 0.001
PRI
70.7 ± 9.7/73
92.9 ± 11.9/92
< 0.001
WMI
57.3 ± 11/56
80.4 ± 13.1/80
< 0.001
PSI
67.4 ± 11.1/68
92.4 ± 13.4/92
< 0.001
Proximal mutations (exons 1–30)
7
13
0.092
Middle mutations (exons 31–62)
15
10
0.092
Distal mutations (exons 63–79)
2
0
0.092
Values are presented as mean±standard deviation or median (range).
MMSE, Mini-Mental Total Scores; WISC, Wechsler Intelligence Scale for Children; ID, intellectual disability; VCI, verbal comprehension index; PRI, perceptual
reasoning index; WMI, working memory index; PSI, processing speed index.
a
Mann-Whitney U test for numeric variables and chi-square/exact Fisher test for categorical variables.

Table 2. MMSE and subtest in IQ stratification
Variable

Normal IQ (80–119) Borderline IQ (70–79)

Mild ID (55–69)

Number (%)a
19 (28)
13 (19)
17 (25)
MMSE total score
24 ± 4.9/24.5
23.1 ± 4.5/24
18. 6 ± 6/20
Orientation subtest
8 ± 1.8/9
7.5 ± 2.5/8.5
5.9 ± 2.7/6
Registration subtest
3 ± 0/3
3 ± 0/3
3 ± 0/3
Attention and calculation
3.0 ± 2.2/4.5
2.4 ± 2.0/3
1.2 ± 1.7/0
subtest
Recall subtest
2.3 ± 1/3
2.5 ± 0.7/3
2.3 ± 1.1/3
±
±
Language subtest
7.6 1.4/8
7.5 1.4/8
6.2 ± 2/7
Values are presented as mean±standard deviation or median.
MMSE, Mini-Mental Total Scores; IQ, intelligence quotient; ID, intellectual disability.
a
Only 53 patients out of 67 performed Wechsler Intelligence Scale for Children (WISC)-IV test.

Spearman
Moderate ID (40–54) Correlation coefficient
(P value)
4 (6)
12.5 ± 0.5/12.5
–0.522 (< 0.001)
2.5 ± 2/2.5
–0.494 (< 0.001)
3 ± 0/3
0 ± 0/0
–0.462 (0.001)
2.2 ± 0.95/0.5
6.8 ± 1.8/4.5

–0.009 (0.952)
–0.448 (0.002)

Table 3. MMSE and correlation with age (yr), patient’s years of schooling and WISC-IV
Numeric variables
Correlation coefficient Spearman
MMSE and age (with ID)
0.551
MMSE and age (without ID)
0.565
MMSE and patient's years of schooling
0.437
MMSE and WISC-IV
0.556
MMSE, Mini-Mental Total Scores; WISC, Wechsler Intelligence Scale for Children; ID, intellectual disability.

P value
0.002
0.001
< 0.001
< 0.001

Table 4. Correlation with neurocognitive phenotype and genotype
Post hoc test Bonferroni
(P value)
Proximal mutation (exons 1–30)
22.2 ± 3.8/20.3–24.01
0.086
Middle mutations (exons 31–62)
18.25 ± 7/15.2–21.23
0.085
Distal mutations (exons 63–79)
12.5 ± 0.7/6.1–18.8
0.548
Values are presented as mean±standard deviation or 95% confidence interval.
MMSE, Mini-Mental Total Scores; WISC, Wechsler Intelligence Scale for Children.
Variable
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MMSE

WISC-IV
76.4 ± 24.4/69–83.3
72.7 ± 15.9/64.7–80.6
50.5 ± 2.1/31.4–69.5

Post hoc test Bonferroni
(P value)
1.000
0.081
0.166

https://doi.org/10.26815/acn.2020.00052

MMSE (score)

Ann Child Neurol 2020;28(2):57-65

35
33
31
29
27
25
23
21
19
17
15
13
11
9
7
5
3
1
-1

0

1

2

3

4

5

6

7

8

9 10
Age (yr)

11 12 13 14 15 16 17

Fig. 1. Correlation between Mini-Mental State Examination (MMSE) total score and ages in Duchenne muscular dystrophy patients
without intellectual disability.
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Fig. 2. Receiver operator characteristic curve for Mini-Mental State Examination to screen intellectual disability in Duchenne muscular
dystrophy patients.
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Table 5. Analysis of validity for cut-off points in MMSE to screen intellectual disability in Duchenne muscular dystrophy patients
Sensitivity (%)
MMSE ≤ 20
MMSE ≤ 21
MMSE ≤ 22

70
82
82

predictive Negative predictive
Specificity (%) Positive
value (%)
value (%)
74
75
69
74
77
79
70
75
78

Accuracy (%)
72
78
76

Positive likelihood
Kappa
ratio
concordance test
3
0.447
3.5
0.567
3.1
0.535

MMSE, Mini-Mental Total Scores.

3. Validity of MMSE as a screening instrument for ID in
DMD patients
The ROC curve for MMSE was drawn considering the clinical criteria of DSM-5 and/or WISC-IV score for ID diagnosis. The area
under the ROC curve demonstrates 0.841 accuracy and the best
cut-off points were 20, 21, and 22 (Fig. 2). Table 5 shows statistical
analyses of validity measures for these set points. An MMSE score
equal to, or below, 21 had 82% sensitivity, 74% specificity, and 78%
accuracy, with a kappa coefficient of 0.567.

Discussion
There is a growing interest in the neurobehavioral aspects of
DMD, but data of using MMSE in this population is limited. We
found that an MMSE score below 21 is a good ID screening test
in boys with DMD, with 82% sensitivity, 74% specificity, and 78%
accuracy. It can be seen that from 9 to 10 years of age, MMSE
scores reach a stable plateau. Thus, the MMSE can be applied
with reliability from 9 years of age in boys with DMD, because
there is no further increase in score depending on age, maturation
or experience.
The MMSE is a very important tool for the Brazilian child neurologist, allowing us to objectively measure higher mental functions, in addition to the usual neurodevelopmental assessments
and review of school history. Overall, the MMSE proved to be a
safe, easy, quick, and reliable tool, fulfilling the requirements of
many public health systems that do not provide neuropsychological assessment to the population. Quantitative assessments can
also reinforce academic, pedagogical, and speech-language stimulation therapies, as well as improve treatment adherence. In Brazil,
children are admitted to school at the age of 6 years, and a cognitive
screening at age 9 years would greatly improve health and educational policies for ID in DMD.
In 2018, our team published preliminary data from an observational and descriptive study of 34 boys with DMD followed in our
center, aged between 8 and 22 years, in whom an exploratory analysis was performed. We assessed MMSE, developmental milestones, independence in daily life activities, and literacy skills. In
62

this previous study, the MMSE was not compared to any gold-standard neuropsychological test, and ID diagnosis was based on
DSM-5 clinical criteria. The most accurate cutoff value on the
MMSE to distinguish moderate-severe ID in DMD patients was
21 (P< 0.005). This proved that the MMSE is a reliable test for detection of ID, even in small samples [36].
Our results confirm some cognitive aspects in DMD patients.
We found a higher rate of ID (52%) in our sample, probably due to
intrinsic genetic background and unfavorable social environment.
Parents’ academic graduation, especially the father's years of
schooling, were lower in DMD patients with ID (mean 8.3 ± 3.9)
than in DMD patients without ID (mean 11.5 ± 4.5; P < 0.05).
The FSIQ mean score (74.4 ± 15.6) was one standard deviation
below the normal population, with obvious performance impairment in two items: verbal skills (VCI mean 76.9 ± 13.9) and working memory (WMI mean 71.2 ± 16.7). This Brazilian neuropsychological profile is worse than previously reported in the scientific
literature, and we suppose that lower socioeconomic and educational background in this group contributed to these results [27,9,13-15]. Higher mental functions that are dependent on working memory, like attention and concentration, were also the most
impaired in DMD patients without ID and the mean WMI was
80.4 ± 13 (P< 0.05). This score belongs to the middle-lower range
of IQ in the general population. Aside, the WMI score in our study
was lower than the average found by Battini et al. [12] (WMI
88.5 ± 17.4), supporting that executive functions are disabled in all
DMD patients, even with normal IQ.
The mean MMSE total score was 20.3 ± 6.1, and in patients with
ID (16.9 ± 5.2) it was significantly lower than in patients without
ID (24.1 ± 4.6), considering groups with similar mean chronological age (12.2 years vs. 11.5 years) and years of schooling (6.6 years
vs. 6.8 years). At the age of 9 to 10 years in the group without ID,
MMSE scores exceeded 24 on average. Healthy children reach 24
points on the MMSE at the age of 6 years [30], showing that even
DMD patients without ID are slow to achieve this set point when
compared with their peers. The greatest shortcoming of MMSE,
predictable by the lack of refinement of its items, lies in its inability
to detect borderline IQ and other learning disorders, which are
https://doi.org/10.26815/acn.2020.00052
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known to affect DMD patients without ID. This current study,
none additional neuropsychiatric diagnosis (autism spectrum disorder, attention deficit and hyperactivity disorder, specific learning
disorders).
The total MMSE score correlated moderately with the child’s
chronologic age (rs = 0.55, P< 0.001), years of schooling (rs = 0.43,
P< 0,001), and WISC-IV score (rs = 0.55, P< 0.001). Rubial-Alvarez et al. [30] found a stronger correlation with chronologic age
(rs = 0.8, P< 0.001) and mental age (rs = 0.76, P< 0.001) in healthy
children aged between 4 and 12 years, but they did not evaluate
boys with DMD [30]. Some authors used a modified MMSE version, instead of the original one for healthy children, and therefore
their results should not be compared with our data [27,28,31,32].
Cognitive stratification based on IQ showed a similar distribution to that in the literature: 28% (normal IQ), 19% (borderline intelligence), 25% (mild ID), and 6% (moderate ID). Severe ID and
profound ID has been estimated in 0.4% to 10% and 0.08% of patients [2-10], but we did not find these categories in our sample.
There was a clear decreasing gradient of mean MMSE total score
in four cognitive categories: 24 ± 4.9 (normal IQ), 23.1 ± 4.5 (borderline IQ), 18.6 ± 6 (mild ID), and 12.5 (moderate ID) (rs = 0.52,
P < 0.001). Subtests of MMSE with better discriminatory power
among cognitive categories were orientation (r s = –0.49,
P < 0.001), attention and calculation (rs = –0.46, P = 0.001). Language subtest, despite statistical significance, did not demonstrate
clinical differences among cognitive categories, because mean
scores were very close to each other. According to the moderately
positive correlations between the MMSE and WISC-IV, and the
area under the ROC curve (0.841), validity measures were also explored. We showed that a score under or equal to 21 in the MMSE
had the best sensitivity (82%), specificity (74%), positive predictive value (77%), accuracy (78%), and kappa concordance (0.567)
for screening of ID in DMD patients. de Souza Moreira et al. [37]
assessed 54 children and adolescents with learning disabilities in
Brazil, comparing the adapted pediatric version of the MMSE and
WISC-IV. They found a score of 18 is the best cut-off point to
screen ID (sensitivity 55%, specificity 64%, and accuracy 59%)
[37]. We believe that adapted pediatric versions of the MMSE
have easier tasks, which diminishes their discriminatory power.
Genetic mutation affecting exons 31–62 (disrupting Dp140)
and exons 63–79 (disrupting Dp71) had a trend of lower average
scores in both the MMSE (18.2 ± 7 and 12.5 ± 0.7, respectively)
and WISC-IV (72.7 ± 15.9 and 50.5 ± 2.1, respectively), when
compared with proximal genetic mutations (MMSE 22.2 ± 3.8
and WISC-IV 76.4 ± 24.4). ID was more commonly found in patients with middle mutations/exons 31–62 (60%; 15/25 patients)
and distal mutations/exons 63–79 (two patients). We summarize
https://doi.org/10.26815/acn.2020.00052

that small sample sizes in genetic subgroups underpowered this
study, impairing meaningful statistical analysis. A larger sample
would possibly show findings similar to those of other researchers
[4-8,11,13,14,17-21,38,39].
The main limitations of this study were the small sample size,
which impaired statistical relevance of some results, and limited
data about MMSE in childhood. It's possible that scientific disinterest in exploring MMSE in DMD patients is because it is not accurate to detect subtle cognitive problems in early ages.
In conclusion, we provide data regarding the MMSE as a screening test for ID in boys with DMD from the age 9 years and up.
Scores equal to, or under, 21 showed 78% accuracy, 82% sensitivity, and 74% specificity for ID. Given that normal children achieve
24 points in the MMSE at 6 years of age, and DMD patients without ID surpass this cutoff only after 9 to 10 years of age, it is evident
that learning disabilities affect all boys with DMD, to a greater or
lesser degree. The MMSE adds standard clinical evaluation, and
provides a quantitative measure of mental function in DMD patients that can help in making decisions about pedagogical and academic interventions in literacy, in underprivileged public health
systems. Subtests of the MMSE with better discriminatory power
(for orientation, attention and calculation) can help educators,
teachers, and families develop simple activities or games that enhance such mental skills. Considering that neuropsychological batteries are unavailable in many developing countries, cognitive
screening tests like the MMSE may be the best options for
strengthening clinical diagnoses, and help families, associations,
schools and health professionals understand the prevalent neurocognitive handicaps of boys with DMD.
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Acute necrotizing encephalopathy (ANE) is a
rare disease characterized by the rapid onset of
fever, seizures, and decreased consciousness after
a viral infection. Brain magnetic resonance imaging (MRI) of patients with ANE shows the symmetric involvement of the thalami, brainstem,
cerebellum, and white matter [1]. Mutations in
the Ran-binidng protein 2 (RANBP2) gene are
associated with genetic and recurrent ANE [2].
Cases presented in northeast Asia have reported
the association of RANBP2 mutations with familial ANE [3]. In the present study, we report a
case of a child with ANE who had RANBP2 mutation-associated recurrent ANE.
A 3-year-old girl was admitted to our emergency room because of a seizure that lasted for 30
minutes and rapid loss of consciousness. The patient developed ANE at 11 months of age. At
first onset, MRI showed lesions of olive and medial temporal lobe cortex, putamen, external capsule, and medial thalamus (Fig. 1A-C). However,
her health improved and she did not develop any
complications since this episode of ANE. Five
days before the emergency room visit, the girl
developed a fever of up to 40°C. One day before
the admission, the girl experienced general weakness and episodes of vomiting. Neurological examination of the patient showed an increased
motor tone, positive bilateral Babinski reflexes,
and decorticate posturing. Blood biochemical

analysis showed a white blood cell count of
3 × 106/L, and C-reactive protein level of 0.3
mg/dL. Polymerase chain reaction analysis of respiratory sample of the patient indicated the presence of a rhinovirus infection. Cerebrospinal fluid
(CSF) analysis indicated a protein level of 57.5
mg/dL, and glucose level of 69 mL/dL, with a
normal CSF pressure and white blood cell count.
Brain MRI showed hypointense signals on
T1-weighted images and hyperintense signals on
T2-weighted images of the thalamus, hypothalamus, midbrain, pons, and medulla (Fig 1D-F),
which were similar to those observed during the
previous ANE episode. In particular, it was confirmed that thalamus lesions occurred at sites
similar to the previous lesions (Fig. 1F). Results
of sleep electroencephalography indicated an abnormal sleep record because of slightly suppressed background activities. The patient was
initially administered intravenous methylprednisolone therapy, which was tapered over 4
weeks, along with antibiotic (ceftriaxone and
vancomycin) and antiviral (acyclovir) therapy.
The initial dose of methylprednisolone started at
30 mg/kg/day. Three days after starting dose,
the dose was reduced by half of the initial dose.
Brain MRI performed after 1 month showed
improvement in the clinical signs of ANE. However, the cognitive and motor functions of the
patient did not improve. Next, a genetic test was
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Fig. 1. (A, B, C) Brain magnetic resonance imaging (MRI) of the first ANE episode showing the involvement of the pyramid and olive and
that of the medial temporal lobe cortex, putamen, external capsule, and medial thalamus (black arrows). (D, E, F) The brain MRI of second
ANE episode showing symmetric T2 hyperintense signals in the midbrain, bilateral pons and thalamus (white arrows).

Fig. 2. Electropherogram of our case showing the mutated allele, compared with the results of whole-exome sequencing. This mutation
(Thr585Met) affects an amino acid residue.
https://doi.org/10.26815/acn.2019.00213
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performed to investigate the recurrent hypo- and hyperintense signals observed on the T1- and T2- weighted MRI. Results of the
genetic test showed that the patient had an RANBP2 mutation
(c.1754C > T, p.Thr585Met), which was absent in her father and
mother (Fig. 2). At present, the patient is undergoing rehabilitation
therapy. She have not showed further seizure attack without any
medication of antiepileptic drug.
Neurologic prognosis is associated with the number of seizure
attacks [4]. Studies have reported that approximately 40% complications persist after the administration of steroid treatment in the
initial stage of diagnosis. Moreover, recent studies have reported
that prognosis is associated with the timing of diagnosis and treatment administration and the involvement of the brain stem [5].
In conclusion, patient with symptoms such as fever, seizure, and
rapid consciousness loss after a viral infection and showing the
clinical signs of typical ANE on brain MRI should receive early steroid treatment and should be examined for the presence of
RANBP2 mutations.
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Streptococcus alactolyticus is grouped in S. bovis/S.
equinus complex (SBSEC). SBSEC is found in
the intestinal flora of humans and animals [1].
Certain bacteria include in SBSEC have caused
human infection such as bacteremia or meningitis, but S. alactolyticus was identified rarely as
pathogen in a few case. Especially, only one case
was reported in neonatal sepsis. A case of fatal
neonatal sepsis without meningitis due to S. alactolyticus has been reported, but the pathogen was
identified in gastric fluid and samples from ear,
trachea, and nasopharynx, not in blood and cerebrospinal fluid (CSF) [2]. Until now, there was
no case report that was culture-proven S. alactolyticus as pathogen of neonatal bacterial meningitis. This is the first case presenting neonatal bacterial meningitis and sepsis caused by S. alactolyticus and treated successfully.
A 28-day-old baby girl presented to our hospital with 2 day-fever history. She was born at 36
weeks and 2 days of gestational age, weighing
2,800 g by cesarean section. There were no prenatal and perinatal problems. After birth, she was
healthy, fed well and had been cared-for at home.
She got hepatitis B vaccination at birth.
Examinations on other hospital revealed a fever, heart rate, and respiration rate of 38.7°C, 168
beats/min, and 44/min, respectively. There were

no abnormal sign on physical examination. Specimens for laboratory studies and blood, urine,
and CSF cultures were collected. Intravenous
ampicillin and cefotaxime were administered.
Laboratory analysis results are shown in Table 1.
Four hours later after spinal tapping, she was
transferred to our institution. On the first admission day, only blood test was done, and the results are shown in Table 1. We administered vancomycin instead of ampicillin and cefotaxime
without spinal tapping because she was 4 weeks
old. She had high fever up to 39°C every 6 hours.
On day 3, a second blood sampling and lumbar
puncture was performed, and the results described in Table 1. The FilmArray Meningitis/
Encephalitis polymerase chain reaction panel
(BioFire Diagnotics, Salt Lake City, UT, USA)
revealed no pathogen. We were notified that
there were gram-positive cocci on the Gram stain
of CSF from the previous hospital. We then administered ampicillin. And we also added acyclovir because we could not exclude herpes infection. However, the fever lasted, and the patient
looked acutely ill. To rule out complications,
brain magnetic resonance image and electroencephalography were performed, and this showed
no specific abnormality. There was no fever any
more after hospitalization day 4. On day 5 the re-
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Table 1. Laboratory findings
Variable
CSF
Cell count (/μL)
Neutrophil (%)
Lymphocyte (%)
Monocyte (%)
Glucose (mg/dL, CSF/serum ratio)
Protein (mg/dL)
Gram stain
Culture
Blood
WBC ( × 103/μL)
Hemoglobin (g/dL)
Segmented neutrophil (%)
Platelet ( × 103/μL)
C-reactive protein (mg/dL)
Glucose (mg/dL)
Gram stain
Culture

1st hospital day from
previous hospital

1st hospital day

3rd hospital day

1,600
75
25
0
66 (0.33)
196
Positive cocci
S. alactolyticus

ND

2,851
89
2
9
19 (0.15)
297.6
ND
No growth

5.01
9.2
69
294
1.39
111
Positive cocci
S. alactolyticus

1.99
9.8
62.8
284
4.13
142
NA
NA

13.62
8
55.6
347
9.59
127
ND
No growth

CSF, cerebrospinal fluid; ND, not detected; S. alactolyticus , Streptococcus alactolyticus ; WBC, white blood cell; NA, not applicable.

sults of CSF and blood culture, which were performed at the previous hospital, were obtained. S. alactolyticus was isolated from the
blood and CSF and susceptible to ampicillin (minimum inhibitory concentration ≤ 0.25) (Table 2). Vancomycin, cefotaxime and
acyclovir were discontinued, leaving only ampicillin to be administered. A second CSF and blood culture examination performed
in our hospital showed no growth of any pathogen. After completing a 14-day course of intravenous ampicillin, she showed improvement and was discharged without any complications. She
has subsequently been followed up for developmental assessment
and hearing tests for over 2 months. The hearing test results were
normal, and she shows normal development for her age.
Late onset meningitis in neonates is defined as meningitis occurring after 72 hours of birth and is predominantly seen in premature
infants. The incidence is directly related to decreasing birth gestational age and weight. Coagulase-negative staphylococci and S. aureus are the common causative pathogens. After primary bacterial
infection has occurred in bloodstream, the infection spreads
through the systemic bloodstream. Bacteria in microvasculature of
the central nervous system invade the CSF, causing an inflammation reaction, which results in meningitis. Therefore, neonatal
meningitis is mostly concurrent with neonatal sepsis. However, it
is possible to obtain a positive CSF culture although the blood culture is negative. This is because survivors of neonatal meningitis
are more susceptible to developmental delay or neurologic sequel70

Table 2. Results of the culture and antibiotic sensitivity tests for
blood and cerebrospinal fluid of the patient
Variable
Culture
Sensitivity
Ampicillin
Cefotaxime
Ceftriaxone
Clindamycin
Erythromycin
Levofloxacin
Linezolid
Penicillin–G
Tetracycline
Vancomycin

Blood
S. alactolyticus

CSF
S. alactolyticus

S
S
S
R
R
I
S
S
R
S

S
S
S
R
R
I
S
S
R
S

CSF, cerebrospinal fluid; S. alactolyticus, Streptococcus alactolyticus ; S,
sensitive; R, resistant; I, intermediate.

ae; it is important and necessary to have prompt diagnosis and
treatment of neonatal meningitis and regular follow-up about its
development. Therefore, if there are clinically suspected sepsis or
infection signs, CSF analysis and culture should be performed to
identify the presence of meningitis.
SBSEC is found in the intestinal flora of humans and animals
and is classified into four DNA homology clusters based on 16S rihttps://doi.org/10.26815/acn.2019.00234

Ann Child Neurol 2020;28(2):69-71

bosomal DNA [1,3]. S. alactolyticus, the only species in DNA cluster IV, were isolated exclusively from the intestine of pigs, chicken,
pigeons, and canines. S. alactolyticus is an extremely rare causative
pathogen of human infection [1]. Until now, only three cases of
human infection are reported, and only one of them was neonatal
sepsis [2]. A 65-year-old woman with a history of left ventricular
outflow tract obstruction in hypertrophic cardiomyopathy was diagnosed as S. alactolyticus infective endocarditis which was complicated by septic emboli and mycotic left middle cerebral artery aneurysm [4]. A 35-year-old type 1 diabetic woman who presented
with severe diabetic ketoacidosis, precipitated by S. alactolyticus
bacteremia, was successfully treated [5]. Toepfner et al. [2] described neonatal fulminant sepsis caused by S. alactolyticus; a fullterm infant that did not have any prenatal problem showed respiratory failure immediately after birth. Endotracheal intubation and
mechanical ventilation were started, but the patient showed tachycardia, hypotension, and pulmonary hemorrhage. Despite appropriate treatment, the patient showed no in clinical symptoms and
signs and died within 23 hours of life. S. alactolyticus was identified
in the gastric and tracheal fluid of the patient but no pathogen was
found in the blood and CSF [2].
To the best of our knowledge, this is the first case report that
bacterial meningitis due to S. alactolyticus occurred in neonate
without any history of animal contact and outdoor activities going
out. Nevertheless, we could not find out the source of S. alactolyticus, the patient responded well to a 2-week course of ampicillin and
was treated successfully. After discharge, she has been checked
twice for 2 months in the outpatient clinic and there have been no
complications, such as seizure, hearing loss or developmental delay.
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Dihydropteridine reductase (DHPR) deficiency
is a severe form of hyperphenylalaninemia due
to impaired renewal of a substance known as tetrahydrobiopterin (BH4), caused by mutations in
the quinoid dihydropteridine reductase (QDPR)
gene [1]. If little or no BH4 is available to facilitate processing phenylalanine (Phe), this amino
acid can accumulate in the blood and other tissues, and the levels of neurotransmitters (dopamine, serotonin) and the folate in cerebrospinal
fluid also decrease [1]. Symptoms such as mental
retardation, with motor impairment and epilepsy
occur in untreated patients with severe forms of
DHPR deficiencies [2].
Thus, many experts misunderstand if seizure
or movement disorders occur in DHPR deficiency patients, it may be because of uncontrolled disease and miss other pathologic conditions that may accompany it. Although DHPR
deficiency can cause neurological problems, an
identification of other causes is required.
Here, we report the case of an adolescence patient impacted by DHPR deficiency, who had
experienced absence seizures and myoclonic seizures, and early suspected dopamine deficiency
tremor. But after identifying ictal epileptiform
discharges on the electroencephalography
(EEG), it was treated as idiopathic generalized
epilepsy.

A 15-year-old man was admitted to Soonchunhyang University Seoul Hospital. At the age
of 3 months, he experienced the first seizure,
characterized by brief psychomotor arrest and
right hand tremor. He had no family history of
seizures or genetic disorders. Brain magnetic resonance imaging (MRI) and EEG showed normal results. The seizures were not controlled by
antiepileptic drugs, including topiramate, valproate, and lamotrigine; therefore, he discontinued the medication. A year later, he was diagnosed with hyperphenylalaninemia in other pediatric unit. His blood Phe level on admission
was 12.9 mg/dL (normal < 2 mg/dL). BH4
loading test was negative at that time, so he was
managed with just a low Phe diet. However, at
the age of 7 years, he was diagnosed with DHPR
deficiency in our hospital. His basal blood Phe
level was 10.3 mg/dL, and 8 hours after BH4
loading, the Phe level had dropped to 1.9 mg/
dL. This represented a 72% reduction in Phe level, which is consistent with BH4 deficiency findings. Further tests showed normal neopterin
with elevated biopterin levels. The sanger sequencing of the patient identified two heterozygous mutations (c.253T > C and c. 515C > T)
on the two alleles of QDPR gene, which were
both classified as likely pathogenic. Treatment
started promptly and included levodopa (2 mg/
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kg, four times daily), 5-hydroxytrptophan (2 mg/kg, four times
daily), folate (10 mg/day), and BH4 supplementation (20 mg/kg,
twice daily), along with a low Phe diet. BH4 dosage was adjusted to
keep his serum Phe concentration less than 2 mg/dL, with a dietary restriction of Phe. With this therapy, seizure-like movements
had already significantly improved, and blood Phe levels had
dropped significantly to 2 mg/dL. Since then, the frequency had decreased from 10 times a day to once or twice monthly, but abnormal
movements were observed, such as staring blankly or trembling in
both hands. As the EEG was normal at that time and the serum prolactin level showed a rise, the levodopa dose was increased with a
good response. Despite delay in the treatment, he showed no severe
mental impairment.
However, the seizures became frequent, and he experienced several daily episodes of staring blankly for a moment, flinching both legs,
and trembling in both hands by the age of 15 years. At that time, he
was taking levodopa (40 mg/day), 5-hydroxytroptophan (40 mg/
day), and folate (10 mg/day). His Phe level was 4.9 mg/dL and prolactin level was 35.27 ng/mL (normal 2 to 18). Given the assumption that seizures may not be controlled due to the lack of dopamine, the levodopa dosage was increased to 60 mg/day. The prolactin level returned to normal (9.15 ng/mL), but the abnormal movements persisted. EEG was conducted and during EEG recordings,
he experienced habitual seizures in the form of an abrupt loss of
awareness and trembling in both hands. Unlike previous tests that

had showed normalcy, ictal EEG showed prolonged bursts of 3 to 4
Hz generalized spike and wave discharges (GSW) (Fig. 1). Brain
MRI showed diffuse signal increase of deep white matter on
T2-weighted and fluid-attenuated inversion recovery images (Fig. 2).
Introduction of antiepileptic drugs; valproate 1,000 mg/day, levetiracetam 1,000 mg/day, zonisamide 200 mg/day markedly reduced
abnormal movements without adverse events.
This male patient with DHPR deficiency, presented epileptic
seizures at age 3 months. By EEG evaluation of ictal epoch, we
could document that his epileptic seizures were idiopathic generalized epilepsy, especially juvenile absence epilepsy, since he experienced limb impaired awareness, myoclonic jerks related to EEG
GSW discharges.
We also demonstrated that antiepileptic drugs such as valproate,
levetiracetam and zonisamide should be introduced to suppress his
seizures; conversely, a dosage increase of neurotransmitter supplementation was not effective.
The present case, wherein the treatment including neurotransmitter supplementation was started when the patient was age seven, resulted in severe epileptic seizures. In patients with drug-resistant epilepsy, or in infants with new-onset epilepsy in whom the
initial testing did not reveal an underlying etiology, a full metabolic
workup including hyperphenylalaninemia, is needed.
Conversely, if the abnormal movements persist in the DHPR
deficiency, it is necessary to assess if another condition such as epi-

Fig. 1. The electroencephalography pattern performed at age 15 showed a burst of 3 to 4 Hz spike and wave discharges.
https://doi.org/10.26815/acn.2019.00304
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Fig. 2. Brain magnetic resonance imaging performed during
adolescence showed diffuse bilateral deep white matter signal
alteration.

lepsy co-exists. A previous paper described that generalized seizures have been reported in 25% of hyperphenylalaninemia [3],
and the association between hyperphenylalaniemia and seizures is
not well known [4]. Patients with normal EEG in infancy may
have abnormal EEG findings when retested later, even if they
maintain their treatment [5].
Serial evaluation of EEG, brain MRI is essential in DHPR deficiency patients with unusual movements even though those movements are undefined and the previous test was normal. Early detection of epilepsy can change the patient’s prognosis by reducing the
frequency of seizures and prevent developmental delay.
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an exclusive population, for example in only one sex, authors
should justify why, except in obvious cases (e.g., prostate cancer).
Authors should define how they determined race or ethnicity and
justify their relevance.

Abstract and keywords
The abstract should be a single paragraph of less than 250 words,
and describe concisely, the purpose, methods, results, and
conclusion of the study, in a structured format. Abbreviations, if
needed, should be kept to an absolute minimum, and their first use
should be preceded by the full term in words. The abstract should
not include footnotes, references, or tables. The abstract can be
modified by an English language reviewer who is appointed by
the editorial board. A maximum of 5 keywords should be listed at
the end of the abstract to be used as index terms. For the selection
of keywords, refer to Medical Subject Headings (MeSH; https://
meshb.nlm.nih.gov/search).

Results
This section should include a concise textual description of the
data presented in the tables and figures. Excessive repetition of
table or figure contents should be avoided.

Introduction
The introduction should provide the background of the study and
state the specific purpose of research or hypothesis tested by the
study. It may mention previous publications most closely related to
the article.
Materials and Methods
The materials and study design should be presented in detail. In
experimental research, methods should be described in such a
manner that the experiments can be reproduced by the readers.
The sources of special chemicals or preparations should be
given (name of company, city and state, and country). Clinical
studies or experiments using laboratory animals or pathogens
should include approval of the studies by relevant committees. A
statement concerning IRB approval and consent procedures must
be presented.
Clearly describe the selection of observational or experimental
participants (healthy individuals or patients, including controls),
including eligibility and exclusion criteria and a description of the
source population. Because the relevance of such variables as age,
sex, or ethnicity is not always known at the time of study design,
researchers should aim for inclusion of representative populations
into all study types and at a minimum provide descriptive data for
these and other relevant demographic variables.
Ensure correct use of the terms sex (when reporting biological
factors) and gender (identity, psychosocial or cultural factors),
and, unless inappropriate, report the sex and/or gender of study
participants, the sex of animals or cells, and describe the methods
used to determine sex and gender. If the study was done involving
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Discussion
Observations pertaining to the results of research and other related
materials should be interpreted for your readers. Emphasize new
and important observations; do not merely repeat the contents
of the results. Explain the meaning of the observed opinion along
with its limits, and within the limits of the research results connect
the conclusion to the purpose of the research. In a concluding
paragraph, summarize the result and its meaning.
Acknowledgment
The acknowledgments section should contain brief statements
of assistance and financial support. Any other matters associated
with research funds, facilities and drugs that were used in the study
should also be given.
ORCID
Open researcher and contributor IDs (ORCID) are recommended
for authors. To receive ORCID, authors should register on the
ORCID website available from: https://orcid.org.
References
Reference citations in the text should be made with consecutive
numbers in parenthesis (Vancouver style). References should be
listed in the order of citation in the text, with the corresponding
number. The reference style for journal articles is as follows :
names of authors, full title of article, journal name abbreviated in
accordance with MEDLINE, year, volume, and page numbers.
List all authors when they are six or less; when they are seven or
more, list the first six and add ‘et al.’. The names of all authors must
be listed by the last name and the initials of the first and middle
names. Papers in press may be listed with the journal name and
tentative year of publication. The style for a chapter of a book
is as follows: author and title of the chapter, editor of the book,
title of the book, edition, volume, place, publisher, year, and page
numbers. Cite unpublished data or personal communications in
the text only and not in the reference list. Internet URLs should
be as follows; authors’ names, website title, URL and the time of

the latest update. All other references should be listed as shown in
the Recommendations from ICMJE. Authors are responsible for
the accuracy and completeness of their references. The maximum
number of cited references should be 40 for original articles and 5
for letters to editor.
Examples of reference styles

1) Journal article
1. Yoon JY, Kang MJ, Kim SY, Seo JY, Yang SW, Lee YA, et al.
The relationship between initial body mass index and body
mass index after one year of gonadotropinreleasing hormone
agonist therapy in idiopathic true precocious puberty girls. J
Korean Soc Pediatr Endocrinol 2011;16:165-71.
2. Wheless JW, Treiman DM. The role of the newer antiepileptic
drugs in the treatment of generalized convulsive status
epilepticus. Epilepsia 2008;49 Suppl 9:74-8
3. Gardos G, Cole JO, Haskell D, Marby D, Paine SS,
Moore P. The natural history of tardive dyskinesia. J Clin
Psychopharmacol 1988;8(4 Suppl):31S-37S.
4. Nikitovic M, Wodchis WP, Krahn MD, Cadarette SM. Direct
health-care costs attributed to hip fractures among seniors: a
matched cohort study. Osteoporos Int In press 2012.
2) Book
- Book
5. Volpe JJ. Neurology of the newborn. 2nd ed. Philadelphia, PA:
WB Saunders Co.; 1987.
- Book chapter
6. Pan ES, Cole FS, Weinttrub PS. Viral infections of the fetus
and newborn. In: Taeusch HW, Ballard RA, Gleason CA,
editors. Avery’s diseases of the newborn. 8th ed. Philadelphia:
Elsevier Saunders; 2005. p. 495-529.
- Abstract book or conference proceedings
7. Vivian VL. editor. Child abuse and neglect: a medical
community response. Proceedings of the First AMA National
Conference on Child Abuse and Neglect; 1984 Mar 30-31;
Chicago. Chicago: American Medical Association; 1985.
- Thesis
8. Youssef NM. School adjustment of children with congenital
heart disease (dissertation). Pittsburgh, PA: Univ. of
Pittsburgh; 1988.
3) Website
9. On Ministry for Health, Welfare and Family Affairs. The
Third Korea National Health and Nutrition Examination
Survey (KNHANES III) [Internet]. Seoul: Ministry for

Health, Welfare and Family Affairs; 2006 [cited 2006 Jul 8].
Available from: http://knhanes.cdc.go.kr.

Tables
1) Each table should be inserted on a separate page, with the table
number, table title and legend.
2) The numbers of tables should be in Arabic numerals in their
order of citation.
3) Titles of tables should be concise using a phrase or a clause.
The first character should be capitalized.
4) Tables should be concise and not duplicate information found
in figures.
5) The significance of results should be indicated by appropriate
statistical analysis.
6) Unnecessary longitudinal lines should not be drawn.
Horizontal lines should be used as sparingly as possible.
7) All symbols and abbreviations should be described below the
table.
8) Use superscript letters (a, b, c) to mark each footnote and be
sure each footnote in the table has a corresponding note. List
abbreviations in the footnote section and explain any empty
cells.
9) All units of measurements and concentrations should be
designated.
Figures and figure legends
1) Figures should be submitted separately from the text the
manuscript. All pictures and photographs should be of excellent
quality and supplied as JPEG or TIFF files with resolution of
more than 300 dpi. The preferred size of figure is 7.4×10.0 cm
(3×4 inches). Except for particularly complicated drawings
that show large amounts of data, all figures are published at one
page or one column width. All kinds of figures may be reduced,
enlarged, or trimmed for publication by the editor.
2) Color figures and pictures will be published if the editor
decides it is absolutely necessary.
3) Figure numbers, in Arabic numerals, should appear in the
figure legends. Arabic numerals should be used in the orderin
which the figures are referred to in the main text. In cases
where more than two photographs are used with the same
number, alphabet characters should be used next to the Arabic
numeral (e.g.: Fig. 1A, Fig. 1B).
4) All pictures and photographs should be described in the
legend with complete sentences rather than incomplete
phrases or a clause.
5) All symbols and abbreviations should be described below the
figure.
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4. Other types of manuscripts
All other types of manuscripts should meet the above mentioned
requirements.
1) Reviews articles
Reviews may be written by invitation by the editorial board
and provide concise reviews of important subjects to medical
researchers. are organized as follows: title page, abstract and
keywords, introduction, main text, conclusion, acknowledgments,
references, tables, figure legends, and figures. An abstract is
required but it need not be structured.
Reviews should not exceed 7,000 words, include no more than 6
figures or tables and 150 references.
2) Letters to the editor
Letters to Editor is a type of brief communication on any topics
that attract attention of journal readers. It should be brief, clear and
conclusive. No abstraction is required. Body of the letter has no
structure and the word count is limited to 1,000 words. It should
be written in a maximum of 2 printed pages, less than 5 references,
less than 2 table or figures, and less than 5 authors.
3) Editorial
Editorials are invited by the editors and should be commentaries
on articles published recently in the journal. Editorial topics could
include active areas of research, fresh insights, and debates in all
fields of child nerology. Editorials should not exceed 1,000 words,
excluding references, tables, and figures, and no more than 2
figures or tables and 10 references.

Manuscripts accepted for publication
1. Final version
After the paper has been accepted for publication, the author(s)
should submit the final version of the manuscript. The names
and affiliations of the authors should be double-checked and
if the originally submitted image files were of poor resolution,
higher resolution image files should be submitted at this time. The
EPS, JPG, PPT, or TIF formats are the preferred digital files for
photographic images. Symbols (e.g., circles, triangles, squares),
letters (e.g., words, abbreviations), and numbers should be large
enough to be legible even after on reduction to the journal’s
column widths. All symbols must be defined in the figure captions.
If references, tables, or figures are moved, added, or deleted during
the revision process, renumber them to reflect the changes so that
all tables, references, and figures are cited in numeric order.
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2. Manuscript corrections
Before publication, the manuscript editor will correct the
manuscript such that it meets the standard publication format.
The author(s) must respond within 7 days when the manuscript
editor contacts the author for revisions. If the response is delayed,
the manuscript’s publication may be postponed to the next issue.
The author should double-check for corrections in the content,
title, affiliation, capitalization, locations of figures, and references.
Corresponding authors are responsible for further corrections
made after printing.
3. Gallery proof
The author(s) will receive the final version of the manuscript as
a PDF file. Upon receipt, within 2 days, the editorial office (or
printing office) must be notified of any errors found in the file. Any
errors found after this time are the responsibility of the author(s)
and will have to be corrected as an erratum.
4. Feedback after publication
If the authors or readers find any errors, or contents that should be
revised, it can be requested from the Editorial Board. The Editorial
Board may consider erratum, corrigendum or a retraction. If
there are any revisions to the article, there will be a CrossMark
description to announce the final draft. If there is a reader’s opinion
on the published article with the form of Letters to the editor, it
will be forwarded to the authors. The authors can reply to the
reader’s letter. Letters to the editor and the author’s reply may be
also published.
5. How the journal handle complaints and appeals
The policy of Annals of Child Neurology is primarily aimed at
protecting the authors, reviewers, editors, and the publisher of the
journal. If not described below, the process of handling complaints
and appeals follows the guidelines of the Committee of Publication
Ethics available from: https://publicationethics.org/appeals.
Who complains or makes an appeal?
Submitters, authors, reviewers, and readers may register complaints
and appeals in a variety of cases as follows: falsification, fabrication,
plagiarism, duplicate publication, authorship dispute, conflict
of interest, ethical treatment of animals, informed consent, bias
or unfair/inappropriate competitive acts, copyright, stolen data,
defamation, and legal problem. If any individuals or institutions
want to inform the cases, they can send a letter via the contact page
on our website: http://annchlidneurol.org. For the complaints or
appeals, concrete data with answers to all factual questions (who,
when, where, what, how, why) should be provided.

Who is responsible to resolve and handle complaints and appeals?
The Editor, Editorial Board, or Editorial Office is responsible for
them. A legal consultant or ethics editor may be able to help with
the decision making.
What may be the consequence of remedy?
It depends on the type or degree of misconduct. The consequence
of resolution will follow the guidelines of the Committee of
Publication Ethics (COPE).

6. Page charge
There are no page charges to authors. All color figures and tables
will be reproduced in full color in the online edition of Annals of
Child Neurology at no cost to authors, but the complete cost in
the printed version of the journal will be charged to the authors.
Please contact the Editorial Office if you have any questions about
potential fees.

by the Annals of Child Neurology may be issued.

8. E-publication ahead of print
All accepted manuscripts are subject to copyediting. Before
publication, page proofs are sent to the corresponding author, who
is responsible for verifying the final manuscript contents, including
all copyediting changes. Once a manuscript has been typeset,
copyedited, and approved by the editor and the authors, it will
soon appear online in our “Ahead-of Print” section.

Further information
Any correspondence, queries or additional requests for information
on the manuscript submission process should be sent to Annals of
Child Neurology editorial office as follows:
Editor-in-Chief: Soonhak Kwon, MD
E-mail: editor@annchilneurol.org
Telephone: +82-2-2019-3350

7. Confirmation of acceptance
Once the manuscript is at the publisher, confirmation of acceptance
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Copyright transfer agreement
The transfer of copyright from author to Annals of Child Neurology must be clearly stated in writing to enable the Annals of Child Neurology
to assure maximum dissemination of the author’s work. Therefore, the following agreement, executed and signed by the author, is required
with each manuscript submission.
In signing this Agreement:
1. I hereby warrant that this Article is an original work, has not been published before and is not being considered for publication
elsewhere in its final form either in printed or electronic form,
2. I hereby warrant that I have obtained permission from the copyright holder to reproduce in the Article (in all media including print and
electronic form) material not owned by me, and that I have acknowledged the source;
3. I hereby warrant that this Article contains no violation of any existing copyright or other third party right or any material of an obscene,
indecent, libellous or otherwise unlawful nature and that to the best of my knowledge this Article does not infringe the rights of others;
4. I hereby warrant that in the case of a multi-authored Article you have obtained, in writing, authorization to enter into this Agreement on
their behalf and that all co-authors have read and agreed the terms of this Agreement;
5. I will indemnify and keep indemnified the Editors, Annals of Child Neurology against all claims and expenses (including legal costs and
expenses) arising from any breach of this warranty and the other warranties on my behalf in this Agreement.

Date:
Name and Institution or company:
Manuscript Title:

Name

x

Signature

Date

Author’s checklist
1. General provisions
☐ The authors should ensure that the contents of the present manuscript have not been published nor intended to be published in other
journals.
☐ The manuscript should be formatted as follows: A4 paper, 12 point font, left-aligned, double-spaced.
☐ An original article should be presented in the following order: cover page, abstract, keywords, introduction, methods, results, discussion,
references, and captions and legends for tables and figures.
2. Cover page
☐ This section should indicate the contact information of the corresponding author: postal code, address, phone number, fax number, and
email address.
☐ A running title should be given in 10 words or less.
3. Abstract and Keywords
☐ The abstract should be divided into Background and Purpose, Methods, Results, and Conclusions; it should be written in one
paragraph that is within 250 words.
☐ Three to six keywords should be included (preferably those recommended in MeSH of Index Medicus; the first letter of each key word
should be capitalized).
4. Main text
☐ The title should not include abbreviations; all the words must be spelled out.
☐ Information regarding approval of an institutional review board and obtaining informed consent should be mentioned in the Method
section.
☐ References should be numbered in Arabic numbers in the order they are cited.
☐ Superscript numbers should come after commas and periods according to submission rules.
☐ When using abbreviations, their full forms should be used at first mention; abbreviations/acronyms should then be used consistently in
further occurrences.
☐ Units of measure should be written in accordance with submission rules (except for % and °C, a space should come between the
number and the unit of measure).
☐ For numbers, a comma should be inserted after every third digit.
☐ All statistical methods used should be described accurately in detail.
5. References
☐ In-text citations should be numbered and should correspond to the numbers in the references.
☐ Up to six authors should be mentioned. In case there are seven or more authors, “et al.” must come after the primary author.
☐ Official abbreviations of quoted journals must be used.
☐ Year, volume, and start page–end page of the quoted literature should be accurately mentioned.
☐ The first letter of the title of the quoted article should be capitalized.
☐ Compliance with quotation styles should be observed.
☐ The manuscript should comply with quotation rules in case a book has separate authors by chapter.
6. Table
☐ Each table must have its own title and be given a separate page.
☐ All abbreviations used in the table should be spelled out.
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☐ All superscript numbers used in the table should comply with the contribution rules.
7. Figures
☐ Each figure should be produced in a separate file and should not be included in the main text.
☐ The file name of each figure should be the figure number.
☐ Figures can be black and white or in color; they will be published as submitted.
☐ The titles and legends of the figures should be concisely drafted on a separate page in English.
☐ The figures should be explained in complete sentences, not phrases or clauses.
☐ All abbreviations should be written out.
☐ When a figure contains several pictures, the explanation of the figure should be followed by that of each picture, distinguishing them as A,
B, C, etc.
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분할투여), 제 6주째 300mg, 필요 시 7주째에 400 mg까지 증량 가능(1일 2회 분할투여) ③ 라모트리진 글루쿠론산 포합을 유의하게 억제 또는 유도하지 않는 다른 약물(예: 리튬, 부프로피온)을 투여 중이거나 라모트리진을 단독 투여하는 환자: 첫 2주 25mg(1일 1회), 다음 2주간은 50mg(1일 1회, 혹은 2회로 분할투여), 제5주에 100mg(1일 1회, 혹은 2회로 분할투여), 제 6
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으로 감소되어야 한다. 4. 고령자: 성인과 13세 이상의 청소년에서의 권장 투여 계획은 고령자(65세이상) 에서도 적용될 수 있다. 그러나 신중히 투여되어야 하며 낮은 용량부터 시작한다. 5. 간장애 환자: 일반적으로 중등도(Child-Pugh grade B) 및 중증(Child-Pugh grade C)의 간장애 환자에서 초기용량, 증가용량, 유지용량은 각각 약 50% 및 75%까지 감소되어야 함. 증가
및 유지용량은 임상 반응에 따라 조절. 6. 신장애 환자: 투여 시 주의. 말기 신장애 환자에서 이 약의 초기 용량은 환자의 항전간제 투여요법에 근거하여야 한다. 감소된 유지용량은 심각한 신기능 장애 환자에서 효과적일 수 있다. ■사용상 주의사항 1. 경고 1) 발진 : 이 약의 투여와 관련하여 특히 소아에서, 잠재적으로 생명을 위협하는 중증의 피부발진(스티븐스-존슨 증후군, 독
성표피 괴사용해 포함)이 보고된 바 있다. 2) 경련 중첩증을 포함한 중증의 경련발작은 횡문근융해, 다기관부전(multi-organ failure), 파종성혈관내 응고, 때때로 치명적 결과를 초래할 수 있다. 3) 자살위험성: (1) 항우울제의 투여는 주요 우울증이나 다른 정신과적 질환을 가진 소아 및 청소년의 자살충동과 자살행동의 위험 증가와 관련 있다. (2) 우울 증상 및/또는 양극성장애
가 간질(뇌전증) 환자에서 발생할 수 있으며 간질(뇌전증) 및 양극성 장애 환자에서 자살성향의 위험이 증가한다는 근거가 있다. 4) 양극성 장애 환자에서의 임상적 악화 5) 호르몬성 피임제 : (1) 이 약 투여기간 동안 경구용 피임제를 투여 개시하거나 또는 중단하는 여성 대부분의 경우에 이 약의 용량 조절이 필요할 것이다. (2) 이 약과 호르몬 제제를 병용하는 일부 환자에서 피
임제의 유효성 감소를 초래할 가능성을 배제할 수 없다. 2. 다음 환자에는 투여하지 말 것 1) 이 약 또는 이 약의 구성성분에 과민반응이 있거나 그 병력이 있는 환자 2) 이 약 투여와 관련된 무균 수막염으로 인해 투여를 중단한 환자 3) 갈락토오스 불내성, Lapp 유당분해효소 결핍증 또는 포도당-갈락토오스 흡수 장애 등의 유전적인 문제가 있는 환자에게는 투여하면 안된다.(라
믹탈 일반정에 한함) 3. 다음 환자에는 신중히 투여할 것 1) 신장애 환자 2) 간장애 환자 3) 다른 항전간제에 대한 과민반응 또는 발진의 병력이 있는 환자 4) 임부 또는 임신하고 있을 가능성이 있는 여성, 임신을 원하는 여성 5) 수유부 6) 심전도 이상이 있거나 방실 전도 억제 약물을 투여중인 환자 4. 이상반응 1. 간질(뇌전증) : 1) 피부 및 피하조직 매우 자주 : 피부 발진, 드물게 :
피부점막안증후군(스티븐스-존슨 증후군), 매우 드물게 : 독성표피괴사용해(리엘증후군) – 다른 임상경험 중 : 드물게 : 탈모증 2) 임상시험 기간 동안 5% 이상에서 발생한 유해사례: 복시, 어지러움, 운동실조, 두통, 무력증, 구역, 졸음, 구토, 호흡기 장애, 발진, 통증 인두염, 독감 증후군, 불면증, 월경 장애, 진전, 폐 장애, 우울, 기억상실, 비정상적 사고 3) 혈액 및 림프계 : 매우 드
물게: 혈액학적 이상(호중구 감소증, 백혈구 감소증, 빈혈, 혈소판 감소증, 범혈구 감소증, 재생불량성 빈혈, 무과립구증을 포함), 림프절병증 4) 면역계: 매우 드물게 : 과민반응(발열, 림프절병증, 얼굴부종, 혈액이상, 간이상, 파종성 혈관내 응고,다기관부전을 포함) 5) 정신신경계 (1) 정신계: 자주 : 공격성, 과민성, 매우 드물게 : 틱, 환각, 혼돈 - 다른 임상 경험 중: 매우 드물게 : 악
몽 (2) 신경계: - 단일요법 임상시험 기간 동안 매우 자주 : 두통, 자주 : 졸음, 불면증, 어지러움, 진전, 때때로 : 운동실조, 드물게 : 눈떨림 - 다른 임상 경험 중 매우 자주 : 졸음, 운동실조, 두통, 어지러움, 자주 : 눈떨림, 진전, 불면증, 드물게 : 무균수막염, 매우 드물게 : 초조, 불안정, 운동장애, 파킨슨병의 악화, 추체외로효과, 무도느림비틀림운동, 발작빈도의 증가 (3) 항전간제를 치
료받은 환자는 자살충동 또는 자살행동, 우울증의 발현 또는 악화 및 기분과 행동의 비정상적 변화를 보인다. 6) 눈 - 단일요법 임상시험 기간 동안 때때로 : 복시, 흐린시력, - 다른 임상 경험 중 매우 자주 : 복시, 흐린 시력, 드물게 : 결막염, 7) 위장관계 - 단일요법 임상시험 기간 동안 자주 : 구역, 구토, 설사 - 다른 임상경험 중 매우 자주 : 구역, 구토, 자주 : 설사 8) 간담도계 매우 드
물게 : 간기능 수치의 상승, 간기능장애, 간부전 9) 근골격계 및 연결조직 매우 드물게 : 루프스 유사 반응 10) 전신 및 투여부위 자주 : 피로 11) 양극성 장애 Ⅰ형 임상시험의 무작위 배정 기간동안 환자의 5% 이상에서 발생한 약물과 관련된 유해사례: 전신: 피로, 위장관계: 구역, 구강건조, 설사, 신경계: 두통, 졸음, 어지러움 12) 이 약 투여환자의 1%이상 5%미만의 빈도로 발생
한 이상반응 및 위약보다 훨씬 더 빈번하게 발생한 이상반응은 다음과 같다 : (1) 전신 : 복통 (2) 소화기계 : 소화불량, 변비, 고창 (3) 대사영양계 : 체중 증가, 부종 (4) 근골격계 : 관절통, 근육통 (5) 신경계 : 기억상실, 감정 불안, 운동장애, 감각이상 (6) 비뇨생식기계 : 빈뇨 (7) 피부계 : 발진, 발한 13) 피부 및 피하조직 - 양극성 장애 임상시험 기간동안 매우 자주 : 피부 발진, 드물게
: 피부점막안증후군(스티븐스-존슨 증후군) –다른 임상경험 중 : 드물게 : 탈모증 14) 정신계 - 다른 임상 경험 중: 매우 드물게 : 악몽 15) 신경계 - 양극성 장애 임상시험 기간 동안 매우 자주 : 두통, 자주 : 초조, 졸음, 어지러움 16) 위장관계- 양극성 장애 임상시험 기간 동안 자주 : 구강 건조, 17) 근골격계 및 연결조직 - 양극성 장애 임상시험 기간 동안 자주 : 관절통 18) 전신 및 투
여부위 - 양극성 장애 임상시험 기간동안 자주 : 통증, 등통증 19) 조증/경조증/혼재삽화 20) 이 약을 장기간 투여 받은 환자들에서 골밀도 감소, 골감소증, 골다공증 및 골절이 보고되었다. 21) 국내 시판 후 수집된 중대한 이상사례 분석.평가 결과 확인된 이상사례는 다음과 같다. 다만, 이로서 곧 해당성분과 다음의 이상사례 간에 인과관계가 입증된 것을 의미하는 것은 아니다. •
면역계: DRESS증후군 5. 일반적 주의 1) 환자 및 보호자에게 항전간제가 우울증의 징후 및 증상의 발현 또는 악화, 비정상적 기분과 행동의 변화, 자살충동 및 자살행동 또는 자해충동의 위험을 증가시킬 수 있음을 알려 환자에게 이러한 증상 또는 행동이 발현될 경우 즉시 의료전문가에게 보고될 수 있도록 한다. 2) 갑작스런 투여중지는 반동성 경련을 초래할 수 있다. 3) 모든 항
전간제 투여시의 반응은 개인차가 있으므로 간질(뇌전증)환자는 운전 및 간질(뇌전증)의 특정한 사항에 대해 의사와 상의하여야 한다. 4) 이 약의 투여 후 간대성근경련발작이 악화될 수 있다. 5) 장기간 이 약을 투여하면 눈 또는 멜라닌이 풍부한 조직에 독성을 나타낼 수 있는 가능성이 커진다. 6. 임부에 대한 투여 임부에 이 약을 사용할 경우의 안전성을 평가할만한 충분한 자
료는 없다. 담당의사가 이 약의 투여에 의한 유익성이 태아의 발달에 끼칠 수 있는 위험성을 상회한다고 판단한 경우를 제외하고는 이 약을 사용해서는 안된다. 7. 수유부에 대한 투여 수유의 잠재적 유익성은 신생아에서 나타날 수 있는 유해반응의 잠재적 위험성을 상회하여야 한다. 이 약 투여 시 수유하지 않는다. ■ 최종허가변경일 : 2018.03.30 ■ 이 개정일자 이후 변경된
내용 및 제품 정보 전문은 kr.gsk.com에서 확인하실 수 있습니다. ■ GSK 제품 사용 중 발생한 이상 사례 (부작용)는 080-901-4100 또는 kr -medical.drug-safety@gsk.com으로 보고해 주시기 바랍니다 .
•GSK 제품 사용 중 발생한 유해사례(부작용)는 080-901-4100 또는 kr-medical.drug-safety@gsk.com으로 보고해 주시기 바랍니다.
•최신 제품설명서 전문은 kr.gsk.com에서 확인하실 수 있습니다.
•(주)글락소스미스클라인, 서울특별시 용산구 한강대로 92 Tel. 080-901-4100
Trade marks are owned by or licensed to the GSK group of companies©[2018] GSK group of companies or its licensor
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미토콘드리아 내 지방대사와
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당대사 활성을 깨우세요!
전문의약품

[원료약품의
분량]
중 베시포비르디피복실말레산염 183mg (베시포비르디피복실로서 150mg)
Altern Med
Rev.1정2005;10(1):42-50
1.
만성
[효능·효과]
®B형 간염의 치료 [용법·용량] 성인 : 1일 1회 1정 (베시포비르디피복실로서 150mg)을 경구투여한다. 이때, 혈청 L-카르니틴의 저하를 막기 위해 L-카르니틴 660mg을 함께 투여한다. 음식물의
[제품명] 베시보 정
전문의약품
[제품명]상관없이
베시보®정
섭취와
복용할
수 베시포비르디피복실말레산염
있다. 보다 자세한 사항은 제품설명서
전문을 참고하시기 바랍니다.
전문의약품
[원료약품의 분량]
1정 중
183mg (베시포비르디피복실로서
150mg)
® 1정 중 베시포비르디피복실말레산염 183mg (베시포비르디피복실로서 150mg)
[원료약품의
분량]
[제품명]
베시보
정 B형 간염의 치료 [용법·용량] 성인 : 1일 1회 1정 (베시포비르디피복실로서 150mg)을 경구투여한다. 이때, 혈청 L-카르니틴의 저하를 막기 위해 L-카르니틴 660mg을 함께 투여한다.전문의약품
만성
음식물의
[효능·효과]
®
[제품명]
엘칸분량]
정 B형
만성
간염의
치료 [용법·용량] 성인 : 1일 1회(베시포비르디피복실로서
1정 (베시포비르디피복실로서
150mg)을 경구투여한다. 이때, 혈청 L-카르니틴의 저하를 막기 위해 L-카르니틴 660mg을 함께 투여한다. 음식물의
[효능·효과]
[원료약품의
1정
중
베시포비르디피복실말레산염
150mg)
섭취와 상관없이
복용할
수 있다. 보다 자세한 사항은183mg
제품설명서 전문을 참고하시기 바랍니다.
일반의약품
1정 중
L-Carnitine
330mg
[원료약품의
분량]
섭취와
상관없이
수
있다.
자세한(카르니틴(으)로서
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1정 중 L-Carnitine 330mg (카르니틴(으)로서 300mg)
[원료약품의
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[효능·효과]
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1. 1차성,
카르니틴 결핍증
허혈성 심질환에 300mg)
의한 심근대사장애 : 협심증, 급성심근경색 [용법·용량] 성인 : L-카르니틴으로서 1일 2~3g을 2~3회 분할 복용한다. 연령, 증상에 따라 따라 적절히
1정2차성
중 사항은
L-Carnitine
330mg2.
(카르니틴(으)로서
[원료약품의
분량]
자세한
제품설명서
전문을
참고하시기 바랍니다.
증감한다. 보다
베시보정, 엘칸정 식약처 허가사항(2019.05 기준)
자세한2차성
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1. 1차성,
카르니틴
결핍증전문을
2. 허혈성
심질환에바랍니다.
의한 심근대사장애 : 협심증, 급성심근경색 [용법·용량] 성인 : L-카르니틴으로서 1일 2~3g을 2~3회 분할 복용한다. 연령, 증상에 따라 따라 적절히
증감한다. 보다 자세한 사항은 제품설명서 전문을 참고하시기 바랍니다.
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