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Sensory nerve action potential in
patients with functional
neurological disorders with
sensory manifestations

Kohei Morimoto, Kenji Sekiguchi* and Riki Matsumoto

Division of Neurology, Kobe University Graduate School of Medicine, Kobe, Japan

Introduction: Functional neurological disorder (FND) has various clinical
manifestations. Even though diagnostic criteria for FND have been proposed, FND
characteristics with sensory manifestations have not been elucidated. Therefore,
we aimed to investigate the association between sensory nerve action potential
(SNAP) amplitudes and FND with sensory manifestations.

Methods: We included 76 outpatients with FND with sensory manifestations
whose nerve conduction studies were performed retrospectively. Additionally, we
defined 121 patients with other neurological diseases who did not have peripheral
neuropathy as disease controls. The SNAP amplitudes were compared between
the two groups. We also explored the relationship between SNAP amplitudes and
FND-specific clinical symptoms in patients with FND.

Results: No differences were observed in SNAP amplitudes adjusted for age
between patients with FND who had sensory manifestations and disease control
patients. Additionally, no differences were observed between patients with FND
who had and did not have FND-specific clinical symptoms.

Conclusion: The SNAP amplitude in patients with FND who had sensory
manifestations was equivalent to that in controls.

KEYWORDS

functional neurological disorder, sensory symptom, nerve conduction study, sensory
nerve action potential (SNAP), FND

1. Introduction

Functional neurological disorders (FNDs) are characterized by abnormal motor and
sensory manifestations that are not observed in other medical conditions. FND, also known
as hysteria or a conversion disorder, affects ~15% of outpatients in neurological clinics
(1, 2). Patients with FND may experience sensory symptoms and weakness. However, clinical
history and examination do not always suggest organic disease.

The study of sensory manifestations in FND reported variations in sensitivity and
specificity (3). Non-anatomical sensory loss, inconsistency, and non-reproducibility of
sensory signs revealed high sensitivity and specificity, but symptoms were inaccurately
defined (4). Recently, functional magnetic resonance imaging has been used to investigate
FND. Functional movement disorder suggests amygdala hyper-activation as a potential
biomarker (5), and the presence of unilateral sensory conversion disorder suggests abnormal
activity in the right limbic cortex and temporoparietal junction (6). Moreover, from the
perspective of hypothalamic pituitary adrenal axis dysfunction (7), salivary cortisol may be a
potential biomarker of functional movement disorder, but this is controversial (8, 9).
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Although FND is thought to have a common brain basis
of top—down prediction errors and impairments of bottom-up
sensory input integration (10, 11), the contribution of peripheral
sensory input has not been investigated in detail. FND with
somatosensory manifestation is better suited for investigation than
other special sensory FND because peripheral nerve function can
be examined directly.

In daily clinical practice, nerve conduction studies are
useful in FND diagnosis with sensory manifestations because
no abnormalities are discovered in the symptomatic limb,
unlike organic neuropathy. However, whether the features of
nerve function in patients with FND are identical to normal
remains unknown.

We occasionally encounter high sensory nerve action
potential (SNAP) amplitudes in patients with FND who have
sensory manifestations. Tipton et al. (12) retrospectively
with normal
that patients with multifocal
sensory symptoms had higher SNAP (“supranormal” SNAP)
amplitudes. They speculated that supranormal SNAP may be
an indicator of nerve hyper-excitability. Thus, we hypothesized
that some FND patients with sensory manifestations may

investigated 400 consecutive patients nerve

conduction and discovered

reveal SNAP with relatively high amplitudes compared to the
general population.

Therefore, we aimed to investigate the association between
SNAP amplitudes and FND with sensory manifestations. Here,

10.3389/fneur.2023.1259887

we compared SNAP amplitudes (1) between patients with FND
who had sensory manifestations and disease control patients and
(2) between patients with FND with and without FND-specific
clinical symptoms.

2. Methods
2.1. Study population

We designed a retrospective study that included patients
with FND who complained of sensory symptoms at Kobe
University’s neurologic clinic between April 2014 and March
2019. The diagnosis of FND was based on the diagnostic
in DSM-5 (13).
was patients with a background of peripheral neuropathy,

criteria outlined The exclusion criterion
including history of drug or alcohol abuse, vitamin Bl or
B12 deficiency, diabetes, systemic
lupus erythematosus. Finally, we included 76 patients with
FND and evaluated their SNAP amplitudes. Furthermore,
we recruited 121 patients as disease controls who were

Sjogren syndrome, or

diagnosed with myelopathy or other neurological diseases in
our hospital, excluding any peripheral neuropathies and were
reported to have normal nerve conduction studies. The Kobe
University Ethics Committee approved our study (approval
number: B210160).

A. Comparison of SNAP amplitudes between patients with FND and controls

FND patients (N=76) Controls (N=121)

Median (N=62) Median (N=113)

D. RR calculation using the regression equation in controls
@ SNAP of a patient with FND

I (residual) SNAP-SEVA

g

Ulnar (N=111)
Sural (N=112)

Ulnar (N=59)
Sural  (N=61)

SNAP

RR =

SEVA
SEVA

Age

Unexplained motor symptom

B. Comparison of SNAP amplitudes between patients with FND who had and did not have specific clinical symptoms

Unexplained sensory distribution symptom

Non—persistent sensory symptom

Positive (N=43)

Median (N=34)
Ulnar (N=31)
Sural (N=35)

Positive (N=36)

Median (N=30)
Ulnar  (N=30)
Sural  (N=26)

Negative (N=40)

Median (N=32)
Ulnar  (N=29)
Sural  (N=35)

g

g

Negative (N=33)

Median (N=28)
Ulnar (N=28)
Sural  (N=26)

Positive (N=36)

Median (N=28)
Ulnar (N=26)
Sural (N=31)

Negative (N=40)

Median (N=34)
Ulnar (N=33)
Sural (N=30)

g

C. Comparison of SNAP amplitudes and RRs in FND patients with the sum of specific clinical symptoms

None (N=20) One (N=18) Two (N=17) Three (N=21)

Median (N=17) “ Median (N=16) “ Median (N=11) “ Median (N=18)

Ulnar (N=16) Ulnar (N=16) Ulnar (N=10) Ulnar (N=17)

Sural (N=15) Sural (N=16) Sural (N=14) Sural (N=16)
FIGURE 1

Study design. We included 76 patients with FND and 121 controls. (A) We compared SNAP amplitudes between patients with FND and controls. (B)
We compared SNAP amplitudes between patients with FND who had and did not have specific clinical symptoms. (C) We compared SNAP
amplitudes and RRs in FND patients with the number of specific clinical symptoms. (D) RR was calculated as follows: RR = (SNAP-SEVA)/SEVA. SEVA
was calculated for each patient with FND using the regression equation for age and SNAP in controls. SNAP, sensory nerve action potential; FND,
functional neurological disorder; RR, residual rate; SEVA, SNAP estimate value for age.
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2.2. Definition of specific clinical symptoms
in patients with FND who have sensory
manifestations

In this study, we defined three FND-specific clinical symptoms
in patients with FND who had sensory manifestations. First, an
“unexplained motor symptom” is a concomitant motor symptom
that cannot be explained using neurological examinations.
Second, an “unexplained sensory distribution symptom” is a
bizarre distribution that cannot be explained using a single
anatomical lesion. Third, a “non-persistent sensory symptom”
is a somatosensory complaint that fluctuates without a trigger
or treatment.

2.3. Nerve conduction study

We performed nerve conduction studies using an
electromyograph (MEB-2300, Nihon Kohden, Tokyo, Japan)
on outpatients under the supervision of board-certified clinical
neurophysiologists or skilled neurologists. The studies were
performed under proper skin temperatures of over 32°C and
31°C on the upper and lower limbs, respectively. We measured

TABLE 1 Clinical characteristics of patients with FND and controls.

10.3389/fneur.2023.1259887

some or all of the median, ulnar, and sural nerves, unilaterally
or bilaterally. All SNAPs were recorded using surface electrodes,
and sensory nerve stimulation was performed antidromically. The
active electrode of the median nerve was placed on the proximal
interphalangeal joint of the index finger, the ulnar nerve was placed
on the proximal interphalangeal joint of the small finger and that
of the sural nerves was placed between the outer ankle and heel.
Each reference electrode was located 3 cm distal to the active
electrode. The site of electrical stimulation was 2 cm proximal to
the distal crease of the wrist at the median and ulnar nerves and
14 cm proximal to the recording electrode at the sural nerve. SNAP
amplitudes were defined from the baseline to the negative peak.

2.4. Study design

Figure 1 illustrates the study design, number of patients,
and SNAP values for each group. In patients with FND, SNAP
amplitudes were defined as the value on the symptomatic limb
or the average value if the tests were performed bilaterally. In
the control groups, SNAP amplitudes were defined as the value
if unilateral and the average value if bilateral. We compared
SNAP adjusted for age between patients with FND and controls.
Furthermore, we compared SNAP adjusted for age in patients

Median Ulnar Sural

Control FND P-value  Control FND P-value Control FND P-value

(N=113) (N=62) (N=111) (N=159) (N=112) (N=61)
Age, mean (SD), year 56.6 (17.1) 48.8 (17.9) <0.01 56.6 (17.2) 48.4 (18.1) <0.01 56.0 (17.5) | 49.9 (18.6) 0.03
Sex (female), N (%) 60 (53) 33 (53) 1.00 59 (53) 33 (56) 0.85 60 (54) 38 (61) 039
BMI, mean (SD), kg/m? 22.5 (4.0) 23.0 (2.6) 0.70 225 (4.1) 229 (2.6) 0.70 224 (3.8) 227 (2.1) 0.77
SNAP amplitude, mean 38.1(17.5) 427 (15.7) 0.09 35.1(16.7) 39.3 (16.0) 0.12 15.1(8.1) 16.3 (7.5) 034
(SD), pv

BMI (Median. DC: N = 84, FND: N = 19, Ulnar. DC: N = 84, FND: N = 18, Sural. DC: N = 83, FND: N = 18). Age, BMI, and SNAP amplitudes were analyzed using the t-test, and sex was
analyzed using Pearson’s chi-square test. DC, disease control; FND, functional neurological disorder; BMI, body mass index; SNAP, sensory nerve action potential; SD, standard deviation.

¢ Sural
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~ Control
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~ Control
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T 75
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FIGURE 2

FND, functional neurological disorder; DC, disease control.

Comparison of SNAP between patients with FND and controls. (A) Median (P = 0.94, regression equation; DCy = —0.56 x +69.5, FND y = —0.65 x
+73.1), (B) Ulnar (P = 0.84, regression equation; DC: y = —0.45 x +60.3, FND y = —0.54 x +64.7), (C) Sural (P = 0.72, regression equation; DC: y
= —0.27 x+30.0, FND: y = —0.24 x +28.5). Data were analyzed using analysis of covariance adjusted for age. SNAP, sensory nerve action potential;

60 80 20 40 60 80

Age Age
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TABLE 2 Clinical characteristics of patients with FND who had and did not have specific clinical symptoms.

A. Unexplained motor symptom

Median

POS
(N = 30)

NEG
(N =32)

P-value

P-value P-value

B. Unexplained sensory distribution symptom

Age, mean (SD), year 57.1(15.4) 40.0 (16.3) <0.01 57.6 (15.0) 39.4 (16.4) <0.01 582(15.8) | 48.4(18.3) <0.01
Sex (female), N (%) 16 (50) 17 (57) 0.79 15 (52) 18 (60) 0.71 21 (60) 17 (65) 0.87

BMI, mean (SD), kg/m? 22.9 (2.0) 23.1(2.9) 0.99 229 (2.0) 22.9 (3.0) 0.98 226 (2.0) 227 (2.3) 0.94

SNAP amplitude, mean 36.7 (13.8) 49.0 (15.3) <0.01 33.0 (12.5) 45.4(16.7) <0.01 13.2 (4.4) 205 (8.8) <0.01
(SD), uv

Median |
NEG POS P-value
(N=28) (N=234)

Age, mean (SD), year 56.1 (17.2) 42.7 (16.4) <0.01 56.0 (17.4) 41.9 (16.4) <0.01 57.5(18.9) | 44.3(16.4) <0.01

Sex (female), N (%) 14 (50) 19 (56) 0.65 15 (54) 18 (58) 0.93 16 (62) 22 (63) 1.00

BMI, mean (SD), kg/m2 22.2(2.3) 24.2 (2.6) 0.09 22.2(2.3) 24.1(2.7) 0.14 22.3(2.2) 23.0(2.1) 0.57
SNAP amplitude, mean 38.2 (13.5) 46.4 (16.6) 0.04 35.1 (15.5) 43.1 (15.6) 0.053 14.1 (5.8) 18.0 (8.2) 0.04
(SD), uv

C. Non-persistent sensory symptom

Median
NEG POS P-value

(N=34) (N=28)
Age, mean (SD), year 56.7 (14.4) 39.2 (14.4) <0.01 56.2 (15.4) 38.5 (16.6) <0.01 57.5(17.1) | 42.5(17.1) <0.01
Sex (female), N (%) 18 (53) 15 (54) 1.00 19 (58) 14 (54) 0.98 19 (63) 19 (61) 1.00
BMI, mean (SD), kg/m? 22.1(2.2) 24.5 (2.4) 0.04 21.9(2.2) 24.5 (2.4) 0.03 22.3(2.1) 23.1(22) 0.51
SNAP, amplitude, mean 36.7 (12.7) 50.0 (16.1) <0.01 34.4 (14.6) 45.4 (15.8) <0.01 14.1 (5.4) 18.4 (8.7) 0.03
(SD), pv

BMI (A) Unexplained positive motor symptoms (Median. Negative: N = 8; Positive: N = 11; Ulnar. Negative: N = 8; Positive: N = 10; Sural. Negative: N = 9, Positive: N = 9); (B) Unexplained
sensory distribution symptoms (Median. Negative: N = 11; Positive: N = 8; Ulnar. Negative: N = 11; Positive: N = 7; Sural. Negative: N = 9, Positive: N = 9); (C) Non-persistent sensory
symptoms (Median. Negative: N = 12; Positive: N = 7; Ulnar. Negative: N = 11; Positive: N = 7; Sural. Negative: N = 11; positive: N = 7). Age, BMI, and SNAP amplitudes were analyzed
using the t-test, and sex was analyzed using Pearson’s chi-square test. FND, functional neurological disorder; BMI, body mass index; SNAP, sensory nerve action potential; NEG, negative;

POS, positive.

with FND who had and did not have specific clinical symptoms
to elucidate characteristics in patients who displayed substantial
functional symptoms within the FND group. Moreover, SNAP was
adjusted for age in FND patients with the number of specific clinical
symptoms. In addition, we calculated the SNAP estimated value for
each age (SEVA) using the regression equation for age and SNAP in
the control group. We defined the residual rate (RR) as follows:

RR = (each SNAP amplitude SEVA)/SEVA
RR was calculated because SNAP is affected by aging, and
differences in age distribution may occur among the study groups.

Therefore, we believe that RR analysis reduces the effect of aging
on SNAP.

2.5. Statistical analysis

In terms of demographics, age, body mass index (BMI),
and SNAP amplitudes were analyzed using a t-test between

Frontiersin Neurology

two groups and analysis of variance (ANOVA) among the
four groups. Sex was analyzed using Pearson’s chi-square test.
SNAP amplitudes between patients with FND and controls,
between patients with FND who had and did not have
specific clinical symptoms, and among patients with FND
with the number of specific clinical symptoms were compared
using the analysis of covariance (ANCOVA) adjusted for age.
RR among patients with FND with the number of specific
clinical symptoms was compared using ANOVA. All statistical
analyses were performed using EZR, a graphical user interface
for R (14).

3. Results

3.1. Comparison of SNAP amplitudes
between patients with FND and controls

Table I presents the clinical characteristics of patients with
FND and controls. Patients with FND were younger than controls

frontiersin.org
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FIGURE 3

Comparison of SNAP between patients with FND with and without specific clinical symptoms. Unexplained motor symptoms (A—C). (A) Median (P =
0.34), (B) Ulnar (P = 0.18), (C) Sural (P = 0.04). Unexplained sensory distribution symptoms (D—F). (D) Median (P = 0.83), (E) Ulnar (P = 0.59), (F) Sural
(P = 0.63). Non-persistent sensory symptoms (G-1). (G) Median (P = 0.21), (H) Ulnar (P = 0.36), (I) Sural (P = 0.66). Data were analyzed using the
analysis of covariance adjusted for age. SNAP, sensory nerve action potential; FND, functional neurological disorder.
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(Median, Ulnar: P < 0.01, Sural: P = 0.03), and no differences
were observed in sex and BMI between the two groups. No
significant differences were observed in SNAP amplitudes of each
of the three nerves between patients with FND and controls
(median: P = 0.09, ulnar: P = 0.12, and sural: P = 0.34).
Three regression equations for age and SNAP in controls were
calculated (median: y = —0.56 x +69.5, ulnar: y = —0.45 x
+60.3, sural: y = —0.27 x +30.0). No significant difference was
observed in the SNAP amplitudes of each of the three nerves using
ANCOVA adjusted for age between patients with FND and controls
(Figure 2).

3.2. Comparison of SNAP amplitudes
between patients with FND who had and
did not have specific clinical symptoms

To elucidate patient characteristics with more substantial
functional symptoms within the FND group, we divided the
patients with FND with or without each of the three specific
clinical symptoms (“unexplained motor symptom,” “unexplained

Frontiersin Neurology

sensory distribution symptom,” and “non-persistent sensory
symptom”) and compared the SNAP of each of the three
nerves between the two groups. Table2 presents the clinical
characteristics of patients with FND, with and without specific
clinical symptoms. Patients with FND who experienced specific
clinical symptoms were younger than those who did not (median,
ulnar, and sural: P < 0.01). No sex differences were observed
between the two groups. Patients with FND who experienced
“non-persistent sensory symptom” had a higher BMI than
patients who did not (median: P = 0.04, ulnar P = 0.03)
despite the small sample size. Patients with FND who had
“unexplained motor symptom”, “unexplained sensory distribution
symptom”, and “non-persistent sensory symptom” had a larger
SNAP amplitude than those who did not (“unexplained motor
symptom”; median, ulnar, sural: P < 0.01, “unexplained sensory
distribution symptom”; median: P = 0.04, sural: P = 0.04,
“non-persistent sensory symptom”; median, ulnar: P < 0.01,
sural: P = 0.03). Patients with FND who had individual clinical
symptoms revealed that SNAP amplitudes of the sural nerve
using ANCOVA adjusted for age in the group with “unexplained
motor symptom” were significantly larger than those without

05 frontiersin.org


https://doi.org/10.3389/fneur.2023.1259887
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Morimoto et al.

10.3389/fneur.2023.1259887

TABLE 3 Clinical characteristics of patients with FND with the number of specific clinical symptoms.

None (N = 17)

One (N = 16)

Two (N = 11) Three (N = 18) P-value

(SD), pV

None (N = 15)

One (N = 16)

Age, mean (SD), year 60.8 (12.7) 52.4(18.9) 49.6 (13.0) 33.7(13.7) <0.01
Sex (female), N (%) 8(47) 9 (56) 6 (55) 10 (56) 0.95

BMI, mean (SD), kg/m2 23.0 (2.1) 21.2 (2.0) 24.9 (0.0) 24.6 (2.6) 0.10

SNAP amplitude, mean 36.0 (12.9) 38.7 (13.9) 37.7 (15.5) 55.0 (13.1) <0.01
(SD), uv

None (N = 16) One (N = 16) Two (N = 10) Three (N = 17)

Age, mean (SD), year 61.0 (13.1) 52.4(18.9) 47.3(11.8) 33.3(13.9) <0.01
Sex (female), N (%) 8 (50) 9 (56) 7 (70) 9(53) 0.78

BMI, mean (SD), kg/m2 23.0 (2.1) 21.2(2.0) NA 24.6 (2.6) 0.06

SNAP amplitude, mean 30.8 (13.1) 40.0 (15.9) 31.8(9.1) 51.0 (15.0) <0.01

Two (N = 14) Three (N = 16)

(SD), pV

Age, mean (SD), year 64.9 (13.7) 51.8 (18.9) 48.4 (14.3) 35.3(14.4) <0.01
Sex (female), N (%) 9 (60) 10 (63) 9 (64) 10 (63) 0.88
BMI, mean (SD), kg/m? 22.9(2.1) 21.9 (2.0) 22.5(3.5) 234 (2.1) 0.68
SNAP amplitude, mean 12.3 (3.5) 15.3 (6.8) 14.6 (4.3) 22.5(9.6) <0.01

BMI (Median. None: N = 6, One: N = 6, Two: N = 1, Three: N = 6, Ulnar. None: N = 6, One: N = 6, Two: N = 0, Three: N = 6, Sural. None: N = 5, One: N = 6, Two: N = 2, Three: N = 5).
Age, BMI, and SNAP amplitudes were analyzed using analysis of variance, and sex was analyzed using Pearson’s chi-square test. FND, functional neurological disorder; BMI, body mass index;

SNAP, sensory nerve action potential; SD, standard deviation.

A Median B Ulnar ¢ Sural
100 the number of FND-specific clinical symptoms 100 the number of FND-specific clinical symptoms 50 the number of FND-specific clinical symptoms
= [0f = Y| #= 2 = F we [0 o {f] = 2 = 3 v () o ] D e 3
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o
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FIGURE 4

Comparison of SNAP in patients with FND with the number of specific clinical symptoms. (A) Median (P = 0.17), (B) Ulnar (P = 0.049), (C) Sural (P =
0.13). Data were analyzed using analysis of covariance adjusted for age. SNAP, sensory nerve action potential; FND, functional neurological disorder.

(Figure 3, P = 0.04). However, the age distribution between the two
groups differed.

3.3. Comparison of SNAP amplitudes and
RRs in FND patients with the number of
specific clinical symptoms

Considering the influence of age difference between the
two FND subgroups, we performed a sub-analysis using the

Frontiersin Neurology
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RR. Furthermore, we considered the extent of the functional
symptoms by summing the symptoms. Table 3 presents the clinical
characteristics of the patients with FND with the number of specific
clinical symptoms. Patients with FND who experienced more
specific clinical symptoms were younger than controls (median,
ulnar, and sural: P < 0.01). No differences in sex and BMI were
observed among the four groups. SNAP amplitudes of each of
the three nerves in patients with FND, with more specific clinical
symptoms, were larger (median, ulnar, and sural: P < 0.01).
SNAP amplitudes of the ulnar nerve using ANCOVA adjusted for
age in the group with the number of specific clinical symptoms
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TABLE 4 Residual rates of each of the three nerves in patients with FND with the number of specific clinical symptoms.

None (N = 20) One (N = 18) Two (N = 17) Three (N = 21) P-value
Median, mean (SD) 0.01 (0.35) —0.03 (0.33) —0.09 (0.36) 0.10 (0.24) 043
Ulnar, mean (SD) —0.06 (0.37) 0.10 (0.39) —0.18 (0.21) 0.14 (0.37) 0.09
Sural, mean (SD) 0.07 (0.46) —0.05 (0.29) —0.12 (0.20) 0.10 (0.46) 033

Median: None: N = 17, One: N = 16, Two: N = 11, Three: N = 18, Ulnar: None: N = 16, One: N = 16, Two: N = 10, Three: N = 17, Sural: None: N = 15, One: N = 16, Two: N = 14, Three: N
= 16. The residual rates were analyzed using analysis of variance. FND, functional neurological disorder; SD, standard deviation.

were significantly larger than those without (Figure 4, P = 0.049).
However, the RRs of all three nerves did not differ among the four
groups (Table 4).

4. Discussions

To the best of our knowledge, this is the first study to examine
SNAP amplitudes in patients with FND. We compared SNAP
amplitudes (1) between patients with FND who had sensory
manifestations and controls and (2) between patients with FND
with and without FND-specific clinical symptoms. However, no
difference was observed. This may be because in-house normative
data of SNAP amplitudes in hospitals or laboratories may include
the data of patients with FND. Therefore, we cannot consider the
data of SNAP amplitudes of patients with FND as normative data;
however, we reported that there were no significant differences
between the FND and the control data.

Based on our clinical experience and the report by Tipton
et al. (12) we hypothesized that patients with FND who had
sensory manifestations had higher SNAP amplitudes than the
normal population. However, no significant amplitude differences
were observed when the SNAP amplitudes and those adjusted
for age were compared between patients with FND with sensory
manifestations and controls. The clinical impression of larger
SNAP amplitudes in patients with FND could be due to differences
in the age distribution of FND patients. Moreover, patients in
the FND group displayed various functional symptoms. Therefore,
it is essential to identify patients with FND with high purity
to elucidate the substantial characteristics of patients with FND
who have sensory manifestations. Sub-analyses for individual
clinical symptoms revealed that patients with FND with only one
subcategory (“unexplained motor symptom,” Sural: P = 0.04) had
significantly higher SNAP amplitudes adjusted for age, resulting
in the effect of age distribution. We compared SNAP amplitudes
adjusted for age in patients with FND with the number of specific
clinical symptoms; the results showed differences between the
groups (ulnar: P = 0.049). Additionally, we compared the RRs
among patients with FND with the number of specific clinical
symptoms to reduce the effect of aging on SNAP. Yet there were
no significant differences between the groups. Patients with FND
consisted of heterogeneous groups; however, in this study, no
clear correlation between patients with FND and SNAP amplitudes
was observed.

Sensory nerve hyper-excitability using threshold tracking
is useful for assessing neuropathic pain caused by peripheral
neuropathy (15). However, a recent multicenter observational
study discovered that axonal excitability did not differ with
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or without pain in patients with diabetic and chemotherapy-
induced polyneuropathy (16). Nonetheless, sensory nerve hyper-
excitability in patients with sensory manifestations without
peripheral neuropathy, such as FND, has not been elucidated.
SNAP amplitudes decreased with age, but sensory nerve hyper-
excitability in healthy controls using threshold tracking (QTRAC
program) did not change with age (17). Therefore, if FND affects
the peripheral and central nervous systems, measuring sensory
nerve hyper-excitability using threshold tracking in patients
with FND who have sensory manifestations may be useful for
pathophysiological evaluation. In addition, the SNAP amplitude
is highly dependent on single action potential durations and
their temporal synchronization. Thus, in future, if patients with
FND manifesting sensory symptoms have a large amplitude
of SNAP beyond the age effect, action potential duration and
synchronization should be considered.

Nonetheless, this study had some limitations. First, we recruited
patients with disease as controls rather than healthy controls.
Second, we defined exclusion criteria to exclude patients with
organic peripheral neuropathy as the cause but were unable
to exclude a patient with neurological disease co-existing with
FND (18). Furthermore, myelopathy often causes a lower SNAP
amplitude (19), but its existence was not thoroughly examined in
our retrospective cohort. The number of patients with recorded
BMI was small though BMI affects SNAP amplitudes (20).
However, BMI showed no difference between groups as possible
numbers. Finally, we were unable to evaluate organic small-fiber
neuropathy using the current sensory conduction study. Thus,
some patients may have reduced SNAP amplitudes due to co-
existing small-fiber neuropathy.

5. Conclusion

SNAP amplitudes of patients with FND with sensory
manifestations did not differ from those of controls. Patients
with FND with higher diagnostic certainty displayed FND-
specific symptoms and did not reveal unexplainable higher SNAP
amplitudes. Thus, the similarity of SNAP amplitudes between
patients with FND and controls suggests no correlation between
FND and SNAP amplitudes.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

frontiersin.org


https://doi.org/10.3389/fneur.2023.1259887
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Morimoto et al.

Ethics statement

The studies involving humans were approved by the Kobe
University Ethics Committee. The studies were conducted
in accordance with the local legislation and institutional
Written
was not required from the participants or the participants’ legal

requirements. informed consent for participation
guardians/next of kin because this study is a retrospective study

using clinical information in the opt-out approach.

Author contributions

KM: Data
Methodology, Project administration, Writing—original draft. KS:

curation, Formal analysis, Investigation,

Conceptualization, Formal analysis, Investigation, Methodology,
Project administration, Writing-review and editing. RM: Formal
analysis, Supervision, Writing-review and editing.

Funding

The authors declare financial support was received for the
research, authorship, and/or publication of this article. This
work was supported by a grant for research on intractable

References

1. Stone J, Carson A, Duncan R, Roberts R, Warlow C, Hibberd C, et al. Who is
referred to neurology clinics? —the diagnoses made in 3781 new patients. Clin Neurol
Neurosurg. (2010) 112:747-51. doi: 10.1016/j.clineuro.2010.05.011

2. Ahmad O, Ahmad KE. Functional neurological disorders in outpatient practice:
an Australian cohort. J Clin Neurosci. (2016) 28:93-6. doi: 10.1016/j.jocn.2015
11.020

3. Daum C, Hubschmid M, Aybek S. The value of “positive” clinical
signs for weakness, sensory and gait disorders in conversion disorder:
a systematic and narrative review. ] Neurol Neurosurg Psychiatry. (2014)
85:180-90. doi: 10.1136/jnnp-2012-304607

4. Baker JH, Silver JR. Hysterical paraplegia. ] Neurol Neurosurg Psychiatry. (1987)
50:375-82. doi: 10.1136/jnnp.50.4.375

5. Demartini B, Nistico V, Edwards MJ, Gambini O, Priori A. The pathophysiology
of functional movement disorders. Neurosci Biobehav Rev. (2021) 120:387-
400. doi: 10.1016/j.neubiorev.2020.10.019

6. Burke M], Ghaffar O, Staines WR, Downar ], Feinstein A. Functional
neuroimaging of conversion disorder: the role of ancillary activation. NeuroImage Clin.
(2014) 6:333-9. doi: 10.1016/j.nicl.2014.09.016

7. Keynejad RC, Frodl T, Kanaan R, Pariante C, Reuber M, Nicholson TR. Stress and
functional neurological disorders: mechanistic insights. ] Neurol Neurosurg Psychiatry.
(2019) 90:813-21. doi: 10.1136/jnnp-2018-318297

8. Maurer CW, LaFaver K, Ameli R, Toledo R, Hallett M. A biological
measure of stress levels in patients with functional movement disorders.
Parkinsonism Relat Disord. (2015) 21:1072-5. doi: 10.1016/j.parkreldis.2015.
06.017

9. Apazoglou K, Mazzola V, Wegrzyk ], Frasca Polara GE, Aybek S. Biological and
perceived stress in motor functional neurological disorders. Psychoneuroendocrinology.
(2017) 85:142-50. doi: 10.1016/j.psyneuen.2017.08.023

10. Edwards MJ, Adams RA, Brown H, Pareés I, Friston KJ. A Bayesian
account of ‘hysteria. Brain. (2012) 135:3495-512. doi: 10.1093/brain/
aws129

Frontiersin Neurology

08

10.3389/fneur.2023.1259887

diseases from the Ministry of Health, Labor and Welfare,
Japan (No.23FC1037).

Acknowledgments

The authors thank the electrodiagnosis division member of
clinical neurophysiology at Kobe University Hospital.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

11. Hallett M, Aybek S, Dworetzky BA, McWhirter L, Staab JP, Stone J. Functional
neurological disorder: new subtypes and shared mechanisms. Lancet Neurol. (2022)
21:537-50. doi: 10.1016/S1474-4422(21)00422-1

12. Tipton PW, Rubin DI Supranormal sensory nerve action potential
amplitude correlates of sensory symptoms. ] Clin Neurophysiol. (2019)
36:224-8. doi: 10.1097/WNP.0000000000000564

13. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders. 5™ Edn. Arlington, TX: American Psychiatric Association (2013), p. 318
21. doi: 10.1176/appi.books.9780890425596

14. Kanda Y. Investigation of the
“EZR” for medical statistics. Bone
8. doi: 10.1038/bmt.2012.244

freely available
Marrow  Transplant.

easy-to-use software
(2013)  48:452-

15. Kuwabara S, Misawa S. Pharmacologic intervention in axonal excitability: in
vivo assessment of nodal persistent sodium currents in human neuropathies. Curr Mol
Pharmacol. (2008) 1:61-7. doi: 10.2174/1874467210801010061

16. Themistocleous AC, Kristensen AG, Sola R, Gylfadottir SS, Bennedsgaard K,
Itani M, et al. Axonal excitability does not differ between painful and painless
diabetic or chemotherapy-induced distal symmetrical polyneuropathy in a multicenter
observational study. Ann Neurol. (2022) 91:506-20. doi: 10.1002/ana.26319

17. Caetano A, Pereira P, de Carvalho MD. Influence of age and gender in the sensory
nerve fibers excitability. Brain Behav. (2022) 12:¢2467. doi: 10.1002/brb3.2467

18. Stone J, Carson A, Duncan R, Roberts R, Coleman R, Warlow C, et al. Which
neurological diseases are most likely to be associated with “symptoms unexplained by
organic disease.” ] Neurol. (2012) 259:33-8. doi: 10.1007/s00415-011-6111-0

19. Mondelli M, Aretini A, Arrigucci U, Ginanneschi F, Greco G, Sicurelli F. Sensory
nerve action potential amplitude is rarely reduced in lumbosacral radiculopathy due to
herniated disc. Clin Neurophysiol. (2013) 124:405-9. doi: 10.1016/j.clinph.2012.07.020

20. Fujimaki Y, Kuwabara S, Sato Y, Isose S, Shibuya K, Sekiguchi Y, et al.
The effects of age, gender, and body mass index on amplitude of sensory
nerve action potentials: multivariate analyses. Clin Neurophysiol. (2009) 120:1683-
6. doi: 10.1016/j.clinph.2009.06.025

frontiersin.org


https://doi.org/10.3389/fneur.2023.1259887
https://doi.org/10.1016/j.clineuro.2010.05.011
https://doi.org/10.1016/j.jocn.2015.11.020
https://doi.org/10.1136/jnnp-2012-304607
https://doi.org/10.1136/jnnp.50.4.375
https://doi.org/10.1016/j.neubiorev.2020.10.019
https://doi.org/10.1016/j.nicl.2014.09.016
https://doi.org/10.1136/jnnp-2018-318297
https://doi.org/10.1016/j.parkreldis.2015.06.017
https://doi.org/10.1016/j.psyneuen.2017.08.023
https://doi.org/10.1093/brain/aws129
https://doi.org/10.1016/S1474-4422(21)00422-1
https://doi.org/10.1097/WNP.0000000000000564
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.2174/1874467210801010061
https://doi.org/10.1002/ana.26319
https://doi.org/10.1002/brb3.2467
https://doi.org/10.1007/s00415-011-6111-0
https://doi.org/10.1016/j.clinph.2012.07.020
https://doi.org/10.1016/j.clinph.2009.06.025
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Sensory nerve action potential in patients with functional neurological disorders with sensory manifestations
	1. Introduction
	2. Methods
	2.1. Study population
	2.2. Definition of specific clinical symptoms in patients with FND who have sensory manifestations
	2.3. Nerve conduction study
	2.4. Study design
	2.5. Statistical analysis

	3. Results
	3.1. Comparison of SNAP amplitudes between patients with FND and controls
	3.2. Comparison of SNAP amplitudes between patients with FND who had and did not have specific clinical symptoms
	3.3. Comparison of SNAP amplitudes and RRs in FND patients with the number of specific clinical symptoms

	4. Discussions
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


