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studies reported acute infantile encephalopathy predom-
inantly affecting the frontal lobes and acute encephalop-
athy with biphasic seizures and late reduced diffusion
(AESD) in non-Japanese patients; therefore, it seems
that this clinical entity is not limited to the Japanese
population [2,3]. Acute encephalopathy is typically char-
acterized by a biphasic clinical course. It usually begins
with status epilepticus and a mild symptomatic period of
2-3 days, followed by a cluster of seizures accompanied
by a decreased level of consciousness. During this per-
iod, diffusion-weighted images obtained by magnetic
resonance imaging (MRI) show strong signal intensities
in the subcortical regions, referred to as BTA [1]. Few
atypical types of acute encephalopathy with BTA have
been described, including cases with altered conscious-
ness but no status epilepticus or cases with a monopha-
sic clinical course {4,5]. No standard treatment has been
described for this entity, although glutamatergic excito-
toxicity was proposed as its main pathomechanism [6].
Sequelae may include mild to severe motor and intellec-
tual disability and epilepsy. The prognostic factors for
acute encephalopathies, including one case with BTA,
have been reported as a decrease in platelet count; an
increase in aspartate aminotransferase (AST), alanine
aminotransferase (ALT), creatine kinase (CK), lactate
dehydrogenase (LDH), and creatinine (Cr) levels; and
abnormal blood sugar levels and clotting times [5.7,8].
Here we retrospectively examined the prognostic values
of several serum markers, changes in these markers dur-
ing the acute stage, and the findings of magnetic reso-
nance spectroscopy (MRS) of the BTA lesion during
the BTA period.

2. Methods

The participants included 10 patients with acute
encephalopathy and BTA who were admitted to Osaka
University Hospital from 2003 to 2012. Eight of the
patients presented with fever and status epilepticus,
which continued for over 30 min on day 0. MRS con-
firmed the presence of BTA from the 3rd to the 9th
day of the illness. The other 2 patients did not present
an obvious convulsive event; however, 1 of them pre-
sented with loss of consciousness, and BTA was con-
firmed in this patient on the 6th day. The other patient
was transferred to the emergency room with loss of con-
sciousness and respiratory arrest, and BTA was con-
firmed on the 8th day. For the 10 participants, we
retrospectively examined the clinical history, clinical fea-
tures, changes in different serum marker levels, and
brain MRI findings.

Evaluation of clinical history included the patient’s
underlying condition, any past history of febrile convul-
sions, neurological status before encephalopathy, type
of infectious disease, existence of a biphasic course,
length of the latency period between fever onset and

encephalopathic episode onset, duration of primary sta-
tus epilepticus, specific medication used to cease convul-
sions and sedate, use of any prescribed antiepileptic
agents during the acute phase, and history of specific
treatment for acute encephalopathy. Neurological out-
come was evaluated 1 year after the onset of encephalop-
athy. The intelligence or development quotient was not
accurately estimated by developmental tests in most
patients. Therefore, the severity of cognitive impairment
was estimated and classified as follows: normal or mild if
the patient could utter some meaningful words (for
patients aged 12-24 months) or have a simple conversa-
tion (for patients aged >24 months), moderate if a patient
could utter a few meaningful words (for patients aged
>24 months), and severe if a patient could not utter
meaningful words. For patients aged >12 months, the
severity of motor impairment (MI) was estimated and
classified as follows: normal or mild if the patient could
walk without support, moderate if the patient could sit
without support but not walk without support, and
severe if the patient could not sit without support. The
neurological status of patient 6, who presented with an
underlying disease before encephalopathy, was not eval-
uated according to these criteria because the patient was
aged <12 months. This patient could babble and hold the
head upright but could not turn over unassisted before
encephalopathy. We estimated that the patient had mod-
erate mental retardation (MR) and MI. We divided
patients into 2 groups according to the severity of enceph-
alopathy, namely severe and mild groups, on the basis of
the patient’s neurological status at 1 year after the onset
of encephalopathy. The mild group included patients
with mild cognitive and/or mild motor impairment. The
severe group included patients with a more severe neuro-
logical impairment. Therefore, 6 patients were included
in the severe group and 4 patients in the mild group.

Blood samples were obtained during convulsions,
immediately after the end of convulsions, or immedi-
ately after arrival at the hospital for patients without
convulsions. We investigated the maximum and mini-
mum values and any changes observed during the first
20 days in several serum marker levels. These markers
included blood cell counts and AST, ALT, LDH, CK,
blood urea nitrogen (BUN), Cr, sodium, potassium,
chloride, total protein content, albumin, and blood
sugar levels.

Brain imaging findings for the acute phase and
chronic phase were examined >7 months later by per-
forming MRI using a 1.5T Signa HD (GE Healthcare,
Milwaukee, WI) system with a standard head coil.
MRS [point-resolved spectroscopy sequence (PRESS):
repetition time/echo time, 1800/136] was subsequently
performed on BTA detection, and the region of interest
was marked on the BTA lesion. Model information and
condition of acquisition was not confirmed in patients 2
and 6. On MRS, we examined the peak of lactate and
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Table 1
Clinical features of the patients.
Patient Age Sex Underlying History Neurological Initial Infection Biphasic Antiepileptic Therapy Outcome
disease of FS status before symptom clinical  drugs for the for the
encephalopathy course acute phase  acute
phase
1 6y M No Yes Normal Impaired Influenza A No MDL, PB mPSL Epilepsy,
consciousness moderate MI,
severe MR
2 S5y M Klinefelter Yes Epilepsy Status Influenza A No DZP, PB mPSL,  Epilepsy,
syndrome Mild MI epilepticus IVIG severe MI
Mild MR severe MR
3 4y M Psychomotor Yes Mild MI Status Unknown  No MDL, mPSL,  Epilepsy,
retardation Mild MR epilepticus thiopental, IVIG severe MI,
thiamilal, PB severe MR
4 2y M Chromosomal No Moderate M1 Status Influenza A No DZpP, MDL, mPSL, Epilepsy,
abnormality Moderate MR epilepticus LDC, IVIG severe MI,
PB, PHT severe MR
5 ly F No No Normal Status HHV6 Yes MDL, mPSL Epilepsy,
epilepticus thiopental, moderate MI,
LDC, PB severe MR
[ 6m M Kabuki No Moderate MI  Status Unknown  No DzpP, MDL, mPSL, Epilepsy,
syndrome Moderate MR epilepticus thiopental, IVIG severe MI,
PB, PHT severe MR
7 4y F  Costello Yes Epilepsy Status Influenza A Yes DZP, MDL, mPSL Epilepsy
syndrome Mild MR epilepticus PB Mild MR
8 2y M No No Normal Impaired Adenovirus  Yes MDL, PB mPSL Mild MR
consciousness type3
9 2y F  No No Normal Status Unknown  No DZp, MDL, mPSL, Mild MR
epilepticus PB IVIG
10 ly M Cerebral Palsy Yes Mild MI Status Influenza A No DZP, MDL, mPSL Mild MI
Mild MR epilepticus thiamilal, PB Mild MR

DZP: diazepam, MDL: midazolam, LDC: lidocaine, PB: phenobarbital, PHT: phenytoin, mPSL: methylprednisolone, IVIG: intravenous immu-
noglobulin, MR: mental retardation, MI: motor impairment, FS: febrile seizures, M: male, F: female, y: year, m: month.
Patients 1-6 belong to the severe group, while patients 7-10 belonged to the mild group.

the ratio of N-acetyl aspartic acid and creatine + phos-
phocreatine (NAA/Cr).

Statistical analyses were performed using JMP 8.0
statistical software (SAS Institute Inc., Cary, NC,
USA) and the Mann—Whitney U test was used to test
for significant differences between the severe and mild
.groups. Statistical significance was determined at
p <0.05.

3. Results
3.1. Clinical features

The total observation period was 7 months to 9 years.
The latency period from fever onset to seizures or state
of altered consciousness was <24 h in all patients. The
age of onset ranged from 6 months to 6 years (median,
3 years) in the severe group and from 1 year to 4 years
(median, 3 years) in the mild group. No significant dif-
ference in age was observed between the 2 groups
(p = 0.587). Six of the 10 patients presented some under-
lying condition. The duration of status epilepticus

ranged from 40 to 60 min (median, 50 min) in the severe
group and 40-50 min (median, 45 min) in the mild
group. No significant difference in duration was
observed between the 2 groups (p = 0.362). Thiopental
or thiamilal was required to cease convulsions in addi-
tion to the initially administered diazepam (DZP) or
midazolam (MDL) in 5 patients in the severe group;
DZP alone was sufficient for 2 patients in the mild
group. Two patients without evident convulsions devel-
oped respiratory or cardiopulmonary arrest on arrival,
and resuscitation was performed in the emergency room.
These patients were placed on respirators and received
continuous infusions of MDL during the acute phase.
All patients were treated by methylprednisolone pulse
therapy. Intravenous immunoglobulin (IVIG) was
administered to 4 patients in the severe group and 1
patient in the mild group (Table 1).

Neurological sequelae included epilepsy or severe MI
in addition to regression in the severe group. The neuro-
logical status of the 4 patients with underlying disease in
the severe group had been stable before encephalopathy.
However, their status evidently worsened after
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encephalopathy. Mild MR was observed in all patients
in the mild group; however, 2 patients with underlying
disease had mild MR before encephalopathy (Table 1).

3.2. Serum markers

Seven out of the 10 patients studied showed maxi-
mum values of AST and ALT within 10 days of admis-
sion, and all patients showed maximum values of LDH
and CK within 10 days. These markers returned to nor-
mal levels approximately 1 month later (Table 2). The
maximum LDH values observed in the severe group
were higher than those in the mild group, but that differ-
ence was only marginally significant (p = 0.055). The
platelet counts reached the minimum value between
the first and fourth day of hospitalization and returned
to normal levels shortly thereafter (Fig. 1). The

Table 2
Comparison of serum markers between the severe and mild groups.
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Fig. 2. Change in serum Cr levels, Cr: creatinine. The solid line
represents the severe group (patients 1-6), and the dotted line
represents the mild group (patients 7-10).

Severe group (n = 6) Mild group (n=4) p Value

Median (range) Median (range)
Maximal AST (IU/L) 600 (220-1341) 372 (114-719) 0.2
Maximal ALT (IU/L) 253 (132-1350) 162 (49-373) 0.2864
Mazximal CK (IU/L) 1247 (572-4723) 281 (141-524) 0.1356
Maximal LDH (IU/L) 1204 (1018-5211) 875 (655-1057) 0.055
Maximal Cr (mg/dL) 0.515 (0.44-0.6) 0.32 (0.285-0.375) 0.019"
Cr in the convalescent phase (mg/dL) 0.24 (0.19-0.3) 0.21 (0.18-0.24) 0.3359
Maximal BS (mg/dL) 219 (176-252) 311 (118-411) 0.3938
Minimal Plt (x10%/uL) 9.4 (9.1-10) 20 (17.5-22.5) 0.0325"

AST: aspartate aminotransferase, ALT: alanine aminotransferase, CK: creatine kinase, LDH: lactate dehydrogenase, Cr: creatinine, BS: blood sugar,

Plt: platelet.
Statistical analysis was performed using the Mann—Whitney U test.
" p <0.05.
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Fig. 1. Change in platelet counts. (A) Severe group, (B) mild group.
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Table 3
Maximum Cr values and urine volume in the acute phase and Cr
values in the convalescent phase.

Patient Maximal Cr Cr levels, Urine Cr levels in the

levels in the acute 97.5% volume on convalescent
phase (mg/dL)  (mg/dL) day 0 (mL/ phase (mg/dL)
kg/h)
1 0.52 0.48 4.66 0.31
2 0.6 0.45 1.47 0.3
3 0.51 0.4 2.35 0.28
4 0.44 0.37 1.18 0.18
5 0.38 0.32 Not 0.19
measured
6 1.4 0.31 4.52 0.2
7 0.27 0.4 Not 0.19
measured
8 0.34 0.37 6.5 0.23
9 0.41 0.37 3.94 0.25
10 0.3 0.32 3.67 0.17

Cr: creatinine.
Cr 97.5%: 97.5 percentile value in age-matched Japanese children.

minimum platelet count was significantly lower in the
severe group than in the mild group (p < 0.05). The max-
imum Cr value was observed on the day of onset or the
following day in all patients (Fig. 2, Table 3); however,
that maximum value was significantly higher in the
severe group than in the mild group (p < 0.05). During
the first week of illness, the Cr value was higher in the
severe group than in the mild group, and no significant
difference was observed between the 2 groups on the
20th day (p =10.336). No significant differences were
observed in any of the other markers between the 2
groups (Table 2).

3.3. Brain MRI and MRS

The median period of time elapsed between hospital
admission and confirmation of the presence of BTA

Table 4
Findings of brain MRI and MRS.

was 7 days. BTA was observed in different regions, with
2 patients in the mild group showing global involvement
with spared pericentral areas. MRI performed during
the chronic phase showed severe brain atrophy in all
patients in the severe group, which was absent before
encephalopathy, and mild to intermediate atrophy in
all patients in the mild group (Table 4). None of the
patients presented any thalamic lesions, diffuse brain
edema, or hernia compressing the brain stem through-
out the clinical course.

MRS was performed for 9 patients during the BTA
period. A lactate peak was observed in 5 out of the 6
patients included in the severe group and 1 out of the
3 patients in the mild group (Fig. 3). In the mild group,
the only patient presenting a lactate peak also showed
intermediate cerebral atrophy during the remote period,
while the 2 patients without a lactate peak showed only
mild atrophy. The NAA/Cr ratio was 0.88-1.34 (med-
ian, 0.97) in the severe group and 1.13-1.19 (median,
1.17) in the mild group. No significant differences were
observed between the 2 groups (p = 0.178; Table 4).

4. Discussion

Hayakawa proposed the integration of the 3 most
common acute encephalopathies in Japan (namely,
acute encephalopathy with febrile convulsive status epi-
lepticus or AEFCES, AESD, and acute encephalopathy
with biphasic clinical course) into one type of encepha-
lopathy because of the overlap in clinical features and
similarities in pathomechanisms. However, he reported
that only 36% patients experienced all the symptoms
in the triad: BTA, status epilepticus at illness onset,
and biphasic clinical course {4]. Hayashi defined acute
encephalopathy with reduced diffusion (AED), which
encompasses a spectrum that includes not only typical
AESD but also atypical AESD with a monophasic

Patient Brain MRI (acute phase) Brain MRI (chronic phase)
Position of BTA MRS:lactate peak MRS:NAA/Cr
1 Whole brain (+) 0.88 Severe atrophy
2 Whole brain (+) 0.98 Severe atrophy
3 Whole brain (+) 0.97 Severe atrophy
4 Bioccipital lobe predominant (+) 0.48 Severe atrophy
5 Right hemisphere (=) 1.34 Severe atrophy of right hemisphere
6 Bifrontal lobe predominant +) No data Severe atrophy
7 Right hemisphere (=) 1.19 Mild atrophy of right hemisphere
8 Whole brain (central sparing) Not done Not done Moderate atrophy
9 Bioccipital lobe predominant (=) 1.17 Mild atrophy
10 Whole brain (central sparing) (+) 1.13 Moderate atrophy

BTA: bright tree appearance, MRI: magnetic resonance imaging, MRS: MR spectroscopy.

MRS was performed by a point-resolved spectroscopy sequence (PRESS).

Echo time (TE)/repetition time (TR) = 1800/136.
NAA: N-acetyl aspartic acid.
Cr: creatine -+ phosphocreatine.
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Fig. 3. Findings of brain MRI and MRS. Two typical cases are shown. Patient 3 (severe group). (A) FLAIR (day 1): No abnormal lesion is observed.
(B) Diffusion-weighted imaging (DWI; day 6): Abnormal high intensities are observed in the whole subcortical white matter. (C) FLAIR (3 years
later): Diffuse cerebral atrophy is observed. (D) Region of interest (ROI) on MRS. (E) MRS (point-resolved spectroscopy sequence (PRESS):
repetition time (TR)/echo time (TE), 1800/136) shows a lactate peak. The arrow indicates the lactate peak. Patient 7 (mild group). (F) FLAIR (day
1): No abnormal lesion is observed. (G) DWI (day 6): Abnormal high intensities are observed in the right hemispheric cortical and subcortical white
matter. (H) FLAIR (1 year later): Cerebral atrophy was observed in the right hemisphere. (I) ROI of MRS. (J) MRS (PRESS: TE/TR, 1800/136)
shows no lactate peak. MRI: magnetic resonance imaging MRS: MR spectroscopy FLAIR: fluid-attenuated inversion recovery.

clinical course, or more severe subtypes [5]. In our study,
only 3 patients showed a biphasic clinical course. How-
ever, it is worth pointing out that the other patients were
treated with antiepileptic agents immediately after the
onset of status epilepticus. We diagnosed 8 patients with
AED, but we could not categorize 2 patients who pre-
sented with altered consciousness but no seizures at

onset. In the present study, regardless of the clinical
symptoms, all patients presented with BTA and some
similitudes in laboratory data, including maximum
LDH and CK values within 10 days, minimum platelet
counts within the 1st—4th days, and maximum Cr values
on the day of onset or following day. Therefore, we
could assume a similar pathophysiology for all patients.
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We also considered patients with BTA from the 3rd to
9th days as cases of acute encephalopathy with BTA.
Overexpression of glutamate, abnormal increase in
intracellular calcium ion levels, and subsequent neuronal
cell death can be suggested as the possible pathomecha-
nisms behind this encephalopathy. Takanashi reported
an association between the appearance of a glutamine/
glutamate complex peak on MRS during the BTA per-
iod and delayed neuronal cell death [6]. In our study,
cases that showed a lactate peak displayed severe brain
atrophy and subsequent severe neurological sequelae.
To the best of our knowledge, this is the first study
reporting the appearance of a lactate peak during the
BTA period. A lactate peak on MRS generally reflects
an elevation in anaerobic glycolysis or a disorder in aer-
obic glycolysis; therefore, it appears during the acute
phase of an ischemic brain injury [9]; hypoxia [10]; a dis-
order of the tricarboxylic acid cycle, such as a mitochon-
drial disease [11]; and a state of imbalance between
energy supply and demand, such as brain tumor [12].
We believe that energy failure may have led to neuronal
necrosis and severe brain atrophy during the remote per-
iod in patients presenting the lactate peak.

In neural cells, NAA is synthesized from acetyl CoA
and aspartate through r-aspartate N-acetyltransferase.
The Cr peak observed on MRS comprised both Cr
and phosphocreatine. The Cr peak is known to be sta-
ble; therefore, it is frequently used as the standard for
other chemicals {13.14]. During the acute phase of brain
infarction, the lactate peak appears immediately after
onset; however, the Cr peak does not change within
the first 24 h after onset. Therefore, it is believed that
the NAA/Cr ratio reflects the metabolic rate of the neu-
ral cells and axons, while a decrease in NAA/Cr reflects
the decrease or dysfunction in neural cells. Aaen et al.
reported a decrease in NAA/Cr and the appearance of
lactate peaks in patients with severe brain traumatic
injury {157, In the present study, no significant difference
was observed between the mild and severe groups,

although we considered that the NAA/Cr tended to be -
lower in the severe group. Nevertheless, we cannot

underestimate the effect that the low sample size could
have in these results.

Hayashi reported that AST, LDH, and CK Ilevels
reached a maximum value within 10 days from the onset
of the illness and that they were significantly higher in
the severe group [5]. Ishii reported an abrupt increase
in neuron-specific enolase in all patients during the
2nd period (mean, 85.4 + 40.6 ng/pL), and these high
values were maintained for a month before they gradu-
ally decreased [16]. Ishikawa proposed that the presence
of a high initial serum Cr value could be a useful marker
to differentially diagnose prolonged febrile convulsions
and AEFCES. On the other hand, they could not iden-
tify the reason for the increase of Cr levels, and no renal
failure was observed [17]. The changes in serum markers

detected in this study were similar to those reported by
the abovementioned previous studies. Serum Cr levels
showed the highest values either on the day of onset
or the following day, and platelet counts showed the
lowest values at some point between the 1st and 4th
days. Within 10 days after the onset of the illness, 7 of
the 10 patients presented their highest values of AST
and ALT, and all patients displayed their highest values
of LDH and CK.. However, the reason behind the corre-
lation between poor prognosis and increased LDH levels
and a significant decrease in platelet counts remains
unclear.

Five out of the 6 patients in the severe group had
serum Cr levels higher than the 97.5 percentile of age-
matched controls in their initial measurements; the
remaining patient also had a value markedly higher than
the 97.5 percentile of age-matched controls by the fol-
lowing day [18]. Their values were higher than the values
during the convalescent period around the 20th day. The
primary symptom of acute kidney injury is oliguria or
anuria. The increase in serum Cr levels reflects the
decrease in Cr clearance. Waikar reported that in
patients with a >50% decrease in Cr clearance, a 50%
increase in serum Cr levels is reached in 12-48 h [19].
Eight out of the 10 patients received urinary catheters,
and the urine volume was accurately measured to ensure
that the urine volume remained constant. Therefore, we
could conclude that these patients did not have acute
kidney injury during the acute phase. The increase in
serum Cr levels may thus reflect a neurological dysfunc-
tion, given that these increased levels also correlate with
the incidence of neurological sequelae.

Cr is the last product of creatine metabolism. Crea-
tine is produced primarily in the liver, kidney, and pan-
creas- and is stored in the skeletal muscle as
phosphocreatine. Phosphocreatine plays an important
role for buffering energy and is essential for the ATP-
generating reaction:

ADP + phosphocreatine < ATP + creatine

This energy-buffering mechanism also exists in the
brain {20]. The concentration of creatine in the brain
18 approximately 200-fold higher than that in the serum
[21], with the brain presenting the second highest con-
centration of creatine after the skeletal muscle. Crea-
tine in the brain is directly supplied from the
circulatory system through the blood-brain barrier
and through production within astrocytes [20]. It is
stored in the brain as phosphocreatine and converted
to creatine by the brain isozyme for creatine kinase.
Creatine is ultimately converted to Cr and released into
the blood vessels through the blood—cerebrospinal fluid
barrier [22].

Two possible mechanisms may explain the higher Cr
value detected in the severe group. The more severe
destruction of the blood—cerebrospinal fluid barrier in
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the severe group may lead to the flood of Cr. Overpro-
duction and leakage of Cr, synthesized by the phospho-
creatine-creatine reaction facilitated by the energy
demand in acute encephalopathy, can also explain the
higher Cr values. Kubota reported a significant decrease
in serum ATP levels during the acute phase of acute
encephalopathy compared with the levels detected dur-
ing the convalescent phase and ascribed it to mitochon-
drial dysfunction [23]. Although energy expenditure
increases tremendously during the acute phase of acute
encephalopathy, the production and supply of ATP can-
not satisfy the demand, leading to ATP shortage.
Although this hypothesis needs to be verified, all
patients in the severe group showed significantly higher
serum Cr values on the day of onset or the following
day. This information may help in differentiating severe
from mild cases, even in the early phase of the disease.
A disorder of cytokine secretion is not the main
pathomechanism in acute encephalopathy with BTA
[241 In fact, it has been suggested that methyl predniso-
lone pulse therapy or IVIG therapy are not effective for
this encephalopathy. Alternative promising therapies
include cerebral hypothermia, edaravone, cyclosporine,
high-dose antithrombin, and hemodialysis. The efficacy
of cerebral hypothermia has been reported in patients
with febrile convulsive status epilepticus [25], neonatal
hypoxic ischemic encephalopathy [26], and encephalop-
athy after resuscitation in adults {27]. The mechanism of
cerebral protection in cerebral hypothermia is assumed
to be the inhibition of glutamate release [28]. Therefore,
it is believed that cerebral hypothermia can be effective
against acute encephalopathy with BTA, which leads
to delayed neuronal cell death through the over-release
of glutamate. However, the therapeutic time window
to use cerebral hypothermia is reportedly only a few
hours after the onset of the illness [29]. Cerebral hypo-
thermia performed earlier with the detection of increase
in serum Cr levels on the day of onset or the following
day, rather than with the detection of BTA from the
3rd to 7th days, may lead to a better prognosis. In con-
clusion, serum Cr levels on the day of onset or the fol-
lowing day, minimum platelet count during the first
4 days, and a lactate peak in the BTA lesion on MRS
were significant predictors of poor prognosis. Among
these, the initial serum Cr level is expected to be an
excellent predictor of prognosis in the acute phase.
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Abstract

We present characteristic magnetic resonance imaging (MRI) features in a pediatric female patient with chronic inflammatory
demyelinating polyradiculoneuropathy (CIDP). Muscle weakness developed at 8 years old and fluctuated during the clinical course
over 7 years. Electrophysiological studies showed a demyelination pattern with moderately delayed nerve conduction velocity, as
well as dispersion phenomenon. MRI showed marked changes in thickening of the spinal nerve roots and their peripheral nerves
in the lumber and brachial plexuses, as well as in the bilateral trigeminal nerves. It is suggested that these MRI features are char-

acteristic and strongly supportive of the diagnosis of CIDP with a prolonged clinical course.
© 2015 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Chronic inflammatory demyelinating polyradiculoneuropathy; Peripheral nerve; Trigeminal nerve; Brachial plexus; Lumber plexus;

Neurofibromatosis type 1; Hereditary motor and sensory neuropathy

1. Introduction

Chronic inflammatory demyelinating polyradiculo-
neuropathy (CIDP) is an acquired immune-mediated
peripheral neuropathy which manifests with a progres-
sive or relapsing nature over a period of 2 months [1].
Here, we present characteristic magnetic resonance
imaging (MRI) features in a pediatric female patient
with CIDP, whose clinical course stretched over 7 years.
The striking and conclusive feature based on MRI iden-
tified in this case was marked changes in thickening, not
only of the spinal roots and their peripheral nerves in the
lumber and brachial plexuses, but also in the bilateral

* Corresponding author at: 38 Morohongo, Moroyama-machi,
Iruma-gun, Saitama 350-0495, Japan. Tel./fax: +81 49 276 1219.
E-mail address: abeyped@@saitama-med.ac.jp (Y. Abe).
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trigeminal nerves. It is suggested that these features
are characteristic and strongly supportive of the diagno-
sis of CIDP with a prolonged clinical course.

2. Case report

This 15-year-old girl was referred to our hospital at
8 years of age because of resting pain in her proximal
extremities and perioral region, as well as poor weight
gain. Mild weakness developed soon after the first visit,
and these symptoms remitted and became exacerbated
repeatedly thereafter. She was born after 41 weeks of
gestation and delivered normally. Her psychomotor
development was normal. There was no family history
of neuromuscular disorders, including polyneuropathy.
Electrophysiological examination at 11 years of age
showed low amplitudes of compound muscle action

0387-7604/© 2015 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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potential (CMAP) and slow motor nerve conduction
velocities (MCV) (Table 1) {Z]. Although mild exacerba-
tion and remission of symptoms reoccurred, she had
been followed closely without any treatment.

At the age of 15 years, her neurological symptoms
again relapsed. She ran very slowly and was unable to
climb stairs or squat. Deep tendon reflexes were weak
for the bilateral biceps and triceps brachii muscles and
bilateral patellar reflexes were absent. She had no symp-
toms or signs associated with abnormalities of the trigem-
inal nerves or other crantal nerves. There was no skeletal
deformation, in areas including the spine, foot and ankle
joints. Grasping power was 5 kg in the left hand and 7 kg
in the right. Muscle power of proximal upper and lower
limbs was mildly reduced on manual muscle testing and
graded at 3 to 4-/5. The modified Rankin score was grade
2. Decreased amplitudes of CMAP and abnormally slow
MCV still remained in this period (Table 1). Blood bio-
chemical examinations showed normal values. Autoim-
mune antibodies, including anti-nucleic acid antibody,
and rheumatoid factor were negative. Anti-ganglioside
antibodies, including anti-GMI1, anti-GD1b and anti-
GQIlb IgM class antibodies were all negative. A CSF
study revealed a normal cell count at 1/pl and elevated
protein at 243 mg/dl. The 1gG index of CSF was 0.84.
Myelin basic protein was lower than 40 pg/ml.

MRI (Fig. 1A-G) revealed marked changes in thick-
ening of the spinal nerve roots and their peripheral
nerves in the lumber and brachial plexuses, which were
enhanced by gadolinium. These thickened nerves exhib-
ited increased signal intensity on T2-weighted images,
particularly evident on short tau inversion recovery
(STIR) images. Brain MRI exhibited diffuse thickening
of bilateral trigeminal nerves (arrowheads in Fig. 1H).

Table 1
Time series data of nerve conduction velocity.
CMAP-Amp (mV) MCV Temporal
(m/s) dispersion
11 years old
Median N (R) 2.99/2.82 (W/E) 36.7 -
Ulnar N (R) 2.92/2.39 (W/below E) 27.8 -
Tibial N (R) 1.59/1.15 (A/P) 20.8 +
15 years old
Median N (R) 0.78/1.14 (W/E) 34.4 -
Median N (L) 1.46/0.81 (W/E) 31.3 -
Ulnar N (R) 2.26/1.99 (W/below E) 37.6 +
Ulnar N (L) 2.08/1.67 (W/below E) 429 -
Tibial N (R) 2.01/1.08 (A/P) 29.0 +
Tibial N (L) 2.73/1.24 (A/P) 32.2 +

CMAP: compound muscle action potential; Amp: amplitude; MCV:
motor nerve conduction velocity; N: nerve; R: right; L: left; W: wrist;
E: elbow; A: ankle; P: popliteal. Numbers in bold and underlined refer
to a definitive diagnosis of CIDP based on the electrodiagnostic cri-
teria {1}, as follows: distal latency > 50% above upper limit of normal
values [2} <50% amplitude reduction of proximal negative peak of
CMAP relative to distal and CMAP <20% below lower limit of
normal valtues [2}; MCV < 70% below lower limit of normal values {2}.

Fluorescence in situ hybridization (FISH) analysis for
duplication of the PMP22 gene and microarray analysis
for screening of 37 types of Charcot-Marie-Tooth dis-
ease (CMT) were negative. However, whole-exome
sequencing demonstrated a heterozygous missense
mutation in the DYNCIHI gene; ¢.370G>A, p. Vall24-
Met. We judged that this mutation was unlikely to play
a causal role in her clinical manifestation, because the
same mutation was found in her father, who had no
symptoms or signs of polyneuropathy. The patient had
clinical exacerbation 4 times over the following two
years, during which time intravenous immunoglobulin
therapies, as well as corticosteroid therapy, were admin-
istrated which were comparatively effective for the
temporal remission of the symptoms.

3. Discussion

Thickening in the spinal nerve roots and their periﬁh»
eral nerves in the lumbar and brachial plexuses has been
reported as one of the characteristic features of CIDP in
adult series with a prolonged clinical course [3]. The
thickening of the peripheral nerves was found also in
more distal parts, such as the sciatic nerve in this patient.
In spite of these marked changes in thickening of the
peripheral nerves, clinical manifestations were relatively
mild. We suggest that a long clinical course with exacer-
bation and remission played a role in the appearance of
these characteristic changes. Although widely distributed
thickening of the peripheral nerves is also expected in
neurofibromatosis type 1, as well as hereditary motor
and sensory neuropathies (HMSN) such as CMT and
Dejerine-Sottas disease [4], these changes are considered
to be supportive of the diagnosis of CIDP.

In addition, markedly thickened bilateral trigeminal
nerves were exhibited on MRI. Cranial nerve thickening
in CIDP has been reported in adult series, as well as

trigeminal nerves in a 17-year-old female patient with
CIDP, referred to as a “moustache sign” [6]. Costello
reported a 17-year-old male patient with initial manifes-
tations of childhood-onset CIDP, of chronic diplopia
and generalized motor weakness, and MRI revealed
thickening and enhancement of multiple cranial nerves,
including oculomotor nerves [7]. Although thickening
changes in the cranial nerves has been reported in the
limited number of HSMN [9,10], these features are sug-
gested as additional supportive MRI findings for the
diagnosis of CIDP.

In conclusion, the characteristic MRI features found
in this patient are strongly supportive findings for the
diagnosis of CIDP, although several other neuropathic
conditions may exhibit similar features. In addition to
the MRI study, careful observations should be made
based on a number of different studies, including
investigation of clinical course and familial history,
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Fig. 1. MRI: T2-weighted image with short tau inversion recovery
(T2W-STIR) (A, C and E-G); T1-weighted spin echo images with
gadolinium-enhancement (B and D); and T2-weighted spin echo image
(H). (A and B) are coronal images of the lumber and sacral levels. (C
and D) are axial images of L5-S1 level. (E) and (F) are coronal images
of the thighs and the lower legs, respectively. The spinal nerve roots
and their peripheral nerves in the lumbar (A, B, C and D) and brachial
plexuses (G) show changes in thickening and were enhanced with
gadolinium (arrows in B and D). Ischiatic nerves and tibial nerves were
markedly thickened (arrowheads in E and F, respectively). These
thickened nerves exhibited high intensity on T2W-STIR images. The
bilateral trigeminal nerves showed changes in thickening on coronal
section (arrowheads in H). Each sequence is as follows: (A): TR/
TE = 6000/64; (B): TR/TE = 500/10; (C): TR/TE =4000/150; (D)
TR/TE = 703/12; (E): TR/TE = 6450/65; (F): TR/TE = 4000/61; (G):
TR/TE = 4210/42; and (H): TR/TE = 3500/150.

electrophysiological examinations, genetic analysis to
exclude HMSN or other genetic neuropathic disorders,
other autoimmune pathogenetic analysis, and respon-
siveness to immunotherapy, in order to define the diag-
nosis of CIDP.
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Abstract. The glycation gap (G-gap: difference between measured hemoglobin Alc [A1C] and the value predicted by its
regression on the fructosamine level) is stable and associated with diabetic complications. Measuring A1C level in
International Federation of Clinical Chemistry (IFCC) units (A1C-SI; mmol/mol) and National Glycohemoglobin
Standardization Program units (A1C-NGSP; %) and using glycated albumin (GA) level instead of fructosamine level for
calculating the G-gap, we investigated whether the G-gap is better represented by GA/A1C ratio if expressed in SI units
(GA/A1C-S] ratio) rather than in NGSP units (GA/A1C-% ratio). We examined 749 Japanese children with type 1 diabetes
using simultaneous GA and A1C measurements. Of these, 369 patients were examined more than five times to assess the
consistency of the G-gap and the GA/A1C ratio within individuals. The relationship of GA/A1C-% ratio to the corresponding
A1C-NGSP was stronger than that of GA/A1C-SI ratio to A1C-IFCC. At enrollment, the inverse relationship between the
GA/A1C-SI ratio and G-gap was highly significant (R° = 0.95) compared with that between the GA/A1C-% ratio and G-gap
(R? = 0.69). A highly significant inverse relationship was also observed between the mean GA/A1C-SI ratio and the mean
G-gaps obtained individually over time (R?=0.95) compared with that using the corresponding A1C-NGSP (R? = 0.67). We
conclude that the G-gap is better represented by the GA/A1C-SI ratio. We propose the use of mean GA/A1C-SI ratios easily
obtained individually over time as reference values in Japanese children with type 1 diabetes (6.75 % 0.60 [means + SDJ).

Key words: Hemoglobin Alc, Glycated albumin, Type 1 diabetes mellitus, Glycation gap, SI units

THE ONSET and progression of diabetic complica-
tions are important issues in the long-term manage-
ment of type 1 diabetes. In the Diabetes Control and
Complications Trial (DCCT), poor glycemic control
shown by a high HbAlc (A1C) value was reported to be
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an important risk factor {1, 2]. Inter-individual biologi-
cal variation in A1C, which is distinct from that attrib-
utable to mean blood glucose, was also evident among
type 1 diabetic patients in the DCCT and was a strong
predictor of risk of diabetes complications [3, 4].
Cohen et al. [5] suggested that the excess inter-indi-
vidual variation in A1C would be explained by a “gly-
cosylation gap,” the difference between the measured
A1C concentration and that predicted by the fructos-
amine concentration. They also described a relation-
ship between the glycation gap (G-gap) and diabetic
complications. Nayak ef al., considering the biological
variability of the G-gap, reported that it was an indica-

— 644 —



2 Akatsuka et al.

tor that showed consistency over the long term for indi-
viduals [6]. Rodriguez-Segada et al. reported that the
G-gap was a non-glycemic determinant that was a risk
factor independent of A1C for the progression of com-
plications [7]. However, Sacks ef al. noted that this
assertion was not necessarily supported [8].

The expression of A1C values in both National
Glycohemoglobin Standardization Program (NGSP)
units (A1C-NGSP) and International Federation of
Clinical Chemistry (IFCC) units (A1C-IFCC) has
been accepted for the global harmonization of the A1C
standardization in main international diabetes journals
and meetings. This harmonization is accomplished
using conversion formulas for A1C-NGSP and A1C-
IFCC [9]. These conversion formulas are not neces-
sarily applied in regular medical practice in each coun-
try or region where either A1C-NGSP or A1C-IFCC
has been used to assess the degree of glycemic con-
trol [10].

Although the relationship between A1C-NGSP val-
ues and A1C-IFCC values is described by a straight
line, the slope of the line differs significantly from 1
and its intercept differs from 0 [10]. A phenomenon
similar to that experienced with the NGSP system is
observed in the relationships between A1C-IFCC val-
ues and A1C values obtained by the other designated
comparison methods in Japan and Sweden [11]. We
accordingly focused on how the GA/A1C ratio might
be affected by the corresponding A1C values them-
selves in A1C-IFCC and A1C-NGSP units, owing to
differences in the underlying measurement systems.
The A1C value obtained with each designated compar-
ison method, including the conventional A1C-NGSP
value, incorporates interfering factors such as non-gly-
cated hemoglobins, but A1C-IFCC does not theoreti-
cally incorporate non-glycated hemoglobin {12, 13]. It
should thus be noted that the effect of A1C-IFCC and
A1C-NGSP units on proportional evaluation in relation
to other glycemic indexes such as GA or fructosamine
may result in some differences in the G-gap and the
GA/A1C ratio obtained in the respective units.

In the present study, we compared the G-gap between
simultaneously measured A1C and glycated albumin
(GA). We used GA, a glycated product of albumin,
instead of fructosamine to measure glycated proteins
in serum (of which glycated albumin is the main com-
ponent) [14, 15]." Although the GA assay has not yet
been approved by the Food and Drug Administration
(FDA) and may not be available in the United States of

America, Nathan ef al. reported that independently of
A1C, GA was associated with diabetic complications in
the DCCT/Epidemiology of Diabetes Interventions and
Complications (EDIC) study [16]. Furthermore, Selvin
et al. reported the prediction of incident diabetes and
microvascular complications by both fructosamine and
GA [17]. The prediction power differed little between
fructosamine and GA. The G-gap has been obtained
using data for simultaneously measured fructosamine
and A1C in a given specific population, and thus, is dif-
ficult to use as an indicator in regular medical practice.
In contrast, the GA/A1C ratio is obtained from mea-
surement results only. If reference values were estab-
lished for the same race, age, disease, and disease type,
the GA/A1C ratio could be used as an indicator repre-
senting the G-gap in regular medical practice.

An individual’s GA value reflects glycemic control
in the preceding 2—4 weeks and changes over a shorter
time than A1C. The GA/A1C ratio is thus affected by
short-term blood glucose fluctuations [18]. The GA/
A1C ratio is also reported to be affected by diabetes
type [19-22], obesity [23, 24], and other factors such
as a short time after the initial treatment of diabetes
[20, 22-24]. GA can be affected by liver and kidney
diseases disturbing albumin metabolism and A1C can
be affected by hemoglobinopathy, anemia, and other
disorders [16]. In contrast, an important aspect of the
G-gap is that it can be treated as an intrinsic value that
is consistent for each individual over time as a predic-
tor of diabetic complications independent of A1C [6].

Rodriguez-Segada et al. suggested the need to obtain
a G-gap specific to the individual under relatively sta-
ble glycemic control in order to avoid the effects of
short-term blood glucose fluctuations [25]. In the pres-
ent study, individual intrinsic GA/A1C ratios were
obtained as means of multiple measurements, and we
investigated whether the GA/A1C ratio could be used
in place of the G-gap.

Materials and Methods

Subjects

The subjects included type 1 diabetes patients with
childhood onset at the age of <16 years, enrolled in
the third cohort as of March 1, 2008, of a multicenter
study by the Japanese Study Group of Insulin Therapy
for Childhood and Adolescent Diabetes. The subjects
were <18 years of age at the time of registry (as on
December 31%, 2007). This observational study was
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approved by each participating institution’s review
board, and written consent was obtained from the
patients/siblings or their parents. The study was con-
ducted by the 58 institutes listed as coauthors.

Group A consisted of 749 patients whose GA and
A1C values were measured simultaneously at enroll-
ment and for whom information including gender, age,
duration of disease, insulin dose, height, and weight
was obtained. Body mass index (BMI) was calculated
from body height and weight. The BMI standard devi-
ation score (SDS) was also obtained by age and gender
for the Japanese population [26]. Patients whose dura-
tion of disease was less than 6 months were excluded
because of the possibility that the GA/A1C ratio would
vary greatly owing to rapid improvements in glycemic
control. No patients showed disorders affecting albu-
min metabolism and hemoglobinopathy.

Group B consisted of 369 patients from Group A
whose GA and A1C were measured simultaneously
five times or more over observation periods every 4
months in the subsequent 3 years.

Group C consisted of 62 non-diabetic siblings of a
group A patient whose GA and A1C were measured
simultaneously at enrollment in the third cohort of this
Study Group.

In this study, many patients in type 1 diabetes mel-

litus used carbohydrate counting and changed insulin
dose in each meal. Thus, blood glucose excursion and
insulin dose was estimated to be not stable.

The profiles of groups A, B, and C are shown in
Table 1.

Biochemical analyses

The A1C and GA values of patients at enrollment
were measured by the same general test organization
(SRL Inc., Tokyo, Japan), and reproducibility of A1C
values was confirmed with the Japan Diabetes Society
(JDS) calibrator. A1C was measured by automated
HPLC analysis (HLC-723G8, Tosoh Corp., Tokyo),
and GA was determined by an enzymatic method using
a liquid chemistry system (Lucica GA-L method, Asahi
Kasei Corp., Tokyo) [27, 28].

In the subsequent observation periods, measurement
data at each institution were used for GA and A1C. To
control accuracy, the GA-% and A1C-JDS values for
four patients at each center were also measured by the
general test organization, and we investigated the rel-
ative error between the measurement values obtained
by the general test organization and the measurement
values obtained at each institution. The mean relative
errors for the A1C-JDS value and GA-% were 2.4%
and 2.8%, respectively, and the difference between par-

Table 1 Characteristics and data of type 1 diabetes patients and their non-diabetic siblings

Group A (n =749)
Type 1 diabetes at
enrollment (1st period)

Group B (n =369)
Type 1 diabetes with data
obtained > 5 times

Group C (n=62)
Non-diabetic siblings

Age (years) L 121£39(126:95152)
Duration (years) 7.0+3.8(6.8: 3.6-10. 1) T
BMI (kg/m‘) 19’7&3 5(19 ‘17 0~21 9)

Dose of 1nsu11n per we1ght
(U/weight)

AIC-NGSP (%)

Al1C-IFCC (mmol/mol)
GAY% (%) o
GA-SI (mmol/mol)
GA/AIC% | 3.03£030(3.02: 2,823, 23), u;t -
GA/AIC-SI 6954070 (6.94: 6.49-7.42) .

107&:034(1 04: 085~127)T

195£35(192:170216§

675i060 (6 73:6.31-7. 17)2{:

121438(123:92-15.)§
52435(43:2473) §

.345.5(13.0:80-160)

112:{:033(108 0.88-1.30) NA

7 13&072 (7 11 671—7 61)

Mean CV (B)ofGA/AIC%  NA 69522, 91 (4502808 NA
Mean CV (%) of GA/A1C-SI NA 7.23 +3.23 (6.70: 5.04-8.62) NA

§: the data at enrollment; other data in group B were obtained by the mean value in each patient with data obtained more than 5 times
over 3 years. Data are means + SD, (median; interquartile range). CV, coefficient of variation; NA, not applicable. p value; 1:<0.05 vs.
group B, 1:<0.05 vs. group C.
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ticipating institutions was judged acceptable.

The A1C value was first expressed uniformly as the
NGSP value using conversion formula for the JDS and
NGSP values that were rated with respect to JDS cali-
brator lot 4 (A1C-NGSP value (%) =1.02 x A1C-JDS
value (%) + 0.25) [29]. The A1C- IFCC value was also
obtained from the A1C-NGSP value using the conver-
sion formula (A1C-IFCC value (mmol/mol) = 10.93 x
A1C-NGSP value (%) —23.52) [9].

In expressing the GA value, the GA-% value mea-
sured by Lucica GA-L was converted to SI values (GA-
SI) in accordance with a committee report of the Japan
Society of Clinical Chemistry (GA-SI (mmol/mol) =
{GA-% — 1.306}/0.0523) [30]). The GA/A1C ratio
was expressed by GA/A1C-SI when the SI value was
used and by GA/A1C-% when the conventional %
value was used.

For the G-gap, following the reports of Macdonald et
al. [31] and Nayak et al. [6], fructosamine was replaced
with GA, and GA-derived A1C = {[(GA-GA(M))/
GA(SD)] x A1C (SD)} + A1C (M) was obtained. The
G-gap was then obtained as G-gap = the HbAlc mea-
sured value — the GA-derived A1C (M and SD indicate
mean and standard deviation, respectively).

Consistency of the G-gap within individuals over time

To test the hypothesis that the G-gap is consistent
in direction within individuals over time,; a quadratic
curve was plotted as the product of any G-gap pair in
two different periods (as the y-axis) against the G-gap
at a certain period (as the x-axis). If any G-gap pair
in two different periods were concordant, the product
would be positive (i.e., above the x-axis: positive X
positive = positive, negative x negative = positive) in a
quadratic curve that passed through the origin. If any
pairs showed discordance, the product would be nega-
tive (below the x-axis: negative x positive = negative).
The correlation coefficients were obtained in quadratic
curves calculated over time.

Effect of AIC expressed by either IFCC units or
NGSP units on the GA/AI1C ratio and G-gap

The GA/AI1C ratio correlated positively with A1C-
NGSP and negatively with A1C-IFCC in the pres-
ent study, indicating that the GA/A1C ratio might be
affected by either A1C-NGSP or A1C-IFCC levels in
relation to the G-gap. We accordingly used the adjusted
GA/A1C-% ratio and the adjusted GA/A1C-SI ratio
for the evaluation of the relationship with the G-gap

in place of those using the raw GA/A1C-% ratio and
the raw GA/A1C-SI ratio, respectively. To eliminate
the effects of A1C-NGSP and A1C-IFCC on the GA/
A1C-% and GA/A1C-SI ratios, respectively, a slope in
the linear relationship between GA/A1C ratios and the
corresponding A1C values was made flat. An adjusted
GA/A1C-% ratio was obtained for each individual by
subtracting the increased portion in the GA/A1C-%
ratio value (AGA/A1C-% ratio) from a defined A1C-
NGSP value to the corresponding raw A1C-NGSP
value. In this study, AIC-NGSP values of 5.2, 5.7,
6.5, and 9% were assigned as non-diabetic, impaired
glucose intolerant, diabetes diagnostic, and poor gly-
cemic-¢ontrol values, respectively. An adjusted GA/
A1C-% ratio was calculated as (raw GA/A1C-% ratio
— AGA/A1C-% ratio), where AGA/A1C-% ratio = the
slope (in the correlation between the raw GA/A1C-%
ratios and the corresponding A1C-NGSP values) *
AA1C-NGSP (between the corresponding raw A1C-
NGSP value and four selected A1C-NGSP values of
5.2, 5.7, 6.5 and 9%). The same calculation was also
applied for the adjusted GA/A1C-SI ratios.

Suitability of GA/AIC-ratio for representing the
G-gap

The correlation between G-gap and GA/A1C-ratio
was calculated for each period, as was the correlation
between the respective mean values using either A1C-
NGSP or A1C-SI. Correlations were also calculated
for the adjusted GA/A1C-% and GA/A1C-SI ratios.

Statistical analyses

Comparisons of GA/A1C ratios between groups
A, B, and C were made with the Mann—Whitney test.
Factors affecting the GA/1A1C ratio at enrollment in
group A were evaluated by stepwise analysis with the
GA/A1C ratio as the response variable and gender, age,
duration of disease, insulin dose, BMI-SDS, and A1C-
NGSP or A1C-SI as explanatory variables. The nor-
mality of the distributions of the GA/A1C ratio and
G-gap was evaluated with the Shapiro—Wilk test.

All statistical analyses were performed using JMP
(version 8.0; SAS Institute Inc., Cary, NC, USA).
Descriptive statistical analyses were performed with
SAS statistical software (version 9.3; SAS Institute
Inc., Cary, NC, USA). A probability level of <0.05 was
considered significant.
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Results

Comparison of the GA/AIC ratio in type 1 diabetes
patients (group A) and their siblings

No significant differences in age and BMI were
revealed between the diabetic patients and their sib-
lings. However, AIC-NGSP, AIC-SI, GA-%, and
GA-SI were all significantly higher in the type 1 dia-
betes patients. Of the GA/A1C ratios, the GA/A1C-%
ratio was significantly higher in group A, whereas the
GA/A1C-SI ratio was significantly lower in the dia-
betic patients than in their siblings (Table 1).

The GA/AIC ratio at enrollment and related factors

The GA/A1C-% ratio was positively correlated with
A1C-NGSP: (GA/A1C-% ratio = 0.086A1C-NGSP +
2.356 , R?=10.105, p < 0.0001), and the step-wise anal-
ysis with the GA/A1C-% ratio showed positive cor-
relations with A1C-NGSP and age (years), and nega-
tive correlations with BMI-SDS, dose of insulin per
weight (units/kg), and duration (years): GA/A1C-%
ratio = 2.274 + 0.088 (A1C-NGSP) + 0.023 (age) —
0.051 (BMI-SDS) + 0.112 (dose of insulin per weight)
- 0.011 (duration) (R°= 0.181). In contrast, the GA/
A1C-SI ratio was negatively correlated with A1C-
IFCC: (GA/A1C-SI = —0.007A1C-IFCC+7.358, R? =
0.014, p = 0.001) and the stepwise analysis with the
GA/A1C-SI ratio showed a weak positive correlation
with age and negative correlations with BMI-SDS,
A1C-SI, dose of insulin per weight, and duration: GA /
A1C-SIratio=7.149 +0.055 (age) — 0.118 (BMI-SDS)
= 0.300 (dose of insulin per weight) — 0.006 (A1C-SI)
—0.021 (duration) (R* = 0.093).

Consistency of the G-gap within individuals over time

When the G-gap in 1st, 4th, and 7th periods of the
Ist and 4th, 4th and 7th, and 7th and 10th periods of
approximately 1 year each and that in 1st periods of
the 1st and 10th periods of approximately 3 years were
plotted on the x-axis for group B, and the product of
individual G-gap pairs in two periods was plotted on
the y-axis, a quadratic curve that passed through the
origin was obtained for the G-gap with GA and A1C
(Fig. 1). The multiple correlation coefficients R for
the G-gap and the product of G-gap pairs in two dif-
ferent periods were 0.28 to 0.51, as shown in Table 2
A and Fig.1 A-1 and A-2. The correlation coefficients
were significantly higher when the mean G-gap values
were used (Fig. 1 B-1 and B-2). There was no differ-

ence between the G-gap based on AIC-IFCC and that
based on A1C-NGSP.

Effect of AIC expressed by either IFCC units or
NGSP units on the GA/AIC ratio and G-gap

The G-gap and the GA/A1C ratio both showed sig-
nificant negative correlations, but a stronger correla-
tion was shown when the A1C-IFCC value was used:
G-gap-% = —1.52 GA/A1C-% ratio + 4.61, R® = 0.69,
p < 0.0001 vs. G-gap-SI = ~8.46 GA-/A1C-S] ratio
+58.81, R? = 0.95, p < 0.0001, at the first period of
enrollment, n = 749 of group A (Table 3, Fig. 2 group
A l-aand 2-a).

The multiple correlation coefficients for the GA/
AIC-SI ratio and the G-gap-SI in each period were
higher than those for the GA/A1C-% ratio and the
G-gap-%, as shown in Table 3. Given that the GA/
A1C-% ratio showed a positive correlation with A1C-
NGSP (ex. GA/AIC-% ratio = 0.088 AIC-NGSP +
2.35,R?=0.105, p <0.0001, in the first period of group
B, n = 369), we adjusted the raw GA/A1C-% ratio by
the subtraction of the AGA/A1C-% ratio between four
selected A1C-NGSP values (5.2, 5.7, 6.5 and 9.0%)
and the corresponding A1C-NGSP values as shown
in Table 3 (left side). Likewise, adjusted GA/A1C-SI
ratios were calculated at 33, 39, 48, and 75 mmol/mol
of A1C-IFCC (right side).

The effect of adjustment by A1C-NGSP values from
5.2% to 6.5% on the correlation coefficient with G-gap
showed almost the same improvement. The correlation
between the adjusted GA/A1C-% ratio and G-gap-%
was repeatedly improved compared to that between the
corresponding raw GA/A1C-% ratio and G-gap-% in
each subsequent period (Table 3 left side, Fig. 2 left
side panels). The improvement after adjustment was
less noted at 9.0% of A1C-NGSP.

In contrast, no significant change or improvement
was observed when the same calculation was applied
for the adjusted GA/A1C-SI ratio (Table 3 right side,
Fig. 2 right side panels).

The mean values (= SD) and medians (interquar-
tile range) from several measurements of the GA/A1C
ratio and G-gap for each patient are shown in Table
1. The mean GA/A1C ratio and the mean G-gap both
exhibited normal distributions. There was a significant
negative correlation between the mean GA/A1C ratio
and the mean G-gap. For the raw GA/A1C-SI ratio in
particular, a high correlation with the mean G-gap (R’
of 95%) was obtained (Table 3, Fig. 2 group B 2-a).
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Fig. 1 Scatter diagrams plotting the G-gap against the products of G-gap pairs in two different periods.
A: The G-gap in the first period on the x-axis and products of G-gap pairs in the first and tenth periods on the y-axis (n = 242).
B: The mean G-gap individually obtained more than 5 times on the x-axis against the products of the mean G-gap and G-gap
in the fourth period on y-axis (n =229). A-1 and B-1: based on G-gap-%; A-2 and B-2: based on G-gap—SI. The correlation
coefficients were significantly higher when mean G-gap values (B-1 and B-2) were used, suggesting that individual consistency
of the G-gap may be obtained by mean values over time. See also Table 2.

Table 2

A: Correlation coefficients between products of G-gap pairs and G-gap individually obtained in two
different periods
: R’ based on R’ based on

Periods GA-% and A1C-NGSP GA-SI and A1C-SI

ar apal
4th vs. 7th (1 year apart) (n = 208) 0.28 0.28

st vs. 10th (3 years apart) (n = 242)* 0.45 0.45
*see also Fig. 1, A-1 and A-2

B: Correlation coefficients between products of G-gap pairs using each period G-gap and the mean of
G-gap and the latter

R? based on R? based on

Periods GA-% and A1C-NGSP GA-ST and A1C-SI

8th(n=353)

10th (n = 242) 0.84 0.84
**gee also Fig. 1 B-1 and B-2.
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Table 3 Correlation coefficient between G-gap and GA/A1C ratio in each period using either AIC-NGSP or A1C-SI and those of the

mean values

R in case of AIC-NGSP R? in case of A1C-IFCC
) after adjustment after adjustment
Periods Raw adjusted at A1C-NGSP(%) = aw adjusted at A1C-IFCC (mmol/mol) =
5.7 6.5 9.0 48
Ist(n=369) 089 088 072 096 09
4th (n = 229) 0.93 0.92 0.8 0.95 0.92
 Sth(n=320) 088 088 . 08 . 073 093 0B
6th (n = 342) : , 0.9 0.89 0.76 0.94 0.89 0.89 0.89
 Thm=327) . 063 085 | 08 08 07 09 . 082 08 - 08 . 088
8th (n=353) ‘ : 0.91 0.91 0.78 0.94 0.9 0.9 0.9 0.93
Si@n=314 .. 075 081 091 091 081 093 08 . 088 08 09
10th (n = 242) 0.72 0.91 091 0.9 0.77 0.95 0.89 0.89 0.89 0.93
Mean value
in each patients 0.67 0.89 0.89 0.88 0.72 0.95 0.88 0.88 0.88 0.93
(n=369)

Adjustment was made by eliminating the effect of the slope on the correlation either between GA/A1C-% and A1C-NGSP or between

GA/A1C-SI ratio and A1C-IFCC. See also Fig. 2

Although linear correlations between G-gaps and GA/
A1C ratios were calculated by the total data of groups
B and C, the correlation depicted a cluster of group
C of the non-diabetic siblings separately from that of
group B of type 1 diabetes children and adolescents
(Fig. 2 groups B and C panels). The descriptive statis-
tical analyses revealed that the GA/A1C ratios in group
B were significantly different from those in group C.

Thus, in this investigation, the mean GA/A1C-SI
ratios obtained individually over time were 6.75 £ 0.60
(6.73: 6.31-7.17) in Japanese pediatric type 1 diabe-
tes patients highly correlated inversely with the G-gap
(Table 1, Fig. 2 group B 2-a).

Discussion

In this study, we used GA instead of fructosamine
for calculating the G-gap. GA is formed by the attach-
ment of glucose to albumin. Fructosamine is formed by
the covalent attachment of glucose to total serum pro-
teins, primary albumin [14, 15]. GA is not affected by
other glycated proteins in serum, compared with fruc-
tosamine which is including glycated proteins other
than albumin. Selvin ef al. reported the prediction of
incident diabetes and microvascular complications by
both fructosamine and GA [17]. Thus, GA is consid-
ered to be almost biologically equal to fructosamine for
calculating G-gap.

We have demonstrated for the first time that the GA/
A1C-SI ratio using A1C-IFCC showed more accurate

representation of the G-gap than the GA/A1C-% ratio
using A1C-NGSP, given that the mean GA/A1C-SI
ratio was highly inversely correlated with the G-gap
(Table 3, Fig. 2).

Concerning the strength of the GA/A1C-SI ratio in
this study, the GA/A1C ratio can be determined with
simultaneous measurements of GA and A1C and is
thus generally used in regular clinical practice, whereas
the G-gap has been obtained only in specific popula-
tions and is not suitable for use in other populations.
In the present study, although the GA/A1C ratios could
not be determined under conditions of stable glycemic
control, the multiple correlation coefficients R for the
G-gap and the product of G-gap pairs in two different
periods were 0.28 to 0.51, consistent with the values of
0.39 to 0.52 reported by Nayak et al. [6]. Furthermore,
the correlation coefficients were significantly higher
when mean G-gap values were used (Fig. 1 B-1 and
B-2). The mean GA/A1C ratio individually obtained
from multiple measurements was accordingly consid-
ered as the intrinsic value for each patient. There was a
significant correlation between the mean GA/A1C ratio
and the G-gap in each patient, especially the mean raw
GA/A1C-SI ratio showing a very high correlation with
the G-gap, R? of 95%. (Table 3 right, Fig. 2 group
B right panels). GA/A1C-SI ratio between measure-
ments showed a CV of 7% as an intrinsic value for
most individuals (Table 1 group B).

In comparison to previous reports describing the
G-gap and the GA/A1C ratio, our study has clarified
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Fig.2 Correlation between G-gap and GA/A1C ratio
A more accurate representation of the G-gap was obtained by GA/A1C-SI ratios (on the right side; 2-a by raw values and 2-b
after adjustment) than by GA/A1C-% ratios (on the left side; 1-a by raw values and 1-b after adjustment).
The adjustment was made at A1C-NGSP = 5.7% for GA/A1C-% or at A1C-SI = 39 mmol/mol for GA/A1C-SI ratios.
Significant improvement of the correlation coefficients after the adjustment was shown in case of the GA/A1C-% ratios,

whereas the use of GA/A1C-SI ratios showed higher correlation without the adjustment. (See also Table 3)

The top four panels show the correlations in the first period of group A (n = 749). The middle four panels show the correlations
using the mean values individually obtained more than 5 times over 3 years in group B (n = 369). The bottom four panels show
the correlations in group B and non-diabetic group C (n = 62): Although linear relationships between G-gaps and GA/A1C
ratios were calculated from the total data of groups B and C, the correlation depicted a cluster of group C of the non-diabetic
siblings shown by (%) plots within a circle separate from a cluster of group B shown by dot (-) plots.
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that the G-gap and the GA/A1C ratio are dependent, to a
certain extent, on the A1C units of the designated com-
parison methods, such as A1C-NGSP. We first expected
that the GA/A1C ratio would be a non-glycemic index
similar to the G-gap proposed by Rodriguez-Segada et
al. [7]. However, in the actual data with respect to the
GA/A1C ratio, the GA/A1C-% ratio was affected 10.5%
by A1C-NGSP and was significantly higher in the type
1 diabetes patients than in their BMI-comparable non-
diabetic siblings. In contrast, the GA/A1C-SI ratio was
significantly lower in the type 1 diabetes patients than
in their siblings, being affected to a lesser degree, 1.4%
by AIC-IFCC. The reason why the GA/A1C -% ratio
was strongly affected by A1C-NGSP itself may be the
presence of non-glycated hemoglobins in the underly-
ing measurement systems [12, 13]. The higher the A1C-
NGSP values, the lower are the corresponding GA/A1C
-% ratios, given that the non-glycated content in A1C-
NGSP may not increase in proportion to the correspond-
ing GA value with increasing glycemic exposure.

" The GA/A1C ratio may not be derivable from HbA lc
by any simple conversion formula. Recently Cohen
[32] pointed out an unexplained finding in the analy-
ses by Selvin ef al. [17] that there was a proportionately
greater increase in GA and fructosamine concentrations
than of A1C concentrations in the range of 5.4-5.8% in
non-diabetic participants, apparent in the plots of GA
and fructosamine versus A1C fitted with a nonlinear
curve. By contrast, the relationships between A1C and
both GA and fructosamine were linear within the dia-
betic population. A similar phenomenon was observed
in the present study, revealing the relationship between
GA/A1C-SlI ratio and G-gap as a different cluster of the
type | diabetes population from that of the non-diabetic
population, as shown in the Fig. 2 group B and C pan-
els. These findings suggest that GA/A1C-SI ratios must
be determined as reference values in each population
for the same race, age, disease, and disease type.

Still, our results indicate that the GA/A1C-SI ratio
does not need adjustment and is highly correlated with
the G-gap (Table 3 and Fig. 2). In contrast, the GA/
A1C-% ratio needed adjustment by A1C-NGSP to
show a high correlation with the corresponding G-gap,
and would not be useful in regular practice.

As limitations of this study, both GA and the GA/
A1C ratio are reported to be affected by diabetes type
[19-22] and obesity [20, 22-24]. A similar tendency was
also reported for the G-gap [6, 7]. In the stepwise analy-
ses of the present study, the GA/A1C ratio was depen-

dent to some extent on BMI, dose of insulin per weight,
and duration of diabetes in addition to A1C. The effects
of these parameters on the reference values of the GA/
A1C ratio remain to be evaluated in each population. Of
course, neither GA nor A1C values in disturbed metabo-
lism should be included as reference values.

GA and fructosamine both reflect a weighted mean
of blood glucose over the preceding 30 days [33],
whereas A1C reflects a weighted mean over the pre-
ceding 100 days [34]. However, given that approxi-
mately 50% of A1C is produced during the 30-35 days
prior to measurement, both GA and A1C are affected
by any significant alteration in plasma glucose during
this period. The GA/A1C ratio may thus reflect wors-
ening or improving fluctuations in glycemic control
over the short term [21, 22]. Some previous authors
have argued that a high GA/A1C ratio is associated
with postprandial glucose excursion, early progression
to insulin therapy in type 2 diabetes, or other events
[35, 36]. A high G-gap, corresponding to a low GA/
AlC ratio in-the present study, has been reported to be
a predictive indicator of diabetic complications, espe-
cially diabetic nephropathy [3-5, 7]. These differences
of high and low GA/AIC ratios in various clinical
aspects may reflect the difference between pathological
glycation of albumin and hemoglobin in the circulation
and within the cell, respectively. This kind of study
should take into consideration the individual intrinsic
consistency of the GA/A1C-SI ratio over time.

Several studies have examined glycemic indexes
with biological variation [37-43]. Deviations between
mean blood glucose and A1C values with continuous
glucose monitoring (CGM) have been shown to be
consistent in each individual [39-41]. These deviations
in mean blood glucose and the A1C value are called
the glycohemoglobin index (GHI), and the biological
variation of A1C has been examined [3, 4, 42, 43]. The
G-gap is also reported to be an indicator with biologi-
cal variation [5, 31], and Nayak et al. [6] reported that
the G-gap has consistent biological variability in indi-
viduals. Recently, as mentioned above, fructosamine
or GA and G-gap have been reported as predictive indi-
cators for diabetic complications independent of A1C
[16, 17, 32]. If the GA/A1C-SI ratio reflected the dif-
ference in biological variability of glycation between
GA 1in the circulation and A1C within the cell, the GA/
A1C-SI ratio might be a predictive indicator of diabetic
complications accurately representing the G-gap. This
potential remains to be investigated for the present
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