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Summary. An 85-year-old man with a 2-year history of
progressive lower limb weakness and paresthesia was
found to have an IgG kappa monoclonal gammopathy of
undetermined significance (mgus). Clinical and electro-
physiological studies revealed a severe distal bilateral
symmetrical polyneuropathy. A sural nerve biopsy
showed extensive nerve fibre loss with the deposition of
large amounts of amorphous material throughout the
endoneurium. Electron microscopy showed the deposits
to be composed of microtubular structures which were
located diffusely throughout the endoneurium. The
deposits were also located within the lumina of the vasa
nervorum, some of which were undergoing disintegra-
tion and rupture with release of the proteinaceous
material into the endoneurium. The regions of the nerve
in which they appeared most numerous showed more
severe nerve fibre damage than other arcas. These
microtubular structures were also observed in disinte-
grating vessels and adjacent endoneurium. On immuno-
histochemistry they stained with antibody to IgG.
Identical deposits were found in the dermis in which
there was a leucocytoclastic vasculitis. Located in linear
arrays within the axons of myelinated and unmyelinated
fibres were highly organised tubular structures resem-
bling immunotactoids. Identification of immunotactoid-
like structures within the nerve is unique and may be
another mechanism by which monoclonal proteins can
induce nerve fibre injury.
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Detection of monoclonal proteins in patients with
neuropathy may lead to discovery of an underlying
disease such as multiple myeloma [14], amyloidosis [18],
Waldenstroms macroglobulinaemia [13], mgus [15] or
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lymphoma [36]. The exact relationship between the
presence of these proteins within the serum and the
development of a neuropathy is not fully resolved [6].
Numerous pathogenic mechanisms have been proposed
to account for the neuropathy associated with mono-
clonal proteins including immunological [8, 9, 19, 21, 23,
27], ischaemic [7, 26}, hyperviscosity [1]; and the effects
of amyloidosis [3, 18], and physical compression of the
nerve. by the abnormal protein [7, 34, 37]. Direct
visualisation of such large amounts of material within
the endoneurium is unusual and has only been previous-
ly reported in a few cases [34, 35, 37].

Immunotactoid glomerulopathy is a recently recog-
nised pathological entity [16, 29] characterised histolo-
gically by the deposition of organised microtubular
structures within the mesangium and capillary basement
membrane of the glomerulus. These structures, measur-
ing between 12-49 nanometers in diameter [16], appear
to be composed of immunoglobulin and complement
and are larger than, and do not stain for, amyloid. The
identification of these immunotactoid-like structures
within the axons of myelinated and unmyelinated nerve
fibres, together with the abnormal protein within the
endoneurium may help to explain the development of
the neuropathy in this patient with mgus.

Case report

An 85-year-old man first presented in 1989 with a 1-year history of
progressive weakness, dysesthesias, and numbness in his lower
limbs. He also had a rash involving his lower limbs and pain in his
hands and feet without joint swelling. Neurological examination
detected bilateral, symmetrical weakness and atrophy of the distal
limb miusculature, areflexia, and hypoesthesia for pin prick, light
touch and temperature in a sock distribution. Vibration and
proprioception were absent up to knee level. Upper limb exami-
nation revealed some mild, distal weakness and sensory loss
involving his hands. Cranial nerves were normal.

Serum protein immunoelectrophoresis detected a monoclonal
IgG kappa paraprotein. Quantitative immunoglobulin assay
showed a slightly raised IgG at 1700 mg/100 ml (normal 723-1685
mg/100 ml) with normal levels of IgM and IgA. Electrophoresis of



the cerebrospinal fluid (CSF) detected a monoclonal IgG kappa
band, routine analysis of the CSF including protein and glucose
concentration and white cell count was normal. Complement
studies revealed mild activation of complement with a Cd4/C4 ratio
equal to 1.4 (normal = 0-1.1 vern units). Electromyography
showed mild to moderate chronic denervation in the distal lower
limb muscles; the proximal lower limb and upper limb muscles were
normal. There was a small reduction in motor nerve conduction
velocity in the lower and upper limbs, with the left median motor

Fig. 1A-D. Light microscopic changes in the sural nerve biopsy. A
Transverse section showing a generalised reduction in myelinated
nerve fibres and many abnormally small and dystrophic fibres. A
regenerating cluster is seen (arrow). X310. B Transverse section
from a fascicle showing amorphous proteinaceous deposits in the
endoneurium (arrow). In contrast to A there is a paucity of
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nerve conduction velocity = 44 m/s (normal = 49 m/s) and left
peroneal nerve conduction velocity = 44 m/s (normal = 44-88
m/s). There were absent sensory nerve responses in the lower and
upper limbs. The following laboratory investigations were normal:
full blood count and differential, erythrocyte sedimentation rate,
urea and electrolytes, urinalysis including examination for light
chains, chest radiograph, full connective tissue screen, vita-
min B12, CT of brain and thorax, skeletal bone survey, magnetic
resonance imaging of cervical and thoraco-lumbar vertebrae, and a

myelinated fibres and no regenerating fibres are seen. Vessels are
fewer than expected and are surrounded by endoneurial macro-
phages. Note the large number of macrophages in the subperineu-
rial region. x245. C, D Immunohistochemistry with antibody to
IgG showing positive staining in the subperineurial region (C) and
in an adjacent epineurial blood vessel (D). C x295; D %200
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cryoglobulin screen. The clinical diagnosis at the time was a mixed
sensory motor distal polyneuropathy.

Over the next 24 months his neuropathy progressively wors-
ened; he was not able to walk unaided, and suffered from
incapacitating painful dysesthesias involving both his upper and
lower limbs. A 3-month course of oral steroids made no sympto-
matic or clinical improvement to the neuropathy. The results of
electromyographic and nerve conduction studies showed further
deterioration with evidence of acute and chronic denervation
involving the upper limb muscles, and with motor nerve conduc-
tion velocity of the left median nerve was reduced to 29 m/s. There
were no motor responses in his lower limbs. During this period,
repeated radiographs and bone marrow aspirates for a plasma cell
dyscrasia were negative. Two further tests for cryoglobulins were
negative. Immunoelectrophoresis continued to detect a mono-
clonal IgG kappa band in the serum and CSF. He had two more
acute attacks of the maculopapular skin rash which did not respond
to the oral corticosteroids or to a course of dapsone. He developed
severe flexion contractures of the hands and feet. Sural nerve and
skin biopsies were performed.

Methods

A sural nerve biopsy was taken from just above the lateral
malleolus and processed for light and electron microscopy. Mate-
rial used for light microscopy was fixed in formalin, while tissue to
be processed for electron microscopy and nerve fibre teasing was
fixed in 2.5 % phosphate-buffered glutaraldehyde and embedded
in araladite resin. Myelinated fibre density and mean axonal
size-frequency histograms were obtained using techniques pre-
viously described [5]. Immunohistochemistry was performed on
paraffin sections using anti-IgG, anti-IgM and anti-IgA and
anti-kappa and anti-lambda light chain sera. The plasma obtained
by plasmapheresis was concentrated and processed for electron
microscopy after using dialysis to produce a concentrated sample.
A 4-mm punch biopsy was taken from the skin overlying the right
knee, part of which was frozen for immunofluorescence studies,
while the remaining tissue was placed in formalin and embedded in
paraffin sections. The skin processed for electron microscopy was
recovered from the paraffin-embedded sections.

Results

By light microscopy the nerve showed five medium-sized
and three small fascicles with varying degrees of fibre
loss. The epineurial and perineurial blood vessels were
markedly thickened but there was no epineurial vascu-
litis. The number of endoneurial blood vessels appeared
reduced. There was an extensive neuropathy with
marked depletion of myelinated fibres, increased
endoneurial connective tissue and accumulation of
macrophages (Fig. 1A, B). Scattered throughout the
endoneurium were large amounts of pale-staining,
amorphous material which was most marked in the
subperineurial region (Fig. 1B). This material did not
stain with either congo red or thioflavin T. Immunohis-
tochemistry showed extensive staining of the endoneu-
rium to IgG which was most marked in the subperineu-
rial region and around the vasa nervorum where the
accumulation of the amorphous material was greatest
(Fig. 1C, D). Axonal degeneration was widespread with
no evidence of primary demyelination. Axon size-
frequency histograms showed a loss of large- and
medium-sized myelinated fibres, with many of the

residual fibres 2—-3 um in diameter consistent with nerve
regeneration. Myelinated fibre densities varied between
those fascicles with and without deposits, 707/mm? to
5,744/mm? respectively, with an average value of
2,747/mm? (normal = 7,500-10,000/mm?) [10]. Teased
nerve fibre preparations did not show segmental demye-
lination.

By electron microscopy, the amorphous material
throughout the endoneurium was composed of straight
or slightly curved microtubular structures measuring
between 100-300 nm in diameter (Fig. 2A, B). The
tubular structures were most numerous in the subperi-
neurial region where they seemed to be contained by the
innermost layers of the perineurium. The endoneurial
areas where the deposition of this material was greatest
corresponded to the regions where the nerve fibre
damage was most severe with extensive loss of myeli-
nated fibres, increased connective tissue and numerous
Bungner’s bands (Fig. 3A). There was quite marked
infiltration of macrophages most notable in the subper-
ineurial region and also centered around the endoneu-
rial blood vessels (Fig. 1B). Macrophages could be seen
engulfing the tubular structures (Fig.3A). In some
instances, vascular profiles were observed with large
amounts of the tubular material within the lumen and
resting on the basal lamina (Fig. 4C-E). Vessels were
fewer than expected in the endoneurium and showed a
variety of reactive (Fig. 4A) and degenerative (Fig. 4B)

Fig. 2. Electron micrographs showing nerve (A, B) and skin
(C-E). A The subperineurial space is filled by tubular electron-
dense deposits, interspersed amongst which are islands of collagen
fibrils. The deposits are contained by the inner layers of the
perineurium and correspond to the amorphous, proteinaceous
material observed in Fig. 1B. Note the absence of perineurial cells
between opposing layers of redundant basal lamina. x13,300. B
High-power view of the subperineurial region showing transverse
and longitudinal profiles of the tubular material which on trans-
verse section can be seen to consist of single, bi- and trilayered
tubules measuring 150-300 nm in diameter. The location of these
deposits also corresponds to the antibody positivity by immuno-
histochemistry. A single collagen fibril can be identified in the
center of the illustration. X27,500. C-E Skin. C Electronmicro-
graph showing identical tubular material to that seen within the
nerve present within the dermis. The tubular material appears to be
forming from the edges of the electron-dense material in the
dermis. x20,000. Inset: The plasma precipitate has a fibrillary
structure similar to the dermal deposit. xX10,400. D The tubular
material can be seen forming at the edges of the electron-dense
deposit. x23,000. E High-power view of the tubular material in the
dermis showing it to be identical to that seen within the nerve.
x32,500

Fig. 3. A A macrophage (M) can be seen engulfing the tubular
structures some of which have been partially internalised (arrow).
Tubular material which is in intracytoplasmic vacuoles (V) is less
easily recognised. A large lipid droplet (L) is present within the
cytoplasm of an unmyelinated fibre which also has immunotactoid-
like material within its axons. All of the unmyelinated fibres in this
field contain immunotactoid-like material. Situated in the center of
this field is a Bungner’s band (B) characterised by opposing
Schwann cell surfaces enclosed by the basal lamina of a preexisting
nerve fibre. X24,000. B Inset: Dystrophic axon with tightly packed
intraxonal organelles, reactive mitochondria and numerous lyso-
somes. X5,600
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changes. Microangiopathic changes included enlarge-
ment of endothelial cells (Fig. 4A) with accumulation of
filaments and lipid inclusions (Fig. 4B). In some disin-
tegrating vessels, large gaps appeared between endothe-
lial cells, bringing the deposits into direct contact with
basal lamina. The proteinaceous deposits were noted on
either side of the basal lamina consistent with leakage
into the interstitium (Fig. 4C-E). Arranged in linear
arrays within the axons of myelinated and unmyelinated
fibres were distinct tubular structures resembling immu-
notactoids, each having a central core and all measuring
40 nm in diameter (Fig. SA). They were larger than
microtubules and were not observed free within the
endoneurium or within the walls or lumina of endoneu-
rial capillaries. The myelinated fibres containing these
structures showed axonal pathology with retraction of
the axon away from an intact myelin sheath, and closely
packed intra-axonal organelles (Fig. SA). More severe
damage was also seen with axonal degeneration and
secondary collapse of the myelin sheath (Fig. SA, inset).
There was no evidence of demyelination or widened
myelin lamellae.

The skin biopsy was diagnosed as leucocytoclastic
vasculitis and showed an inflammatory process involving
the dermal blood vessels and marked polymorphonu-
clear infiltration in the dermis especially around the
dermal blood vessels. There was extensive staining with
periodic acid-Schiff-positive material throughout the
dermis. Immunofluorescence revealed extensive non-
specific staining of the skin with antibodies to IgG, IgA,
IgM, complement and fibrinogen. By electron micro-
scopy tubular profiles of identical dimensions to those
observed in the endoneurium were also found in the
dermis (Fig. 2C-E). These structures appeared in the
dermal interstitium and were concentrated in perivascu-
lar areas which were also the site of inflammatory
changes. No immunotactoid-like structures were seen
within the biopsy. In some areas of the dermis there were
large amounts of electron-dense material, from the
edges of which the tubular structures appeared to be
undergoing formation (Fig. 2C, D). Electron microsco-
py of the plasma revealed masses of material similar to
the electron-dense material observed within the dermis
and occasionally tubular material similar to that seen
within the dermis and endoneurium (Fig. 2C inset).

Fig. 4A-E. Stepwise progression of the observed vascular injury.
A A reactive vessel with marked endothelial cell enlargement.
%x6,200. B Degenerating vessel with lipid inclusions (arrow) within
the cytoplasm of the endothelial cells. The tubular proteinaceous
material is seen surrounding this and the above vessel. x7,500. C
Endoneurial blood vessel with large amounts of the tubular
material clearly visible within the lumen. The vesselis only partially
lined by endothelium (no endothelium is seen in the upper right
hand portion) and interendothelial tight junctions are absent
(arrow). x8,600. D A endoneurial vessel with vestigial remains of
the endothelial cells and nearly complete exposure of the basal
lamina. x9,000. E Higher-power illustration of a portion of a vessel
in which no endothelial lining was observed. Tubular material can
be clearly seen within the lumen of this vessel and outside of the
vessel in the adjacent endoneurial interstitium. X 16,000

Discussion

In this case, we describe unusual electron microscopic
findings in a patient with an IgG kappa monoclonal
gammopathy of undetermined significance (mgus), who
has a neuropathy and a skin vasculitis. Clinically and
electrophysiologically there were indications of a severe
symmetrical polyneuropathy. This was confirmed histo-
logically, with a marked reduction in myelinated fibre
number, numerous dystrophic axons, and many axons
which had retracted away from their myelin sheath.
Immunotactoid-like structures were located within
many of these axons (Fig. 5A). Fascicles containing the
amorphous deposits and immunotactoid-like structures
had fewer nerve fibres and vessels than adjacent fascicles
in which the deposits were not observed (Fig. 1A, B).
Extensive deposition of tubular proteinaceous material
was identified within the endoneurium and dermis
(Fig. 2A-E). This proteinaceous material appeared to
be derived from the serum, as the masses of electron-
dense proteinaceous material seen within the dermis
had the same morphological appearance as that of the
plasma precipitate and appeared similar to the material
escaping from the damaged endoneurial blood vessels
into the nerve interstitium. Interestingly, the tubular
structures appeared to be forming from the edges of this
material in the dermis (Fig. 2C, D). Immunohistochem-
ically the tubular material was identified as IgG, or an
IgG-related material. There was a marked reduction in
the number of endoneurial blood vessels with many of
the remaining vessels undergoing active disintegration
and rupture, with release of the proteinaceous material
directly from the blood into the endoneurium
(Fig. 4C-E). Incidence of fibre damage appeared to
correlate with the presence of immunotactoids
(Fig. 5A) and vascular damage appeared to correlate
with fibrillary tubular deposits in the endoneurium
(Fig. 4A-E).

Direct ultrastructural demonstration of endoneurial
immunoglobulin deposits is uncommon, and to date
there have only been a few documented examples |27,
31, 34, 35, 37]. Extensive granulo-fibrillary endoneurial
IgM deposits were seen by Yee et al. [37] in a case of
mgus associated with mononeuritis multiplex. These
deposits were scattered diffusely throughout the endo-
neurium and seemed to be contained by the inner layers
of the perineurium. They suggested that compression of
endoneurial capillaries by the large amounts of protein
could lead to ischaemic damage and might be one of the
factors contributing to the neuropathy. Endoneurial
deposits in association with cryoglobulins have been

Fig. 5. A Abnormal nerve fibre with immunotactoid-like stiuc-
tures all measuring 40 nm in diameter arranged in a linear fashion
inside the axon which is retracting away from its myelin sheath. The
larger endoneurial tubular deposits can be seen surrounding the
nerve fibre. x32,000. B, C High-power view showing immunotac-
toid-like structures within the axons of unmyelinated fibres. Both
fibres contain darkly staining mitochondria. B x40,000; C
x55,400
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seen ultrastructurally on two occasions. Vallat et al. [34]
noted microtubular, endoneurial deposits in a patient
with an IgG kappa monoclonal protein, which were
distributed diffusely throughout the endoneurium and
within the walls and occasionally in lumina of the vasa
nervorum. They proposed an ischaemic mechanism to
the neuropathy as a result of monoclonal cryoglobulins
occluding the vasa nervorum. In a nerve biopsy from a
patient with a monoclonal IgM kappa cryoglobulin,Vital
et al. [35] noted tubular endoneurial deposits measuring
50 om in the walls of the vasa nervorum but not in the
lumina. They noted, as we did, a direct correlation in
fascicles between the amount of the proteinaceous
deposit and the severity of the neuropathy. In this case,
ultrastructural examination of the serum cryoprecipitate
revealed a similar tubular structure to that seen within
the endoneurium which suggested to them that the
deposit was the circulating cryoglobulin. Sherman et al.
[31] and Quattrini et al. [27] in their cases of neuropathy
associated with monoclonal proteins both observed
amorphous material scattered throughout the endoneu-
rium; this material was of smaller dimensions than in our
case or the cases mentioned above.

The specific mechanisms involved in the pathogenesis
of our patient’s neuropathy remains unclear. In the
literature concerning abnormal deposition of protein in
peripheral nerve two mechanisms are cited. Firstly,
damage to vessels can occur, for example, in cases of
familial amyloid polyneuropathy in which there is
electron microscopic (EM) evidence of amyloid within
the endoneurium [7], oedema and nerve fibre loss are
present and ischaemia has been implicated in the
pathogenesis of the neuropathy. Ischaemia, possibly
contributing to neuropathy, could have been caused by a
number of factors in our case; the observed endothelial
cell proliferation, leading to narrowing of the lumina of
the vasa nervorum, may impair nerve blood flow.
Occlusion or narrowing of the lumina of the endoneurial
capillaries could be caused by either external compres-
sion of the walls of the capillaries by the abnormal
protein, or secondary to accumulation of the protein
within the actual lumen. The observed reduction in the
number of endoneurial capillaries and evidence of
damage to the remaining vessels could result in ischaem-
ia secondary to a reduction in endoneurial blood flow
and may help explain cases of axonal neuropathy in
which there are no antibody-mediated mechanisms.
Secondly, in demyelinating neuropathies associated with
monoclonal gammopathy, EM evidence of widened
myelin lamellae precedes demyelination and comple-
ment consumption appears to play a critical part in the
process [28]. Both these mechanisms have been pro-
posed by other authors [7, 26, 34, 37] to explain the
development of the neuropathy and may be relevant to
this case.

In some previous cases with monoclonal proteins and
neuropathy, immunological mechanisms have been pro-
posed to account for the neuropathy [8, 9, 19, 21, 23, 27].
It has been shown for example that the monoclonal
protein can bind to a carbohydrate determinant that is
shared by myelin-associated glycoprotein (MAG) [21],

and other glycolipids and glycoproteins [8] in peripheral
nerve, leading to demyelination and/or widened myelin
lamellae as a result of the protein binding to the myelin
sheath. Recently, it has been demonstrated that in some
patients with anti-MAG paraproteins the protein not
only reacts with MAG but can also react with sulfatide, a
major acidic glycoprotein of peripheral nerve myelin [9].
Furthermore, various paraproteins, including IgM and
IgG, can bind to nerve constituents including chondroi-
tin sulfate C and axonal proteins, and thereby possibly
cause an axonal neuropathy by disruption of cellular
processes such as axonal transport [11, 12, 23,27, 31]. In
one of these patients, the abnormal protein was IgG
kappa as in our case. The authors demonstrated that the
monoclonal protein bound to a low molecular weight
neurofilament protein and suggested that this may have
played a role in causing the axonal neuropathy [23]. The
ultrastructural identification of immunotactoid-like
structures within the axons of a patient with mgus and
peripheral neuropathy is unique and may suggest anoth-
er mechanism by which monoclonal proteins can induce
nerve injury. These structures within the axons of
myelinated and unmyelinated fibres could cause nerve
fibre injury either by complement binding within the
axon or, secondary to binding of various axonal consti-
tuents, disrupt axonal flow inducing axonal dystrophy
and nerve fibre loss.

The term immunotactoid glomerulopathy has recent-
ly been introduced by Korbet et al. 1985[16], to describe
a distinct histological entity in renal pathology which
was first reported by Rosenmann et al. in 1977 [29]. To
date, approximately 60 cases have been reported [17].
By electron microscopy immunotactoid glomerulopathy
is characterised by the non-random deposition within
the glomerulus of highly organised ultrastructural micro-
tubular deposits which appear to be composed predom-
inately of immunoglobulin and complement. Korbet
[16] used the term immunotactoid to describe these
microtubular structures, stressing the organised orienta-
tion of the deposits and their immunoglobulin content.
They may be of different lengths, depending on the
degree of curvature, and their diameter is constant in
cach individual tissue sample but varies from case to
case, with a range cited to be between 11 and 49 nm
(mean value of 18-22 nm). The renal lesion is confined
to the glomerulus in most examples, and its severity
seems to be correlated with the amount of tactoidal
material present within the glomerulus [16, 17]. The
principal findings are mesangial cell thickening and
thickening of the glomerular capillary basement mem-
brane, which may be focal or diffuse. Staining for
amyloid is negative in all cases. On immunofluorescence
the principal finding is immunoglobulin deposition in a
pattern that precisely reflects the distribution of the
immunotactoids by electron microscopy.

Neither the exact physiochemical properties nor the
precise reason why these structures form is known, but is
thought to be the result of immune complexes or
monoclonal proteins which have strong intermolecular
attractions and that, in an appropriate osmotic environ-
ment, undergo tactoidal generation (i.e. abnormal pro-



tein crystallisation to form these microtubular struc-
tures) [16]. Flory [4] has shown that biopolymers
randomly orientated in a liquid medium can evolve into
an organised liquid crystal phase when the concentration
of the medium is increased, such as may occur at the
filtration surface of the kidney. However, as normal
immunoglobulins under normal physiological condi-
tions do not undergo tactoidal formation readily [32], it
is possible that the immunoglobulins which do are
abnormal in some way; for example, a monoclonal
protein or a combination of immunoglobulin and com-
plement (i.e. immune complexes). Why they developed
within the nerve in our patient is unknown, but two of
the variables which seem to be needed for immunotac-
toid formation, i.e. an abnormal protein and activation
of complement, were present. It is conceivable that once
the abnormal protein is within the axon it may combine
with complement to form immunotactoids. The large
amount of protein within the endoneurium and the
unique microenvironment of peripheral nerve [22],
which lacks lymphatic drainage, may have initiated
osmotic changes leading to a favourable environment for
tactoidal generation. The marked shrinkage of axoplasm
noted in many of the fibres supports this possibility.

Initial reports of immunotactoid formation were
limited to the kidney [16, 17]. However, with increased
reporting of cases involving immunotactoids, questions
arose as to whether they were in fact solely restricted to
the kidney or part of a systemic disease process. In two
previous accounts of immunotactoid glomerulopathy
[24, 30], the patients also developed a leucocytoclastic
skin vasculitis around the same time as they developed
the renal pathology. No immunotactoids were identified
in the skin biopsies on electron microscopy; however, in
one instance large immune deposits were detected in and
around small blood vessels in the skin. Both authors
proposed that circulating immune complexes might be
responsible for both disease processes, and the reason
tmmunotactoids were identified within the kidney and
not the skin in these patients is that crystallisation of
immune deposits in both tissues is different. A recent
case report documented immunotactoid formation with-
in the alveolar-capillary interstitium of the lung and
kidney in a patient suffering from renal failure and
pulmonary haemorrhage [20]. That was the first time
they were detected in an extrarenal location and the
authors suggested that the identification of these struc-
tures within two different organs was possibly related to
a circulating factor.

We now report their presence in a second extrarenal
location (i.e. peripheral nerve). The possibility that the
immunotactoid formation in this case is related to a
circulating factor is likely, as it seems probable that they
are derived from the large amounts of immunoglobulin
within the endoneurium, which we have also identified
within the dermis and the endoneurial blood vessels. The
concurrent onset of the two disease processes (neuropa-
thy, dermatitis), is also likely to be as a result of the
circulating abnormal protein. Two courses of plasma-
pheresis led to a marked improvement in the patient’s
dermatological condition, which prior to this had failed
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to respond to oral medication. This success of plasma-
pheresis in refractory cutaneous vasculitis has been
documented before [33]. Improvement in neurological
symptoms would require plasmapheresis of longer dura-
tion [2] and in this case with advanced fibre damage
(Fig. 1B) offers little prospect for substantial clinical
improvement.

In previous electron micrographic studies [25] of
paraproteinaemic neuropathy, endothelial proliferation
and other microangiopathic changes have been
described [26, 37], and damage to vessel walls can be
inferred from observations of leakage of large molecular
weight proteins into the endoneurium [34, 35, 37]. Our
ultrastructural evidence of severe vascular damage
secondary to the abnormal protein, leading to extravas-
ation of this protein into the endoneurium, provides an
unusual structural demonstration of the mechanism
whereby the protein enters the endoneurium. This
coupled with the unique identification of immunotac-
toid-like deposits within the nervous system may help to
further explain mechanisms by which monoclonal gam-
mopathies can lead to the development of neuropa-
thies.
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