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ABSTRACT: Introduction: We assessed the specific sonographic
pattern of structural nerve abnormalities in immunoglobulin M
(IgM) neuropathy and disease controls. Methods: We enrolled
106 incident patients—32 patients with IgM neuropathy, 42 treat-
ment-naive patients with chronic inflammatory demyelinating
polyneuropathy, and 32 patients with axonal neuropathies. All
patients underwent standardized ancillary testing in addition to
standardized sonography of the brachial plexus and the large
arm and leg nerves bilaterally. Results: We found widespread
nerve enlargement in IgM neuropathy and chronic inflammatory
demyelinating polyneuropathy (CIDP), with specific enlargement
of brachial plexus and proximal segments of median nerve but
not in axonal disease controls (P < .001). Sonographic nerve
hypertrophy in IgM neuropathy was not associated with nerve
conduction, clinical, or laboratory characteristics. Discussion:
Immunoglobulin M neuropathy is characterized by widespread
nerve enlargement indistinguishable from CIDP. Our data provide
evidence to confirm that the disease process is not confined to
the more distal parts of nerves in either classical demyelinating or
axonal variants of neuropathy with associated IgM.
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INTRODUCTION

Immunoglobulin M (IgM) monoclonal gammopathy
of unknown significance (MGUS) is a rare cause of
polyneuropathy (throughout the main text referred
to as IgM neuropathy). In serum from most patients
with IgM neuropathy, antibodies against myelin-
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associated glycoprotein (anti-MAG) or gangliosides
can be detected."™ Nerve conduction study (NCS)
results often show abnormalities fulfilling criteria for
demyelination, in particular predominant distal slow-
ing that can be quantitated with the terminal latency
index (TLI).>® Insight into the underlying patho-
genic mechanisms remains limited and hampers the
design of treatment strategies.7’8

Neuroimaging is a wuseful, novel, diagnostic
approach and may also contribute to the clarification
of the pathogenesis of neuropathies. It can be used
to document specific patterns of nerve involvement
and diffusivity that correspond with the integrity of
myelin and axonal structures of the peripheral
nerves.”'® Using MRI, our group previously showed
marked nerve (root) involvement in patients with
IgM neuropathy, indicating that pathology is more
widespread than the pattern of distal slowing that is
suggested by NCS.'”'*!” Nerve ultrasound can be
used to study nerve thickening in more detail because
it allows assessment of multiple nerves in arms and
legs in a short time.”'**” We systematically investi-
gated consecutive patients with IgM neuropathy and
disease controls to determine whether there is a spe-
cific pattern of nerve involvement in this disorder.

MATERIALS AND METHODS

Study design, patients, and control participants. We
performed an observational case-control study in consecutive
patients with IgM neuropathy and disease controls (treatment-
naive chronic inflammatory demyelinating polyneuropathy
[CIDP] and chronic axonal polyneuropathies [CAP]).

All consecutive patients who visited the University Medical
Center Utrecht, a tertiary center for neuromuscular disorders,
between July 2013 and July 2016 with a confirmed diagnosis of
IgM neuropathy, CIDP (definite or probable according to rel-
evant diagnostic [consensus] Criteria),4’ﬁ’2] or CAP were eligi-
ble for inclusion. Exclusion criteria were age < 18 years,
unable to undergo nerve ultrasound investigation, and previ-
ous diagnosis of CIDP or CAP. We enrolled 106 patients
(80 men and 26 women)—32 patients (17 prevalent and five
incident) with a diagnosis of polyneuropathy and associated
IgM MGUS (25 with demyelinating and seven with only axonal
features according to NCS), 44 incident and treatment-naive
patients with CIDP, and a random sample of 32 incident
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patients with acquired CAP (18 cryptogenic axonal neuropa-
thy, two diabetic neuropathy, and 12 other metabolic and
toxic causes) without IgM monoclonal gammopathy. All
patients underwent routine ancillary testing, including stan-
dardized grading of muscle strength, NCS, and laboratory test-
ing (see Supporting Information Methods). Immunoglobulin
M monoclonal gammopathy was determined by immunoelec-
trophoresis. Western blot and ELISA (enzyme-linked immuno-
sorbent assay) were used to assess the presence of antibodies
against MAG and gangliosides.”*® We assessed muscle
strength (S.G.), overall disability sum-scores (ODSS) and Ran-
kin scale in the patients with IgM neuropathy.24 Sensory and
motor features were categorized into sensory dominant
(exclusively sensory and sensory with subtle distal muscle
weakness), sensorimotor (sensory with moderate distal muscle
weakness), and motor dominant (pronounced muscle
weakness).

Consent and approval of study protocols. All enrolled
patients gave written informed consent. The study protocol
was approved by the local medical ethics committee of the
University Medical Center Utrecht.

Nerve conduction studies. We performed nerve conduc-
tion studies with a Nicolet VIKING IV electromyography
machine (CareFusion Japan, Tokyo, Japan) after warming
limbs in water at 37°C for at least 45 minutes.>?® Median,
ulnar, fibular, tibial, and sural nerves were assessed in a stan-
dardized manner (see Supporting Information Methods). Cri-
teria for demyelination have been published previously.?5%’
Terminal latency index was calculated for median and ulnar
nerves™?® as

(standardized) distance between recording and distal stimulation site

TLI= -
DML x MCV forearm segment

(1)

Nerve conduction studies were performed by one author
(H.F.), who was not aware of the sonography results.

Nerve ultrasound studies. We used a Philips iU22 (Philips
Medical Instruments, Bothell, Washington) with a 5-17 MHz linear
array transducer (L17-5) to evaluate nerve and fascicle size and

vascularization of a predefined set of nerves (see Supporting Infor-
mation Methods).!** We excluded the use of zoom function and
limited change-of-depth settings to 0.5 cm to prevent inflation of
nerve size. In addition to these standard assessments, nerve size of
the median nerve in patients with IgM neuropathy was also
assessed at the elbow. One author (S.G.), blinded to the electro-
physiological measurements, performed all sonographic examina-
tions. We also assessed whether there were differences between
IgM neuropathy and CIDP controls in the distribution of enlarge-
ment along the length of nerves. To this end, we deployed nerve
ultrasound ratios between sites (cross-sectional areas [CSA] at
known sites of nerve compression vs their proximal nerve seg-
ments) and sum-scores (CSA at multiple sites within a nerve or bra-
chial plexus).'®"”

Statistical analysis. We used nonparametric tests to com-
pare and evaluate associations between variables. We used
Spearman’s p to test associations, Mann-Whitney and Kruskal-
Wallis tests to compare continuous variables between groups,
and %? testing to compare categorical variables between
groups. Findings with a Pvalue of < .05 after adjustment for
multiple testing with the Benjamini-Hochberg method when
appropriate were considered significant. Multivariate logistic
regression and receiver operating characteristics (ROC) analy-
sis were applied to test for independent and discriminative
sonographic variables. Statistical analysis was performed in
SPSS 23.0 (IBM, Armonk, New York).

RESULTS

Clinical characteristics. Patient characteristics are
summarized in Table 1. Patients with IgM neuropa-
thy had longer disease duration compared with
CIDP and CAP disease controls (Table 1). There was
no difference in age or sex between the groups. In
patients with IgM neuropathy, distal symmetric sen-
sory dominant and sensorimotor involvement domi-
nated the clinical presentation of their neuropathy,
whereas only two of 32 (6%) displayed a proximal-
distal motor dominant phenotype that was more
common in CIDP controls. Medical Research Coun-
cil (MRC) sum-score was lower in IgM neuropathy

Table 1. Patient characteristics

IgM neuropathy patients

CAP disease
Demyelinating, CIDP disease controls, P

Variables n=25 Axonal,n =7 Total, n = 32 controls, n = 42 n=232 value
Age, median (IQR), y 66 (61-69) 67 (60-73) 66 (61-71) 62 (51-69) 62 (54-68) A1
Sex, men/women, n 19/6 7/0 26/6 28/14 26/6 .23
Disease duration, median (IQR), 26 (23-90) 48 (18-73) 36 (22-81) 12 (5-29) 18 (11-48) .002*

mo
Clinical features, n (%)

Distal symmetric 24/25 (96) 6/7 (86) 30/32 (94) 20/42 (48) 32/32 (100) <.001*

Proximal and distal symmetric 1/25 (4) 1/7 (14) 2/32 (6) 22/42 (52) 0(0) <.001*

Sensory dominant 6/25 (24) 3/7 (43) 9/32 (28) 8/42 (19) 21/32 (66) <.001*

Sensorimotor 18/25 (72) 3/7 (43) 21/32 (66) 11/42 (26) 11/32 (34) <.001*

Motor dominant 1/25 (4) 1/7 (14) 2/32 (6) 23/42 (55) 0(0) <.001*
MRC sum-score, median (IQR) 117 (110-118) 117 (114-120) 117 (111-119) 112 (101-118) 120 (118-120) .009%*

Abbreviations: CAP, chronic axonal polyneuropathy; CIDP, treatment-naive chronic inflammatory demyelinating polyneuropathy; IgM, immunoglobulin M;
IgM neuropathy patients, patients with neuropathy and associated IgM monoclonal gammopathy of unknown significance; IQR, interquartile range; MRC
sum-score, Medical Research Council sum-score of a predefined set of muscle groups bilaterally (range, 0-120).

*P < .05 significant difference.
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and in CIDP disease controls than in CAP disease
controls.

In patients with IgM neuropathy, the median
serum IgM concentration was 3.9 g/L (2.9-7.1); in
patients with demyelinating features it was 4.1 g/L
(8.1-6.6), and in patients with only axonal features it
was 3.0 g/L (2.7-11). Anti-myelin—associated glyco-
protein antibodies were present only in patients with
IgM neuropathy (21/32 [66%]), particularly in those
with demyelinating electrodiagnostic characteristics
(18/25 [72%] vs 3/7 [43%] in IgM neuropathy with
only axonal features). Anti-GM1 (2/32 [6%]), anti-
GM2 (3/32 [9%]), and anti-GD1a (3/32 [9%]) anti-
bodies were found in IgM neuropathy patients both
with and without demyelinating features. Median
ODSS in the IgM neuropathy patients was 4 (inter-
quartile range [IQR], 3-5), and median Rankin scale
was 2. We found no association between presence of
anti-MAG antibodies or IgM MGUS serum concen-
tration and age, disease duration, MRC sum-score,
ODSS, or Rankin scale. Seventeen patients with IgM
neuropathy had been previously treated a median of
3 years (IQR, 2-5) prior to study inclusion, 11 with
rituximab and six with short courses of intravenous
immunoglobulins. Treatmentnaive patients had a
shorter disease duration compared with those with
previous treatment (P = .04). However, there were
no differences in other clinical characteristics or
nerve size between treatment-naive patients and
those who had been treated previously.

Sonographic studies. We found multiple nerve sites
with focal enlargements in all patients with IgM neu-
ropathy. Results of CSA measurements (Table S1) are
summarized in Figures 1-3. Enlargement of nerves at
common sites of nerve compression (ie, median nerve
at carpal tunnel, ulnar nerve at cubital sulcus, and fib-
ular nerve at fibular head) was present in all
32 patients with IgM neuropathy, in 40 of 42 (95%)
CIDP disease controls, and in 31 of 32 (97%) CAP dis-
ease controls. Hence, all 32 IgM MGUS neuropathy
patients showed enlargement in nerve segments proxi-
mal to common compression sites in median (fore-
arm, upper arm) and ulnar (forearm and upper arm,
outside the sulcus) nerves. In contrast, we found only
mild enlargement in these more proximal nerve seg-
ments in CAP disease controls: eight of 32 (25%,
upper arm) in median and 17 of 32 (44%, distal and
proximal sulcus) in ulnar. Neither the number of
enlarged nerves nor nerve size in the IgM neuropathy
group correlated with age, disease duration, MRC
sum-score, ODSS, Rankin scale, presence of anti-MAG
antibodies, or IgM MGUS serum concentration.

Nerve size was larger in IgM neuropathy patients
than in CAP disease controls in all nerves except for
the median nerve at the carpal tunnel, ulnar nerve
at the sulcus, fibular nerve at the fibular head, and
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posterior tibial nerve (Figures 1 and 3, Table SI).
We found enlargement of the brachial plexus in
patients with IgM neuropathy—in 20 of 25 (80%)
with demyelinating features and in six of seven
(86%) with axonal features. Furthermore, we also
found hypertrophy of brachial plexus in 35 of
44 (80%) CIDP disease controls but not in any of
the CAP disease controls. Only sural nerve hypertro-
phy was more pronounced in IgM neuropathy than
in CIDP (Figure 3, Table S1). When we evaluated
the nerve ultrasound ratios and sum-scores, only the
sum of nerve size in median nerves (forearm and
upper arm segments in both arms) was significantly
higher in IgM neuropathy than in the CIDP disease
controls (Figure 4).

Hypervascularization was seen in one patient with
IgM neuropathy in the fibular nerve at the level of
the knee and in two CIDP and two CAP disease con-
trols at common sites of nerve compression (median
nerve at carpal tunnel, ulnar nerve at cubital sulcus,
and fibular nerve at fibular head).

Nerve conduction studies. Distal motor latency was
longer in median and ulnar nerves, and TLI was lower
in IgM neuropathy than in CIDP controls (Figure 4,
Table S2). The sensory nerve action potential (SNAP)
of sural nerve was more often absent in IgM neuropa-
thy than in CIDP (Table S2) and showed an inverse
relation with disease duration (P = .03). Conduction
block (CB) was present in only a few nerve segments
of the patients with IgM neuropathy (one definite CB
in median and one in ulnar nerves, three possible CB
in median and four in ulnar nerves). In contrast, we
found CB to be a more frequent finding in CIDP
(14 definite CB in median and 21 in ulnar nerves,
17 possible CB in median and 25 in ulnar nerves). We
found a comparable distribution of most other NCS
variables in the IgM neuropathy group and CIDP dis-
ease controls (Table S2). Hence, these NCS variables
showed no  association  with
demographic data.

clinical and

Correlation of sonography with nerve conduction
studies. In patients with IgM neuropathy, there was
no difference in nerve size or number of enlarged
nerves or nerve segments between those with exclu-
sively axonal and those with (distal) demyelinating
features. Furthermore, we found no difference in
IgM neuropathy between the axonal/demyelinating
subgroups with respect to age, sex, disease duration,
MRC sum-score, IgM plasma concentration, or pres-
ence of anti-MAG antibodies. Loss of sensory or
motor axons and distal conduction slowing in motor
axons (that fulfilled the criteria for demyelination)
were not related to nerve size or number of enlarged
nerve segments.
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FIGURE 1. Nerve size in arm nerves in immunoglobulin M (IgM) neuropathy and disease controls. Patients with neuropathy and associated IgM
monoclonal gammopathy of unknown significance (IgM neuropathy), treatment-naive chronic inflammatory neuropathy (CIDP), and chronic axonal
neuropathy (CAP) disease controls. Red dashed lines represent cutoff values for abnormal nerve size (CSA), as published previously. CSA, cross-
sectional area, error bars represent 2SD (i.e. 95%)
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FIGURE 2. Nerve size in brachial plexus in immunoglobulin M (IgM) neuropathy and disease controls. Patients with neuropathy and
associated IgM monoclonal gammopathy of unknown significance (IgM neuropathy), treatment-naive chronic inflammatory neuropathy
(CIDP), and chronic axonal neuropathy (CAP) disease controls. Red dashed lines represent cutoff values for abnormal nerve size
(CSA), as published previously. CSA, cross-sectional area, error bars represent 2SD (i.e. 95%)
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FIGURE 3. Nerve size in leg nerves in immunoglobulin M (IgM) neuropathy and disease controls. Patients with neuropathy and
associated IgM monoclonal gammopathy of unknown significance (IgM neuropathy), treatment-naive chronic inflammatory neuropathy
(CIDP), and chronic axonal neuropathy (CAP) disease controls. The red dashed lines represent cutoff values for abnormal nerve size
(CSA), as published previously. CSA, cross-sectional area, error bars represent 2SD (i.e. 95%)

Combined ultrasound and NCS to distinguish IgM neu-
ropathy from CIDP. Although IgM neuropathy diag-
nosis is based primarily on the presence of IgM
MGUS and (distal) demyelination according to NCS
results, the European Federation of Neurological
Societies/Peripheral Nerve Society criteria also
address the electrodiagnostic distinction of IgM neu-
ropathy from CIDP based on TLI (<0.25 for median
and ulnar nerves). We found only moderate sensitiv-
ity of this TLI variable that correctly identified 14 of
25 (56%) patients with IgM neuropathy (Figure 4).
However, specificity was poor because 13 of
42 (31%) CIDP controls also fulfilled this criterion.
To investigate whether nerve ultrasound may further
aid their distinction, we applied logistic regression
and ROC analysis to test combinations on measure-
ments of nerve size at multiple sites. Only the nerve
ultrasound sum-score of median nerve size over four
anatomical sites >70 mm?® showed considerable
improvement and discerned 23 of 25 (92%) IgM
neuropathy patients with demyelinating features
compared with four of 42 (10%) CIDP controls
(Figure 4). In addition, this nerve ultrasound score

Neuropathy Associated with IgM Monoclonal Gammopathy

was also abnormal in five of seven (71%) IgM neu-
ropathy patients with axonal features but none of
the CAP disease controls.

DISCUSSION

Morphological changes in patients with IgM neurop-
athy are widespread, both in proximal and distal
nerve segments. Disproportionate enlargement in
proximal median nerve segments and sural nerves
are specific findings in IgM neuropathy. This pattern
of nerve enlargement resembles that of CIDP, but is
distinct from the one observed in chronic axonal
neuropathies.

Four other studies previously compared sono-
graphic findings in patients with paraproteinemic
neulropathies.18_20’30 All of these studies used differ-
ent sonographic protocols and scoring systems (with-
out predefined normal values for nerve size) and
showed considerable heterogeneity of patient char-
acteristics, including control groups with and without
IgM. These studies all consequently reported vari-
able nerve size in small samples of patients with IgM
neuropathy. In our study, we used an elaborate
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standardized nerve ultrasound protocol and previ-
ously published cutoff values for abnormality in a
fairly large sample of patients with IgM neuropathy
and disease controls without IgM MGUS.'** More-
over, our patient group was homogeneous because
we included only participants with IgM MGUS and
related neuropathy as patients.*"*"** In contrast, the
association of IgA and IgG MGUS is coincidental
rather than causative.”’?"** We found widespread
and homogeneous enlargement of multiple nerves
in both IgM neuropathy and CIDP.'” Only the nerve
ultrasound sum of nerve size in median nerves (fore-
arm and upper arm segments in both arms) showed
promise in distinction between IgM neuropathy and
CIDP, but additional studies are required to validate
this finding and evaluate whether it can complement
NCS. Although we investigated a relatively large
number of patients, we did not find differences in
nerve size between patients with antibodies to MAG
and those without antibodies to MAG, as has been
reported in previous studies.'®'? Contrary to a

268 Neuropathy Associated with IgM Monoclonal Gammopathy

previous MRI study in which there were no abnor-
malities at the cervical nerve roots in two patients
with exclusively axonal NCS features,'’ our study
showed widespread nerve enlargement in patients
with IgM neuropathy irrespective of NCS results (ie,
with both axonal and demyelinating features). This
may be explained by the elaborate sonographic pro-
tocol that evaluated more sites and by the lack of
objective cutoff values for abnormality in MRI.

There was no association between nerve conduc-
tion and sonographic variables. We could not cor-
roborate the previously found negative correlation
between nerve size and motor conduction velocity in
the of median and ulnar nerves of the forearm.'®
This lack of association between NCS and nerve
ultrasound is a more general observation in inflam-
matory neuropathies. For example, we have not
been able to find a correlation between nerve thick-
ening and focal NSC abnormalities (eg, CB).'”*
The disproportionate distal slowing that character-
izes IgM neuropathy was mnot reflected by
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predominant nerve thickening in distal nerve seg-
ments. The only possible exception was the sural
nerve. We found larger size (CSA) and absent SNAP
of sural nerves more frequently in IgM neuropathy
than in CIDP.? Furthermore, both conduction slow-
ing and sonographic nerve enlargement at entrap-
ment sites are frequent findings in IgM neuropathy
and indicate increased sensitivity for nerve entrap-
ment that adds to additional mechanisms of nerve
injury in IgM neuropathy.**

Sonographic findings show more similarities
between patients with IgM neuropathy and those with
CIDP compared with NCS findings and immune biol-
ogy. Predominant distal slowing is the hallmark of
IgM neuropathy, while multifocal abnormalities (con-
duction slowing or block) are more common in
CIDP. Furthermore, the underlying
mediated mechanisms probably differ with little or no
contribution of T lymphocytes in addition to ant-
bodies in IgM neuropathy, in contrast to CIDP in
which activity of T cells is more important.*>*® We
could speculate that IgM deposits are more pro-
nounced distally, for example, due to local differences
in MAG expression or accessibility and that this is
reflected in differential vulnerability of nerve seg-
ments with predominantly distal changes in myelin
and paranodal morphology and axonal loss.*”*® The
involvement of proximal nerve segments in IgM neu-
ropathy may alternatively predispose to (axonal) dys-
function that accumulates at the most distal segments
of the nerves.

How can we explain comparable sonographic find-
ings in IgM neuropathy and CIDP when other fea-
tures differ? It is possible that both humoral (IgM
neuropathy and CIDP) and cellular (CIDP)
immune-mediated mechanisms can cause disruption
of the myelin sheath that results in nerve thickening.
In IgM neuropathy, IgM deposits in the myelin
sheath, and binding to MAG and other glycoproteins
in myelin lamellae causes characteristic widening of
uncompacted myelin sheaths and segmental
demyelination-remyelination.'”**** In CIDP, intri-
cate and only partially elucidated cellular and
humoral responses are the main driving forces
behind onion bulb formation, neural infiltrates, and
edema.” All these processes apparently generate
focal thickenings in both disorders™ that can be
detected with ultrasound in nerves throughout their
length.

Limitations of our study are the cross-sectional
design and the inclusion of a subset of patients with
IgM neuropathy who had been treated for an average
of 3 years prior to investigation. Nerve size may vary
with disease activity and duration,*>*® which is why we
chose to include only treatmentnaive CIDP and
chronic axonal neuropathies without IgM MGUS as
controls. Our study provided no evidence of

immune-
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differences in nerve size between IgM neuropathy
patients with short and longer disease duration or
treatment status, so these factors are unlikely to have
influenced sonographic findings between groups.

In conclusion, IgM neuropathy is characterized by
widespread nerve thickening similar but not
completely identical to CIDP. Additional studies are
required to evaluate whether nerve ultrasound may
be a useful biomarker to monitor experimental treat-
ment effects in IgM neuropathy.
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