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Abstract 

Introduction. A number of paraproteinemic polyneuropathy is directly linked to the monoclonal gammopathy of 

undetermined significance (MGUS). One of the first manifestations of MGUS in addition to the secretion of monoclonal 

immunoglobulin, and long before the manifestation of malignancy is polyneuropathy. The objective of the study: To 

evaluate the efficacy of human immunoglobulin therapy in order to correct signs of peripheral neuropathy associated 

with MGUS. Materials and Methods. 16 patients with MGUS-associated polyneuropathy aged 53–78 were examined. 

Patients underwent a course of infusion therapy with human immunoglobulin in the dose of 0.4 g/kg for 5 days. Results. 

A decrease in symptoms of sensory component of neuropathy, neuropathic pain and sensitive ataxia was observed, which 

was confirmed by electroneuromyography and posturography data, a Lovett scale grade, Neuropathy Disability Score, and 

the Pain detect questionnaire data. The motor component of polyneuropathy had more persistent symptoms. Conclusion. 

Treatment with human immunoglobulin is effective in reduction of neuropathic pain and sensory ataxia and in increase of 

superficial and deep sensation, while the motor component of polyneuropathy had more persistent symptoms.
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Introduction

Paraproteinemic polyneuropathies (PP) com-
prise 30% of cases of various chronic inflamma-
tory demyelinating polyneuropathies and 5% 
of all known polyneuropathies [1, 2]. Peripheral 
neuropathies induced by paraproteinemia usu-
ally develop secondary to  paraproteinemia that 
include such diseases as multiple myeloma (MM), 
solitary plasmacytoma (SP), Waldenstrom macro-
globulinemia (WM), etc. The pathogenic mecha-
nism of paraproteinemia is based on the secretion 
of monoclonal immunoglobulins (paraproteins). 
The source of tumor growth in paraproteinemia 
is a B lymphocyte. It has been confirmed that 
neoplastic transformation takes place at the level 
of B cell precursors (they retain the ability to dif-
ferentiate into immunoglobulin-producing cells: 
lymphocytes or plasma cells). A clone of neoplas-
tic B cells produces immunoglobulins that are 
homogeneous in their immunochemical proper-
ties (paraproteins). Peripheral nerve damage that 
manifests itself as sensory, sensory-motor, or motor 
signs of polyneuropathy is the most common 
paraneoplastic disorder of the nerve system in 
paraproteinemias. Paraprotein is a monoclonal 
serum protein (M-protein) that is produced by a 
proliferating clone of plasma cells. Clonal pro-
liferation can be neoplastic or non-neoplastic in 
nature. M-protein is usually an immunoglobulin 
(IgM, IgG, IgA, or IgD) [2, 3]. Monoclonal Ig can 
act as an antibody against myelin or axolemma 
components. Some PPs are directly related to 
monoclonal gammopathy of undetermined sig-
nificance (MGUS), which often precedes the 
development of cancer. Landgren O., Kyle R. A. et 
al. in their retrospective study of 213 patients with 
IgM-MGUS noticed a high risk of MGUS progres-
sion to MM (68%), WM (11%), or lymphoma (8%) 
[4, 5]. One of the first symptoms of MGUS, apart 
from the production of a monoclonal immuno-
globulin long before any signs of malignancy, is 
PP, whose clinical signs often precede the main 
oncological disease by 3–5 years [6, 7]. The mech-
anism leading to nerve tissue damage in MGUS is 
mediated by the production of myelin-associated 
glycoprotein (MAG). Development of anti-MAG 
antibodies results in nerve damage and predomi-
nantly demyelinating neuropathy [8]. The basis 

of pathogenic damage to peripheral nerves in PP 
is the toxic effect of a monoclonal paraprotein. 
Currently, PP treatment, especially in the case of 
MGUS, is based on symptoms. At the advanced 
stages of malignant processes with paraprotein-
emia, chemotherapy is usually used. However, it 
is limited due to its neurotoxicity. There are some 
data on the efficacy of human immunoglobulins 
and rituximab in PP associated with MGUS [9, 
10]. The lack of clear criteria for the diagnosis of 
PP associated with MGUS and the absence of rou-
tine and standardized diagnostic and therapeutic 
approaches for this polyneuropathy imposes sig-
nificant difficulties in real practice.

Study Objective

To evaluate the efficacy of human immunoglobu-
lin in order to correct signs of peripheral neuropa-
thy associated with MGUS.

Materials and Methods

A total of 16 patients with paraproteinemia and 
clinical signs of paraproteinemic peripheral neu-
ropathy were examined. The patients were aged 
53 to 78 years, where 5 of them were women 
(31.25%) and 11 were men (68.75%). The median 
age was 64 years. The median period between 
the diagnosis and the patient enrollment to the 
observation was 11 months (1 to 48 months). All 
included patients had clinical signs of peripheral 
neuropathy, which were confirmed by neuro-
logical examination and electroneuromyography 
(ENMG). The paraproteinemic nature of periph-
eral neuropathy was confirmed by the presence 
of paraproteins (M-gradient) in patients’ blood 
(the mean concentration was 6.8 g/L), elevated 
kappa- or lambda-chain levels in serum and 
urine, albuminocytologic dissociation in the cere-
brospinal fluid, and exclusion of other causes of 
polyneuropathy.
PP associated with MGUS was diagnosed based 
on the common MGUS diagnostics criteria (pro-
posed by the experts from Anderson Cancer 
Center in the USA) [11]: M-component: IgG of 
less than 30 g/L, IgA of 10 g/L, light chains in 
the urine of less than 1 g/L, plasma cells in the 
bone marrow biopsy sample of less than 10%, 
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proliferative index of plasma cells of less than 1%, 
no destruction lesions or bone tissue damage on 
X-rays and MRIs, and no kidney failure, hyper-
calcemia, anemia, bone pain, or extramedullary 
lesions.
Comprehensive evaluation of neurologic and 
functional deficiency in PP patients included 
the following: muscle strength, superficial (pain, 
temperature) and deep sensitivity (vibration, 
position sense), assessment of subjective signs 
of polyneuropathy (complaints of numbness, 
burning sensation, paresthesias, and other symp-
toms). A six-grade Lovett scale was used to assess 
muscle strength [12]. Vibratory sensation (VS) was 
assessed using a graded tuning fork (C128 Hz) 
in accordance to Rydel-Seiffer, from 0 to 8 units. 
The tuning fork was placed on standard points of 
prominences of the radial bone as well as on the 
dorsum of the great toe, ankle, and shin. VS was 
measured three times at each point, and the mean 
value was then calculated based on these mea-
surements. The obtained parameter was expressed 
in the graded tuning fork units. ENMG was per-
formed using Viking IV and Viking Select devices, 
in supine position, both before the initiation of 
treatment and one month afterwards. To mea-
sure the conduction velocity in motor and sen-
sory fibers of peripheral nerves, we stimulated the 
median, radial, ulnar, tibial, peroneal, and sural 
nerves. The indicators specified in the Laboratory 
Reference for Clinical Neurophysiology (Jay A. Liven-
son, Dong M. Ma, 1992) were used as the normal 
values of ENMG [13]. Patients with PP were tested 
using the Neuropathy Disability Score (NDS) in 
order to produce a comprehensive assessment 
of neurological deficiency [14]. The severity of 
PP was assessed by testing the threshold of four 
sensitivity types (touch, pain, temperature, and 
VS) and studying reflexes (patellar and Achilles 
reflexes) using internationally-accepted standard-
ized tests for peripheral sensory motor neuropa-
thy. To assess the thresholds quantitatively, each 
sensitivity type (touch, pain, temperature, VS) was 
assigned points (0 to 5) depending on the severity 
of damage. An algorithm was developed to convert 
VS damage from relative units to points. Reflex 
damage was also expressed as numerical score in 
terms of points (0 to 2). The sum of mean values 
for each sensitivity type on two limbs and the sum 

of values for each 4 reflexes provided an insight 
to the presence or absence of peripheral neuropa-
thy. A total score of 1 to 4 points indicated mild 
peripheral neuropathy. A score of 5 to 13 points 
indicated moderate neuropathy, and one of 14 to 
28 points indicated severe neuropathy.
The Pain Detect questionnaire was used to evalu-
ate neuropathic pain [15, 16]. The Pain Detect 
questionnaire is completed by a physician and 
combines a picture with a visual analogue scale 
for pain distribution and a questionnaire aimed at 
detecting spontaneous and stimulated symptoms 
of neuropathic pain. The Pain Detect question-
naire also makes it possible to assess the charac-
ter of pain: continuous, paroxysmal pain, or both, 
etc. A Pain Detect score of 0 to 12 points indicates 
low probability of neuropathic pain (less than 15% 
probability), one of 13 to 18 points indicates an 
undetermined result with possible neuropathic 
component, and one of 19 to 38 points indicates 
a high probability of neuropathic pain (more than 
90% probability).
Peripheral neuropathy was determined based on 
diagnostic and polyneuropathy criteria identi-
fied by Dyck P. J., 1998. These diagnostic criteria 
included the following: 1. Impulse conduction in 
motor and sensor nerve fibers; 2. Findings of neu-
rologic examination; 3. Quantitative tests of motor, 
sensor and autonomic functions; 4. Presence of 
symptoms (subjective signs) of polyneuropathy. 
If the patient met less than two of these criteria, 
this indicated the absence of polyneuropathy [11].
Before and after a course of treatment, each patient 
underwent a stabilometric test on a ST-150 plat-
form with biofeedback (BF). ST-150 stabilometric 
testing (Figure 1) was performed on days 1 and 
14 of observation. After a preliminary test of bal-
ance on a stabilometric platform using a classic 
variant of the Romberg Test, according to both 
open-eyed and close-eyed procedures and with 
plotting of statokinesiograms, the data were pro-
cessed in Stabip software, including the calcula-
tion of the Romberg ratio (RR), which is a parame-
ter that characterizes the relationship between the 
visual and proprioceptive systems. RR is defined as 
the percentage (%) ratio of the area of a statokine-
siogram obtained with open eyes to that obtained 
with closed eyes [17]. The mean normal values of 
RR lie between 150% and 300%.
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All patients received daily intravenous infusions 
of 0.4 g/kg of human immunoglobulin with pre-
medication consisting of intramuscular injection 
of Analgin 50% — 2.0 ml and diphenylhydramine 
1% — 1.0 ml.
Standard statistical methods were applied. Statisti-
cal analysis included calculation of mean values, 
standard errors (error of mean), analysis of vari-
ance (standard deviation), and parametric t-test, 
which is a confidence parametric coefficient; p is 
value (for 95% confidence interval it is equal to: 
1 – 0.95 = 0.05) [18], p < 0.05 was considered sig-
nificant. To evaluate the efficacy of the developed 
diagnostic and therapeutic combinations, we 
used the following parameters: method sensitiv-
ity, specificity and accuracy (diagnostic accuracy, 
diagnostic efficiency).

Results and Discussion

Before treatment with human immunoglobulin, 
the mean NDS score in the study group was 16, 
indicating severe neuropathy. According to a com-
prehensive assessment of neurologic status, 43.6% 
of patients experienced a 25% drop in the muscle 
strength of their lower limbs, 24.07% of patients 
experienced no decrease in muscle strength, 16.6% 
of patients experienced a 50% decrease, 11.1% of 

patients experienced a 75% decrease, and 4.6% 
of patients experienced a decrease of more than 
75%. 62.5% of patients showed decreased Achilles 
and patellar reflexes, and 37.5% of patients expe-
rienced complete loss of deep reflexes in the lower 
limbs. According to a neurologic status assess-
ment that was performed before treatment, the 
VS in medial shin was 3.85 ± 0.34 (p < 0.001) in 
this group. The Pain Detect questionnaire showed 
a mean score of 26, which corresponds to a high 
probability of the neuropathic pain component 
(> 90%).
The most common complaints among patients 
with PP were loss of sensation and prickling in 
feet which coincided with the findings of the neu-
rologic examination, including a decrease and/or 
loss of deep reflexes and stocking and glove pat-
tern. It also confirms the findings of ENMG.
The ENMG before the initiation of treatment 
showed signs of diffuse damage to peripheral 
nerves (sensory motor polyneuropathy) predomi-
nantly in the lower limbs, with decreased ampli-
tude of M-response from the sural nerve down to 
3.36 ± 0.35 (p < 0.05) in all patients. Therefore, 
paraprotein-associated polyneuropathy in our 
patients was predominantly distal, sensory motor 
(with some predominance of sensory component) 
and axonal-demyelinating in nature.
According to preliminary testing on a ST-150 plat-
form, the mean RR was 670% (p < 0.05) (Table 1). 
The analysis in Stabip software included statoki-
nesiograms plotted based on Romberg test per-
formed using a stabilometric platform with open 
and closed eyes.
Statokinesiograms before neurorehabilitation 
showed significant impairment of balance with 
closed eyes (Figure 2), which indicated severe 
signs of sensory ataxia.
Therefore, symptoms of PP associated with 
MGUS are quite diverse and often have clinical 
similarities with chronic inflammatory demyelin-
ating polyneuropathy (CIDP) [19, 20]. Axonal 
damage of peripheral nerves, thin non-myelin-
ated fibers, and multiple asymmetric mononeu-
ropathy syndrome are less common. One of the 
typical clinical signs of PP associated with MGUS 
is the presence of severe impairment of superfi-
cial and deep sensitivity manifesting as numb-
ness and paresthesia of the limbs, loss of balance 

Figure 1. Force plate ST-150
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and stability when walking, which are sometimes 
accompanied by pronounced neuropathic pain 
syndrome [15, 19, 21].
After the treatment, the parameters were as fol-
lows: NDS score was 14, VS from the medial shin 
was 4.45 ± 0.20 Rydel-Seiffer units (p < 0.001), RR 
was 560% (p < 0.05) (Figure 3), mean amplitude of 
M response from the sural nerve was 3.46 ± 0.43 
(p < 0.05) (Table 1). The mean Pain Detect score 
after treatment was 22, indicating a decrease in 
neuropathic pain.
According to data from the literature, treatment of 
PP with MGUS uses standard procedures adopted 

for CIDP [21, 22, 23] despite the presence of 
paraproteinemia. However, corticosteroids were 
found to be effective in only 30% of cases of PP 
with MGUS. Oral or intravenous chemothera-
peutic alkylating agents proved themselves to 
be effective in every second case, but their use 
is limited due to severe adverse effects, includ-
ing neurotoxicity. According to the conducted 
studies, intravenous immunoglobulins are effec-
tive in every fifth patient with PP associated with 
MGUS, and plasmapheresis are effective in every 
third one [21, 24]. In our case, the preferred treat-
ment option was intravenous administration of 

Figure 2. Examples of statokinesiograms in opened- eyes and closed-eyes phases

Table 1. Clinical and laboratory parameters changing in patients on therapy

Mean score 
before therapy

Mean score 
after therapy

Level 
of significance

Pallesthesia, UM 3,85±0,34 4,45±0,20 p<0,001

Mean amplitude of M-response 
from the sural nerve, mV

3,36±0,35 3,46±0,43 p<0,05

Romberg ratio, % 670 560 p<0,05
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human immunoglobulins. The choice of human 
immunoglobulin as the main method of phar-
maceutical therapy was based on the relative 
non-malignancy of MGUS, low concentration of 
paraprotein (less than 30 g/L), and relatively pro-
nounced damage to peripheral nerves with motor 
and sensory components where neurotoxic medi-
cations (such as cytostatic agents) would impose a 
risk of the development of toxic (post-cytostatic) 
polyneuropathy component. The main positive 
effect after treatment in our case was a decrease 
in the sensory component of polyneuropathy and 
reduced neuropathic pain as well as decreased 
sensory ataxia. The motor component of poly-
neuropathy was characterized by more persistent 
signs. No adverse reactions to human immuno-
globulin were recorded in our study.

Conclusion

Treatment of peripheral neuropathy associ-
ated with MGUS with human immunoglobulin 
(0.4 g/kg for 5 days) was effective in relation to 
decreased neuropathic pain and signs of sensory 
ataxia as well as improved superficial and deep 
sensitivity (as confirmed by ENMG data). The 
motor component of polyneuropathy associated 
with MGUS was more resistant to human immu-
noglobulin. According to several international 
studies [21, 24] and our study, therapy based on 
human immunoglobulin has proven itself to be 

safe for patients with PP that is associated with 
MGUS, and these patients have shown that they 
can tolerate the procedure. The treatment can be 
recommended as one of the preferred methods 
to correct for clinical signs of peripheral neurop-
athy in patients with paraproteinemia and who 
have a paraprotein level that does not exceed 
30 g/L.
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