
Longitudinal evaluation of laryngeal motor-evoked potentials following vagus nerve stimulation 
in patients with drug-refractory epilepsy

Dear Editor,

Epilepsy affects over 70 million individuals worldwide [1]. For pa
tients who do not respond to antiseizure medications and are not can
didates for resective surgery, vagus nerve stimulation (VNS) offers an 
alternative. VNS can be delivered in a programmed mode or manually 
with a magnet, but clinical response remains highly variable. One 
understudied source of this variability may be nerve function and re
covery after implantation. Insufficient activation, possibly due to pro
cesses such as nerve injury, could limit efficacy [2].

The vagus nerve contains multiple fiber types; therapeutic effects are 
thought to depend primarily on larger myelinated fibers (Aβ, Aδ, B) [3], 
while VNS also co-activates the recurrent laryngeal nerve composed of 
motor Aα fibers [4]. Laryngeal motor evoked potentials (LMEPs), which 
reflect Aα-fiber recruitment, therefore provide an accessible marker of 
vagal function [5,6]. Preclinical studies in rats have shown that 
VNS-induced laryngeal motor responses can be readily recorded [2–4], 
and LMEPs have also been demonstrated in humans [5]. Although 
LMEPs have been recorded in both rats and humans within weeks of 
implantation [4,6], their longitudinal evolution and relationship to 
seizure outcomes remain unknown. Here, we examined how LMEP 
characteristics change over time and whether they may serve as a 
biomarker to optimize and individualize VNS therapy.

We prospectively enrolled patients undergoing newly VNS implan
tation between 2022 and 2024. Assessments were performed pre- 
implantation (baseline for VNS clinical response) and LMEPs were 
recorded at 2 weeks, 1, 3, and 6 months post-surgery (electrodes 
placement see Fig. 1A). At each visit, clinical response was evaluated 
using the Clinical Research-Response Scale (CRRS) [7], which captures 
both acute and chronic VNS effects (Supplementary S1). LMEPs can be 
characterized by latency (time from stimulation onset to motor peak) 
and amplitude (peak-to-baseline difference) [6]. Acquisition and pro
cessing protocols are detailed in Supplementary S2, example of LMEPs 
can be seen in Fig. 1B. Linear mixed-effects models (LMM) were applied 
to examine longitudinal changes in latency and amplitude and their 
association with VNS response over time and at 6 months. A probability 
density function (PDF) of latency at clinical intensity was generated for 
the 6-month time point, and the standard deviation was calculated to 
quantify the dispersion.

Using this approach, data from 12 patients (mean age: 38.5 ± 12 
years; 5 males, 7 females) were analyzed. One patient was excluded due 
to a postoperative laryngeal nerve lesion (demographic details provided 
in Supplementary Table S3). At the 6-month follow-up, five patients 
were classified as responders (>50 % seizure reduction; mean CRRS 12.8 
± 2.5) and six as non-responders (mean CRRS 6.0 ± 5.0). For detailed 

information on exclusions and missed visits, see Supplementary S4; 
CRRS scores across visits are reported in Supplementary S5, and all 
extracted latency and amplitude values along with the number of pa
tients contributing data for each intensity and the intensities included in 
the LMM analysis in Supplementary S6.

At routine clinical stimulation, average LMEPs latency was 9.6 ± 0.9 
ms (Fig. 1C). LMMs showed that latency decreased significantly over 
time, plateauing between 3 and 6 months (Supplementary S7). Impor
tantly, greater within-subject latency reductions were associated with 
better clinical response, particularly at 0.875 mA (CI [0.17 to 0.65], b =
0.41 at 3 months; CI [0.15 to 0.62], b = 0.35 at 6 months; p = 0.02; 
Fig. 1D). Amplitude averaged 133.2 ± 50.2 mV at 6 months and did not 
change significantly overall. However, higher amplitudes at 0.875 mA 
were linked to better response (CI [7.36 to 43.9], b = 25.5; p = 0.03*) 
(Fig. 1E), with similar non-significant trends at other intensities (Sup
plementary S8). Collectively, these findings suggest that progressive 
reductions in latency and increases in amplitude over time may indicate 
enhanced vagal activation, with a stabilization observed between 3 and 
6 months post-implantation. These electrophysiological changes appear 
to correlate with therapeutic efficacy.

Latency and amplitude of LMEPs are established markers of nerve 
injury and recovery [8]. In our cohort, patients with better VNS response 
exhibited shorter latencies and higher amplitudes over time, suggesting 
more robust vagal recovery in the early postoperative phase. Because 
vagal fibers are intrinsically interconnected [9], LMEP features at sta
bilization may help guide optimal VNS settings [9,10]. Specifically, the 
LMEP saturation intensity may serve as a surrogate marker for the 
threshold necessary to recruit low-threshold fibers, thereby providing 
indirect insight into the activation state of therapeutically relevant fibers 
and informing the optimization of stimulation parameters.

These findings raise the possibility that LMEP monitoring could 
identify peripheral contributors to poor response. Abnormal latency or 
amplitude values may reflect nerve damage or incomplete fiber 
recruitment, whereas stable LMEPs without clinical benefit may instead 
indicate central mechanisms of non-response. Distinguishing these sce
narios could support clinicians in earlier decisions regarding stimulation 
adjustments, modify medications, or consider alternative therapies.

Several limitations warrant consideration. First, the relatively small 
sample size limits statistical power, and some missed visits may have 
introduced bias despite standardized acquisition protocols. Second, 
amplitude values can be affected by skin conductivity or small differ
ences in electrode positioning, although prior work suggests these ef
fects are minimal [5]. Despite these limitations, our prospective design 
and systematic recordings provide important proof of concept for the use 
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of LMEPs in guiding VNS therapy.
Overall, longitudinal LMEP assessment may provide a practical 

biomarker of vagal recovery and treatment responsiveness. Incorpo
rating LMEPs into clinical practice may support more individualized and 
timely management of VNS therapy, including optimized dosing and 
earlier identification of non-responders.
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Fig. 1. Regression Lines for LMEPs Latencies and Amplitudes by Intensities and visits timing after implantation 
Legend: Evaluation of LMEPs characteristics across patients. A) Skin surface electrodes placement (lateral view) and anatomy of the left vagus nerve and recurrent 
laryngeal nerve. B) Average of stimulation artifact and LMEPs following the different intensity used. C) Probability Density Function of latency for all patients at 6 
months showing the mean and standard deviation (SD). D) Regression lines illustrating the relationship between latency and the different CRRS values over time at 
different intensities, demonstrating that latency variation correlates with patient response. Notably, patients with a stronger response to VNS exhibited lower la
tencies than less responsive patients. E) Regression lines illustrating the relationship between amplitude and the different CRRS values over time at different in
tensities, indicate that amplitude variation correlates longitudinally with patient response. Notably, patients with a stronger response to VNS exhibited higher 
amplitudes compared to less responsive patients.
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