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Abstract

Objective: The purpose of present study was to evaluate the impact of peripheral neuromodulation through vagus nerve
stimulation on headache in Post COVID-19 survivors. Methods: Thirty Post COVID-19 survivors from both genders (17
females and 13 males) aged from 20 to 40 years who suffered from Post COVID-19 headache were recruited and randomized
into two groups of equal number. Subjects in group A (study group) received transcutaneous vagus nerve stimulation as well
as the designed physiotherapy program whereas subjects in group B (control group) underwent placebo transcutaneous vagus
nerve stimulation on vagus nerve in addition to the same designed physical therapy program. The treatment was carried-out
for 5 sessions each week for four weeks. Visual analogue scale (VAS) was used to measure the intensity of headache pain
whereas the headache disability index (HDI) was used to measure the disability resulted from headache. Results: The findings
showed significant decline in VAS and HDI post treatment in study group (A) and control group (B) in comparison with that
pretreatment (p<0.001). Between-group analysis showed no significant difference between the two groups pretreatment
(p>0.05), whereas there was significant decline in VAS and HDI in study group in comparison with that of the control group
posttreatment (p<0.05). Conclusion: peripheral neuromodulation is more effective in managing headache in post COVID-19
survivors.
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Introduction

The 1st cases of an unknown form of acute pneumonia were reported in Wuhan, China, in December of the year
of 2019. The World Health Organization (WHO) announced it as a global pandemic on 11 March 2020 [1] and
gave it the name Coronavirus Disease 2019 (COVID-19). Greater than 200 countries as well as territories
throughout Asia, Europe, North America, Africa, in addition to South America have been affected by the COVID-
19 pandemic [2]. Post-COIVD-19 Neurological Syndrome (PCNS) refers to the ongoing neurological
involvement caused by the virus from the time of its initial infection to the protracted recovery process. Both the
Wuhan observational study and also other international case reports suggest that COVID-19 can affect the entire
neurological system [3].

According to the WHO, the symptoms are not limited to only respiratory manifestations but also, fatigue, dyspnea,
and cognitive dysfunction are the most frequent symptoms of this condition. In addition to Anxiety and depression,
pain in the muscles and joints, sleep disturbances, problems with your sense of smell or taste, and etc. [4,5].
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Mekkawy et al. found, in their cohort study on Egyptian patients, headache to be a very common neurological
symptom result from COVID-19 and may also appears as an initial manifestation accompanied by myalgia,
dizziness, as well as action tremors [6].

A headache is a type of pain that affects the face and scalp with or without a clear cause and can be occur in
various forms [7]. Disabling headaches affect several aspects of a person’s life, including their ability to work and
interact with others, their health, and their relationships with friends and family [8]. The WHO recognizes that
headache sufferers who are under-recognized, under-diagnosed as well as under-treated, that is come back to the
patient and financial effect of headache conditions [9,10].

Neuromodulation is a wide field of technologies that are widely described as the manner of inhibition, stimulation,
adjustment, regulation as well as therapeutic change of activity using an electrical or chemical implementation, in
the central, peripheral, or autonomic nervous system, either invasively or non-invasively [11].

Neuromodulation treatment is most often used to treat pain caused by ischemic pain, visceral pain, neuropathic
pain, angina pectoris, peripheral arterial disease, epilepsy, urinary dysfunction, spasticity caused by spinal cord
injury (SCI), cerebral palsy (CP), or multiple sclerosis (MS), as well as diabetes mellitus [12].

Neuromodulation, as a new branch of headache treatment, contains invasive surgical methods focused on
structures which directly cause headache symptoms and signs and non-invasive methods that focus on the central
or peripheral nervous system to modulate pain and other headache-related mechanisms [13,14].

More clearly, focusing on peripheral neuromodulation, as a growing field of study used for the treating of
headache disorder aiming at pain reduction through directing structures in the nervous system usually responsible
for in headache pathophysiology, including the vagus nerve (VNS) or sphenopalatine ganglion (SPG) aimed at
stimulation [15,16].

The vagus nerve (tenth cranial nerve) plays a big role in pain processing and is responsible for transmission of
peripheral inflammation signals to the central nervous system [17]. Vagus nerve stimulation gets approval from
Food and Drug Administration (FDA) for somatic treatment of different pathologies [18,19]. Recent clinical and
experimental studies have demonstrated the effect of vagus nerve stimulation as a therapeutic modality in many
diseases including pain syndromes [20,21].

So, the aim of present study was to evaluate the impact of peripheral neuromodulation in the form of vagus nerve
stimulation on headache in Post COVID-19 survivors.

Materials and methods

This is a randomized controlled clinical trial (RCT) carried-out to investigate the effect of peripheral
neuromodulation in the form of vagus nerve stimulation on headache in Post COVID-19 survivors. The study was
carried-out in the outpatient clinic in the Faculty of Medicine, Zagazig University and private clinics in the period
from April 2022 to November 2022. The Physical Therapy Research and Ethics Committee at Cairo University
gave their approval to this study (P.T.REC/012/003831).

Participants:

Thirty participants (17 females and 13 males) were clinically diagnosed with Post COVID-19 headache (up to 6
months after COVID-19 infection) and referred by the neurologist. Patients with moderate to severe pain
according to VAS, and moderate to severe disability according to HDI. They aged from 20 to 40 years. They were
initially identified with positive RT-PCR tests for SARS-CoV-2 by means of naso /oropharyngeal swabs or by
Rapid antigen test.

Patients were excluded if they had pre COVID-19 headache, ECG abnormality, orthostatic hypotension with
symptoms, history of recurring vasovagal syncope, the patients who were taking NSAIDs were instructed to stop
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taking them 48 hours prior to the inclusion [22], Skin disease, other conditions such as cardiac arrhythmia, sleep
apnea, pregnancy, etc.) [23] and chronic diseases need multiple medications, Primary psychiatric syndrome with
or without CNS medication [24].

To ensure an appropriate sample size, a power analysis was done. The sample size was calculated to be 36 patients
at a 95 % confidence interval, with an 80.0 % study power. Finally, the study involved 30 participants (6
participants were excluded). Each participant signed an informed consent form before enrolment.

Randomization:

Initial eligibility assessments were performed on 36 Post COVID-19 patients. Five patients failed to fulfill our
inclusion criteria, and one patient rejected to participate in the study, the residual 30 patients were randomized
into two groups of an equal number using computer generated random. The examiner was blinded to which group
the patients belong (CONSORT Flow chart, Figure 1)

Figure 1: Flow chart of the study
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Assessment procedures:

Assessment of pain intensity by Visual analogue scale (VAS):

A tool utilized to help one quantify the degree to which one is experiencing sensations and emotions like pain.
The pain VAS is a 10-centimeter-long straight line, with zero pain on one end and extreme pain on the other end.
A patient marks a point that matches the pain he or she feels [25].
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Assessment of disability by Headache Disability Index (HDI):

The Headache Disability Index is composed of 25 questions. It is valid and useful in assessing the impact of
headache and its treatment on daily living and quality of life [20]. In HDI, each question has only 3 possible
responses:

YES=4 SOMETIMES=2 NO=0

Total score of 10%-28% is considered to indicate mild disability
Total score of 30%-48% is considered to indicate moderate disability
Total score of 50%-68% is considered to indicate severe disability

Total score of 72% or more is considered to indicate complete disability

Treatment procedures
Group A: study group

Patients in this group received tVNS on the left branch of cervical vagus nerve as well as the designed
physiotherapy program. For tVNS, the patients received 30 minutes of TENS five sessions per week for 4 weeks
(an overall of 20 sessions). The intensity was 2mA with frequency of 25HZ, Adhesive electrodes with size of 2
cm?were used with the anode electrode (red one) placed on the left cervical vagus nerve and cathode (black one)
placed below the cheek [24]. The left cervical vagus nerve was targeted since this branch has a lesser effect on
the sinoatrial node than right one [27]. The designed physiotherapy program consisted of warm-up exercise [28],
trigger points release [29,30], stretching exercise [28], craniocervical flexion exercise [31], postural correction
and relaxation techniques [28], and muscle energy techniques [32].

Group B: Control group

The control group received placebo tVNS on the left cervical vagus nerve in addition to the same designed
physical therapy program.

Statistical Analysis:

Age as well as period of affection were compared between groups using an unpaired t-test. The chi-square test
was used to examine the distributions of sexes and headache types distribution among groups. The Shapiro-Wilk
test was used to ensure that the data followed a normal distribution. Homogeneity among groups was examined
using Levene's test for homogeneity of variances. The VAS and HDI scores of the two groups were compared
using an unpaired t-test. The pre- and post-treatment outcomes of each group were compared using a paired t-test.
All statistical analyses were performed with a p-value of less than 0.05 considered substantial. The Windows
version of SPSS, a statistical program, was used for all analyses (IBM SPSS, Chicago, IL, USA).

Results

- Subject characteristics:

Table (1) revealed the patient’s characteristics of the study as well as control groups. There was no significant
difference among groups in age, period of affection, sex and headache type (p > 0.05).
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Table 1. Subject characteristics.

Study group  Control group

MD  t-value p-l
Mean+SD  Mean + SD value

Age (years) 30.8 +£5.99 32.73+6.74 1 93 -0.83 0.41
Period - of affection g/, 453 g33+432 113 07 0.48
(weeks)
Sex, N (%)
Females 8 (53%) 9 60%) -

X

136 0.71
Males 7 (47%) 6 (40%) -36)
Headache type, N (%0)
Migraine 4 (27%) 3 (20%)

(XZ —

0, 0,

TTH 5 (33%) 5 (33%) 02 089
Migraine & TTH 6 (40%) 7 @7T%)

SD, standard deviation; MD, mean difference; p-value, level of significance

Impact of treatment on VAS and HDI:

- Within group comparison:

Post-treatment scores of both VAS and HDI dropped significantly (p> 0.001), compared to their pre-treatment
scores. Reductions in VAS and HDI in the experimental group were 62.79 and 45.73 %, while reductions in the
control group were 40.59 and 25.08 % respectively. (Table 2).

- Between groups comparison:

The pre-treatment, there was no statistically significant difference between the two groups while the post-
treatment, the VAS and HDI scores of study group were significantly lower than those of the control group

(p< 0.05). (Table 2).

Table 2. Mean VAS and HDI pre and post treatment of study and control groups:

Pre- Post-
treatment treatment
[0) -
Mean = SD Mean = SD MD % of 't P
change value value
VAS
Study group 6.80 £ 1.65 2.53+0091 427 6279 1421 0.001
Control group 6.06 £ 1.57 36+£15 246 4059 1492 0.001
MD 0.74 -1.07
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t- value 1.24 -2.34

p value p=0.22 p=0.02
HDI
Study group 63.26 £11.93 34.33+11.19 2893 4573 1991 0.001

Control group 61.13+12.35 458+1341 15.33 25.08 11.15 0.001

MD 2.13 -11.47
t- value 0.48 -2.54
p value p=0.63 p=0.01

SD, standard deviation; MD, mean difference; p-value, probability value

Discussion

The study was conducted to evaluate the impact of peripheral neuromodulation in the form of transcutaneous
vagus nerve stimulation tVNS on headache in Post COVID-19 survivors; Thirty post COVID-19 survivors from
both sexes (17 females and 13 males) were included in this study. Their aged from 20 to 40 years. They were
randomized into 2 groups of equal number: group A received tVNS as well as the designed physiotherapy program
and group B received placebo tVNS as well as the same designed physiotherapy program.

Data were obtained from both groups regarding VAS and HDI before starting treatment and after 4 weeks of
intervention.

According to the data analysis in the current study, the results of (tVNS) group revealed that there was a significant
decline in the values of VAS as well as HDI post-treatment in the study group as compared to the control group
(p < 0.05).

The significant decline in VAS and HDI scores indicated that tVNS might lessen headache pain and disability
during therapy sessions by decreasing glutamate and neuronal activity in the spinal trigeminal nucleus as a result
of chronic vagus nerve stimulation [34]. Vagus nerve stimulation has been shown to decrease trigeminal basin
pain in recent investigations in rats [35]. This may be mediated via the vagus nerve's ascending anti-nociceptive
action on the 2nd-order neuron of the spinothalamic as well as spinoreticular tracts, which is essential for the
spinal nociceptive transfer to the trigeminal nuclear complex [36,37].

Additionally, the afferent vagal fibers, which are the most (80%), have been found to alleviate pain and reduce
inflamation in animal investigations of arthritis, and their afferent fibers may do so independently by activating
the brain's pain centers [38,39].

The findings of the study are convenient with the findings of Molero-Chamizo et al. [24] who evaluated the impact
of non-invasive vagus nerve stimulation on fibromyalgia symptoms with the primary outcome was pain intensity,
the results showed a significant improvement in pain after tVNS sessions.

Similarly, Tavanaiepour & Levy [40] discovered that peripheral neuromodulation was effective in the
management of chronic migraine headache by using occipital nerve stimulation with a greater than 50% reduction
of pain. Moreover, Timothy et al. (2020) [41] performed a systematic review on peripheral nerve stimulation as
a type of peripheral neuromodulation in 14 RCTs for various painful conditions including headache pain with
strong evidence supporting the use of peripheral neuromodulation to treat headache pain.

Also, Yuan et al. [21] stated that noninvasive vagus nerve stimulation exhibits a greater safety profile and seems
similarly effective to their invasive techniques. This came back to the effect of the vagus nerve in modulating
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afferent pain signals to the central nervous system, autonomic nervous system and immune function which is
altered in COVID-19 patients, thus those patients benefited from this application.

Regarding our results about the headache type, the tension-type headache was found in most patients, these results
are convenient with Fernandez-Pérez et al. [29] who stated that Post COVID-19 headache usually adopted the
criteria of tension-type headache which is defined as a bilateral pain, mainly localized over the temporomandibular
or frontal region with pressing feature in addition to with moderate to severe intensity.

Similarly, Hokenek et al. [42] demonstrated that TENS application is a fast-acting, effective, economical therapy
and has fewer side effects for the management of acute migraine in the emergency department through using a
stimulating TENS device on the supraorbital nerve with VAS as an evaluating scale. Besides, Tassorelli et al. [43]
demonstrated the tolerability of vagus nerve stimulation on headache by using low-voltage electric current for 30
minutes up to 60 minutes after the onset of the attack and concluded that efficacy continued up to 120 min which
is consistent with the previous studies on oral triptans and NSAIDs.

Also, Molero-Chamizo et al. [24] stated that tVNS should be applied on the left branch of the vagus nerve to
avoid the cardiac effect of the vagus nerve by the right cervical branch of the vagus nerve [44], and cardiac
arrhythmias [45, 46].

Also, Schoenen et al. & Lipton et al [47,48] reported that the traditional drugs utilized for the treatment of migraine
possess a broad spectrum of adverse effects in comparison with TENS devices application, and these adverse
effects may make patients to stop the treatment leading to have chronic medical issues or make the treatment
ineffective.

Moreover, Llamas et al. & Ford et al. [49,50] stated that TENS treatment not frequently produce such dangerous
adverse effects, except for incorrect usage or allergic interactions. Also, tVNS is a well-tolerated and safe
technique associated with treatment satisfaction and therapeutic adherence and could achieve pain relief without
serious side effects, which in turn reduces patients’ reliance on medications [51].

Also, Busch et al. [52] stated that most of the patients reported satisfaction with the treatment with nVNS and
their willingness to use its various devices in the future, most of the patients considered nVNS to be safe with
some participants reported redness or itching.

Regarding the findings of our study, reduction in pain intensity was as a result of the use of low-intensity electric
stimulation, which is not painful and effective in treating pain, using this low intensity of TENS activates A- and
B- fibers of the vagus nerve [53], but does not stimulate parasympathetic C fibers of the vagus nerve so it is not
painful at all [54,55].

Our data confirmed the optimum frequency used was at 25 HZ which agreed with Straube et al. & Groves et al.
[56,57] about the preferred frequency for cervical vagus nerve stimulation between 20-30 HZ which was approved
by the food and drug administration (FDA), this low frequency lowers the adverse events related to Carotid sheath
direct stimulation, also reduce the permanent injury to the vagus nerve resulted from VNS stimulation at frequency
of 50HZ or higher [58].

However, our results contradicted with Goadsby et al. [14] who found that nVNS on the right branch of the vagus
nerve may be effective and well-tolerated in the acute treatment of migraine in certain patients, this may be due
to short application time with intervals in between.

Also, Laqua et al. [59] results contradicted with our results as they stated that tVNS can provoke both anti- and
pro-nociceptive impacts in vulnerable volunteers which may be due to using a broad spectrum of frequencies
between (2-100) HZ or due to bilateral stimulation.

Also, Johnson et al. [60] contradicted with our study results about the analgesic effect of TENS and concluded
that the application of TENS on the auricular vagus nerve branch in concha did not have any analgesic effect on
the pain threshold in the wrist; this may be due to using low frequency, low-intensity current.
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Limitations

The possible limitation of our study is the small sample size which is owed to the improvement of the medical
situation after the appearance of COVID-19 vaccination which results in difficulties in finding participants in the
study. In addition to a lack of following-up to determine the long-term effects of tVNS.

Conclusion

Based on the current data, it is probable to conclude that peripheral neuromodulation (in the form of vagus nerve
stimulation) is more effective than traditional therapy in managing the headache pain and disability in Post
COVID-19 survivors. Thus, peripheral neuromodulation in the form of tVNS should be included in the
rehabilitation program of Post COVID-19 survivors.
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