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Myelinated fibres in human paravertebral sympathetic
chain: white rami communicantes in alcoholic

and diabetic patients
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SYNOPSIS White rami communicantes were studied quantitatively in patients with chronic
alcoholism or diabetes mellitus. The fascicular area of interganglionic segments of the paravertebral
sympathetic chain showed less variation than that previously reported for controls. Fibre densities
were higher in the patients than in controls of similar age and the percentage of small fibres in
alcoholics and diabetics is larger than in controls. Only 17% of fibres were larger than 5 utm in
diameter in the patients, whereas, in controls, 3300 of fibres were larger than 5 ltm in diameter. No
correlation between internodal lengths and fibre diameter was found in the patients who showed
uniformly short internodes averaging only about haif of internodal distances found in control
subjects. The uniformly short internodes are attributed to complete degeneration followed by partial
regeneration and are compatible with either Wallerian degeneration or a 'dying back' phenomenon.
The short internodal lengths should be reflected in slowed conduction velocities in white rami
communicantes and could account for abnormalities in baroreflex activity, sweating, and in visceral
dysfunction commonly seen in patients with chronic alcoholism or diabetes.

The importance of autonomic dysfunction in
patients with chronic alcoholism and diabetes
mellitus is widely recognized clinically but the
morphological correlates of these disturbances
have rarely been sought and the findings have
often been controversial. Some have suggested
that, in both alcoholism and diabetes, the meta-
bolic disturbances directly affect peripheral
nerves. This impression appears to be supported
by clinical observations that reflex and sensory
abnormalities can change with improvement in
the metabolic state of both alcoholics and
diabetics. In diabetic neuropathy objective evi-
dence of changes in motor conduction velocities
paralleling acute alterations in the metabolic
state have also been reported (Gregersen, 1968).
The metabolic theory implies impairment or
improvement of peripheral nerve function due to
a direct effect on Schwann cell metabolism.
Others have maintained that, at least in diabetic
patients, the pathological changes in blood
vessels of peripheral autonomic and somatic
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nerves are responsible for functional disturb-
ances (Woltman and Wilder, 1929; Fagerberg,
1959). This view is supported by the demonstra-
tion of progressive deterioration in function
which seems to parallel the duration of the dis-
order and the general correlation of disease in
other organs which is attributed to angiopathy.

Pathological changes in the autonomic peri-
pheral nervous system in alcoholic and diabetic
neuropathies include giant sympathetic neurones
(Appenzeller and Richardson, 1966), other
degenerative changes in the paravertebral sympa-
thetic chain, and neuromata of the post-gangli-
onic autonomic fibres around blood vessels and
other viscera. It was even suggested that so-
called diabetic angiopathy is a consequence of
primary damage to the vasomotor nerves lead-
ing to partial or complete denervation of blood
vessels with subsequent denervation super-
sensitivity (Budzilovich, 1970).
Autonomic function has been shown to

deteriorate with advancing years (Appenzeller
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and Descarries, 1964; Gross, 1970). The morpho-
logical correlates of this functional deterioration
with age have now been partially defined
(Appenzeller and Ogin, 1973). A reduction in
internodal lengths of white rami communicantes
in old age has been found. Wallerian degenera-
tion and segmental demyelination also occur and
regeneration of white rami communicantes does
not appear to keep pace with successive degenera-
tive events in older subjects. In the present study
quantitative measurements were made on white
rami communicantes from patients with alcohol-
ism or diabetes without clinically recorded
impairment of peripheral nerve or autonomic
function. The results were compared with
measurements obtained from control subjects of
similar age (Appenzeller and Ogin, 1973).

TABLE
CLINICAL DETAILS OF PATIENTS

Case Age (yr), Diagnosis Necropsy findings
sex

1 30 M Alcoholism Acute liver failure
2 31 M Alcoholism Nutritional cirrhosis, bleeding

oesophageal varices, massive
mediastinal haemorrhage

3 65 M Alcoholism Pneumonia
4 72 M Alcoholism Bronchopneumonia, chronic liver

failure, cirrhosis, septicaemia
5 59 F Diabetes Myocardial infarction, hyperten-

mellitus sive cardiovascular disease
6 61 F Diabetes Nephrotic syndrome, pneumonia

mellitus
7 64 F Diabetes Cerebral vascular accident, myo-

mellitus cardial infarction
8 68 M Diabetes Cerebral haemorrhage, pneumonia

mellitus
9 70 F Diabetes Congestive heart failure, dissemin-

mellitus ated intravascular coagulopathy,
ileus

METHODS

Preganglionic myelinated fibres from the inter-
mediolateral cell column enter the anterior roots
between T1 and L2 and some leave the roots as
white rami communicantes. They reach the sympa-
thetic paravertebral chain and course up and down
the chain or through it before synapsing on neurones
and on viscera or within the ganglia. These are the
myelinated fibres within the paravertebral sympa-
thetic chain which were examined in this and our
previous study (Appenzeller and Ogin, 1973). The
paravertebral sympathetic chain was taken at
necropsy from patients dying from the effects or
complications of chronic alcoholism or diabetes.
Review of hospital records during many previous
admissions showed no clinical evidence of peri-
pheral or autonomic nerve dysfunction. The age,
sex, diagnosis, and causes of death of the patients
are shown in the Table.
A specimen measuring 5 to 7 cm in length and

including the third to the fifth thoracic ganglia was
stretched over a piece of cardboard and air dried for
a few minutes before immersion in 10% formol-
saline. Post-fixation was carried out in 1% osmium
tetroxide for 24 hours. An interganglionic segment of
the paravertebral sympathetic chain was dissected
for examination and the tissue was embedded in
paraffin and sectioned at 4 ,um. The sections were
dehydrated, cleared, and mounted in Canada
balsam; cross-sections were photographed at a
magnification of x 10-5 for an overview, photographs
of representative areas of the cross-section were also
taken at a magnification of x 258. Fibre diameter
spectra were made after projecting the negatives onto
an aluminium screen through a film projector at a

final magnification of x 8,920. A planimeter was
used for measurement of fascicular area of the pro-
jected image at a final magnification of x 121.

Internodal length was measured on single fibres
teased from interganglionic tissue. The formalin
fixed samples were post-osmicated in 1% osmium
tetroxide solution for 24 hours. The tissue was then
washed in several changes of distilled water, buffered
at pH 1-5 to 2, and stretched lengthwise into finer
pieces. Samples were incubated in buffered 0.500
pepsin solution at 37'C for two to three weeks with
solution changes at 24 hour intervals. After some
days of incubation the digestion of the tissue was
aided by gentle teasing of bundles under a dissecting
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microscope to remove the digested areas and
facilities penetration of the enzyme. Enzyme activity
was allowed to continue until fibres separated
readily. The tissue was then washed in distilled water
and soaked in 700 glycerin ethanol solution for 24
hours. Single fibres were separated in glycerin and
transferred to glass slides for mounting in Canada
balsam. Measurements of internodal length were
made at a magnification of x 430 and of single fibre
diameters at a magnification of x 880. Five measure-
ments of diameter were made along each internode
the mean of these readings being taken as the diam-
eter of the internode. Measurements of internodal
length by this method have previously been checked
(Appenzeller and Ogin, 1973) and found to be
similar to those obtained from preparations made by
the methods of Vizoso and Young (1948) and by
Thomas and Young (1949).

RESULTS

In alcoholic and in diabetic patients the arrange-
ment of myelinated fibres in the paravertebral
sympathetic chain is similar to that found in
controls. A predominantly marginal distribution
of myelinated fibres with occasional islands of
fibres interspersed throughout the rest of the
tissue was found. Small or large fibres pre-
dominated in some cross-sections of inter-
ganglionic segments; in other cross-sections a
mixture of both large and small myelinated
fibres were found. Considerable variation in
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FIG. 2. Fibre density plotted against age. Con-
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fascicular area was found in patients with
alcoholism and diabetes though this variation
was less marked than that previously reported in
controls (Fig. 1). Values ranged from 0-68 mm2
to 1 41 mm2; these measurements fell within the
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normal range. There was no correlation between
fascicular area and age of the patients.

Fibre density expressed as the number of
myelinated fibres per square millimetre of intra-
perineural area is shown in Fig. 2. Densities
ranged from 12,000 to 50,000 myelinated fibres
per mm2. Patients had generally higher densities
than normals for age. Average fibre size spectra
for age are shown in Fig. 3. The percentage of
small fibres is larger in alcoholics and diabetics
than in controls; however, patients aged 61
years or older showed a fibre size spectrum simi-
lar to controls. The rank order of fibre diameters
is illustrated in Fig. 4. The percentage of fibres
5 vm or less in diameter was larger in patients
below 60 years. Fibres greater than 5 ,Lm in
diameter averaged only 17% in the patients,
whereas in controls 330 of fibres were larger
than 5 ,Lm in diameter. The variability of fibre
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sizes in interganglionic segments is given by the
ratio of mean to median shown in Fig. 5. The
larger the ratio the greater the variability of fibre
size. The closer clustering near unity suggests
that in patients the fibre sizes were less variable
than in controls.
A correlation between internodal lengths and

fibre diameter in control white rami communi-
cantes was previously demonstrated for all age
groups (Appenzeller and Ogin, 1973). By con-
trast none of the patients showed the expected
increase in internodal lengths with increasing
fibre diameter and statistical analysis showed no
correlation of these measurements in any patient
(Fig. 6). Uniform short internodes were generally
found. Regenerating fibres after Wallerian
degeneration have uniformly short internodes.
Fibres affected by segmental demyelination and
remyelination have internodes of normal and

m

FIG. 5. Ratio of meani to median
fibre diameters. Patients are super-
imposed on a background of hypo-
thetical range of normal and control
values ( *).
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FIG. 6. Example of internodal distance plotted
againstfibre diameter (case 2). There was no statistical
relationship between internodal distance and fibre
diameter.

reduced lengths (Fullerton et al., 1965; Thomas
and Lascelles, 1965). The uniformly short inter-
nodes found with few exceptions in patients sug-
gest that most fibres had undergone Wallerian
degeneration and partial regeneration (Fig. 7).

DISCUSSION

Biometric data for myelinated fibres in peri-
pheral nerves suggest that sheath thickness and
fibre calibre are in constant relationship. Inter-
nodal lengths in peripheral myelinated fibres are

also directly related to fibre size. This relation-
ship is preserved in white rami communicantes
of normal subjects but internodal distance is
only about one-third the length of internodes in
the sural nerve for any given fibre size (Appen-
zeller and Ogin, 1973).

In the present study of chronic alcoholics and
diabetics the morphological appearance of
myelinated fibres on cross-sections of the inter-
ganglionic paravertebral sympathetic chain was

indistinguishable from that of controls, though
higher fibre densities were found in the patients.
Fibre densities may be affected by changes in
fascicular area or by the number of fibres. Since
fascicular area did not differ significantly from
controls of similar age, we must conclude that
the higher densities were due to an increase in the
number of fibres. Because of larger numbers of
smaller calibre fibres in patients, the higher
densities are attributed to a disproportionate
increase in the number of fibres less than 5 ,m in
diameter. This suggests that degeneration and
regeneration with axonal sprouting occurs in
chronic alcoholism and diabetes mellitus. The
finding that the fibre size spectrum in alcoholics
and diabetics older than 61 years of age is similar
to controls might be due to an exhaustion of
regenerative mechanisms and cessation of axonal
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FIG. 7. Case 2. Single teased white ramus communicans. Consecutive photographs (left to right and top to
bottom) showing nine nodes of Ranvier (arrows) at irregular intervals. x 500.
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sprouting in myelinated fibres exposed to toxic
or metabolic disturbances for a long time. This
interpretation is supported by the finding that
only about half the number of fibres larger than
5 [Lm were present in the patients when com-

pared with controls of all ages. Moreover, the de-
creased variability in fibre size in patients is sug-

gestive of a more uniform population of small
fibres-presumably as a result of regenerative
efforts after repeated injury.

Dissection of single white rami communicantes
has not been practised until recently (Appen-
zeller and Ogin, 1973). However, the technique
was first perfected by Gombault in 1880 on

peripheral nerves and it is particularly useful for
the demonstration of segmental demyelination.
By this method segmental demyelination was

shown to occur in peripheral nerves of patients
with diabetes (Thomas and Lascelles, 1966),
diphtheria (Cavanagh and Jacobs, 1964), pero-

neal muscular atrophy (Gutrecht and Dyck,
1966), and chronic uraemia (Appenzeller et al.,
1971). Changes in single white rami communi-
cantes in controls of various ages have been
reported (Appenzeller and Ogin, 1973). Seg-
mental demyelination was found in older sub-
jects and successive remyelination was demon-
strated by the presence of internodes of different
lengths on many fibres (Appenzeller and Ogin,
1973). In sural nerves, irregularities of inter-
nodal lengths in normal subjects have also been
reported and these become more frequent with
advancing years (Arnold and Harriman, 1970).
Abnormally short internodes for a given fibre
diameter are attributed to segmental demyelina-
tion and remyelination or result from complete
degeneration of fibres followed by regeneration
(Vizoso, 1950). In the present study, extremely
short internodes for fibre size were found
throughout. Whereas in some white rami com-

municantes of controls internodes of 0 15 mm
were found, similar sized fibres in the same age

group of patients reached only a length of about
0 08 mm. On the whole, the internodes in white
rami communicantes of patients were about half
the length of internodes found on similar calibre
fibres of control subjects. This uniform shorten-
ing of internodes might be due to complete
degeneration followed by partial regeneration,
but widespread segmental demyelination and
remyelination, though usually producing inter-

nodes of different lengths on the same fibre, may
rarely also lead to an uniform shortening of
internodes. Occasionally fibres with internodes
of varying lengths were present but these were
not frequent, most fibres showing uniformly
short internodes for fibre size. The present
observations are consistent also with a 'dying
back' phenomenon. This could result from a
direct effect of toxic or metabolic factors on the
intermediolateral cell column in the spinal cord
of the patients.
The short internodal length should be reflected

in slow conduction velocities. Though conduc-
tion velocities in human myelinated fibres in the
paravertebral sympathetic chain have not been
reported, velocities of 1 2 metres per second have
been found in the cervical sympathetic chain of
the rat (Sacchi and Perri, 1969). Using data ob-
tained in our previous study for internodal
length in control subjects, conduction velocities
in human paravertebral sympathetic chain
should be about one-third that of normal peri-
pheral nerves and velocities should decrease
gradually with advancing years because of the
increase in the frequency of irregularities of
internodal distances. Damage to white rami has
previously been shown to result in extremely
short internodes for age. Thus, uniformly short
internodes were encountered in a patient aged 3
years who received x-radiation to the region of
the spinal cord (Appenzeller and Ogin, 1973).
The internodal length in this patient was similar
to that in much older alcoholics and diabetics.
The extremely short internodes found in the
present study would suggest that toxic or meta-
bolic states may also markedly decrease inter-
nodal lengths and probably conduction veloci-
ties in white rami communicantes.
The present observations add to the under-

standing of abnormal autonomic function in
patients with alcoholism and diabetes. The in-
crease in the number of small fibres and shorten-
ing of internodes suggest that degeneration
recurs and that regenerative events might not
keep pace with successive insults to myelinated
fibres in the paravertebral sympathetic chain.
This may impair the ability of the nerves to
transmit synchronous volleys and account for
abnormalities in baroreflex activity, sweating, and
visceral dysfunction commonly seen in patients
with chronic alcoholism and diabetes.
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