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Abstract

Childhood chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) is a rare condition, and the optimal treatment strategy is
not well established, especially in refractory cases. We analyzed the clinical features and treatment outcomes of 14 cases of childhood CIDP
with more than 12 months of follow-up. Of the 14 cases, 10 cases were considered refractory to the conventional first-line treatment. In the
monophasic group (n=06), plasmapheresis resulted in a better treatment response than did IVIG. Monophasic refractory cases (n=4) were
especially responsive to plasmapheresis. In the polyphasic group (n=38), IVIG and plasmapheresis had comparable effects. Among them six
polyphasic patients were refractory to the first-line treatment options and received additional immunosuppressants. Four treatment-refractory
polyphasic patients received cyclosporine and achieved successful disease control. With regard to the long-term outcomes, six patients showed
minimal symptoms and no relapse within 6 months. Our results suggest that early administration of plasmapheresis in a monophasic course

and cyclosporine in a polyphasic course may be effective treatment options for refractory childhood CIDP.

© 2019 Published by Elsevier B.V.
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1. Introduction

Chronic  inflammatory  demyelinating  polyradiculo-
neuropathy (CIDP) is an acquired immune-mediated disease
of the peripheral nervous system. CIDP is traditionally
described as progressive symmetric weakness of all limbs
over the course of at least 8 weeks [1]. It is observed in
patients of all ages but is much rarer in pediatric patients,
with a prevalence of less than 0.5 per 100,000 [2,3].
CIDP is a clinical diagnosis, and there are many proposed
diagnostic criteria [4]. Thus, CIDP can be seen as a group of
heterogeneous polyneuropathies with a spectrum of clinical
findings and numerous variants [5]. Childhood CIDP has
several distinct clinical characteristics from adult CIDP,
which have led to the establishment of separate diagnostic
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criteria at the 88th European Neuromuscular Center (ENMC)
International Workshop [6]. Due to the rarity of childhood
CIDP, the clinical findings and management outcomes are
often conflicting between studies [7-11]. To date, there is
no consensus regarding the optimal treatment of childhood
CIDP. Corticosteroids, plasmapheresis and intravenous
immunoglobulin are generally accepted as first-line therapies,
but solid evidence supporting one treatment over the others is
lacking [7,10]. There are even fewer studies to help clinicians
treat refractory CIDP when the first-line treatments fail. This
retrospective study aimed to analyze the treatment responses
of childhood CIDP treated at a single tertiary center to
propose an effective treatment strategy, with an emphasis
on refractory cases. This is an extension of the previous
case series report with an increased cohort size and longer
follow-up period [12].
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2. Patients and methods
2.1. Patient enrollment

Children with CIDP who were diagnosed and treated at
Seoul National University Children’s Hospital from 2004 to
2017 were enrolled in this study. The inclusion criteria for
patient enrollment were (1) onset age < 18.0 years, (2) a
diagnosis of confirmed or probable CIDP according to the
diagnostic criteria proposed by the ENMC [6] and (3) a
minimum follow-up of 12 months. The exclusion criteria were
patients with other underlying medical conditions and patients
with suspected hereditary neuropathy.

2.2. Clinical data collection

The enrolled patients’ medical records were retrospectively
reviewed. Each patient’s clinical course was classified as
either monophasic or polyphasic [10,13]. A patient was
classified as having a monophasic clinical course when
a single episode of deterioration followed by sustained
improvement was observed, and a patient was classified
as having a polyphasic (relapse-remitting) clinical course
when two separate episodes of relapse were observed, and
each relapse was separated by at least one episode of
sustained improvement. Sustained improvement was defined
as a decrease of one or more in the Rankin score that was
maintained for at least 1 month. The mode of onset was
classified as subacute (less than 8 weeks) or chronic (more
than 8 weeks).

Electrophysiological studies were performed in all patients
at the time of diagnosis as described in previous case series
[12]. Either the bilateral or unilateral side of the median,
ulnar, common peroneal and tibial nerves for the motor nerve
and the median, ulnar, superficial peroneal and sural nerves
for the sensory nerve were tested for distal latency, conduction
velocity and amplitude. The F-wave was measured at either
bilateral or unilateral motor nerves, including the ulnar nerve
at the abductor digiti minimi, the median nerve at the abductor
pollicis brevis, and the tibial nerve at the abductor hallucis
muscle. Cerebrospinal fluid (CSF) examination results and
spinal MRI results were collected when available. An elevated
CSF protein level was defined as being above 35mg/dL
[6,14].

The functional status of the patient was determined
from the clinical reports and scored according to the
modified Rankin Scale (MRS) [15]. The MRS categorizes
the functional status as follows: 0: asymptomatic; 1: minimal
symptoms that are not disabling and do not interfere with
the patient’s lifestyle; 2: minor disability symptoms causing
some restriction of the patient’s lifestyle but not impairing the
patient’s autonomy; 3: moderately disabling symptoms that
significantly interfere with the patient’s lifestyle or prevent
a totally independent existence; 4: moderately disabling
symptoms that clearly prevent an independent existence but
without the need for constant attention; 5: severely disabling

symptoms that require constant attention day and night; and
6: dead.

Each patient’s clinical response to treatment was classified
in one of three categories as previously described [12]. A
good response was defined as an improvement in the MRS
score of at least 2 points, and no additional treatment or
change in treatment was necessary; a partial response was
defined as an improvement in the MRS score of at least 1
point, but a change or addition of treatment was necessary;
and no response was defined as no change or a worsening
of the MRS score. Patients were considered to be refractory
to treatment if they did not respond to at least two treatment
modalities among the first-line treatments (IVIG, IV steroids
or plasmapheresis) for at least 3 months.

The long-term treatment outcomes were grouped into 3
categories. Complete remission was defined as patients with
minimal to no functional impairment (MRS 0 to 1) who
had been off treatment for a minimum of 6 months; partial
remission was defined as patients maintaining some degree of
functional recovery (MRS 2 to 3) and/or who required regular
treatment within the past 6 months to maintain function;
and no response was defined as patients with significant
functional disability (MRS 4 to 5) and/or no improvement
despite treatment. The treatment effect of cyclosporine was
determined by comparing the IVIG treatment requirements
and the number of relapse events before and after the
initiation of cyclosporine.

2.3. Treatment protocol

The treatment protocol was described in the previous
case series [12]. The initial first-line treatment after the
diagnosis of CIDP was either IVIG or IV steroids. The
choice of which initial treatment was used was made by the
physicians who treated the patient for the first time. IVIG was
administered at 2 g/kg per cycle over 2 to 5 consecutive days.
IV methylprednisolone was administered at 30mg/kg/day
(maximum dose of 1g per day) for 3 days followed by
oral prednisolone administered at 1-2mg/kg/day (maximum
of 60mg per day) for a minimum duration of 4 weeks. When
either IVIG or IV steroids were ineffective, plasmapheresis
was initiated. When patients were still unresponsive to
the above treatments, an additional immunosuppressant
(either azathioprine or cyclosporine) was added. Patients
needing plasmapheresis were admitted during the course
of treatment. A central dual-lumen catheter was inserted
with ultrasound guidance into the internal jugular vein for
the treatment. Replacement fluid was either 5% albumin or
fresh frozen plasma depending on the coagulation profiles
determined before plasmapheresis. Plasmapheresis performed
7 times over 2 weeks was considered one treatment cycle.
Azathioprine was administered at 2mg/kg/day. Azathioprine
treatment was continued for at least 6 months before
determining the treatment efficacy.

Cyclosporine was administered at 3-5mg/kg/day.
Cyclosporine was started with an initial test dosage of
I mg/kg/day that was gradually increased to 5mg/kg/day
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over a 2-month period. The dose was decreased to a
maintenance dose of 4mg/kg once there was some sign of
clinical improvement, such as the prolongation of the relapse
interval. The maintenance dosage was adjusted according to
the clinical response, side effects and serum trough level. The
target trough level was set between 50ng/mL and 100ng/mL.

2.4. Statistical analysis

Due to the small sample size, nonparametric tests were
applied. Factors that may have affected the treatment outcome
were analyzed. Continuous variables such as the age at
disease onset, time from symptom onset to initial treatment
and time from symptom onset to treatment for CIDP (defined
as the addition of an additional treatment other than the initial
treatment) were compared between the complete remission
group and the partial remission group with the Mann-
Whitney U test. Categorical variables such as disease course
(monophasic or polyphasic) and onset mode (subacute or
chronic) were compared between the complete remission
group and the partial remission group with Fisher’s exact test.
The differences were considered statistically significant when
the p value was below 0.05. SPSS version 21.0 was used for
the statistical analyses.

3. Results
3.1. Clinical features

Fourteen patients (6 male and 8 female) met the
inclusion criteria and did not meet the exclusion criteria
(Table 1 and Table 2). One male patient out of the
ten patients from the previously reported case series was
excluded from this extension study due to the presence of
other autoimmune diseases, including ulcerative colitis and
ankylosing spondylosis, which resulted in the use of other
various immune therapies. Five newly diagnosed patients were
also enrolled in this follow-up extension study.

The mean age at disease onset was 8.61+3.8 years
(range 3-15 years). Ten patients (71.4%) had a subacute
onset of symptoms and were initially treated under the
diagnosis of Guillain—Barré syndrome (GBS). Antecedent
upper respiratory infections occurred in 6 out of the 14
patients (42.9%). The time between the antecedent infection
and the onset of symptoms ranged from 1 week to 2 months,
with the most common interval being approximately 1 month.

The mean time between onset of symptom to maximal
disability was 31.7+£36.8 days (range 1-120 days). Nine
patients (64.3%) were initially treated in other centers
before they were transferred to this center for further
management. All patients had lower extremity weakness at
presentation. Nine patients (64.3%) showed coexisting upper
extremity weakness, and eleven patients (78.6%) reported
having sensory changes. Two patients reported cranial nerve
involvement (14.3%), presenting as dysarthria or facial
paralysis. Two patients described symptoms of autonomic
dysfunction (14.3%), such as nausea, vomiting and difficulty

Table 1
Summary of clinical characteristics of the patients.
Number of patients Range
(%) (n=14)
Demographics
Male: Female 6 (42.9%): 8 (57.1%)
Mean age of onset 8.6£3.8 years 3-15 years

Mean duration of follow up
Presentation

Infection history

Subacute onset

Mean duration from symptom

onset to treatment

47.7429.6 months

6 (42.9%)
10 (71.4%)
31.7+36.8 days

12-99 months

1 — 120days

Elevated CSF protein 11 (78.6%)
Mean CSF protein 86.1+70.7mg/dL 25-283 mg/dL
MRI nerve root enhancement 10 (71.4%)
Neurological Symptoms
Motor weakness 14 (100%)
Sensory 11 (78.6%)
Cranial nerve 2 (14.3%)
Autonomic 2 (14.3%)
Course
Monophasic 6 (42.9%)
Polyphasic 8 (57.1%)
Mean number of relapses 9.1£84 2-28
Mean maximum MRS 4.1+£0.7 3-5
Mean follow up MRS 0.94+0.7 0-2
Treatment
IVIG 14 (100%) 1-25 cycles
Plasmapheresis 9 (64.3%) 1-10 cycles
Steroids 10 (71.4%)
Immunosuppressant 7 (50%)

IVIG, Intravenous immunoglobulin; MRS, Modified Rankin Scale.

urinating. The mean peak MRS score was 4.1 0.7 (range 3
to 5). Eight patients subsequently progressed to a polyphasic
course (57.1%), while six patients followed a monophasic
course (42.9%). The mean number of relapse events among
polyphasic patients was 9.1 +=8.4 (range 2 to 28). The disease
phase that required treatment for monophasic patients ranged
between 9 months to 4 years.

Among the fourteen patients, thirteen met the ENMC
electrophysiologic criteria [6] for the diagnosis of CIDP
(Table 3). One patient who did not meet the ENMC
electrophysiologic criteria showed a predominant abnormal
pattern in sensory nerve conduction, elevated CSF protein
level and prominent lower limb weakness on a neurologic
exam. All other patients showed increased distal latency and
decreased conduction velocity, amplitude in the motor nerves.
Conduction block was observed in 10 patients (71.4%) and
temporal dispersion was observed in 6 patients (42.8%). CSF
analysis was performed in all subjects, eleven (78.6%) of
whom had elevated protein levels (mean: 86.1 +70.7 mg/dL,
range 25-283 mg/dL, normal range < 35mg/dL). Spinal MRI
was performed in all patients, ten (71.4%) of whom showed
lumbosacral nerve root enhancement.

3.2. Therapeutic response

The initial treatments were not standardized because the
patients were managed in different centers. Eleven patients
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Table 2

Clinical data of individual patients.

Patient/Dx  Sex/Onset ~ Course/Relapse ~ Max/Last Ist line Tx 2nd line Tx Follow up CSF MRI T NCS
age (yr) events MRS (mon) (mg/dl) sensory/motor

1/2013 F/5 P/28 52 IVIG, PE: mPD AZT CsA 47 98 +) S+M

2/2012 M/7 M/1 5/1 IVIG, PE 43 84 (+) S+M

3/2012 F/3 P/13 3/1 IVIG, PE, mPD CsA 59 40 ) S+M

4/2010 M/15 M/1 472 IVIG, PE, mPD 82 285 (+) S+M

5/2010 Fr7 M/1 52 IVIG, PE, mPD 81 30 +) M

6/2010 F/9 P/10 3/1 IVIG,PE mPD AZT, CsA 85 61 ) S+M

7/2009 F/9 P/9 4/0 IVIG, PE, mPD AZT 99 25 ) S+M

8/2014 M/8 P2 4/1 IVIG 32 71 (+) S+M

9/2004 F/12 M/1 5/0 IVIG, PE, mPD 26 30 +) S+M

10/2015 M/9 P2 4/1 IVIG 12 76 (+) S+M

11/2016 M/15 P/5 4/0 IVIG AZT 21 39 ) S+M

12/2016 Fr7 M/0 4/1 IVIG, m PD AZT 17 185 +) S

13/2016 M/12 M/0 4/1 IVIG, PE, mPD 12 114 +) S+M

14/2013 F/3 P/4 4/0 IVIG, mPD CsA 52 69 +) S+M

Dx: year diagnosed.

MRS: modified Rankin Scale.

Tx: treatment.

M: monophasic.

P: polyphasic.

IVIG, Intravenous immunoglobulin.

PE: plasmapheresis.

mPD: methylprednisolone.

AZT: azathioprine.

CsA: cyclosporine.

NCS, Nerve Conduction Studies.

S, Sensory.

M, Motor;.

D, Demyelinating neuropathy;.

A, Axonal neuropathy.

Table 3

Summary of NCS findings.

Case Initial onset to test date Prolonged DL Slowed CV Low Amp F- wave CB TD Abnormal Sensory NCS

1 1 week (+) UE LE (+) (+) ) +) No (+)

2 1 month (+) UE LE +) (+) ) (+) +) +)

3 1 month (+) LE only (+) (+) LE ) () () +)

4 1 week (+) UE LE (+) (+) ) No No (+)

5 1 month (+) UE LE (+) (+) (-) No No No

6 3 months (+) UE LE (+) Normal Normal No (+) (+)

7 3 months (+) UE LE +) +) Normal +) No (+)

8 2 weeks (+) UE LE +) +) -) +) No (+)

9 2 months (+) LE only (+) (+) LE (O] ) (+) +)

10 1 week (+) UE LE (+) (+) ) (+) No (+)

11 3 months (+) UE LE (+) (+) O] ) (+) (+)

12 1 week (+) UE LE Normal Normal -) No No +)

13 4 months (+) LE only (+) (+) LE O] +) (+) (+)

14 2years (+) UE LE (+) (+) ) +) No (+)

DL, Distal Latency; CV, Conduction Velocity; Amp, Amplitude; CB, Conduction Block; TD, Temporal dispersion; NCS, Nerve Conduction Studies; UE,

Upper extremity LE, Low Extremity.

(78.6%) received IVIG, and 3 patients (21.4%) received IV
steroids. During the course of the disease, IVIG was used at
least once in all patients, including IV steroids in 10 patients
and plasmapheresis in 9 patients. Patients received averages
of 8.6 7.5 cycles (range 1-25 cycles) of IVIG and 3.44+3.0
cycles (range 1-10 cycles) of plasmapheresis.

In the monophasic group, plasmapheresis resulted in a
better treatment response (good 80%, partial 20%) than did
IVIG (good 0%, partial 50%, none 50%) and steroids (good
0%, partial 40%, none 60%) (Table 4). Four patients (4/6,
66%) in the monophasic group were considered refractory
to the first-line therapy due to their lack of improvement
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Fig. 1. Effect of plasmapheresis in severe monophasic course CIDP: Each line represents individual monophasic patients. Arrow depicts the point of initiation

of plasmapheresis. Change of MRS score is plotted according to time.

Table 4
Treatment response to first line treatments.

Disease course Treatment Good response Partial response No response

Monophasic  Steroid (n=15) 0/5 (0%) 2/5 (40%) 3/5 (60%)
(n=06) IVIG (n=6) 0/6 (0%) 3/6 (50%) 3/6 (50%)
PE (n=5) 4/5 (80%) 1/5 (20%) 0/5 (0%)
Polyphasic Steroid (n=135) 0/5 (0%) 2/5 (40%) 3/5 (60%)
(n=238) IVIG (n=8) 2/8 (25%) 6/8(75%) 0/8 (0%)
PE (n=4) 0/4 (0%) 4/4 (100%) 0/4 (0%)

in terms of the MRS score. The MRS score improved
significantly only after initiating plasmapheresis in four
treatment-refractory monophasic patients (Fig. 1). Patient
2 had relatively mild symptoms and improved after IVIG
treatment, and patient 12 improved after steroids.

In the polyphasic group, IVIG (good 25% partial 75%,
none 0%) and plasmapheresis (good 0%, partial 100%, none
0%) resulted in comparable treatment responses that were
both better than the response to steroids (good 0%, partial
40%, none 60%) (Table 4). Six patients (6/8, 75%) in
the polyphasic group were considered refractory to first-line
therapy due to frequent relapses. These patients were started
on additional immunosuppressants. Four patients (patient
no. 1, 6, 7 and 11) were initially administered additional
azathioprine. Patient 7 achieved complete remission through a
combination of steroids and azathioprine, and patient 11 also
achieved partial remission. However, patient 1 and patient 6
were switched to cyclosporine due to a lack of treatment
response. Patients 3 and 14 were started on additional
cyclosporine from beginning without trying azathioprine.

All patients who received cyclosporine (patients 1, 3, 6,
14) achieved significant disease control (Table 5). The mean
number of IVIG treatments per year decreased from 6.2 £3.2
cycles per year (range 2.9 to 9) to 0.5+£2.0 cycles per year
(range O to 4.5). The relapse rate decreased from 5.5+4.4
times per year (range 2.7 to 12) to 1.7+ 1.7 times per year
(range 0.2 to 4) after adding cyclosporine.

There were few adverse events related to the treatment.
Two patients treated with IVIG complained of headache
and received mannitol during emergency department stay
under the impression of aseptic meningitis. There were
no significant side effects related to plasmapheresis other
than minor pain and discomfort. In the group treated with
cyclosporine, two patients had adverse events. One patient
complained of hirsutism, and another had to stop cyclosporine
temporarily due to abdominal discomfort but was able to
continue with supportive care. Azathioprine was generally
well tolerated without significant side effects.

3.3. Treatment outcome

The mean duration of follow-up was 47.7£29.6 months
(range 12-99 months). The mean MRS score was 0.94+0.7
(range 0 to 2) at the last outpatient follow-up compared to
the average MRS score of 4.1+0.7 during the period of
maximum functional deficit.

In the monophasic group, two patients (patients 2 and 9)
achieved complete remission, and four patients (patients 4, 5,
12, and 13) achieved partial remission. Patient 4 and patient
5 were off treatment with only minimal foot drop present
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Table 5
Treatment response of cyclosporine in refractory polyphasic group.

Patient No. Period of CsA Relapse free Average IVIG cycles  Average IVIG cycles  Relapse rate before Relapse rate after
treatment (months) period (months) required before CsA required after CsA CsA (events/yr) CsA (events/yr)
(cycles/yr) (cycles/yr)
1 27m 4m 9 4.5 12 4
3 39m 14m 9 1.5 4.6 1.8
6 36m 23m 3.9 0.2 2.7 0.2
8 17m 15Sm 29 0 29 0.7

CsA: cyclosporine.

at the last follow-up. Patient 13 showed a good response to
plasmapheresis but was still undergoing treatment at the last
follow-up.

In the polyphasic group, four patients (patients 6, 7, 8,
and 10) achieved complete remission (50%), and four patients
(patients 1, 3, 11, and 14) achieved partial remission (50%)
after treatment. Patient 1 was administered cyclosporine,
which has been shown to have a significant impact on disease
course; however, the patient still has occasional relapses.
Patient 3 had previously achieved remission with cyclosporine
treatment but experienced relapses when cyclosporine was
tapered. Patient 11 is responsive to IVIG but is currently
trying azathioprine to achieve disease control. Patient 14
was able to achieve long-term remission after cyclosporine
treatment but has yet to attempt tapering of the medication.

Overall, complete remission was observed in 6 patients
(42.8%), and partial remission was observed in 8 patients
(57.2%). Several factors were compared between the complete
remission group and the partial remission group. The age at
disease onset (p=0.560), time from symptom onset to initial
treatment (p =0.948), time from symptom onset to treatment
as CIDP (p=0.4), disease course (monophasic vs. polyphasic)
(p=0.627), and onset mode (subacute vs. chronic) (p =0.58)
were not significantly different between the two outcome
groups.

4. Discussion

This retrospective study analyzed 14 children with CIDP
from a single tertiary center in South Korea. The current study
is an extension of a previous report with a longer follow-
up duration and additional patients [12]. The cohort in the
current study is unique because they represent relatively more
severe cases of childhood CIDP due to our center’s status as
the final referral center in our country. The majority of the
patients (9/14, 64.3%) were referred from other centers for
further management because they failed to respond to initial
treatment. Subsequent treatment response was observed in 10
patients (4 monophasic patients, 6 polyphasic patients) who
were refractory to the first-line treatments.

Antecedent upper respiratory infections were common
(42.9%), which was consistent with the findings of a previous
case series, which reported antecedent infections in 23 to
56% of the patients [9,10,16—19]. The majority of the
patients (71.4%) presented with subacute onset of symptoms,
evolving in less than 2 months period. The pediatric group is

already known to show subacute presentation more commonly
compare to the adult group, hence the diagnostic criteria states
the symptom evolution as 4 weeks [6]. Childhood CIDP is
typically characterized by predominantly motor symptoms and
a relative lack of sensory, cranial and autonomic symptoms
[16,18-20]. Patients in the current study also presented with
predominantly motor symptoms. However, sensory symptoms
were present in 11 patients (78.6%). This is a higher
proportion than those found in previous reports of childhood
CIDP, which generally reported a range between 15-30%
[16,18-20]. This may be due to the higher proportion
of refractory cases in the current study cohort. Overall,
polyphasic disease course seem to be more common than
monophasic disease course, as revealed by a recent meta-
analysis [11]. The proportion of patients experiencing a
polyphasic course was also slightly higher (57%) than the
proportion of patients experiencing a monophasic course in
the current cohort.

CIDP does not have a definitive biologic diagnostic
marker; its diagnosis is not always straightforward and can
sometimes be very challenging. At least 15 sets of diagnostic
criteria have been proposed for adult CIDP to date [4].
Most diagnostic sets rely on electrophysiologic data obtained
from nerve conduction studies, and both overdiagnosis and
diagnostic delay occur frequently in patients with CIDP [21].
The reliance of CIDP diagnosis on electrophysiologic data
poses additional problems in pediatric populations due to
the poor level of cooperation of the patients and lack of
experience and data among clinicians [22]. It is important not
to misdiagnose CIDP, as a delay in treatment administration
results in permanent axonal damage [23]. Electrophysiology
studies can miss CIDP either due to secondary axonal loss
or in cases of the pure sensory form when motor nerve
conduction is normal. Patient 12 in our cohort only initially
tested positive for sensory nerve dysfunction despite having
clinical motor weakness. The presentation of pediatric CIDP
also frequently mimics that of GBS, confusing the diagnosis.
Indeed, our cohort was frequently initially diagnosed with
GBS because the disease in the majority of the patientsshowed
subacute onset.

On the other hand, the reliance on electrophysiologic data
also results in the overdiagnosis of CIDP. It is estimated that
up to 50% of patients tested may be misdiagnosed with CIDP
when they have an alternative diagnosis [21]. The diagnosis
of childhood CIDP necessitates extra caution because many
hereditary neuropathies or inborn errors of metabolism can
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mimic CIDP [22]. The consideration of alternative diagnosis
is especially important in cases refractory to conventional
treatment options. Our study also excluded one patient from
the previous study because of the patient was diagnosed with
multiple autoimmune syndromes, including Crohn’s disease,
SLE and the presence of the HLA-B27 marker.

Compared to the many criteria proposed for the diagnosis
of adult CIDP, the only diagnostic criteria for pediatric
CIDP are those established at the 88th ENMC International
Workshop. Not much is known regarding their sensitivity
and specificity, but one study found the diagnostic criteria
to have a sensitivity of 0.77 and specificity of 0.26 for
childhood CIDP [24]. There is a need for better diagnostic
methods for childhood CIDP to ensure delivery of the
optimal treatment to the correct patient. Based on the findings
from the current study, differentiating between monophasic
disease and polyphasic disease may be of clinical importance.
Differentiating between the two disease courses was relatively
straightforward in the current study, as the follow-up period
was generally much longer than 1 year. However, this can
be much more challenging in newly diagnosed patients with
short-term follow-up periods. Overall, a correct diagnosis of
childhood CIDP can be difficult; patients may need to be
followed for prolonged periods of time, and clinicians should
exercise extra caution in both ruling out and confirming
CIDP.

The optimal treatment for childhood CIDP is still under
debate and has not been definitively established, and the
current treatment is guided by experience gained from the
treatment of adult CIDP, which includes corticosteroids, IVIG
and plasmapheresis as first-line treatments [25]. In terms
of treatment efficacy, all three treatments result in similar
treatment responses in adult CIDP [26-28]. When available,
IVIG is usually used first due to its favorable side-effect
profile [29]. IVIG is even more likely to be used as the initial
treatment for childhood CIDP, as children frequently present
with GBS-like symptoms [17,19]. In children, corticosteroids
are usually considered a second-line treatment when IVIG
is not available, is ineffective or causes significant adverse
events. Plasmapheresis is generally avoided due to the
additional risk of central line complications [11,25]. Due to
the lack of clear evidence, the choice of first-line treatment
depends on many factors, such as patient age, socioeconomic
settings and physician preference [29]. In line with the
findings of previous studies, IVIG was the most common
initial treatment in the current study. This is probably because
most of the current study cohort had a subacute disease onset
that imitated GBS.

When the initial treatment is not successful, which happens
in about 20% of the patients, various immunosuppressive
agents are used. These agents are also needed in situation
where sparing of steroids or IVIG is required. The agents
that were adopted include azathioprine, interferon beta-
la, cyclophosphamide, ciclosporin, methotrexate, etanercept,
alemtuzumab, rituximab and the list continues to grow
[30]. There is only four small randomized controlled trial
using azathioprine, interferon beta-la, methotrexate until

date [31-34]. None have shown solid evidence of efficacy
to date, and the evidence for use of other agents are
descriptive. The evidence for immunosuppressive agents in
the pediatric population is even more scarce compared to the
adult population. As a result, immunomodulatory treatment
guideline for the refractory pediatric cases is difficult to be
established.

Interestingly, the results of our study suggest that treatment
responses to individual therapies may differ depending on the
type of disease progression, especially in refractory cases.

In the monophasic group, four patients (patients 4, 5, 10,
and 13) were deemed refractory because neither IVIG nor
steroids resulted in improvement. These patients showed an
initial severe progressive course, and some patients required
intubation, despite IVIG or IV steroids. However, they
responded to plasmapheresis and significant improvement of
functional status was achieved. Plasmapheresis necessitates
relatively frequent hospital admissions and the insertion of
a central lumen catheter, but it was successfully performed
without any significant complications. Thus, the findings
of the current study suggest that plasmapheresis could be
considered early in selected monophasic patients with severe
progression, in contrast to the current trend to use it
later.

IVIG treatment was more effective in the polyphasic
group than in the monophasic group. However, six polyphasic
patients (75%) were treatment-dependent, meaning that they
responded to IVIG treatment but presented with frequent
relapses and required constant repetition of the IVIG
treatments. These patients also did not show substantial
responses when treated with steroids. Thus, polyphasic
patients who still experienced relapse and required constant
IVIG treatment were considered refractory to treatment.

These patients were administered with cyclosporine as
an additional immunosuppressant. Cyclosporine was chosen
among other immunosuppressive agents as it is a potent T-
cell inhibitor, and CIDP association with dysfunctional T-cell
function has long been suspected [35,36]. Thus, cyclosporine
to have therapeutic effectiveness in CIDP is theoretically
plausible. In addition it is easy to follow up its serum trough
level, and was shown to be safe and effective in previous
reports [37].

Patients achieved complete remission or at least a dramatic
decrease in the reliance on IVIG after the addition of
cyclosporine. Cycloporine showed promising efficacy in
several adult studies, with response rates ranging from 40
— 90% [37-40]. Reports of cyclosporine use in children are
much more scarce, with some studies showing positive effects
and others showing a lack of significant efficacy [8,10,41-43].
Cyclosporine was often discontinued in adult CIDP patients
due to nephrotoxicity or hypertension [44]. However, neither
nephrotoxicity nor hypertension were observed in the current
cohort, which was similar to the results of the previous
pediatric study [42]. One patient had to temporarily stop
cyclosporine due to abdominal pain, but the pain was
dependent on the dosage and did not recur when the patient
was restarted at a lower maintenance dosage (3 mg/kg/day).
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Another patient had mild hirsutism which did not require
specific intervention.

The mechanisms underlying the different treatment
responses based on different disease progression modes
need to be further elucidated. Many subtypes of CIDP
have been reported, and whether they represent different
underlying pathophysiologies is unknown. Indeed, different
neuropathies, such as anti-MAG neuropathy and multifocal
motor neuropathy (MMN), are now considered distinct
entities that respond to treatment differently [45-47].
Similarly, the monophasic course and polyphasic course forms
may be separate disease entities driven by currently unknown
different pathophysiologies. However, the pathophysiology of
CIDP needs to be better understood before addressing this
question.

This study shares common limitations with most other
childhood CIDP studies, including a small number of
patients and uncontrolled treatment initiation. The patient
numbers in previous childhood CIDP case series generally
ranged between 10 and 20 patients; the largest study
consisted of 31 patients [11,17]. Recently, McMillan et al.
attempted to overcome this issue by performing a meta-
analysis of the previously published case series. That meta-
analysis demonstrated that the overall treatment responses
of childhood CIDP to IVIG and corticosteroids are similar
and that childhood CIDP is frequently less responsive
to plasma exchange [11]. However, the study did not
compare the efficacy of treatments according to the specific
disease stage or course and gavelittle information about
the treatment of refractory cases of childhood CIDP.
Although the current study is clearly limited by the small
number of patients, this is still one of the largest case
series conducted in a single center, and patients received
treatment according to relatively consistent standards. Most
importantly, this study provides a new perspective on
treatment-resistant patients, including the early administration
of plasmapheresis to refractory monophasic patients and the
use of cyclosporine in refractory polyphasic patients. Thus,
in order to implement these treatments, early referral of
refractory patients to centers experienced in plasmapheresis
and immunomodulatory treatment may be important. Timely
administration of appropriate treatment may prevent from
missing the critical time before neuronal damage becomes
irreversible. Further multinational and multicenter efforts
to conduct larger randomized controlled trials with these
treatments are needed to verify the observations in this study.
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