SINGLE-FIBER CONDUCTION VELOCITY TEST ALLOWS EARLIER
DETECTION OF ABNORMALITIES IN DIABETES
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ABSTRACT: Introduction: The purpose of this study was to
determine whether single-fiber conduction velocity (SF-CV) of a
small number of axons increases sensitivity for identification of
motor nerve conduction alterations in patients with diabetes.
Methods: Twenty-one consecutive diabetic patients in good
metabolic control were studied. For each patient, conventional
(C-CV) and SF-CV results were correlated with the presence of
neuropathic symptoms. Results: Nine of 21 patients reported
symptoms suggestive of mild nerve impairment. Three patients
had abnormal sural nerve CV, 1 of whom also had abnormal
motor nerve conduction. Eighteen patients had normal findings
on conventional tests, 3 of whom had slowing of SF-CV.
Conclusions: SF-CV is able to detect mild myelin damage with
higher sensitivity than conventional tests. The use of SF-CV
may be a helpful tool in the early identification of diabetic poly-
neuropathy, and it may be useful for tailoring an approach to di-
abetic polyneuropathy.
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Diabetic polyneuropathy (DP) is the most com-
mon neurological complication of diabetes." DP is
a progressive process characterized by a long
asymptomatic stage that is often difficult to identify
and manage. Many of the DP consequences (pain,
imbalance, foot deformity, risk for infection, ulcer-
ations, and amputations) can be prevented by
appropriate clinical management, including early
diagnosis, intensification of glycemic control, and
checking for foot complications.2 Therefore, iden-
tification of DP at its earliest stages is a major chal-
lenge in the clinical care of diabetes.

Nerve conduction velocity (NCV) is the most
commonly used and reliable method to assess mye-
lin nerve function. Usually, NCV is measured using
a surface electrode (conventional conduction ve-
locity, C-CV). C-CV does not optimally assess the
overall conduction properties of a nerve, because
it reflects mainly the fastest conducting subset of
the alpha motor axon population.3 However, in its
early stages, polyneuropathy does not affect nerves
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uniformly.* This reduces the sensitivity of C-CV in
the evaluation of polyneuropathies that involve
mainly slow-conducting fibers or polyneuropathy
with only partial involvement of the nerve fibers.

Single-fiber CV (SF-CV) evaluation is a tech-
nique based on the use of a single-fiber electromy-
ography (SFEMG) electrode. The procedure, which
entails recordings from different sites in the muscle,
allows study of the CV of a small sample of axons.
SF-CV may be useful in detecting early, mild, or par-
tial myelin damage, because it can detect abnormal-
ities in a few axons and may show nerve conduction
slowing when conventional tests are normal.”

The aim of this study was to determine whether
SF-CV could improve detection of mild motor nerve
function abnormalities in the early stages of DP.

METHODS

Patient Sample. Twenty-one consecutive Caucasian
patients affected by type 2 diabetes, who had been
in good metabolic control for at least 1 year and
did not have glutamic acid decarboxylase autoanti-
body, were enrolled in the endocrinology unit of
the Hospital “A. Gemelli,” Catholic University of
Rome. Informed consent was obtained from all
participants. The study was approved by local
ethics committee. Glycated hemoglobin (HbA,; 2
days before the neurophysiological tests) and fast-
ing plasma glucose (FPG; the same morning) were
measured in all patients. Only participants with
HbA;. <8% and fasting glucose <140.0 mg/dl
(7.8 mmol/L) were included. Other exclusion cri-
teria were: (1) neuropathy with etiology different
from diabetes; (2) peripheral arterial disease
(documented by lower limb echo color Doppler)
with arterial stenosis >30%; and (3) other concur-
rent neurological diseases. Individuals who had
previous foot ulcer, toe amputation, or pre-ulcers
(pre-ulcer is defined as intact skin but a high-risk
foot because of dense callus with or without pre-
ulcerative macerating changes)6 were excluded.
Anthropometric parameters, lipids, creatinine, and
urinary albumin-to-creatinine ratio were also mea-
sured in all subjects. Before neurological examination
and neurophysiological tests, all patients completed a
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standardized questionnaire based on the experi-
ence of foot pain, numbness, and tingling.

The patients then underwent a foot examina-
tion for deformities, calluses, pre-ulcers, ulcers,
toenail integrity, and amputation. Afterwards, all
patients underwent examination of distal strength
and muscle bulk, deep tendon reflexes, and lower
extremity sensory perception. Clinical polyneurop-
athy was defined as the loss of protective sensation,
assessed through application of a 10-g Semmes—
Weinstein monofilament wire. It was applied to the
dorsum of the great toe of both the dominant
(SW-DOM) and non-dominant (SW-NDOM) side
midway between the nail fold and the interphalan-
geal joint. The filament was applied perpendicu-
larly and briefly (for <1 second) with even pres-
sure. The patient was tested with eyes closed and
was asked to respond “yes” if the pressure was felt.
This procedure was repeated 10 times. Eight
affirmative responses out of 10 were considered
normal, with 0-7 responses considered abnormal.
Peripheral pulses (dorsalis pedis and posterior tib-
ial) were assessed.

Conventional Neurophysiological Tests. The non-
dominant fibular nerve (in 1 case tibial nerve) was
studied through motor nerve conduction studies.
The fibular nerve was studied with recording from
the extensor digitorum brevis and stimulation at
the ankle and fibular head (the tibial nerve was
studied with recording from the abductor hallucis
and stimulation at the medial malleolus and popli-
teal fossa). Conventional nerve conduction studies
were performed using surface recording electrodes.

Sensory nerve conduction studies of the radial,
median, and ulnar nerves were performed on the
non-dominant side and on the sural nerves bilater-
ally. The following segments of upper extremity
nerves were studied: from digit I to wrist for the
radial nerve; from digits I and III to wrist for the me-
dian nerve; and from digit V to wrist for the ulnar
nerve. The sural nerves were studied antidromically
from the calf to the ankle. To minimize the effects
of temperature on nerve conduction velocity the
limb was warmed with an infrared lamp to maintain
a skin temperature over 33°C.

Determination of abnormality was made by
comparing the results obtained from individual
patients with the established reference values of
our laboratory: for the radial nerve from digit I to
wrist, amplitude was considered pathological when
it was <8 uV and velocity was <41 m/s; for the me-
dian nerve from digit I to wrist, amplitude was
pathological when it was <9 uV and velocity was
<42 m/s, and from digit III to wrist the amplitude
was pathological when it was <11 ©V and velocity
was <44 m/s; for the ulnar nerve, amplitude was
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abnormal when it was <8 uV and velocity was <42
m/s; and for the sural nerve, amplitude was abnor-
mal when it was <7 uV and velocity was <41 m/s.

Single-Fiber Conduction Velocity. The single-fiber
conduction velocity (SF-CV) test was described pre-
viously.” SF-CV differs from C-CV evaluation in the
use of a recording SFEMG electrode instead of sur-
face electrodes and in the procedures used to
assess the reliability of the recording. It entails
insertion of a SFEMG needle electrode into the
muscle and application of a supramaximal stimulus
of the nerve at two different sites (distal and proxi-
mal), as in G-CV evaluation. The supramaximal
stimulation was first determined for both sites with
surface-recorded conventional compound muscle
action potentials (CMAPs). During execution of
the SF-CV, we used a stimulus of 15% greater than
the one that produced a maximal CMAP. Filters
were set at 500 Hz (high-pass) and 10,000 Hz (low-
pass). The following procedure was used to verify
that the SFEMG responses were actually generated
by activation of the same axon at distal and proxi-
mal stimulation. Using an SFEMG needle elec-
trode, we recorded the potential obtained in
response to the supramaximal stimulation of the
nerve at the distal site. The criteria used for an ac-
ceptable recording were: sharp, spiky, and fast rise
time. We verified that the needle’s position had
not changed after the first stimulus by applying a
second supramaximal stimulus, which should give
a potential of the same shape, amplitude, and
delay (Fig. 1). SF-CV was calculated at the onset,
or sometimes at a well-identifiable peak of the
response. For each nerve, we acquired 10 SF-CVs,
moving the SFEMG electrode randomly each time.
In our previous study we theoreticallyf’ﬁ_12
assessed 36 m/s as the low limit of normal SF-CV.
In a subsequent series of 23 healthy subjects (12
females, mean age 43 years, range 18-76 years), this
value was confirmed (mean value less 2 SD: 49 *
6.5 m/s), and in no instance was a value of <36 m/
s observed. The fibular nerve was studied in the leg
with recording from the extensor digitorum brevis
and stimulation at the ankle and fibular head.>'*

RESULTS
Patient Sample. We studied 21 consecutive dia-
betic patients (see clinical features in Fig. 2). The
mean FPG was 120.0 = 20.3 mg/dl (range 74-139
mg/dl). Three patients did not take any hypoglyce-
mic drugs, 7 received oral hypoglycemic drugs, 9
received insulin therapy and hypoglycemic drugs,
and 2 received insulin therapy only.

Figure 2 summarizes clinical and neurophysio-
logical results. No patient had a clinical picture
unequivocally suggestive of polyneuropathy, but
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FIGURE 1. Procedure used to verify that the SFEMG responses were generated by activation of the same axons at distal and proxi-
mal stimulation sites. (A) Distal stimulation (ankle). We recorded two potentials obtained in response to the supramaximal stimulation
of the nerve at the distal site. (B) Proximal stimulation (fibular head). We recorded two potentials obtained in response to the supra-
maximal stimulation of the nerve at the proximal site. (C) Another distal stimulation (ankle). To verify that the needle’s position had not
changed, we applied a supramaximal stimulus at the distal site, which gave a potential of the same shape, amplitude, and delay as
the first one. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

from the standardized form 9 patients reported
transient, asymmetric, neuropathic symptoms (par-
esthesias, dysethesias, burning feet) in the legs,
suggestive of nerve impairment.

C-CV Studies. In 3 patients, C-CV studies showed
abnormal findings: all had abnormal sural nerve
CV, and 1 also showed slowing on fibular motor
nerve conduction studies. None had abnormal
neurophysiological findings in the arms or com-
plained of neuropathic symptoms.

SF-CV Studies. Among the 18 patients who had
normal C-CV tests, SF-CV showed slowing of nerve
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CV in 3 patients. Moreover, SF-CV was also abnor-
mal in all 3 patients with abnormal findings on C-
CV tests. Globally, 6 patients had abnormal SF-CV.
Interestingly, symptoms reported by the patients
were associated with abnormal SF-CV and not with
conventional conduction tests (see Fig. 2).

DISCUSSION

DP is characterized by a long subclinical and “sub-
neurophysiological” stage, whose identification
may be very difficult. In a previous study we used a
simulation model to evaluate the distribution of
motor fiber CV in motor nerves with patchy and
segmental demyelination, and we observed that
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number
of
neuropathic | abnormal| abnormal abnormal lowest Nerve abnormal [abnormal| year of
patient age gender | BMI | HB 1Ac s [tjoms MNCV | SFCV SFEMG SFCV evaluated with| sural sural known
L sites out SFCV SNCV | SAP |diagnosis
of 10
sites
16l F 28 7.8 - 0 0 0 37 tibial nerve 0 0 g
2] 37 F 26,8 6.9 0 0 0 39 peroneal nerve 0 0 8
3] 62 F 21 19 0 0 0 0 39 peroneal nerve 0 0 12
4 66 F 27 6.9 0 0 1 1 34 | peroneal nerve o 5|
S| 73 M 23,8 6.1 0 0 0 0 43 | peroneal nerve 0 0 5
6] 71 F 27 72 0 0 0 0 43 peroneal nerve 0 0 23
736 F 31 6.0 ] 0 0 0 37 | peroneal nerve 3
8 33 M 32 7.6 0 1 3 29 peroneal nerve 0 0 5
9] 71 M 23 6, 0 0 0 41 peroncal nerve 0 0 3
10 48 F 30 6.4 0 0 0 38 peroneal nerve 0 0 4
11 63 F 34,7 7.9 0 1 3 27 peroneal nerve 0 0 16
12 64 M 31,5 7.0 0 0 0 39 peroneal nerve 0 0 3
) X B ) [T peronearnerve |12 |
14 59 M 26,6 6,5 0 0 0 40 peroneal nerve 0 0 4
13 51 F 28.7 5.9 0 0 0 41 peroneal nerve 0 0 2
16 62 F 32.4 6.8 0 0 0 41 peroneal nerve 0 0 pl
17 71 F 39,7 ] 1 1 32 peroneal nerve 0 _I
18 62 F 30,5 55 0 0 0 39 peroneal nerve 0 0 1
19 55 F 28 6.0 0 0 0 0 40 peroneal nerve 0 0 2
20 42 F 29 73 0 0 0 42 peroneal nerve 0 0 2
71 68 M 25 6.5 0 1 2 34 [peronealnerve| 0 0 35

FIGURE 2. Clinical picture and neurophysiological (standard conduction studies and SFCV) results from 21 diabetic patients. [Color
figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

C-CV was pathological only when severe myelin
damage involved a large number of axons.'” This
is because conventional nerve conduction tests are
heavily dependent on the fastest conducting axons.
In that study, the simulation demonstrated that
the CV of individual axons may have greater sensi-
tivity in detecting myelin damage. Recently,
SFEMG electrodes have been employed to measure
the SF-CV in different groups of individual axons
in patients with neuropathy. Comparison between
SF-CV and C-CV showed that the SFEMG electrode
increases neurophysiological sensitivity in cases of
demyelinating nerve impairment and may there-
fore be useful in detecting early, mild, or partial
myelin damage.”

The sample of diabetic patients in this study
was characterized by a lower risk of DP because
they had good metabolic control (although it is
known that polyneuropathy may also occur at the
time of diagnosis). We chose a diabetic sample
with these features in order to evaluate the neuro-
physiological sensitivity in early/mild nerve impair-
ment. The clinical and conventional pattern
showed overall mild impairment. Only a few cases
had neuropathic symptoms, which were mild, and
in no case was there an unequivocal pattern of
polyneuropathy. Similarly, conventional conduc-
tion tests showed abnormal results in very few
cases. Conversely, we confirmed the ability of SF-
CV to detect slowing of nerve conduction velocity,
which occurred in only a few axons when partial
and patchy damage of the motor nerve was seen.
In this pattern, the conventional motor conduction
test, being based on an overall detection—through
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surface electrodes—of the maximum CV, is not
able to show abnormal results.

Interestingly, in this study, SF-CV was related
to the mild neuropathic symptoms reported by
the patients more than conventional conduction
studies. It is common in clinical practice to
observe diabetic patients with neuropathic symp-
toms with normal results at conventional neuro-
physiological studies and vice versa. Some of
these could be electrophysiologically diagnosed
through SF-CV.

DP, at least in the early stages, is usually consid-
ered a predominantly sensory axonal polyneurop-
athy. But this has been partially refuted by some
studies."*™” We can hypothesize that DP is consid-
ered a predominant sensory axonal polyneurop-
athy because of the low sensitivity of conventional
neurophysiological tests in assessing motor fiber
involvement. In this debate, SF-CV could provide
more information.

Hermann et al.'"® provided strong evidence in
support of a significant component of amplitude-
independent motor conduction slowing in inter-
mediate nerve segments in DP. Their results sup-
port the view that DP cannot be explained by a dis-
tal-length-dependent,  dying-back  axonopathy
alone. Hermann and colleagues underscored the
importance of multifocal axonal degeneration and
secondary segmental demyelination in proximal
nerve trunks in diabetes. The hypothesis was that
motor CV slowing would not produce any symp-
toms or deficits, per se. CV assessment of a broad
range of sensory axons, not just the fastest repre-
sented on C-CV, may be the more sensitive
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technique. Unfortunately, the approach of selec-
tive recording is not presently applicable to sensory
fibers.

Another study utilized SFEMG electrodes in di-
abetic patients. Shields and colleagues'® observed
that SFEMG is a sensitive indicator of axonal
degeneration in diabetes, because it allows detec-
tion of increased jitter (a sign of neuromuscular
transmission involvement) and fiber density (a sen-
sitive sign of remodeling of motor unit potentials).
They performed SFEMG on diabetic subjects both
with and without clinical or electromyographic evi-
dence of polyneuropathy. They found abnormal-
ities in both groups. Shields and colleagues
unequivocally demonstrated motor fiber involve-
ment in diabetic patients.

The main problem regarding the role of SF-CV
in diabetic patients is its use. Some diabetologists
believe that early recognition is crucial for reduc-
ing the risk of foot injury and morbidity. For this
reason, an electrophysiological evaluation that can
identify early stages of DP may be recommended
in diabetic patients when HbA;. is or has been
over the target values even in absence of clinical
evidence of nerve injury.”” On the other hand,
some diabetologists believe that even conventional
neurophysiological evaluation has a negative
advantage/disadvantage ratio (being a partially
invasive and uncomfortable test and providing
results without evidence of usefulness in treat-
ment), and the clinical picture suggestive of poly-
neuropathy is enough to make diagnosis. In this
setting, a more invasive neurophysiological test has
to find its role; that is: (1) it could be of interest
only in clinical trials as a more sensitive diagnostic
and outcome measure; or (2) being more sensitive,
it could show that an early diagnosis could be use-
ful for decisions about treatment.

Note that increased diagnostic sensitivity (iden-
tification of additional diabetic patients with
peripheral neuropathy beyond standard electro-
diagnosis) was small, probably due to sampling of
patients at low risk of having DP and in which we
do not expect DP. Further studies on a sample of
patients with higher risk for DP could be useful.

Moreover, only further studies that include fol-
low-up may provide answers to this question that is
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so far only speculative. At the moment we can say
that earlier evidence of nerve impairment is avail-
able in diabetic patients.
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