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Motor unit electrophysiological changes in Guillain-Barré
syndrome in the context of a COVID-19 infection

A 55-year-old woman was admitted to the hospital with unstable gait conduction velocities bilaterally (29 m/s), and absent tibial and median
followed by four-limb weakness with lower limb predominance. F waves. Thus, the patient met three criteria for demyelinating
Several days before the onset of neurological symptoms, she devel- polyneuropathy.t
oped mild respiratory symptoms, generalized myalgias without fever, Electromyographic signals were recorded, using a 38 x 0.45-mm
and an episode of diarrhea. Neuroline concentric needle (Ambu, Ballerup, Denmark), from the
On initial examination, she demonstrated moderate weakness right deltoid, extensor digitorum communis, first dorsal interosseous,
mainly affecting the lower limbs (she could stand but was unable to tensor fascia latae, and vastus lateralis, and bilaterally from the tibialis
walk), decreased proprioception, distal hypoesthesia, and generalized anterior and gastrocnemius, and then bandpass filtered at 20 Hz to
areflexia. A polymerase chain reaction nasal swab test was positive 10 kHz and stored using a KeyPoint.Net 3.22 device (Alpine Biomed,
for severe acute respiratory syndrome-coronavirus 2; respiratory sup- Fountain Valley, California). Spontaneous activity was qualitatively
port was not required. Blood tests, cerebrospinal fluid analysis, chest analyzed and motor unit potentials (MUPs) from electromyographic
X ray, and cranial computed tomography revealed no abnormalities. (EMG) signals with 200 * 50 turns/s were quantitatively analyzed off-
Due to suspected Guillain-Barré syndrome (GBS), electrodiagnostic line using decomposition-based quantitative EMG? and near-fiber
studies (EDx) were performed on day 9 after admission, and the patient EMG (NFEMG),>** which together aid in the diagnosis of neuromuscu-
was treated with intravenous immunoglobulin 0.4 g/kg for 5 days. lar disorders by quantifying intrinsic motor unit (MU) morphological
An initial nerve conduction study (NCS) revealed increased and electrophysiological properties. A near-fiber MUP (NFM) is cre-
temporal dispersion (158%) and reduced proximal/distal compound ated by low-pass double-differentiation filtering a MUP, which, like
muscle action potential (CMAP) size (0.5) in the right median and ulnar SFEMG bandpass filtering, emphasizes contributions from fibers close
nerves with elbow stimulation (normal distal CMAP), reduced tibial to the needle detection surface (near fibers [NFs]). MUP area
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FIGURE 1 Distribution of MUP and NFM values from the left tibialis anterior from two consecutive needle EMGs (n = 21 and 28,
respectively). On the left, representative size, dispersion, and stability features are plotted (MUP area [pV*ms], NFM duration [ms], and NFM
segment jitter [us], respectively). In each boxplot, minimum, maximum, median, and mean and standard deviation values are shown (mean values
inside boxes and standard deviation in brackets). MUP area, NFM dispersion, and segment jitter were all reduced (P < .005, one-way analysis of
variance test). On the right, a three-dimensional representation of all three measures for the pool of MUs sampled is shown. The MUP size and
NFM temporal dispersion and instability for a majority of the MUs sampled during the first EMG examination (blue dots) are increased and more
scattered compared with those of the MUs sampled during the second EMG examination (green dots). Abbreviations: EMG, electromyographic
examination; MUP, motor unit potential; NF, near fiber; NFM, near-fiber MUP

vertebra; MFAP, muscle fiber action potential; MU, motor unit; MUP, motor unit potential;
NCS, nerve conduction studies; NF, near fiber; NFEMG, near-fiber electromyography; NFM,
near-fiber motor unit potential; NMJ, neuromuscular junction.

Abbreviations: ANOVA, analysis of variance; CMAP, compound muscle action potential;
COVID-19, coronavirus disease 2019; CSF, cerebrospinal fluid; EDx, electrodiagnostic
study; EMG, needle electromyography; GBS, Guillain-Barré syndrome; L5, 5th lumbar
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Example MUPs/NFMs from the left tibialis anterior from two consecutive electromyographic examinations (upper and lower

panel, respectively). MUPs shown were selected based on the representativeness of their values during each EMG. In the first examination, a
majority of MUPs had increased size and NFMs had increased temporal dispersion and instability, compared with the second examination. From
left to right: NFM shimmer, NFM template, and MUP template. The NFM shimmer shows overlapped isolated NFM traces. The top-to-bottom
vertical lines indicate NFM duration. In the NFM template, each short vertical line corresponds to an NF peak. The time interval between the first
and last short vertical line is the NFM dispersion. NFM and MUP feature values are shown: NFM duration (NFM Dur), NFM dispersion (NF Disp),
near-fiber count (NF count), NFM segment jitter (NFM SJ), MUP duration (Dur), and MUP amplitude (amp) MUP area (area) number of MUP turns
(turns). Abbreviations: EMG, electromyographic examination; MUP, motor unit potential; NF, near fiber; NFM, near-fiber MUP

represents MU size. NFM duration (the time between the NFM onset
and end positions) and NFM dispersion (the time between the first
and last detected NF contribution) do not reflect MU size; rather, they

reflect MU electrophysiological temporal dispersion (ie, differences in
MU axonal branch conduction, neuromuscular junction [NMJ] trans-

mission, and muscle fiber action potential [MFAP] conduction times).
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NFM segment jitter reflects NFM temporal instabilities, caused by
variability in MU axonal branch conduction, NMJ transmission, and
MFAP conduction times.

Initially, low-amplitude and -frequency positive sharp waves and
fibrillation potentials were recorded bilaterally from the tibialis ante-
rior and gastrocnemius. Recruitment was reduced in all muscles sam-
pled, with a predominance of large-area and irregularly shaped MUPs
recorded from early-recruited MUs (more pronounced in distal lower
limb muscles). Initial NFEMG measures showed increased dispersion
and segment jitter in nearly all lower limb muscles sampled (Figure 1).

Subsequent EDx, performed 5 weeks later, showed improved
NCS results. Although the criteria for demyelinating polyneuropathy
were still met, significant clinical improvement was seen, as the
patient was able to walk with minor assistance.

In addition, MUP area, NFM dispersion, and segment jitter were
all reduced Figure 1. Figure 2 shows examples of initial and subse-
quently recorded MUPs and NFMs.

In GBS, early recruitment of MUs with large MUPs is a consequence
of conduction block affecting small-diameter axons.® However, the elec-
trophysiology of MUPs in GBS (ie, quantification of MUP size, temporal
dispersion, and stability) is not usually included in the diagnostic proto-
cols for GBS.® Our results could be explained by both a transient impair-
ment of smaller diameter myelinated motor axons (possibly a
consequence of conduction block affecting proximal nerve segments,
manifesting as early recruitment of large MUs and reduced numbers of
small area MUPs) and possible transient electrophysiological impairment
of either MU distal axonal branches or their NMJs (manifesting as tran-
sient increased NFM dispersion and segment jitter).

Also, axonal degeneration and rapid regeneration of short myelinated
segments of intramuscular terminal axonal branches has been associated
with immune-mediated subtypes of GBS,” which could explain the early
active denervation and rapid motor recovery observed.

These findings support the combined use of EMG and NFEMG in
suspected polyneuropathy. Because MUP area reflects MU size while
NFM duration, dispersion, and stability reflect MU electrophysiologi-
cal dispersion and stability, respectively, their combined use can pro-
vide valuable information for early diagnosis and management of
treatable disorders.
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