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Microneurographic Findings in Diabetic Polyneuropathy 
with Special Reference to Sympathetic Nerve Activity 
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Summary. Microneurographic recordings of naturally occur- 
ring nerve activity in the median or peroneal nerve were made 
in 25 patients with diabetes mellitus, 17 of whom had signs of 
polyneuropathy. In patients without polyneuropathy, the 
electrical findings did not differ from those in healthy sub- 
jects. In patients with polyneuropathy, sensory afferent im- 
pulses were always normal qualitatively, whereas muscular af- 
ferent activity was weak or entirely absent in some patients. 
Sympathetic activity, if found, showed normal characteristics 
in muscle and skin fascicles, except that it was difficult to ob- 
tain a good signal-to-noise ratio. In 16 of 25 recordings with 
the electrode positioned intraneurally, sympathetic activity 

could not be detected in patients with polyneuropathy. The 
failures correlated with impaired skin sympathetic effector or- 
gan responses and reduction of motor nerve conduction ve- 
locity. The results suggest that impairment of sympathetic out- 
flow occurs frequently in diabetic polyneuropathy and that 
sympathetic involvement occurs earlier than in many other 
types of polyneuropathy. 

Key words: Diabetic polyneuropathy, microneurography, 
sympathetic recordings, sympathetic dysfunction, impaired 
muscular afferents. 

Autonomic dysfunction is a recognized and, at times 
prominent, feature of diabetic polyneuropathy [31, 32]. 
Although attention was paid to this problem relatively 
late [25], it has become evident that signs of impaired 
autonomic function are common even in patients with- 
out clinically overt dysfunction [4, 51. A variety of  effec- 
tor organ tests are available for indirect assessment of 
sympathetic and parasympathetic function [2, 19, 37]. 

In 1968 Hagbarth and Vallbo introduced a new 
nerve recording technique, microneurography [16]. 
With micro-electrodes inserted intraneurally through 
the intact skin in alert, unanaesthetized man, naturally 
occurring nerve discharges can be recorded in peripher- 
al nerves. The technique allows recording of muscular 
and sensory afferent activity and efferent sympathetic 
impulses [33]. Thus, sympathetic impulses can be stud- 
ied directly in normal and diseased nerves. This tech- 
nique has contributed considerably to our present 
knowledge of sympathetic outflow in healthy man [33, 
34]. 

Sympathetic activity has different characteristics in 
skin and muscle nerve fascicles. Muscle nerve sympa- 
thetic activity is characterized by pulse-synchronous 
bursts of vasoconstrictor impulses [6, 16], the outflow of 
which is modulated by arterial baroreflex mechanisms. 

Manoeuvres producing blood pressure changes (e.g. 
the Vaisalva manoeuvre) affect its outflow [7]. Skin 
necce sympathetic activity is made up of a mixture of 
sudomotor and vasoconstrictor impulses, the function 
of which is primarily thermoregulatory. At normal tem- 
peratures, bursts of activity occur spontaneously and 
irregularly without a clear relationship to cardiac or ba- 
sal respiratory rhythms. In addition, inspiratory and 
arousal stimuli are usually followed by a strong burst of  
skin nerve sympathetic activity. Emotional stress may 
evoke repeated bursts [1, 8, 17]. The evidence for the 
sympathetic nature of these activities has been summa- 
rized by Vallbo et al. [33]. 

Well defined reflexes can be recorded in both mus- 
cle and skin sympathetic activity. Their latencies de- 
pend on conduction time in post-ganglionic C-fibres to 
a considerable extent and therefore provide indirect 
measures of conduction velocities in these fibres [12]. 

In a recent study of polyneuropathies of different 
aetiology [13], muscle and skin sympathetic activity 
could be recorded in most cases, even in the presence of 
a pronounced somatic polyneuropathy. However, com- 
plete failure to detect sympathetic activity occurred 
more frequently than in healthy subjects. 
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Table 1. Clinical features of the patients studied 
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Type of 
diabetes 

Age 
(years) 

Duration 
of diabetes 
(years) 

Therapy 

Patients without polyneuropathy (n = 8) 

Patients wkh polyneuropathy (n = 17) 

I 

I (n = 13) 
n (n = 4) 

32.9 • 6.9 

48.1 • 14.7 

19.3 • 10.3 

23.7 • 7.2 

Insulin 

Insulin (n = 13) 
Oral antidiabetic therapy (n = 3) 
Combination of insulin and oral anti- 
diabetic therapy (n = 1) 

Results expressed as mean + SD 

T h e  a i m s  o f  t he  p r e s e n t  s t u d y  w e r e :  (1) to  c o m p a r e  
t h e  o c c u r r e n c e  o f  d e t e c t a b l e  s y m p a t h e t i c  ac t iv i ty  i n  d ia -  
b e t i c  p a t i e n t s  w i t h  a n d  w i t h o u t  p o l y n e u r o p a t h y  a n d  (2) 
to  i n v e s t i g a t e  w h e t h e r  t h e r e  a re  c o n s i s t e n t  d i f f e r e n c e s  
b e t w e e n  d i a b e t i c  a n d  h e a l t h y  sub jec t s ,  a n d  p a t i e n t s  
w i t h  o t h e r  t ypes  o f  p o l y n e u r o p a t h y .  

Methods 

Patients 

Recording attempts were made from the median or peroneal nerve in 
25 patients with diabetes mellitus. Clinical features of the patients are 
given in Table 1. Eight were free of clinical and electrophysiological 
signs of polyneuropathy (i. e. reduced conduction velocities or pro- 
longed F-responses - the F wave is the late muscular response follow- 
ing supramaximal motor nerve stimulation [20]). In three subjects, 
both muscle and skin fascicles were impaled, giving a total of 11 re- 
cording sites. The other 17 patients had symptoms and signs of diabet- 
ic polyneuropathy. In this group, two had recordings of both nerves, 
giving a total of 19 nerves studied. Both muscle and skin fascicles 
were impaled in some patients during the recording attempt, giving a 
total of 25 electrode sites examined. 

All patients gave informed consent. None had any complaints af- 
ter the procedure. The study was approved by the Ethical Committee 
of the Medical Faculty of Uppsala University. 

Recording Equipment 

Tungsten micro-electrodes, with an uninsulated tip diameter of 1-5 .u, 
were used for the nerve recordings. A similar reference electrode was 
inserted subcutaneously about 2 cm from the recording electrode. The 
nerve signal was amplified in two steps (total gain x 20,000) and then 
fed first through a band-pass filter with a band width of 700-2,000 Hz, 
and subsequently through an amplitude discriminator to improve the 
signal-to-noise ratio. A mean voltage display of the signal (integrated 
neurogram) was obtained from an RC-integrating network (time con- 
stant 0.1 s). The ECG was recorded with surface electrodes. During 
the recordings the signals were monitored with a storage oscilloscope 
(Tektronix 549, Tektronix, Beaverton, Oregon, USA), loudspeaker, 
and an ink-jet recorder (Mingograph 800, Siemens-Elema, Stock- 
holm, Sweden). The ECG, original and mean voltage neurograms 
were stored on tape (Sangarno Sabre VI tape recorder, Sangamo Wes- 
ton-Schlumberger, Sarasota, Horida, USA) for subsequent analysis. 

Motor conduction velocity of the nerve under study was deter- 
mined with a standard technique [20]. Sudomotor function and skin 
vasoconstriction were tested by evoking a startle reaction and record- 
ing the change in skin resistance (galvanic skin response) with 
AgAgC1 electrodes and reduction in digital pulse amplitude (digital 

pulse plethysmography) with a photoelectric plethysmograph (van 
Gogh ILP-ZA, van Gogh, Amsterdam, Netherlands) [13]. These tests 
were performed in the same hand or foot in which the nerve recording 
was made. 

Recording Procedure 

Subjects were seated comfortably in a quiet room with an ambient 
temperature of 22--24 ~ C. The recording electrode was inserted manu- 
ally through the skin into the median nerve at the elbow, or the pero- 
neal nerve at the fibular head. The nerve was localized with electrical 
stimuli delivered through the electrode. When a nerve fascicle was im- 
paled, it was identified as subserving muscle or skin by the response to 
electrical stimulation (muscle twitches or paraesthesiae reported by 
the subject) and the necessary stimulus to evoke afferent impulses 
(muscle stretch or tap or light skin touch). When the nerve fascicle was 
identified, small adjustments of electrode position were made in a 
search for a multiunit sympathetic recording site. 

When sympathetic activity was encountered, it was recognized by 
its highly characteristic temporal pattern (see above), and the re- 
sponses to arousal stimuli (skin) and the Valsalva manoeuvre (mus- 
cle). Spontaneous muscle sympathetic activity was recorded for 
5-10 rain with the subject at rest, and thereafter, manoeuvres to 
change heart rate and blood pressure were performed (slow deep 
breathing and the Valsalva manoeuvre). Bursts of skin sympathetic 
activity were evoked by electrical stimuli to the skin (not on the ex- 
tremity recorded from). 

Sympathetic Reflex Latency Determination 

The inhibitory baroreflex was used for muscle nerve sympathetic ac- 
tivity. During blood pressure reductions, baroreceptor activity is 
strong enough to inhibit its outflow only during systole. This is the un- 
derlying mechanism of the pulse-synchrony of muscle nerve sympath- 
etic activity. Thus, the latency can be measured from the R-wave of 
the ECG to the start of inhibition, i.e. the peak of the appropriate 
burst in the neurogram (Fig. 1). The appropriate burst was identified 
by comparing the R-wave/burst relationship at different heart rates 
[12]. Muscle sympathetic latencies were determined by feeding the 
mean voltage neurogram into an averager (Medelec DAV6, Vickers 
Medical Company, Woking, Surrey, UK), triggered by the R-wave of 
the ECG. 

The excitatory arousal reflex was used for skin sympathetic nerves 
and the latency was measured from the stimulus artefact to the onset 
of the evoked burst (Fig. 1). Skin sympathetic latencies were measured 
manually from an ink-jet recorder paper display. 

The results were compared with those in a previous study of pa- 
tients with polyneuropathy of different aetiology (uraemia, sarcoido- 
sis, chronic alcoholism, chloroquine intoxication, Guillain-Barr6 syn- 
drome, hereditary polyneuropathy, and polyneuropathy of unknown 
origin - a total of 40 recordings after the exclusion of nine patients 
with diabetic polyneuropathy) [13]. 
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Fig. 1. Principle of sympathetic reflex latency determination. Recordings of skin nerve sympathetic activity and muscle nerve sympathetic activity 
from the' median and peroneal nerves. Mean voltage neurograms and ECG. The reflex latency of skin sympathetic activity is indicated by pairs of 
arrows from stimulus artefact to onset of evoked burst. The latency of muscle sympathetic activity is indicated by asterisks at inhibiting heart beat 
and peaks of appropriate sympathetic bursts. Note longer reflex latency in the leg than in the arm, due to a longer post-ganglionic conduction 
time 
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Fig.2. Normal patterns of peroneal nerve sympathetic activity from 
two patients with diabetic polyneuropathy. Mean voltage neuro- 
grams. (/1) Muscle nerve sympathetic activity ~MSA): note sequences 
of pulse synchronous bursts alternating with periods of neural silence. 
(B) Skin nerve sympathetic activity (SSA): two evoked bursts (stimu- 
lus artefact indicated by arrows) and one spontaneous burst. Same 
time scale in both tracings 

Results 

Diabetic Patients Without Polyneuropathy 

No patient had symptoms of autonomic dysfunction. 
Galvanic skin response and digital pulse plethysmogra- 
phy were normal in all patients. During the nerve re- 
cordings, sympathetic activity with a good signal-to- 
noise ratio was easily found in all patients (skin nerve 
activity in six and muscle nerve activity in five patients; 
both skin and muscle fascicles were impaled in three 
subjects). Sympathetic reflex latencies fell within the 
normal range. Sensory and muscular afferent activity 
was qualitatively nomlal. 

Diabetic Patients with Polyneuropathy 

Twelve patients reported one or more symptoms of im- 
paired autonomic function (postural hypotension, dry 
hands and feet, bladder dysfunction, impotence). Two 
patients had normal cutaneous effector organ re- 
sponses, while in the remaining 15, one or both re- 
sponses were weak or absent. In a given extremity, 
sudomotor and skin vasoconstrictor functions could be 
impaired independently. 

Sympathetic Activity: When muscle or skin sympathetic 
activity was found, this had a normal appearance 
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Fig. 3. Sympathetic reflex latencies, expressed as standard deviations from the normal mean value, related to motor conduction velocity of the 
peroneal and median nerves. �9 and �9 = patients with polyneuropathy, peroneal and median nerves respectively and �9 = diabetic patients 
without polyneuropathy, peroneal nerve. Failures = motor conduction velocity of the nerves in which no sympathetic activity could be found in 
the two patient groups. Lower normal limit for motor conduction velocity in the peroneal and median nerves indicated by filled and open arrows, 
respectively 

Table 2. Microneurographic findings in diabetic polyneuropathy 

Electrode site No of Motor nerve Autonomic 
recording conduction symptoms b 
sites velocity re- 

duction (m/s) 
Mean (range) a 

Results of galvanic skin Afferent 
response recording and activity 
digital pulse plethysmo- 
graphy b 

Recordings with sym- skin nerve fas- 5 6.5 (3-12) yes 3 
pathetic activity de- cicles no 2 
tected 

muscle nerve 4 3.8 (3-5) yes 2 
fascicles no 2 

Recordings without skin nerve fas- 5 8.0 (3-22) yes 3 
sympathetic activity cicles no 2 
detected 

muscle nerve 11 10.2 (3-26) yes 9 
fascicles no 2 

both normal 2 normal 5 
one abnormal 3 
both abnormal 0 

both normal 0 normal 4 
one abnormal 4 
both abnormal 0 

both normal 0 normal 5 
one abnormal 2 
both abnormal 3 

both normal 0 normal 6 
one abnormal 4 weak 3 
both abnormal 7 absent 2 

a Reduction from lower normal limit value for the nerve under study 
b Numbers in all columns (except conduction velocity) refer to number of recording sites, which means that patients with 

counted twice in this column. 
two recordings are 

(Fig. 2). The Valsalva manoeuvre caused a considerable 
increase of muscle sympathetic outflow as in normal 
subjects [7]. Activity was found on only nine out of 25 
occasions with intraneural electrode sites. A good sig- 
nal-to-noise ratio was only obtained in five; in the other 
four, only weak bursts of activity were detected, despite 
repeated adjustments of the electrode position. Sym- 
pathetic reflex latencies were within normal limits irre- 
spective of the presence of autonomic symptoms and no 
correlation was found with the motor conduction veloc- 
ity reduction (as compared with the lower normal limit 
of motor conduction velocity of the nerve under study). 
Figure 3 shows the reflex latencies, plotted against mo- 
tor conduction velocity of the nerve recorded from. In 

the remaining 16 recording attempts (64%), sympathetic 
activity could not be detected despite repeated adjust- 
ments of electrode position. Such failure was not ac- 
cepted unless at least two different intraneural sites in 
the same type of fascicle (muscle or skin) were obtained. 
In the patients with non-diabetic polyneuropathy, fail- 
ure frequency was only 19% [13]; the proportion of fail- 
ures was significantly higher in diabetic polyneuropa- 
thy (p < 0.001 ; chi square test with Yates's correction). 

Table 2 summarizes the nerve recording results. 
Symptoms of autonomic impairment were more com- 
mon in those patients in whom no sympathetic activity 
could be recorded. Two-thirds of patients without de- 
tectable sympathetic activity had both galvanic skin re- 
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sponse and digital pulse reduction abnormal. The corre- 
sponding figure for patients in whom muscle or skin 
sympathetic activity was recorded was 0%. Figure 3 
shows that the motor conduction velocity of nerves 
without detectable sympathetic activity was lower than 
that in nerves with sympathetic impulses (mean motor 
conduction velocity: 33.3 versus 38.6 m/s ;  0.05 < p < 
0.10; t-test for non-dependent variables). 

Afferent MechanoreceptorActivity: During the search for 
sympathetic activity, afferent impulses are evoked in 
sensory or muscle nerve fascicles and used for identifi- 
cation of the fascicle impaled. When skin nerve fasci- 
cles were impaled, afferent activity was always easily 
evoked by a light touch in the area innervated by that 
nerve. With muscle nerve fascicle electrode positions, 
afferent impulses evoked by muscle stretching or tap- 
ping were sometimes weak or totally absent on two oc- 
casions (in these two nerves, motor conduction velocity 
was markedly reduced to 21 and 26 m/s). Identification 
of the muscle nerve fascicle was therefore made from 
the muscle twitches evoked by low-voltage electrical sti- 
mulation through the electrode; normally, afferent im- 
pulses are always present in this situation. Muscle sym- 
pathetic activity was never found in nerves with im- 
paired muscular afferent activity (Table 2). 

Discussion 

In the present study, sympathetic activity was recorded 
without difficulty in diabetic patients without symp- 
toms or signs of polyneuropathy, but in only a few pa- 
tients with polyneuropathy. 

When sympathetic recording sites were found, the 
activity had a normal appearance. Theoretically, slowed 
post-ganglionic C-fibre conduction would cause an in- 
creased temporal dispersion of sympathetic bursts and 
a disturbed pulse synchronous grouping of muscle sym- 
.pathetic activity, but neither occurred in any recording. 
Similarly, normal sympathetic reflex latencies suggest 
that C-fibre conduction velocity was not reduced. Con- 
duction velocity depends on fibre size, the presence of a 
myelin sheath, myelin thickness, and the ratio between 
axon diameter and the total myelinated nerve fibre di- 
ameter [24, 26, 27, 36]. Since a decrease in conduction 
velocity results mainly from demyelination [30], the 
present lack of reduced conduction velocity in sym- 
pathetic C-fibres is not surprising. However, a smaller 
C-fibre diameter, reported in some types of polyneuro- 
pathy [21, 23], should theoretically cause slowing of 
conduction. A possible explanation for the failure to de- 
tect slowed C-fibre conduction may be that the diseased 
C-fibres become rapidly functionally deranged to an 
extent incompatible with impulse conduction. The find- 
ings from a larger group of patients with non-diabetic 
polyneuropathies of different aetiology were identical 
[131 (Fig.3). 
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Recording of sympathetic activity depends on suc- 
cessful electrode insertion into the nerve. For technical 
reasons, a recording attempt occasionally fails in a 
healthy subject (maximally 5% of attempts). Thus, no 
conclusion can be drawn from a single failure. How- 
ever, in the present group of polyneuropathy patients, 
the frequent failure to detect sympathetic activity was 
remarkable when compared with the normal results 
found in diabetic patients without polyneuropathy. 
Furthermore, reduced effector organ responses accom- 
panied this failure. These findings suggest that the re- 
cording failures are due to a real impairment of sym- 
pathetic outflow. With progression of the disease, more 
and more individual sympathetic fibres will cease to 
conduct, and consequently multiunit activity will be re- 
duced successively until it can no longer be recorded. 
This conclusion is in accordance with previous studies 
of C-fibre conduction in vitro in polyneuropathy [9, 10]. 

The patients with polyneuropathy were older than 
those without signs of nerve damage. This age differ- 
ence cannot explain these results as recording sympath- 
etic activity is not difficult in older healthy subjects. It 
may be easier to detect in older subjects due to an age 
dependent increase of muscle sympathetic burst fre- 
quency [28]. 

The difference in failure frequency between diabetic 
and non-diabetic polyneuropathy is in accordance with 
the general opinion that autonomic impairment is more 
common in diabetic than in other neuropathies. An- 
other difference between diabetic and non-diabetic 
polyneuropathy was the tendency to correlation be- 
tween degree of motor conduction velocity reduction 
and lack of detectable sympathetic impulses. In other 
polyneuropathies, sympathetic activity of normal ap- 
pearance could be seen with motor conduction velocity 
as low as 12 m/s  [13] (Fig.3). A correlation between 
somatic nerve damage and autonomic dysfunction in 
diabetic polyneuropathy has been reported by other in- 
vestigators [3, 11, 15, 18, 29]. 

Afferent mechanoreceptor impulses were qualita- 
tively normal in skin nerve fascicles in all patients, and 
weak or absent in muscle nerve fascicles in some. In 
non-diabetic polyneuropathies the findings were simi- 
lar [13], but the relation between muscular afferents and 
detection of muscle sympathetic activity differed. In 
non-diabetic patients, sympathetic discharges could of- 
ten be recorded in fascicles with impaired or absent 
muscular afferent activity; thus this contrasts with the 
present findings where sympathetic bursts were never 
seen when the afferents were abnormal. Instead, sym- 
pathetic activity was often not detectable even with nor- 
mal muscular afferent activity. This relation suggests 
that sympathetic involvement in diabetic polyneuropa- 
thy occurs relatively early in the disease process. This 
finding has been reported previously for both sympath- 
etic and parasympathetic dysfunction [22, 35]. On the 
other hand, the normal findings in diabetics without 
signs of neuropathy suggest that the autonomic dys- 
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function is part of the polyneuropathy and not a sepa- 
rate entity. 
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