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Brainstem Auditory Evoked Potentials Study in Patients with
Diabetes Mellitus

Chi-Ren Huang', Chen-Hsien Lu', Hsueh-Wen Chang’, Nan-Wen Tsai', Wen-Neng Chang'

Abstract-

Objectives: To analyze the correlation between brainstem-auditory evoked potentials (BAEP) and nerve
conduction (NC) studies in patients with diabetes mellitus (DM).

Methods: We retrospectively reviewed the results from the subjects who received our neurological screening
test including BAEP and NC studies. A DM group and a control group were applied. The DM group
was subdivided 4 subgroups including neuropathy, non-neuropathy, infarct and non-infarct.

Results: A total of 43 DM patients and 43 control subjects were included. The inter-peak latencies (IPL) I-
III and IPL I-V of the BAEP showed a statistical significance between the DM and control groups. In
the IPL I-III study, the DM neuropathy subgroup showed a statistical significance in either the DM non-
neuropathy or control subgroup. The IPL I-III showed moderate correlation (correlation coefficient-

0.334) with tibial motor NC velocity.

Conclusion: Patients with DM have a prolongation in IPL I-III, especially in the neuropathy subgroup. This
prolongation in IPL I-III would best be explained by acoustic neuropathy. The tibial motor, median sen-
sory, and sural NC velocities correlated with the acoustic neuropathy in patients with DM.
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INTRODUCTION

The inter-peak latencies (IPL) of brainstem auditory
evoked potentials (BAEP) study between DM and non-
DM subjects have been reported to have statistical sig-
nificance in the IPL I-III""'", IPL MI-V*>™ and IPL I-
V& In addition to the above findings, two reports
included brain magnetic resonance imaging (MRI) stud-

ies of some of their patients™'¥. Dual pathogenesis
including silent infarct and metabolic disturbance of the
brain has been proposed as the explanation of the above
findings, especially diabetic angiopathy"?. Neuropathy
is commonly found in patients with diabetes mellitus
(DM) including cranial neuropathy. A longer latency of
responses in patients with DM than control subjects in
facial nerve conduction studies and blink reflex studies
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have been reported'*'®. Sensorineural hearing loss could
be clinically unapparent in some patients with DM,
A correlation between the BAEP findings and nerve
conduction (NC) studies has been suggested, including
velocies of median sensory and peroneal motor nerve
studies®'”. Acoustic neuropathy in DM would be another
pathogenesis in the prolongation of IPL I-III.

Some of BAEP studies in DM have been reported in
Taiwan before®'**” including one animal study"”. Of
them, one study reported BAEP in patients with DM®. A
correlation between the BAEP findings and velocity of
the median sensory NC study was reported®. The above
study lacked complete comparison with all routine late
response and NC studies. Although the BAEP findings
in subjects with DM and non-DM have been widely
reported before, most of the reports do not have compre-
hensive brain MRI studies to exclude intracranial
lesions. Moreover, studies concerning the correlation
between BAEP and NC have rarely been reported. The
purposes of this study were (1) to evaluate the statistical
difference of BAEP between DM and non-DM groups,
(2) to evaluate the statistical difference of BAEP
between the DM with infarct, DM without infarct, and
control subgroups, (3) to evaluate the statistical differ-
ence of BAEP between the DM with neuropathy, DM
without neuropathy, and control subgroups, (4) to evalu-
ate which parameters in NC had the best correlation with
BAEDP in the patients with DM group.

METHODS

We retrospectively reviewed the clinical and electro-
physiological results from the subjects who had ever
received our special protocol for neurological screening
testing. Such screening which is not covered by the
Taiwan National Health Insurance Bureau included
blood examination, BAEP, NC studies, brain and spine
MRI, clinical diagnosis, and so on. All subjects who had
significant systemic diseases other than DM (such as
autoimmune disease, thyroid diseases, and cancer), evi-
dence of brainstem or cerebellar infarct in MRI, or any
lesion occupying the intracranial space other than infarct
in the MRI study, myelopathy, radiculopathy, plexopathy,

neuromuscular junction disorders, or myopathy were also
excluded from this study.

The DM and control groups of subjects were includ-
ed in this study. The diagnostic method of DM was
based on the criteria from the American Diabetic
Association®. Subjects in the DM group were sub-clas-
sified into DM neuropathy and DM non-neuropathy sub-
groups or DM infarct and DM non-infarct subgroups.
Patients who had evidence of neuropathy in NC studies
were included in the neuropathy subgroup. Patients who
had evidence of infarct in brain MRI studies were con-
sidered as the infarct subgroup. Control group subjects
were considered by excluding those who had DM, neu-
ropathy, or any evidence of infarct from MRI studies.

The BAEP studies were performed according to the
recommended standards of the American Clinical
Neurophysiology Society®” by using the machine of
Nicolet Bravo. The method is summarized as follows.
Monaural click stimulation at rates of 10 Hz with mask-
ing sounds in the contralateral ear was applied to test
subjects. Two thousand clicks were averaged by a filter
setting of 100 and 3000 Hz. Two or more responses were
obtained to show replicability. Bipolar activity was
recorded from a mastoid electrode ipsilateral to stimula-
tion and a reference electrode at the vertex (position Cz
of the 10-20 system). The ground was placed on the
scalp in a midline frontal location (position Fz of the 10-
20 system). Electrode impedances were 5 kOhm. The
latencies of reproducible waves I, III, V and the inter-
peak latencies I-III, I-V and III-V were determined.

The late responses and NC studies were conducted
using our laboratory standard methods including temper-
ature control using a Nicolet Viking Select system for
the analysis of NC studies. Surface recording and stimu-
lation were performed in all these studies. The motor NC
studies included median, ulnar, peroneal and tibial
nerves studies. In general, the belly-tendon montage was
used. Supramaximal stimulation was applied in this
study. The median motor NC study was recorded at the
abductor pollicis brevis muscle and stimulated at distal
(6 cm, wrist) or proximal (elbow) sites. The ulnar motor
NC study was recorded at the abductor digiti minimi
muscle and stimulated at distal (6 cm, wrist) or proximal
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(below elbow) sites. The peroneal motor NC study was
recorded at the extensor digitorium brevis muscle and
stimulated at distal (6 cm, ankle) or proximal (knee)
sites. The tibial motor NC study was recorded at the
abductor hallucis muscle and stimulated at distal (6 cm,
ankle) or proximal (popliteal fossa) sites. For each
patient, the nerve conduction velocity (NCV) data were
included in this study.

The sensory NC studies were carried out by using an
antidromic study. The sensory NC studies included
median, ulnar and sural nerves studies. The median sen-
sory NC study was recorded at digit 2 (index finger) and
stimulated at the wrist with a distance of 14 cm. The
ulnar sensory NC study was recorded at digit 5 and stim-
ulated at the wrist with a distance of 11 cm. The sural
sensory NC study was recorded at the lateral malleolus
and stimulated at the lateral calf with a distance of 14
cm. The onset latency was the time from the stimulus to
the initial negative deflection from baseline from bipha-
sic sensory nerve action potentials (SNAP) or to the ini-
tial positive peak for triphasic SNAP (22). For each
patient, the data of sensory NCV were included in this
study. The late response study included a H reflex study
and median, ulnar, peroneal and tibial F wave studies.
The stimulation site and recording site were the same as
for the motor nerve conduction study except for when
the cathode was placed distally. The stimulation was
given by supramaximal stimulation. Ten artifact free
responses were recorded. The data of minimal latency in
an F-wave study were included in this study. The H
reflex study was recorded at the soleus muscle and stim-
ulated at the popliteal fossa of the tibial nerve. The stim-
ulation intensity was increased gradually to yield the
maximum H response. The latency of H reflex was
included in this study.

Three separate statistical analyses were performed.
First, the demographic data between study and control
groups were compared. Categorical variables were com-
pared using Chi-square test or Fisher exact test.
Continuous variables within 2 groups were compared
using independent t test for parametric data and Mann-
Whitney U test for non-parametric data, respectively.
The reference limits from the control group were derived
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from the mean=2.5 standard deviation (SD) if they fol-
lowed a normal distribution. The data above the refer-
ence limits were considered to be “outside reference
data”. Second, continuous variables among three groups
were compared using one-way analysis of variance
(ANOVA) followed Scheffe’s multiple comparison pro-
cedures. Third, since some NC studies of individual
nerves did not follow a normal distribution. The correla-
tion between BAEP study and NC study was analyzed by
using Spearman’s correlation.

RESULTS

A total of 43 DM patients and 43 healthy subjects
were included in this study. Twenty-one men and twenty-
two women were included in each group. Their basic
data are listed in Table 1. Basic data including age,
height, and weight did not show a statistical significance
between the DM patients and control subjects, the
absolute latencies the I control and DM groups were
1.631+0.02 and 1.67%0.02, in wave I 3.72%0.02 and
3.84% 0.02 in wave III, and 5.65%0.02 and 5.65%0.02
in wave V, respectively. The BAEP results between the
DM patients and control subjects are listed in Table 2.
“outside reference data”, were found in 26% (11 in 43
subjects) in the IPL I-III, 0% (0 in 43) III-V and 14% (6
in 43) I-V studies in the DM group. “Outside reference
data” in the IPL I-1II study were found to be 37% (10 in
27 subjects) in the DM neuropathy group in the 6% (1 in
16) and DM non-neuropathy subgroups. “Outside refer-
ence data” in IPL I-V study were noted in 5 persons in
the DM neuropathy subgroup and in 1 in the DM non-
neuropathy subgroup. “Outside reference data” in the
IPL I-IIT study were found to be 33% (3 in 9) and 24%
(8 in 34) in the DM infarct and DM non-infarct sub-
groups, respectively. “Outside reference data” in the IPL
I-V study were observed in 1 person in DM infarct sub-
group and in 5 in the DM non-infarct subgroup. In the
comparison with the data from the BAEP study, the IPL
[-IIT and IPL I-V studies showed in statistical signifi-
cance between the DM and control group.

The BAEP results between patients in the DM neu-
ropathy, DM non-neuropathy, and control subgroups or
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Table 1. Basic data of the 43 diabetic mellitus (DM) patients and 43 control subjects

Basic Data DM (N =43) Control (N =43) p-value®
Median Range Mean = SD Range
Age (years) 60.5 40- 79 59.0 40-76 0.840
Height (cm) 157.8 141.5-177.5 158.5 143.5-172.5 0.552
Body weight (kg) 67.1 44 -105.4 63.0 42.0-84.3 0.267
* P values were calculated by the Mann-Whitney U test
Table 2. Comparison of Control and diabetes mellitus groups in the brainstem auditory evoked potentials study
Brainstem auditory evoked potentials study
IPL I-1Il (ms) IPL 11V (ms) IPL I-V (ms)
Control (n = 86)
Mean = SD 2.08*£0.11 1.93£0.15 4.01+0.18
Range 1.84-2.28 1.64-2.32 3.64 - 4.40
Reference limit 2.35 2.30 4.46
Diabetes mellitus (n = 86)
Mean = SD 217x£0.17 1.96*0.15 4.13+0.23
Range 1.80-2.68 1.60-2.24 3.68 - 4.64
P value <0.001 0.151 <0.001

P values were calculated by an independent-samples T test
Reference limit in IPL I-l1, IV, and |-V was calculated by mean * 2.5 SD
IPL: inter-peak latency, SD: standard deviation

Table 3. Comparison of diabetes mellitus (DM) with neuropathy, DM without neuropathy, and control groups in the brainstem
auditory evoked potentials study

Groups ANOVA
IPL Result Control DM with PN DM without PN
(N = 86) (N =54) (N=232) P value
IPL I-11I Mean=*SD 2.08*0.11 2.20*+0.18 2.12%+0.13 <0.001
Range 1.84-2.28 1.80 - 2.68 1.80 - 2.36
IPL NIV Mean=*=SD 1.93£0.15 1.97£0.15 1.95+0.16 0.269
Range 1.64 -2.32 1.60 - 2.24 1.64 -2.24
IPL I-V Mean=*=SD 4.01£0.18 4.17%0.23 4.07%=0.21 <0.001
Range 3.64 -2.32 3.68 - 4.64 3.72 - 4.60

IPL: inter-peak latency; SD: standard deviation; DM: diabetes mellitus; PN: peripheral neuropathies; ANOVA: The Analysis of
Variance

Post Hoc analysis of ILP I-llI

DM with neuropathy group and DM without neuropathy group (P= 0.043)
DM with neuropathy and control group (P <0.001)

Post Hoc analysis for IPL |-V

DM with neuropathy group and control group (P <0.001)
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Table 4. Comparison of diabetes mellitus (DM) with infarct, DM without infarct, and control groups in the brainstem auditory
evoked potentials study

Groups ANOVA
IPL Result Control DM with infarct DM without infarct
(N =86) (N=18) (N =68) P value
IIPL I-11l Mean=*=SD 2.08+ 0.11 2.17%£0.19 2.17%£0.16 0.001
Range 1.84-2.28 1.80-2.48 1.80-2.68
IPL II-V Mean = SD 1.93%0.15 1.95*0.16 1.97%0.15 0.316
Range 1.64 - 2.32 1.64 -2.24 1.60 - 2.24
IPL I-V Mean = SD 4.01%x0.18 4.12%0.24 413£0.24 0.001
Range 3.64 - 2.32 3.68 - 4.60 3.72-4.64

IPL: inter-peak latency; SD: standard deviation; DM: diabetes mellitus; ANOVA: The Analysis of Variance
Post Hoc analysis of IPL I-lI

DM without infarct group and control group (P= 0.001)

Post Hoc analysis for IPL |-V

DM without infarct group and control group (P =0.001)

Table 5. Correlation study between the BAEP study and nerve conduction study from 29 subjects with 58 pieces of data in DM

patients
IPL I-11I IPL I-V
Correlation p-value Correlation p-value

Motor nerve conduction velocity

Median -0.252* 0.028 0.085

Ulnar 0.407 0.091

Peroneal 0.315 0.129

Tibial -0.318* 0.008 -0.350* 0.004
Sensory nerve conduction velocity

Median 0.128 -0.352** 0.003

Ulnar 0.209 0.123

Sural -0.251* 0.029 -0.302* 0.011
Late response

Median F-wave 0.152 0.115

Ulnar F-wave 0.056 0.133

Peroneal F-wave 0.382 0.283

Tibial F-wave 0.121 0.298

H reflex 0.056 0.098

Spearman’s correlation test

IPL: inter-peak latency

*Correlation is significant at the 0.05 level
** Correlation is significant at the 0.01 level
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DM infarct, non-infarct, and control subgroups are listed
in Table 3 and 4. DM neuropathy subgroup showed a sta-
tistical significance either with the DM non-neuropathy
or control subgroups in ILP I-III study. DM non-neu-
ropathy subgroup did not show a statistical significance
with the control group in ILP I-III study. The IPL I-III,
III-V, and I-V studies did not show a statistical signifi-
cance between the two subgroups of DM infarct and
non-infarct patients.

The correlation study between the BAEP study and
NC study were analyzed from 58 pieces of data from 29
subjects in DM group by excluding the NC study done
by the machine other than Nicolet. The results are listed
in Table 5. The tibial motor nerve velocity was most sig-
nificantly correlated with the IPL I-III study (Spearman
rho = -0.318). The IPL I-III study also showed correla-
tion with median MNCV (Spearman rho = -0.252), and
sural sensory NCV (Spearman rho = -0.251). The tibial
motor (Spearman’s tho = -0.350), median sensory
(Spearman’s tho = -0.352) and sural (Spearman’s rho =
-0.302) NCV were significantly correlated with IPL I-V
studies.

DISCUSSION

Patients with DM may have subclinical sensorineural
hearing loss"?. Sensorineural hearing loss is more com-
monly found in patients with DM than non-DM controls
©» The atrophy of spiral ganglion in the cochlear,
demyelination and beading of the myelin sheaths of the
VIII cranial nerve, and lack of degenerative change in
central auditory pathways are the main pathological
findings in patients with DM, In our study, the IPL I-V
and I-1II but not IPL III-V showed a statistical difference
between the DM and control group. We agree with the
opinion that an increase of IPL I-V results from an
increase of IPL I-I1I*. The findings of an increase of IPL
I-IIT and I-V indicated a retro-cochlear dysfunction in
the DM group. The working hypothesis in most BAEP
studies has assigned waves I, II, III, and V to the seg-
ment of nerve closest to the cochlear, cochlear nucleus,
superior olivary complex, and inferior colliculus, respec-
tively®”. We did not agree with the proposal of brain
stem dysfunction in the explanation of the prolongation

in IPL I-III. The IPL II-V study was conducted in the
auditory pathway of the brain stem. No “outside refer-
ence data” were found in the analysis of IPL III-V in our
patients with DM. The negative results of statistical dif-
ference in IPL III-V between the DM and control groups
went against the reasoning of brain stem dysfunction.
The nonspecific findings in the central nervous system
of a previous pathological study also did not agree with
the opinion of brain stem dysfunction in IPL I-TII*.

Dual pathogenesis including silent infarct and meta-
bolic disturbance of the brain has been proposed as the
explanation of the above findings, especially diabetic
angiopathy"?. Two previous studies were found to have
BAEP and MRI studies. The first report concerned about
13 subjects who were randomly selected for brain MRI
studies from 40 persons with DM, including two in nine
“outside reference data” (exceed mean=+2SD) in nega-
tive brain MRI studies and three in four of lacunar
infarct in MRI studies®. Brain MRI studies were select-
ed for seven persons who had abnormal (exceed mean=+
3SD) BAEP studies of IPL I-III from 53 subjects with
DM, including five persons in an infarct group and two
in a non-infarct subgroup"®. In our study, all of our 43
subjects received brain MRI studies. “Outside reference
data” were found in three of nine (33%) subjects of the
infarct subgroup and eight of 34 (24%) in the non-infract
subgroup. Our study did not show statistical significance
of IPL I-IIT between the infarct and non-infarct sub-
groups in patients with DM. The number of cases in our
DM infarct subgroup was limited to achieve a statistical
significance.

Neuropathy is commonly found in patients with DM,
including cranial neuropathy. A longer latency of blink
reflex and facial nerve conduction studies in patients
with DM than the control subjects has been reported"”".
“Outside reference data” in our patients with DM were
more commonly found in the DM neuropathy subgroup
(37%) than the DM non-neuropathy subgroup (6%). In
our study, the result of IPL I-IIT showed a statistical dif-
ference in the DM neuropathy and non-neuropathy sub-
groups, but not in the study of the DM infarct and non-
infarct subgroups. Previously, acoustic neuropathy has
been considered in the analysis of BAEP studies in
patients with peripheral neuropathies other than DM®"*®,
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Furthermore, acoustic neuropathy has been considered
as cranial nerve neuropathy of BEAP in patients with
DM®. A correlation between the BAEP findings and NC
studies has been suggested, including velocity of median
sensory and peroneal motor nerve studies®'”. The above
studies lacked complete comparisons with all routine
late response and nerve conduction studies. In our study,
the results of IPL I-III of BAEP studies showed the best
correlation with tibial motor NC velocity following
median motor and sural NCV studies. We cannot make a
definite conclusion for the above findings. In our consid-
eration, the abnormality in nerve conduction velocity
was more significantly found in lower limb (such as the
tibial and sural nerve studies) than upper limb nerve
studies in patients with length-dependent diabetic
polyneuropathy. We propose that this may be the expla-
nation for correlation between tibial motor and sural sen-
sory nerve conduction velocity and IPL I-III.

In conclusion, patients with DM had the findings of
a delay in IPL I-III and IPL I-V in BAEP studies, espe-
cially in the neuropathy subgroup. The increase in IPL I-
V could result from an increase in IPL I-1II. DM related
acoustic neuropathy was the best explanation in the find-
ings of the prolongation in IPL I-III. The tibial motor
NC velocity had the best correlation with neuropathy in
patients with DM. Further large scale studies should be
considered due to the limitation in case numbers of the
present study.
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