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Objective: We detailed the electrophysiological patterns of peripheral nerve temporal dispersion across
spectrum of POEMS syndrome and Castleman disease (CD).
Methods: Compound muscle action potentials (CMAP) duration of 3 patients with POEMS syndrome and
2 with hyaline vascular type CD without clonal plasma cell dyscrasia were retrospectively analysed.
Results: Median and ulnar nerves distal CMAP duration were prolonged in all patients irrespective of
plasma cell dyscrasia or M protein. All lower limbs distal CMAP responses were absent. Greatest distal
CMAP duration prolongation was observed in median nerves for POEMS syndrome (17.0 ms, 158% upper
limit normal) and in ulnar nerves for CD (9.8 ms, 47% upper limit normal). Distal/proximal CMAP duration
ratio of <0.7 were seen in 33% of median and ulnar nerves studied among POEMS syndrome. Among
nerves with ratio >0.7, all had distal CMAP duration prolongation (Range 7%–158% of upper limit normal).
Conclusions: Abnormal distal CMAP dispersion is not uncommon in POEMS syndrome and CD without
clonal plasma cell dyscrasia or M protein. POEMS syndrome has greater distal CMAP duration in median
and ulnar nerves, particularly in median nerve that can reach up to 150% of upper limit normal, compared
to <50% in CD.
Significance: Detailed electrophysiological analysis of distal CMAP duration may help in distinguishing
POEMS syndrome and CD.
� 2020 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Demyelinating type peripheral neuropathy associated with
plasma cell dyscrasia is rare, often found in patients with mono-
clonal gammopathy of undetermined significance (MGUS), and
across spectrum between POEMS (Polyneuropathy, Organomegaly,
Endocrinopathy, Monoclonal protein and Skin changes) syndrome
and Castleman variant of POEMS (Dispenzieri 2019; Raheja et al
2015; Kim et al. 2017). In contrast, patients with Castleman disease
(CD) but with no clonal plasma cell dyscrasia typically have little or
no peripheral neuropathy, and when present it is more often sen-
sory (Dispenzieri, 2019). The underlying pathomechanism behind
demyelination process remains unclear (Dispenzieri, 2019;
Raheja et al., 2015). Endothelial injury caused by an abnormal acti-
vation of endothelial cells by angiogenic factors such as vascular
endothelial growth factor (VEGF) overexpression in the nerves
has been postulated (Scarlato et al., 2005). The presence of M pro-
tein in majority of the patients with POEMS syndrome may results
in paraproteinemic demyelinating neuropathy similar to that in
chronic inflammatory demyelinating polyneuropathy (CIDP)
(Raheja et al., 2015; Kim et al., 2017). However, up to 15% of
POEMS syndrome patients have no detectable M protein when
tested by immunofixation (Dispenzieri et al., 2003). Whether the
presence of M protein alters demyelination pattern of peripheral
nerve in POEMS syndrome and CD remains unknown.

Demyelinating neuropathy in POEMS syndrome comes with
few distinctive characteristics. It has a more diffusely distributed
pattern compared to those with typical CIDP, with predominant
nerve conduction slowing in the intermediate and proximal seg-
ments (Sung et al., 2002; Mauermann et al., 2012; Sobue et al.,
1992). Other electrophysiological features differentiating POEMS
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from CIDP includes fewer conduction blocks and higher terminal
latency index (TLI) (Sung et al., 2002). In addition, less (13%) tem-
poral dispersion was observed in POEMS compared to CIDP,
defined by duration of the distal potential/duration of the proximal
potential <0.7 (Mauermann et al., 2012). However, in these studies,
distal compound muscle action potential (CMAP) duration was not
evaluated. Comparison of electrophysiological patterns of demyeli-
nation between POEMS syndrome and CD has not been performed.

In this report, we characterized the demyelinating neuropathy
in patients with POEMS syndrome and CD using different temporal
dispersion measurements as demyelinating parameters.
2. Methods

We included patients with diagnosis of peripheral neuropathy
associated with POEMS syndrome and CD from our department
database of patients with chronic dysimmune neuropathies regis-
tered with Medical Research and Ethics Committee, Ministry of
Health, Malaysia (NMRR-17-947-35560). All clinical and labora-
tory data were retrospectively collected and analysed. Their clini-
cal characteristics were evaluated in reference to the criteria for
diagnosis of POEMS syndrome (Dispenzieri, 2019). Diagnosis of
CD was based on histopathological features of lymph node biopsy.

Results of nerve conduction study (NCS) were analysed for both
sensory nerve action potentials (SNAP) and compound muscle
action potentials (CMAPs) as per routine study protocols in our
neurophysiology department. All NCS were performed during the
diagnostic work-up prior to immunotherapy. A standard high-
pass filter setting of 10 Hz and a low-pass filter setting of 10 kHz
were used for all NCS recordings.

The duration of evoked distal and proximal CMAPs was mea-
sured for median, ulnar, tibial, and peroneal nerves. Distal CMAP
duration was defined as the time period from onset of the first neg-
ative deflection to return to baseline of the last negative deflection
of the distal CMAP, so as to not underestimate the duration of
desynchronized distal CMAP (Cleland et al., 2006). Distal CMAP
duration was measured manually for each nerve at a sensitivity
of 500 mV/cm for precise cursor markings (Cleland et al., 2006).
Cut-off for distal CMAP duration are as follow: median � 6.6 ms,
ulnar � 6.7 ms, peroneal � 7.6 ms, and tibial � 8.8 ms (Isose et al.,
2009). This cut-off was based on filter settings of 20 Hz to
20 kHz. We chose the above cut-off due to limited availability of
reliable normative reference using our NCS machine setting. For
each motor nerves, we calculated the percentage increase in the
duration of the waveform dispersion and ratio between proximal
and distal stimulation sites to determine the presence of temporal
dispersion in the forearm or foreleg nerve segments (Mauermann
et al., 2012). We then determined the number of nerves fulfilling
definition of temporal dispersion, defined as duration of the distal
potential/duration of the proximal potential <0.7, representing
>30% of the proximal CMAP duration compared with the distal
duration for each nerve segment (Thaisetthawatkul et al., 2002).
TLI was calculated for median and ulnar motor study using the fol-
lowing formula: TLI = terminal distance (mm)/(distal latency
(ms) �MCV (m/s). Results of temporal dispersion based on above
definitions were compared for POEMS syndrome and CD.

Statistical analysis for differences within each group was per-
formed with the Mann–Whitney U test using SPSS version 20 for
Windows.
3. Results

We identified 5 patients: Two POEMS syndrome with mono-
clonal protein (M protein), one without M protein and two with
hyaline vascular type CD without clonal plasma cell dyscrasia.
One patient with POEMS syndrome did not have monoclonal pro-
tein detected despite immunofixation. Clinical characteristics of 5
patients are summarized in Table 1. There were 4 (80%) males
and 1 (20%) female. Age of 2 POEMS with M protein patients was
36 and 58 years-old and for CD was 34 and 60 years-old respec-
tively. Age of POEMS without M Protein was 41 years. The average
duration of neuropathic symptoms onset to NCS was 36.0 weeks
(median 40, range 12–52).

Analysis of temporal dispersion are summarized in Table 2.
Original CMAP recordings of right median nerves for patients with
POEMS syndrome, POEMS syndrome without M protein and CD are
illustrated in Figs. 1–3 respectively. In the upper limbs, the dura-
tions of the distal CMAPs for the median and ulnar nerves were
prolonged in all patients with POEMS and CD irrespective of
plasma cell dyscrasia or M protein status. In contrast, CMAPs in
the lower limbs were absent in all patients. For POEMS syndrome,
greatest distal CMAP duration prolongation was observed in med-
ian nerves (17.0 ms, 158% of upper limit normal), whilst for CD
patients, greatest distal CMAP duration prolongation was observed
in ulnar nerve (9.8 ms, 47% of upper limit normal). In comparison,
greatest distal CMAP duration prolongation of ulnar nerve in
patients with POEMS syndrome was up to 12.6 ms, 87.3% of upper
limit normal. POEMS syndrome without M protein had the most
prolonged distal CMAP duration in both median and ulnar nerves
compared to those with M protein and CD.

For patients with POEMS syndrome, mean median distal CMAP
duration was 13.1 ms (SD 4.3, range 7.7–17.0), corresponding to
98% above the upper limit normal. Relatively smaller mean median
distal CMAP duration prolongation was observed for CD (8.5 ms,
29% upper limit normal). Mean ulnar distal CMAP duration was
comparable for POEMS syndrome and CD (9.2 ms, SD 2.6, 38%
upper limit normal and 8.9 ms, SD 1.1, 33% of upper limit normal
respectively). Distal/proximal CMAP duration ratio of <0.7 was
observed in 33% (4/12 nerves, 3 at median nerves) of median and
ulnar nerves studied among POEMS syndrome patients. None of
the median and ulnar nerves of CD patients demonstrated distal/
proximal CMAP duration ratio of <0.7. Mean ratio was significantly
higher for CD compared to POEMS syndrome (0.88, SD 0.07 vs 0.75,
SD 0.15; p = 0.026). Therefore, increase in proximal CMAP duration
of >30% compared to the distal for median or ulnar nerves was
observed in a third of the nerves studied among POEMS syndrome
patients despite prolonged distal CMAP duration in all median and
ulnar nerves. Mean median TLI showed significantly more distal
motor nerve segment slowing in POEMS syndrome compared to
CD (0.28, SD 0.11 vs 0.56, SD 0.08; p = 0.01). In contrast, more distal
segment ulnar motor nerve slowing was observed in CD compared
to POEMS syndrome, but this was statistically insignificant (0.60,
SD 0.25 vs 0.45, SD 0.13; p = 0.413).

All SNAP responses were absent in both upper and lower limbs
for both POEMS syndrome and CD.
4. Discussions

Evaluation of electrophysiological feature of temporal disper-
sion by measuring CMAP duration is a useful parameter in charac-
terizing chronic demyelinating neuropathy (Thaisetthawatkul
et al., 2002). To our knowledge, analysis of distal CMAP duration
has not been performed in patients with POEMS syndrome and CD.

Our analysis suggested 3 important clinical findings. First, uni-
form demyelination can be seen in POEMS syndrome as well as in
patients with CD. Castleman disease which has no clonal plasma
cell dyscrasia has often been associated with little or no periph-
eral neuropathy, which is more often sensory when present
(Dispenzieri, 2019). From our analysis, both our patients with
CD had prolonged distal CMAP duration as well as higher distal/



Table 1
Clinical characteristics of 5 patients.

Characteristics Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Diagnosis POEMS Syndrome

with M protein
POEMS Syndrome
with M protein

POEMS Syndrome
without M protein

Castleman Disease
(Hyaline vascular type)

Castleman
Disease
(Hyaline
vascular type)

Age (years) 58 36 41 34 60
Gender Female Male Male Male Male

Mandatory Major Criteria
Polyneuropathy U U U U U

Monoclonal plasma cell proliferative disorder
(almost always lambda)

U U � � �

Other major criteria (one required)
Castleman Disease � � � U U

Sclerotic bone lesion U U U U U

VEGF elevation ND ND ND ND ND

Minor criteria
Organomegaly

Lymphadenopathy
Hepatomegaly
Splenomegaly

U

U

U

�
�
�

U

U

U

U

U

�

U

�
U

Extravascular volume overload
Pleural effusion
Peripheral oedema
Ascites

U

U

U

�
�
�

U

�

�
�
�

�
�
U

Endocrinopathy
Adrenal
Thyroid
Pituitary
Gonadal
Parathyroid
Pancreatic

�
�
�
�
�
U

�
�
�
�
�
�

�
U

�
�
�
U

�
�
�
�
�
�

�
�
�
�
�
�

Skin changes
Hyperpigmentation
Hypertrichosis
Glomeruloid haemangioma
Plethora
Acryocyanosis
Flushing
White nails
Papilloedema

�
�
�
�
�
�
�
�
–

�
�
�
�
U

�
�
U

U

U

�
�
�
U

�
U

U

�

�
�
�
�
�
�
�
�
U

�
�
�
�
�
�
�
�
�

Thrombocytosis/polycythaemia
Other symptoms & signs

Clubbing
Weight loss
Hyperhydrosis
Pulmonary hypertension
Thrombotic diathesis
Diarrhoea
Low serum Vitamin B12

�
�
�
�
�
�
�

�
�
�
�
�
�
�

U

U

�
�
�
�
�

�
�
�
�
�
�
�

�
U

�
�
�
�
�

Treatment Received Dexamethasone +
Melphalan

Dexamethasone +
Melphalan

Dexamethasone +
Melphalan

Autologous Bone
Marrow Transplant

No treatment

ND: Not done.
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proximal CMAP duration ratio compared to patients with POEMS
syndrome. This may be the differentiating features between the 2
entities.

Secondly, we observed heterogenous patterns of demyelination
in patients with typical POEMS syndrome. Some patients may
demonstrate greater distal CMAP duration prolongation in both
median and ulnar nerves, particularly the median distal CMAP
duration that can reach up to 150% upper limit normal, compared
to <50% prolongation in CD. Median nerve distal CMAP duration
was more severely affected compared to ulnar. On the other hand,
some POEMS patients with M protein may also demonstrated more
proximal segment demyelination, evidence by the present of more
nerve with distal/proximal CMAP duration ratio <0.7. This repre-
sented a more prominent proximal dispersion, with relatively less
distal CMAP duration prolongation, consistent with typical
demyelinating pattern of POEMS syndrome previously reported
(Sung et al., 2002; Mauermann et al., 2012).

Thirdly, we noted the limitations of assessing temporal disper-
sion based on ratio of duration between distal/proximal CMAP
potential of <0.7 or >30% duration increase between the proximal
and distal negative peak CMAP. Previous study reported 13.3% of
nerve tested in POEMS syndrome patients had temporal dispersion
based on this ratio (Mauermann et al., 2012). In our series, a third
of the nerves studied in POEMS syndrome patients have ratio of
distal and proximal CMAP duration of <0.7, but among the nerves
with ratio >0.7, all had associated distal CMAP duration prolonga-
tion and in some nerves, up to 150% of upper limit normal. This
means ratio of distal/proximal CMAP potential of <0.7 fails to
detect homogenous dispersion in case of significant prolongation
of distal CMAP duration. In another words, defining temporal dis-



Table 2
Analysis of temporal dispersion.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Motor
NCS

POEMS Syndrome with M protein POEMS Syndrome with M protein POEMS Syndrome without M protein Castleman Disease Castleman Disease

Nerve/
Sites

Normal
(ms)

Duration
(ms)

%
prolonged

Distal/
Proximal
Duration

TLI
60

Duration
(ms)

%
prolonged

Distal/
Proximal
Duration

TLI65 Duration
(ms)

%
prolonged

Distal/
Proximal
Duration

TLI60 Duration
(ms)

%
prolonged

Distal/
Proximal
Duration

TLI65 Duration
(ms)

%
prolonged

Distal/
Proximal
Duration

TLI

Right MEDIAN – Abductor Pollicis Brevis
1. Wrist 6.6 8.00 21.2 0.43* 0.13 16.67 152.6 0.87 0.40 17.00 157.6 0.82 0.17 8.65 31.1 0.91 0.64
7.50 13.6 0.77 0.44
2. Elbow 18.80 19.06 20.80 9.48 9.79

Left MEDIAN – Abductor Pollicis Brevis
1. Wrist 6.6 7.65 15.9 0.63* 0.42 13.18 99.7 0.60* 0.34 16.10 143.9 0.82 0.23 8.49 28.6 0.92 0.55
9.53 44.4 0.87 0.62
2. Elbow 12.10 22.03 19.70 9.22 10.99

Right ULNAR – Adductor Digiti Minimi
1. Wrist 6.7 7.25 8.2 0.76 1.06 8.02 19.7 0.86 0.65 12.55 87.3 0.82 0.39 9.84 46.9 0.97 0.34 7.19 7.3
0.81 0.57
2. B. Elbow 9.05 9.38 15.35 10.16 8.91

3. A. Elbow 10.00 10.52 15.75 10.05 13.75

Left ULNAR – Adductor Digiti Minimi
1. Wrist 6.7 8.30 23.9 6.93 3.4 0.93 0.49 12.40 85.1 0.66* 0.40 9.58 43.0 0.93 0.31
8.96 33.7 0.85 0.58
2. B. Elbow 7.45 18.80 10.26 10.57

3. A. Elbow 9.06 18.25 10.89 12.19

ms: millisecond; NCS, Nerve Conduction Study; TLI: Terminal latency index.
*Represent distal/proximal CMAP duration ratio of <0.7.
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persion based on >30% increase in proximal duration compared to
the distal may yield negative results. Likewise, none of the nerves
studied in CD had distal and proximal CMAP duration of <0.7, sug-
gesting of a more homogenous demyelination throughout entire
nerves.

Consistent with existing knowledge, loss of lower limb CMAP
amplitudes and SNAP responses were common features among
POEMS syndrome (Sung et al., 2002; Mauermann et al., 2012).
This was also observed in CD, representing length-dependent
nature of the disease spectrum irrespective of clonal plasma cell
dyscrasia. However, our study has few limitations beginning
with our small cohort of patients and their heterogenous
Fig. 1. Right Median Nerve CMAP recording of patien

Fig. 2. Right Median Nerve CMAP recording of patient with PO
clinical presentations. Data analysis was performed retrospec-
tively due to rarity of this disease and therefore subjected to
its limitations. One important technical aspect of determining
CMAP duration is the filter settings on NCS machines particu-
larly the high pass filter. In our neurophysiology laboratory,
the standard high-pass filter was set at 10 Hz and a low-pass
filter setting at 10 kHz. This filter settings were lower compared
to the filter setting of 20 Hz to 20 kHz used in previous reports
(Isose et al., 2009; Thaisetthawatkul et al., 2002). Therefore, our
measured CMAP duration could be longer than that measured
by a 20 Hz high-pass setting, and direct comparison cannot be
performed.
t with POEMS Syndrome. Sensitivity: 500 mV/cm.

EMS Syndrome without M Protein. Sensitivity: 500 mV/cm.



Fig. 3. Right Median Nerve CMAP recording of patient with Castleman Disease. Sensitivity: 1000 mV/cm (Due to large CMAP amplitude).
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5. Conclusions

Our analysis showed that abnormal temporal dispersion was
not exclusive in POEMS syndrome but also seen in CD without clo-
nal plasma cell dyscrasia, which may represent a spectrum of dis-
ease with VEGF playing vital role in demyelination. Presence of M
protein may affect the patterns of demyelination, particularly at
the more proximal segment.
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