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Preface

Headache is one of the most common symptoms in children and adolescents and can cause

significant distress in patients and their families. Headaches can also be worrisome for clinicians,

owing to the variety of underlying etiologies, both benign and serious.

In recent years, there have been several advances in the understanding of the pathophysiology,

assessment, and management of migraine and other headaches.

In the Special Issue “Pediatric Headaches: Diagnostic and Therapeutic Issues”, we aim to

update the knowledge on headaches in children and adolescents by presenting a collection of

articles from authors across the world that address both clinical and research issues. The first

section begins with articles focusing on sensory phenomena associated with headache, such as

sound-induced flash illusions in pediatric migraine and photo- and phonosensitivity in pediatric

primary chronic headache. This is followed by articles discussing the involvement of different

specialists in the management of pediatric headaches, including the analysis of predictors of

headaches attributed to rhinosinusitis and awareness of the link between oral conditions and

headaches. Then, specific investigation issues are considered, such as the influence of specialist

advice on the neuroimaging practice for childhood headache in the emergency department and the

preliminary evidence of a potential pathogenetic marker in the cerebrospinal fluid of children with

pseudotumor cerebri. Finally, later articles in this Issue discuss some non-pharmacological modalities

for treatment of pediatric migraine, including neuromodulation using repetitive neuromuscular

magnetic stimulation and remote electrical neuromodulation, and the management of headache

related to shunt over-drainage and slit ventricle syndrome, which is secondary to the surgical

treatment of pediatric hydrocephalus.

The Special Issue “Pediatric Headaches: Diagnostic and Therapeutic Issues” is addressed to

many clinicians involved in the management of pediatric headaches in clinical practice (pediatricians,

neurologists, child neuropsychiatrists, neurosurgeons, otolaryngologists, and other healthcare

specialists), as well as trainees (students, residents, and fellows). It is our hope that this issue further

stimulates ongoing research in the field of pediatric headaches.

We would like to thank the authors who participated in this Special Issue for their valuable

contributions.

Alberto Maria Cappellari

Guest Editor
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Article

Pediatric Migraine and Visual Cortical Excitability:
A Prospective Observational Study with Sound-Induced
Flash Illusions

Salvatore Di Marco 1,2, Laura Pilati 1,2, Angelo Torrente 1, Simona Maccora 1,3, Andrea Santangelo 4,

Giuseppe Cosentino 5,6, Edvige Correnti 7, Vincenzo Raieli 7,*, Brigida Fierro 1 and Filippo Brighina 1

1 Department of Biomedicine, Neuroscience and advanced Diagnostics (BiND), University of Palermo,
90127 Palermo, Italy; dimarcosal@gmail.com (S.D.M.); laura.pilati.91@gmail.com (L.P.);
angelo.torrente@unipa.it (A.T.); simona.maccora@unipa.it (S.M.); brigida.fierro@unipa.it (B.F.);
filippo.brighina@unipa.it (F.B.)

2 Neurology and Stroke Unit, P.O. “S. Antonio Abate”, 91016 Trapani, Italy
3 Neurology Unit, ARNAS Civico di Cristina and Benfratelli Hospitals, 90127 Palermo, Italy
4 Pediatrics Department, AOUP Santa Chiara Hospital, 56126 Pisa, Italy; a.santangelo9@studenti.unipi.it
5 Translational Neurophysiology Research Unit, IRCCS Mondino Foundation, 27100 Pavia, Italy;

giuseppe.cosentino@unipv.it
6 Department of Brain and Behavioral Sciences, University of Pavia, 27100 Pavia, Italy
7 Child Neurology and Psychiatry Unit—ISMEP, “G. Di Cristina” Children’s Hospital—ARNAS Civico,

90127 Palermo, Italy; edvige.correnti@arnascivico.it
* Correspondence: vincenzo.raieli@arnascivico.it

Abstract: The pathophysiological mechanisms underlying migraine are more difficult to investigate
in children than in the adult population. Abnormal cortical excitability turns out to be one of the
most peculiar aspects of migraine, accounting for the manifestations of migraine attacks. Recently,
visual cortical excitability has been explored effectively in adult migraineurs with a technique based
on cross-modal audio-visual illusions (with sound-induced flash illusions (SIFIs) being reduced in
migraineurs compared to non-migraineur subjects). On such a basis, in this study, we investigated
visual cortical excitability in children with migraine using SIFIs using combinations of visual and
sound stimuli presented randomly. We evaluated 26 children with migraine without aura and
16 healthy children. Migraineurs did not differ from the age-matched healthy subjects regarding
fission or fusion illusions but perceived more flashes in trials of multiple flashes with or without
beeps. The higher number of SIFIs in migraineur children compared to adults may be due to a greater
propensity of visual stimulation to be driven by auditory stimuli (i.e., acoustic dominance). The
increased ability to perceive flashes reveals a hyperfunctional visual cortex, demonstrating that the
use of SIFIs is a valid tool for assessing visual cortical responsiveness even in pediatric migraine.

Keywords: pediatric migraine; cortical excitability; sound-induced flash illusion; headache

1. Introduction

Migraine is one of the most common forms of primary headache occurring during
childhood [1]. About 1 out of 10 children suffer from migraine, even in the population under
7 years of age [2,3]. Migraine is considered an episodic and familial disorder characterized
by recurrent headache episodes, widely varying in frequency, duration, and intensity.
Furthermore, in adults, it is often responsible for relevant disability and high social and
economic costs, in terms of healthcare expenditure (i.e., direct costs), loss of working
days, and reduced productivity (i.e., indirect costs) [4]. An Italian study that investigated
pediatric headache populations over six months found direct costs per child with migraine
of EUR 802.80; moreover, the total indirect cost due to headache in the whole pediatric
population was EUR 1323.30, with an average indirect cost per patient of EUR 52.97 (even
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considering parental work productivity loss) [5]. In addition to the linked societal costs,
migraine represents one of the most associated causes of absenteeism from school [6].

During a migraine attack, the pain is usually accompanied by other symptoms such as
nausea, pallor, phonophobia, and photophobia; moreover, in around a quarter of migraine
patients, pain episodes are preceded or accompanied by transient focal neurologic symp-
toms, known as aura. Despite migraine usually being thought of as a disorder characterized
by phasic transient cephalic pain episodes, the current knowledge is that it follows a cyclic
pattern, with different phases. This “migraine cycle” sees (i) a pre-ictal (or prodromal)
phase that may last up to 48 h before the attack, during which the patient experiences
non-specific symptoms such as yawning, mood changes, or food craving; (ii) ictal phase
represented by the headache and its associated symptoms; (iii) a post-ictal (or post-dromal)
phase that may last up to 48 h and include other non-specific symptoms such as tiredness
and fluid retention; and (iiii) an interictal phase between each post-dromal phase and the
next pre-ictal phase [7–9]. Even though the interictal phase may be a headache-free time,
several patients still experience some symptoms including subjective memory impairment,
psychological symptoms, or constant photo- or phonophobia.

In childhood, there are, in addition, some heterogeneous clinical signs related to
migraines such as infant colic, abdominal migraine, cyclic vomiting, and benign paroxysmal
vertigo, once considered possible precursors of the disease (i.e., migraine equivalent) [1,10].
Differently from the adult form, pediatric migraine is characterized by attacks of a shorter
duration, less pronounced lateralization [11], and an aura that may be atypical [12], and
it may be accompanied by cranial autonomic disturbances [13]. In addition, migraineur
children may present a different response to preventive drugs from adults [2].

The human brain shows a maturation that extends over time, and the developmental
trajectories are different in different brain structures, neural circuits, and white matter.
These dynamic changes are particularly relevant during the developmental age. For in-
stance, longitudinal MRI studies in healthy children have shown progressive increases
in white matter, reversed trajectories of grey matter, and increased connectivity in ado-
lescence, while in developmental pathologies, changes in these typical trajectories can be
observed [14,15]. For these and various other reasons, the child cannot be considered a
small adult, especially from a neurological point of view [16].

Despite the large body of literature focused on this area, migraine etiopathogenesis
has not yet been fully understood, but consistent evidence emphasizes the role of abnor-
malities of cortical excitability [17,18]. There are forms of migraine (familial hemiplegic
migraine—FHM) in which the pathogenetic mutation depends on genes of some particu-
lar channel proteins involved in normal neuronal functioning and the control of cortical
excitability [19,20]. Knock-in mice for these mutated genes showed a greater susceptibility
to developing cortical spreading depression (CSD), a phenomenon considered to be the
basis of migraine aura [21].

An important contribution to the evaluation of cortical abnormalities in migraine
comes from studies based on neurophysiological investigations such as evoked potentials
and non-invasive brain stimulation (NIBS) techniques like transcranial magnetic stimula-
tion (TMS) and transcranial direct current stimulation (tDCS). These techniques revealed
abnormal cortical excitability in migraine, particularly in the visual cortex [21,22]. Such
results, suggesting that migraineurs show increased cortical excitability, have been sup-
ported both by studies with repetitive TMS (rTMS) and with a paired-pulse paradigm [23].
Even the phosphene threshold (PT, i.e., the lowest TMS intensity to induce the perception
of phosphenes in a subject) was found altered in migraineurs. In basal conditions, they
showed a reduced PT (reflecting an increased cortical excitability). Nevertheless, after an
inhibitory low-frequency rTMS protocol on the occipital cortex, migraineurs seemed to
have a paradoxical facilitatory effect, in contrast to the inhibitory effect on controls [24].

The excitability linked to the activation level of the occipital cortex plays an impor-
tant role in the mechanisms of visual perception and the neural processes underlying
cross-modal perception (i.e., the increased signal resulting from the interaction between
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two different sensory modalities). This phenomenon can be investigated by evaluating
specifically induced illusory phenomena. One of the most used models is represented by
sound-induced flash illusions (SIFIs), elaborated by Shams et al. to evaluate the audio-
visual interaction of visual stimuli presented concurrently with auditory ones [25]. With
this technique, when a single flash is accompanied by two or more beeps, the subject per-
ceives more flashes than real ones (fission illusions); differently, fusion illusions arise when
multiple flashes are presented with a single beep and are perceived as less than their real
number. Even if the precise mechanisms underlying SIFIs remain to be defined, a critical
role seems to be played by visual cortical excitability [26]. In 2011, Bolognini et al. [26]
showed that artificially increasing the excitability of the occipital cortex through anodic
facilitatory tDCS reduces the illusory phenomena. Considering the role of alterations in
visual cortical excitability in migraine, Brighina et al. [27] evaluated the development of
auditory-visual illusions in a group of adult migraine patients with and without aura, both
in the interictal and in the ictal phases, and comparing data with healthy subjects. The
results showed that in the case of fission illusion, all the subpopulations of migraineurs
showed fewer illusions than controls. In this study, the cross-modal illusions were therefore
demonstrated to be a valuable tool for exploring the functional connectivity between the
sensory areas, which probably plays an important role in migraine pathophysiology [27].

During childhood, despite multisensory abilities already being present, as demon-
strated by Innes-Brown et al. [28], the audio-visual illusory phenomenon is significantly
increased compared to adults. This suggests that the selective integration ability of bimodal
stimuli requires a very long period to develop completely (until late adolescence) [28].
Nava et al. [29] showed that the number of fission illusions presents a reduction trend with
increasing age. This result may be correlated to the progressive maturation of multisen-
sory integration systems during development, which sees the transition from an auditory
dominance to a progressive visual one at an evolutionary age, implicating more and more
emphasis on visual stimulation [29].

In the present study, the primary aim is to use SIFIs to evaluate the perception of
the illusory auditory-visual phenomena in migraineur children compared with healthy
controls in the same age range, to understand the role of abnormal excitability as related to
basic pathophysiological mechanisms or as a marker of disease progression. Indeed, we
hypothesized that as compared to healthy children, those affected by migraine would show
a reduced extent of illusions, which means a condition of cortical hyperexcitability, as is
found in adult migraineurs [30].

2. Materials and Methods

2.1. Participants

We enrolled pediatric subjects with migraine without aura diagnosed following the
International Classification of Headache Disorders, third edition beta version (ICHD-3
beta) [31] criteria, with appropriate age-related variations. As inclusion criteria, children
should have shown unremarkable neurological examination, no other comorbidities, nor-
mal or corrected vision by using graduated lenses, and normal hearing and should not
have been undergoing any chronic or continuous pharmacological treatment. We also
enrolled healthy subjects with the same age and sex distribution. During the inclusion,
we also paid attention to avoiding the presence or any family medical history of migraine
(among healthy children) or other neurological and psychiatric disorders (among all the
subjects), which would have represented exclusion criteria.

All patients were examined during the interictal phase of the migraine cycle (i.e., at
least 48 h after the last attack), and we checked for the absence of any new attack in the 48 h
after the test through a telephone call. We performed the study only in patients affected by
migraine without aura. This is because our principal aim was to explore the changes in
cortical excitability related to migraine itself independently using cortical abnormalities
linked to the mechanisms underlying aura. Moreover, migraine with aura presents a
minor prevalence compared to migraine without aura, and considering the difficulties
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of recruiting pediatric patients, this aspect could have further reduced the chances of
obtaining adequate populations for comparison.

The study was approved by the Palermo 1 Ethics Committee (Palermo, Italy, protocol
no. 5/2015 of 13 May 2015), and the children underwent the test after both the parents
received adequate information and signed a specific informed consent. The inclusion
period was from June 2015 to March 2017. Migraine patients were recruited from the ones
referring to the pediatric headache center of Di Cristina Hospital, while healthy subjects
were in a class of catechism in Palermo, Italy.

2.2. Stimulation and Task

The participants sat in a dark room in front of a black screen located about 70 cm
distance from their eyes. We used E-prime software (version 2.0®, Psychology Software
Tools, Pittsburgh, PA, USA) to present, in random order, visual stimuli as white flash disks
and sound stimuli with the following characteristics: sound intensity of 95 dB, frequency of
3.5 kHz, duration of 7 msec, and administered 23 msec before the flash. We distinguished
between single-flash trials and multiple-flash trials. In single-flash trials, the flash (F) was
accompanied by 0 to 4 beeps (B) (i.e., 1F0B, 1F1B, 1F2B, 1F3B, 1F4B, where 1F2B, 1F3B,
and 1F4B trials aimed to induce the fission illusions); in multiple-flash trials, 2 to 4 flashes
were accompanied by 0 to 1 beep (i.e., 2F0B, 3F0B, 4F0B, 2F1B, 3F1B, 4F1B, where 2F1B,
3F1B, and 4F1B trials aimed to induce the fusion illusions). Thus, the total number of
combinations was 11. The task of the subjects was to fix the center of the screen and judge
the number of flashes seen during each trial (see Figure 1). Each condition was repeated
10 times for a total of 110 randomly placed trials. Before the experiment was executed,
10 random non-recorded trials were presented to train the participants. The duration of a
single experiment was 10 min.

Figure 1. Simplification of the task required from the subjects.

2.3. Statistical Analysis

Supposing a normal distribution of data (later confirmed by a Shapiro–Wilk test),
quantitative variables were presented as mean ± standard deviation (SD). Qualitative data
were presented as % frequency. For the statistical analysis, the SIFI results for children with
migraine were compared through analyses of variance (ANOVA) to evaluate the variability
inside a group (ANOVA with repeated measures) and between groups (ANOVA between).
To evaluate the hypothesis that children with migraine show a reduction of illusion, we
compared SIFIs in healthy children to children with migraine.
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3. Results

We studied 26 migraine patients (14 males, 12 females) with an age of 11.30 ± 2.43 years.
These were compared with 16 healthy subjects (8 males, 8 females) with an age of
10.61 ± 2.92 years. Among the female subjects, 7/12 (58.33%) patients and 3/8 (37.50%)
healthy children had already started to have their period. Among the overall patients, the
mean monthly migraine days were 4.31 ± 2.33, and the diagnosis had been performed from
34.42 ± 23.37 months; they did not show symptoms during the interictal period. Table 1
summarizes the patients’ clinical characteristics.

Table 1. Migraine population clinical characteristics.

Variable Mean SD

Migraine frequency (days/month) 4.31 2.33
Months since diagnosis 34.42 23.37

Headache intensity (NRS) 7.50 1.45
Attack duration (hours) 5.96 6.31

Abbreviations: NRS = numeric rating scale; SD = standard deviation.

3.1. Singe-Flash Trials

We performed an ANOVA with two factors: (i) conditions—single-flash trials with
one flash and 0 to 4 beeps (five levels: 1F0B, 1F1B, 1F2B, 1F3B, 1F4B), and (ii) group (two
levels: healthy subjects and migraineurs), which showed the following results (see Figure 2
and Table 2). In the interaction group for conditions: F (4, 160) = 0.42156, p = 0.79292; in the
condition factor: F (4, 160) = 124.29, p = 0.00001; and in the group factor: F (1, 40) = 1.0179,
p = 0.31907.

Figure 2. Fission illusions in children with migraine and healthy children during single-flash trials.
On the x-axis, the flashes (F) and beeps (B) combination of the different trials are given: for example,
1FB0 means the presentation of one flash and no beep. On the y-axis, the mean number of perceived
flashes is reported.

Table 2. Single-flash trial results.

Test Group Mean SD

1FB0 HC 1.51 0.396
MC 1.44 0.403

1F1B HC 1.29 0.403
MC 1.20 0.251

1F2B HC 2.08 0.650
MC 1.99 0.412

1F3B HC 2.54 0.595
MC 2.30 0.603

1F4B HC 2.89 0.673
MC 2.71 0.725

Abbreviations: HC = healthy children; MC = migraineur children; SD = standard deviation.
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3.2. Multiple Flash Trials

We performed an ANOVA with three factors: (i) beep (two levels: 0 and 1), (ii) flash
(three levels: 2-3-4), and (iii) group (two levels: healthy and migraineurs). The anal-
ysis showed the following results (Figures 3–5 and Table 3): the interaction flash for
groups showed a main effect of F (2, 80) = 12.280, p = 0.00002; the factor group showed
F (1, 40) = 14.608, p = 0.00045; in the factor beep, we found F (1, 40) = 59.940, p = 0.00000;
in the factor flash, there was F (2, 80) = 186.97, p = 0.00000; in the interaction beep for
groups, F (1, 40) = 1.7348, p = 0.19530; in the interaction beep for flash, F (2, 80) = 0.44831,
p = 0.64030; in the interaction beep for flash for groups, F (2, 80) = 0.32853, p = 0.72095. The
flash interaction of the groups’ main effect is significant: F (2, 80) = 12.280, p = 0.00002. This
indicates that the tendency to perceive a greater number of flashes in migraineurs increases
with the number of flashes presented (without distinguishing between the presence or
absence of beeps).

To highlight this difference, which represents the only significant difference between
healthy children and migraineurs, we have also developed a measure for the perception
of isolated flashes, expressed by the average value of flashes seen in all the conditions
in which two or more flashes were presented without beeps (2F0B, 3F0B, 4F0B), which
we defined as mean isolated flash perception (MIFP). The value of MIFP in migraineurs
(2.89 ± 0.34) was significantly higher than in healthy children (2.31 ± 0.44), as determined
using a t-test for unpaired data (p = 0.0052) (Figure 6).

Table 3. Multiple-flash trial results.

Test Group Mean SD

2FB0 HC 2.06 0.447
MC 2.25 0.380

2F1B HC 1.57 0.562
MC 1.93 0.403

3FB0 HC 2.38 0.470
MC 2.87 0.407

3FB1 HC 1.95 0.670
MC 2.60 0.465

4FB0 HC 2.67 0.575
MC 3.33 0.429

4FB1 HC 2.23 0.662
MC 2.96 0.522

Abbreviations: HC = healthy children; MC = migraineur children; SD = standard deviation.

Figure 3. Fusion illusions in children with migraine and healthy children during multiple-flash trials.
On the x-axis, the flashes (F) and beeps (B) combination of the different trials are given: for example,
1FB0 means the presentation of one flash and no beep. On the y-axis, the mean number of perceived
flashes is reported.
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Figure 4. Flashes perceived with beeps during multiple-flash trials. On the x-axis, the flashes (F) and
beeps (B) combination of the different trials are given: for example, 2F1B means the presentation of
two flashes and one beep. On the y-axis, the mean number of perceived flashes is reported.

Figure 5. Flashes perceived without beeps during multiple-flash trials. On the x-axis, the flashes (F)
and beeps (B) combination of the different trials are given: for example, 2FB0 means the presentation
of two flashes and no beep. On the y-axis, the mean number of perceived flashes is reported.

Figure 6. MIFP in children with migraine and healthy controls. MIFP: mean isolated flash perception.
** p < 0.01, using a t-test for unpaired data.

4. Discussion

In this study, we explored SIFIs in children affected by migraine without aura to
evaluate if changes like those observed in adults in cross-modal illusory audio-visual
phenomena could be found also in the developmental age. This was to evaluate a condition
called visual cortical excitability, as seen in adults, and to explore potential changes due to
evolving connections regarding cross-modal interaction in this age range.

Results from single-flash trials (i.e., used to evaluate the fission illusions) showed a
slight, but not significant, reduction in fission illusions among migraineurs compared to

7



Children 2024, 11, 394

healthy children regarding trial 1F3B. Differently, in multiple-flash trials (i.e., designed to
explore the fusion illusions), patients perceived significantly more flashes than healthy
subjects. This result, however, could not be attributed to a reduced fusion illusions phe-
nomenon as it occurred in the combined (i.e., flash and beeps) and isolated flash trials, as
shown by the specific MIFP measure elaborated to evaluate trials containing only isolated
flashes (see results).

SIFIs depend on the cross-modal interaction of the acoustic and visual cortex and
are specifically related to the excitability levels of these structures. It is, in fact, possible
to experimentally interfere with this illusory perception using pre-conditioning with an-
odal or cathodal tDCS and by increasing the degree of responsiveness of the occipital
cortex or reducing that of the temporal cortex, as demonstrated in healthy subjects by
Bolognini et al. (2011) [26]. These data seem to indicate that the acoustic stimuli drive
illusory visual perception: when these are reduced due to the inhibition of the acoustic
cortex, or the transmission is less effective due to the increase in excitability of the visual
cortex, the illusion disappears or fades. Brighina et al. observed a reduction in the illusory
phenomenon in migraine patients that occurs both in the interictal phase (in migraineurs
with aura) and during the attack (in patients with and without aura) [27]. This evidence fits
well with the hypothesis of visual cortical hyperexcitability in migraine, which is present
not only in the interictal condition (especially in patients with aura) but also during the at-
tack when the lowest levels of fission illusions (i.e., highest cortical excitability) are reached.
The result obtained by Brighina et al. (2015) underlines the importance of visual cortical
hyperexcitability both in migraine with aura and without aura [27]. So, if hyperexcitability
can represent the basis for triggering CSD in migraine with aura, it could well play a
pathophysiological role in migraine without aura. This strengthens the hypothesis that,
even in migraine with aura, a CSD-like mechanism called non-symptomatic CSD involving
only silent cortical areas, even if not producing clinically appreciable aura phenomena,
could still be capable of activating the trigeminal vascular system and triggering headache
symptoms [32].

Neurophysiological investigations with different techniques have provided evidence
about increased cortical excitability in adult migraineurs, underlining the importance not
just of functional connectivity of cortical areas in the precipitation of the attack. Studies with
TMS have shown an increase in cortical excitability (assessed by PT) in basic conditions
or as a paradoxical response after rTMS at 1 Hz on the visual cortex compared to controls.
An increase in excitability was also observed for visual associative areas responsible, for
example, for the perception of moving images (i.e., V5 or motion-sensitive area MT),
observing how the threshold for the induction of moving phosphenes—typically evoked by
the stimulation of these areas—is reduced in migraineurs. Data in favor of greater cortical
activation also come from studies performed with less subjective techniques compared
to phosphenes, such as the magnetic suppression of perceptual accuracy (MPSA), which
evaluates the interference induced by occipital magnetic stimulation on visual perceptual
accuracy (percentage of recognition of groups of letters presented on a screen during
occipital TMS) [33]. It is more difficult to generate interference effects on visual perception
with occipital TMS in patients suffering from migraine with aura, and this effect is attributed
to the lower efficiency of the inhibitory circuits [34,35].

Neurophysiological studies with visually evoked potentials conducted in migraineurs
of developmental age have shown a greater amplitude of responses after visual stimulus
compared to healthy subjects, confirming the abnormalities already found in adult mi-
graineurs. Relevant insights regarding children with migraine also came about through the
study of the recovery cycle of sensory-evoked potentials (i.e., a marker of cortical inhibitory
efficiency) applied to evaluate the excitability of the somatosensory cortex. The results
showed that the amplitude of the recovery cycle of cervical N13, N20, and P24 and cortical
N30 was reduced compared to healthy controls, supporting the lower efficiency of cortical
inhibition in migraineurs during childhood [36,37].
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One of the objectives of our study was to investigate whether the hyperexcitability in
migraine could modulate illusory perceptions in an immature multisensory integration
system. The migraineurs’ perception of fission illusions showed to be at the same level as
healthy subjects, but from Figure 2, we can observe for the 1F3B combination, a minimal,
albeit not significant, difference. Such results could suggest that the hyperexcitability of the
occipital cortex requires a long time before it can emerge as it does in adult migraineurs
because, when an individual is at an evolutionary age, the auditory dominance associated
with multiple beeps interferes more with the determinism of the fission illusion. This
indeed supports the data according to which the maturation of audio-visual integration
systems occurs in conjunction with schooling [38]. As demonstrated by Nava et al. (2013),
through sound-induced flash illusions, during growth, a transition occurs from auditory to
visual sensory dominance in cross-modal perception processes [29].

However, it is not to be ruled out that the absence of a reduced number of fission
illusions is due to the lack of opportunity to test subjects during the attack when greater
visual cortical excitability is assumed [27]. In support of greater cortical excitability during
an attack, Xiang et al. [37] demonstrated the presence of a dysfunction of the excitability of
the motor cortex in migraine-suffering children through magnetoencephalography (MEG),
where cerebral activation was elicited by finger tapping. The results showed a very high
rate of activation of the cortex during the ictal phase and normalization during the interictal
phase [38]. Other studies conducted with MEG and fMRI have confirmed that by inducing
visual stress in patients with migraine, anomalous excitability of various cortical areas,
such as the occipital, occipital-temporal, and occipital-parietal areas, is established, which
is capable of triggering the aura or the attack, respectively, in migraineurs with or without
aura [39,40].

However, from the analysis of multiple-flash trials, it emerged that even if migraineurs
of developmental age do not perceive fewer illusions, they are able to perceive and dis-
criminate multiple flashes better than controls of the same age (p = 0.00002). These data
point out how children with migraine show an increased visual discrimination capacity
even outside the attack. The visual system is relevant in migraine, as demonstrated for
example by the symptom of photophobia, or by the role of cortical excitability and cortical
activation (i.e., CSD) in aura determinism and migraine attacks. Further confirmations
come from the neurophysiological studies with visual evoked potentials in children with
migraine that showed a greater response after visual stimulation compared to healthy
subjects [41]. Studies using TMS in the occipital cortex (with PT and suppression of visual
perception) in migraine children without aura showed that migraineurs presented lower
PTs than healthy participants at each time point, indicating increased occipital excitability.
This was attenuated 1–2 days before a migraine attack, as indicated by a relative increase
in PT. However, the increase in PTs before the next attack was associated with a stronger
TMS-induced suppression of visual perception and a prolongation of the motion aftereffect.
These findings show that pediatric migraine without aura is associated with a systematic
shift in occipital excitability preceding the migraine attack [41–43].

Further suggestions come from this study, as by non-invasively studying the cortical
excitability of children, it could be possible to monitor the efficacy of preventive therapies in
patients with high-frequency migraine attacks. Supporting evidence comes from the study
by Vollono et al. [44] in which improvement in the recovery cycle of somatosensory-evoked
potential components with the use of topiramate was accompanied by an improvement
in the frequency of migraine attacks. Conversely, subjects in whom this restoration of the
cycle did not occur showed an ineffective response to topiramate. The authors concluded
that their results suggest that topiramate efficacy was probably related to restored cortical
excitability. The possibility of studying the efficacy of different pharmacological and non-
pharmacological treatments in children at an early stage is also useful given parents’ fear
of the side effects of therapy. Further, cortical excitability in children with migraine seems
to correlate with behavioral symptomatology [45].
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In conclusion, we affirm the importance of multiple-flash trials to evaluate visual
function in migraine during childhood. Even at an evolutionary age, there is already a
remarkable hyper-responsiveness of the visual cortex, allowing us to say that probably the
alterations of cortical excitability are already present at this age. Thus, the present study
adds to the literature insight about a non-invasive marker of visual cortical function even
in children with migraine.

This study, however, is still to be considered preliminary, and the following limitations
are to be mentioned: it is necessary to conduct further experiments in the ictal phase to
evaluate whether, similar to that which occurs in adults, the visual cortical excitability
increases to oppose the illusory effect of acoustic stimulation during the audio-visual
illusions. It is equally important to evaluate migraine children with aura in which a greater
cortical excitability has been shown, or in pediatric chronic migraine where a more elevated
cortical excitability was demonstrated compared to episodic migraine. Furthermore, the
limited number of samples does not allow us to evaluate our results as a function of age, sex,
frequency of attacks, and duration, which, in light of the above-mentioned considerations
on the maturation process in children and variations in phenotype during developmental
ages [2,3], are aspects that should not be overlooked. The absence in the control population
of subjects suffering from tension-type headaches is an aspect that will need to be examined
because at a developmental age, the boundaries between the two disorders are less clear
than in adulthood, and there is frequently a transition from one form of headache to the
other (more frequently from a tension-type headache to migraine) [46,47]. Finally, it would
also be appropriate to compare our results with other non-invasive methods such as evoked
potentials, quantitative EEG, etc., in the same subjects [48].

However, we believe that this study can help generate new hypotheses for research us-
ing non-invasive methods, and clinically, supported by other studies, SIFIs could represent
an early marker of cortex hyper-responsiveness to identify pediatric migraine.
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Abstract: Background/Objectives: Pediatric primary chronic headache disorders are often associ-
ated with sensitivities to light (photosensitivity) and sound (phonosensitivity) that may trigger or
worsen headache pain. These sensory sensitivities may result in changes to activity participation or
environmental modifications to avoid visual and auditory stimuli. Over time, avoidance behaviors
can inadvertently increase functional disability, suggesting the importance of their thorough con-
sideration. The PhotoSensitivity and PhonoSensitivity Avoidance Behavior Scales (PHOTO-SABS
and PHONO-SABS, respectively) were recently developed and preliminarily validated to assist
clinicians in evaluating such behaviors. This study aimed to confirm each of their factor structures in
a new sample and enhance their clinical utility. Methods: A sample of 176 youth (aged 8–17) with a
primary chronic headache diagnosis completed the PHOTO-SABS and PHONO-SABS as part of their
multidisciplinary evaluation in a pediatric headache clinic. Results: Consistent with the previous
validation, confirmatory factor analyses supported a two-factor model for the PHOTO-SABS and
a single-factor model for the PHONO-SABS. Tertile groupings (low, moderate, high) provided the
most appropriate clinical reference points. The relative change criterion (RCCrit) was established at
6.4 points for both measures. Conclusions: These findings confirm that the PHOTO- and PHONO-
SABS are psychometrically robust tools for clinicians to evaluate sensitivity-related avoidance behav-
ior and to monitor response to interventions in youth with primary chronic headaches.

Keywords: primary chronic headache; chronic pain; phonosensitivity; avoidance

1. Introduction

A 2024 systematic review and meta-analysis [1] indicated that the overall preva-
lence of chronic headaches (headaches persisting more than three months) in children
and adolescents is remarkably high, at 25.7%, across chronic migraine with/without aura,
chronic tension-type headaches, New Daily Persistent Headache (NDPH), and other chronic
headache subtypes. In addition to the discomfort itself, chronic headaches in youth are
responsible for considerable comorbid functional disability, reflected in impairment across
physical, social, emotional, and academic domains [2–4]. Given the extensive economic bur-
den, comorbidities, and impact on quality of life associated with chronic headaches [5–7],
the ability to understand and accurately assess factors contributing to headache-related
disability represents an important area of research.

When examining pediatric chronic headache, it is critical to examine not only the
severity and impact of head pain itself but also those of its associated features, as these
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too can contribute to severe functional impairment and poorer quality of life [8,9].
One subset of associated features worth noting, considering the central nervous system’s
role in chronic headache and chronic pain [10,11] and the potential for impact on func-
tioning, is heightened sensitivity to non-noxious sensory stimuli (e.g., visual, auditory,
olfactory, somatosensory) [12]. Though migraine is most often associated with these hyper-
sensitivities (e.g., photophobia, phonophobia, osmophobia), more recent explorations of
headache subtypes in children and adolescents reveal that such sensory sensitivities are
present across pediatric chronic headache presentations. For instance, when comparing
youth diagnosed with chronic migraine with/without aura, chronic tension-type headache,
and NDPH, Reidy et al. (2020) [8] identified no clinically meaningful differences in as-
sociated features, including photophobia and phonophobia, or in degree of functional
disability. Similarly, Strong et al. (2021) [13] reported that the overwhelming majority (85%)
of pediatric patients with NDPH experience photophobia and/or phonophobia, as well as
reduced activity levels (88%).

Historically, to explain the relationship between the experience of chronic pain and
functional disability, researchers have turned to the Fear-Avoidance Model (FAM) [14].
This model emphasizes that pain-related catastrophizing, fear, and avoidance behavior are
critical contributors to the cycle of pain-related disability. When an individual perceives a
pain-associated stimulus as a threat, they may come to fear the stimulus and pain; such
fears can precipitate avoidance. Thus, one may become increasingly disabled as attempts
to avoid pain and its related stimuli generalize. In fact, in their pediatric application of the
FAM, Simons and Kaczynski (2012) [15] noted that avoidance behavior is a “more proximal
link to functional outcomes”, as compared to pain-related fear or pain catastrophizing,
likely due to its behavioral nature.

The FAM can be applied to the relationship between the associated headache features
of light/sound sensitivities and headache-related disability, as avoidance of sensory input
predicts functional disability in youth with headached [9]. However, despite this under-
standing (i.e., that headache-related sensory sensitivities are relevant across subtypes and
that their avoidance contributes to disability), until recently, there were no validated mea-
sures of avoidance behavior specifically in youth with chronic headaches. Over a decade
ago, Simons and colleagues (2011) [16] validated the Fear of Pain Questionnaire—Child
Report (FOPQ-C), a standardized, commonly used tool for assessing pain-related fear
and avoidance in youth with chronic pain. When analyzing their findings by pain sub-
group [17], the authors noted that numerous FOPQ-C items are based upon fear/avoidance
of movement, rendering them less relevant to patients with chronic headaches, as compared
to potential items about cognitive demand or sensory input.

Further, in the literature, often, either fear and avoidance are examined in parallel
(i.e., within the same measure) or fear is utilized as a proxy for avoidance. However,
some researchers [18] highlight that fear and avoidance are related but not synonymous
constructs. In fact, given that excessive avoidance behavior most directly contributes
to pain-related disability and deleterious outcomes, avoidance behavior should thus be
examined separately from fear.

To address the gap in the literature on avoidance behavior related to sensory sensi-
tivities in pediatric chronic headaches, our group recently developed [19] and provided
initial validation [20] of the PhotoSensitivity Avoidance Behavior Scale (PHOTO-SABS) and
PhonoSensitivity Avoidance Behavior Scale (PHONO-SABS). The first phase was multi-
step measure development, whereby an expert panel generated relevant items and then a
pilot sample was employed to establish the measures’ feasibility and understandability for
completion. This entailed measure administration followed by cognitive interviews [19].
In the second phase, the measures were improved and empirically validated in a large,
new sample, exploring individual item performance, factor structure, internal consistency,
and item content. Both measures demonstrated strong internal consistency, construct
validity, and criterion-related validity [20]. At present, both measures have been integrated
successfully into outpatient clinics and intensive pain rehabilitation settings. However,
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there has not yet been replication to confirm the measures’ factor structures, nor has there
been specific consideration of the measures’ clinical utility.

Thus, the purpose of this final phase was two-fold: (1) to confirm the factor structures
of the PHOTO- and PHONO-SABS, and (2) to increase their clinical utility by delineating
clinical reference points and the reliable change criteria (RCCrit) for each measure. This
would finalize psychometrically sound tools for health care clinicians to evaluate function-
ing and measure response to intervention in youth with primary chronic headaches.

2. Materials and Methods

2.1. Participants

Youth (N = 176) aged 8–17 who sought initial evaluation at a multidisciplinary chronic
headache program between May 2022 and May 2023 at an urban, pediatric hospital in the
U.S. participated in the study. Much of the sample described their race as White, their
sex assigned at birth as “female”, and their gender identity as “cisgender female”. These
demographics are generally representative of the population of youth typically presenting
to this tertiary clinic. See Table 1 below for more detailed demographic information.

Table 1. Self-reported demographic and headache history variables.

N % Mean SD

Age 14.73 2.45
Sex Assigned at Birth

Female 132 75
Male 44 25

Gender Identity
Cisgender Female 127 72.2
Cisgender Male 43 24.4
Non-Binary 2 1.1
Transgender 1 0.6
Not Reported 3 1.7

Race
White 134 76.2
Black or African American 3 1.7
Asian American 2 1.1
Multiracial 4 2.3
Not Reported 12 18.7

Ethnicity
Non-Hispanic 145 89.2
Hispanic 19 10.8

Chronic Headache (HA) Diagnosis
Chronic Migraine (CM) 69 39.2
New Daily Persistent Headache (NDPH) 41 23.3
Mixed Type (CM with CTTH) 39 22.2
Chronic Tension-Type Headache (CTTH) 19 10.8
Diagnosis unavailable 8 4.5

Chronic Headache Presentation
Time Since Onset (Months) 42.9 62.75
Typical Pain Intensity Rating (NRS) 7.34 1.82
Frequency = Daily/Constant 89 50.6

Physician-assigned chronic headache diagnoses were based upon the International
Headache Society’s International Classification of Headache Disorders, third editions
(ICHD-3 [21]). Only patients with primary chronic headaches were included; patients with
acute headache presentations or headaches secondary to another general medical condition
were not included. Most participants had been coping with headaches for several years,
with more than half reporting daily/constant headache.
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Participant diagnoses included the following: chronic Migraine with/without aura
(1.3 in the ICHD-3), Intractable/Chronic Tension-Type Headache (2.3 in the ICHD-3 [22]),
and/or New Daily Persistent Headache (4.10 in the ICHD-3). There was also a notable
subgroup of patients meeting criteria for chronic migraine who also met criteria for In-
tractable/Chronic Tension-Type Headache (often referred to clinically as “mixed” type [23]).
While the latter is not an explicit ICHD-3 headache diagnosis, in pediatrics, chronic mi-
graine and chronic tension-type headaches often co-exist and “may represent a distinct
headache type” [23], which may also influence how youth with this presentation experience
associated symptoms and respond to intervention.

2.2. Measures
2.2.1. Pain Severity

The Numeric Rating Scale (NRS) [24] was utilized to evaluate pain intensity. Partici-
pants were asked to designate their typical pain level on a standard 11-point scale, ranging
from 0 (indicating “no pain”) to 10 (indicating “the most pain imaginable”).

2.2.2. Pain-Related Fear & Avoidance Behavior

The PhotoSensitivity Avoidance Behavior Scale (PHOTO-SABS) [20] is an 11-item
self-report tool that evaluates behavioral responses to headache-related photosensitivity
(i.e., perceived sensitivity to light). Each item asks participants to respond on a four-point
Likert-type scale, ranging from “Never” to “Always”, with higher ratings reflecting greater
avoidance or modification of the environment to accommodate photosensitivity. The
PHOTO-SABS demonstrated a Cronbach’s alpha of 0.92 in the initial validation study,
which also revealed two correlated but distinct subscales: challenges to participation and
modification of environment.

The PhonoSensitivity Avoidance Behavior Scale (PHONO-SABS) [20] is a 12-item
self-report tool that evaluates behavioral responses to headache-related phonosensitivity
(i.e., perceived sensitivity to sound). Each item asks participants to respond on a four-point
Likert-type scale, ranging from “Never” to “Always”, with higher ratings reflecting greater
avoidance or modification of the environment to accommodate phonosensitivity. The
PHONO-SABS demonstrated a Cronbach’s alpha of 0.92 in the initial validation study,
which revealed a single scale for the measure (i.e., no subscales).

The Fear of Pain Questionnaire—Child report (FOPQ-C) [16] is a self-report inventory
that assesses pain-related fear and associated avoidance behaviors in youth. Participants
respond on a five-point Likert-type scale, ranging from “Strongly Disagree” to “Strongly
Agree”. A total score is derived by summing the ratings, with higher scores indicating
greater fear and avoidance related to pain. There are also two validated subscales, fear of
pain and avoidance of activities, both of which were examined in this study.

2.2.3. Headache-Related Impairment

The Headache Impact Test (HIT-6) [25,26] assesses youth perception of the specific
impact of headache on daily life over the course of four weeks. Its six items evaluate the
adverse impact of headache on various aspects of functioning, as well as the severity of
headache pain. Participants respond using a five-point Likert-type scale, ranging from
“Never” to “Always”. A total score is derived from the sum of the ratings, with higher
scores reflecting a greater impact of headache pain on daily life.

The SChool REfusal EvaluatioN (SCREEN) [27] is an 18-item self-report tool designed
to assess school avoidance and refusal in children and adolescents. Responses are scored on
a five-point Likert-type scale, ranging from “Doesn’t apply to me at all” to “Applies to me
completely”. Ratings can be summed to calculate a total score that can then be categorized
by clinical reference points. There are in four subscales as well: Anxious Anticipation,
Difficult Transition, Interpersonal Discomfort, and School Avoidance. The SCREEN School
Avoidance (SCREEN-SA) subscale score was used in this study. Higher scores reflect greater
school avoidance.
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Pediatric Migraine Disability Assessment (PedMIDAS) [28] is a self-report inven-
tory consisting of six-items that evaluate the impact of headache across several domains
(e.g., school functioning, activities within the home, activities outside of the home). Par-
ticipants indicate the number of days in the past three months that their functioning was
affected by headaches. For the purposes of this study, the two items pertaining to func-
tioning at home and functioning in activities outside of the home were examined at the
individual level. Higher scores reflect a greater impact of headache on functioning.

2.3. Procedure

Before their initial multidisciplinary evaluation in the chronic headache program,
youth and their caregivers are requested to complete standardized surveys through a
secure electronic platform as a standard component of routine clinical care. These surveys
gather information on pain, developmental and medical history, and psychological func-
tioning. These clinical data are kept in a centralized data repository, the Chronic Pain Data
Repository, which stores patient data for those treated in all of the institution’s pain-related
clinical settings [29]. The repository has been overseen by an ongoing standardized research
protocol approved by the hospital’s institutional review board (IRB) since October 2018.
Researchers can formally apply to access de-identified data, by providing a data safety
and monitoring plan, obtaining approval of the departmental scientific review committee,
and signing a data use agreement. Importantly, while patients and families are strongly
encouraged to complete these standardized surveys prior to their visit, their completion is
not mandatory. Patients received all medically indicated treatments regardless of whether
they completed the surveys.

2.4. Statistical Analyses

Data were analyzed with SPSS version 29 and SPSS-AMOS version 26. Descriptive
statistics were performed to assess underlying assumptions of normality for all variables.
To confirm the factor structures of the two original measures, the PHOTO-SABS and the
PHONO-SABS, we performed a series of Confirmatory Factor Analyses. For the PHOTO-
SABS, we also examined whether one factor was more parsimonious than the original
two-factor structure. As the PHONO-SABS was originally determined to have a single
factor, additional models were unnecessary. Goodness of model fit for each measure was
assessed using a chi-square significance test (χ2), as well as the following indices of fit:
χ2/df (<3.0 good, <5.0 acceptable), comparative fit index (CFI; >0.90 acceptable, >0.95
excellent), and root mean square error of approximation (RMSEA; <0.08 acceptable, <0.05
excellent) using their agreed upon benchmarks [30,31].

Based upon methods previously utilized to determine clinical reference points for
similar measures pertaining to pediatric pain [32–34], we examined tertile and quartile
groupings of PHOTO-SABS and PHONO-SABS scores. We sought to identify the most par-
simonious classification systems for the PHOTO-SABS and the PHONO-SABS that aligned
with statistically significant differences in pain-related fear and avoidance, headache-related
impact on life, and school/activity functioning. These groupings would reflect distinct and
clinically meaningful reference points for both measures. We followed the same procedure
for each measure, so the process is described here once. We first classified PHOTO-SABS
scores into three levels (i.e., low, moderate, high), using tertile groups based on score
distributions. We then conducted a series of one-tailed, one-way ANOVAs with Tukey
post hoc analyses to confirm the validity of the tertile classification system. To confirm that
tertile reference points were clinically meaningful, we sought significant group differences
in selected measures of construct and criterion validity. We examined the Tukey post hoc
analyses, applying a Bonferroni correction for multiple analyses (p < 0.007) to account
for potential inflation of the Type I error rate. Finally, to ensure that tertiles were indeed
the most parsimonious grouping option, we re-classified PHOTO-SABS scores into four
levels (i.e., none/minimal, low, moderate, high), using quartile groupings based on score
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distributions, repeating the process. We followed the same steps to determine clinical
reference points for PHONO-SABS scores.

Finally, we calculated the reliable change criterion (RCCrit) to aid in evaluating po-
tential changes in photo- and phonosensitivity avoidance behavior over time (e.g., before
and after intervention). Following the procedure standardized in previous studies of
similar measures [33,35], we calculated RCCrit from the standard deviation (SD) and the
measure’s reliability estimate (i.e., Cronbach’s alpha, rel), using the following formula:
RCCrit = (SD × √

2 × √
1 − rel) × 1.96. The RCCrits established here for the PHOTO-

SABS and PHONO-SABS can be used to determine whether changes in photo- and
phonosensitivity-related avoidance behavior scores are due to true changes (i.e., treat-
ment response) or due to measurement error.

3. Results

3.1. Confirmatory Factor Analysis: PHOTO-SABS

The PHOTO-SABS items were analyzed to confirm their contributions to the scale.
None of the 11 items violated assumptions of normality (i.e., skew and kurtosis for all items
were <2.0). Participant responses spanned the possible range (0–3) for all items. The CFA
with items constrained to their original two-factor structure yielded a nearly acceptable
model fit, though modification indices revealed covariance in the error terms that needed
to be accounted for. Upon re-running the CFA with the same set of items, and with error
covariances accounted for, the model demonstrated acceptable to excellent fit (χ2 = 84.13,
p < 0.001, χ2/df = 2.16, CFI = 0.96, and RMSEA = 0.08). Figure 1 shows the final model with
standardized regression coefficients/factor loadings (β) for the PHOTO-SABS subscales,
which were strong, ranging from β = 0.54 to 0.88. By comparison, the single-factor model
of the PHOTO-SABS showed a poor fit, confirming the necessity of including both factors.
The PHOTO-SABS total score had a Cronbach’s α of 0.91, with a sample mean of 11.49
(SD = 7.72). The two subscales were each internally consistent (Changes to Participation
α = 0.89, Modification of Environment α = 0.83) and intercorrelated, yet distinct (r = 0.69,
p < 0.001). Total and subscale scores were normally distributed across the sample.

 

Figure 1. Confirmed factor structure and loadings of the PHOTO-SABS.

3.2. Confirmatory Factor Analysis: PHONO-SABS

In the same manner, the 12 PHONO-SABS items were analyzed to confirm their
contributions to the scale. No items violated assumptions of normality (i.e., skew and
kurtosis for all items were >2.0). Again, all participant responses spanned the possible
range (0–3). The CFA, with items constrained to their original single-factor structure,
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initially yielded a nearly acceptable model fit, though once again, modification indices
revealed covariance in the error terms that needed to be accounted for. Upon re-running the
CFA with the same items, and with error covariances accounted for, the updated PHONO-
SABS model demonstrated acceptable to excellent fit (χ2 = 116.60, p < 0.001, χ2/df = 2.33,
CFI = 0.95, and RMSEA = 0.08). Figure 2 shows the final model with standardized regression
coefficients/factor loadings (β) for the PHONO-SABS, which were strong, ranging from β

= 0.55 to 0.88. The PHONO-SABS total score had a Cronbach’s α of 0.93, with a sample
mean of 10.77 (SD = 8.78). Total scores were normally distributed across the sample.

 
Figure 2. Confirmed factor structure and loadings of the PHONO-SABS.

3.3. Clinical Reference Points: PHOTO-SABS

PHOTO-SABS scores in the lowest tertile (i.e., scores between 0 and 7) represented low
levels of photosensitivity-related avoidance behavior. Scores between 8 and 13 represented
moderate photosensitivity-related avoidance behavior, and scores equal to or greater than
14 indicated high photosensitivity-related avoidance behavior. As illustrated in Table 2
displaying one-way ANOVA results, the three clinical reference groups (i.e., low, moderate,
and high) significantly differed across all measures of construct and criterion validity
(e.g., FOPQ-C Total, FOPQ-C Fear subscale, and FOPQ-C Avoidance subscale; HIT-6 Total;
SCREEN-SA subscale, PedMIDAS Home and Activities items). Upon examining pair-wise
comparisons, for the FOPQ-C total and subscale scores, all tertile groups were significantly
different. For the HIT-6, the low group was significantly different from the moderate
and high group (but the latter two did not differ). For the SCREEN-SA scale and the
PedMIDAS-Home and PedMIDAS-Activities items, only the low and high groups were
distinct from each other.

When repeating analyses using quartiles to define the groups, all ANOVAs remained
significant; however, examination of pair-wise comparisons yielded far less sensitivity to
between-group differences in the selected measures of construct and criterion validity. In
particular, the none/minimal and mild groups did not significantly differ from one another
across any of the measures examined. Thus, tertile-derived groups were chosen as the
more appropriate and parsimonious clinical reference points.
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Table 2. One-way ANOVAs between PHOTO-SABS clinical reference groups and validity measures.

Photosensitivity Avoidance Behavior Reference Group

Low Moderate High F η2

FOPQ-C Total score 30.48 b,c 41.84 a,c 51.75 a,b 32.80 * 0.28

FOPQ-C Fear subscale score 15.67 b,c 21.62 a,c 26.57 a,b 21.80 * 0.20

FOPQ-C Avoidance subscale score 14.81 b,c 20.22 a,c 25.17 a,b 26.38 * 0.23

HIT-6 Total score 60.86 b,c 64.55 a 67.22 a 18.47 * 0.18

SCREEN School Avoidance 8.14 c 10.25 11.73 a 9.39 * 0.10

PedMIDAS—Home Item 11.66 c 19.28 30.43 a 9.81 * 0.10

PedMIDAS—Activities Item 13.74 c 16.38 28.46 a 5.87 * 0.06

* p < 0.007. Within each row, group means with superscripts differ significantly from the other group(s) at
p < 0.007, after applying a Bonferroni correction (e.g., a (low) is significantly different from b (moderate) and c
(high), and so forth). For PHOTO-SABS, sample size for each group was n = 58 (low), n = 55 (moderate), and
n = 63 (high).

Regarding demographic factors, there were no significant differences in participant age,
sex assigned at birth, gender identity, or race across clinical reference groups, as measured
by one-way ANOVAs and chi-square analyses. In terms of pain-related variables, there
were no significant differences in photosensitivity-related avoidance behavior based upon
headache diagnosis, time since headache onset, headache frequency, and duration of each
headache episode. There were significant differences in headache pain intensity (F = 7.456,
df = 2, p < 0.01). Inspection of pair-wise comparisons revealed that, while the high- and
moderate-avoidance-behavior groups rated their pain intensity significantly higher than
the low-avoidance-behavior group, the high- and moderate-avoidance-behavior groups
were not significantly different from one another in terms of pain intensity.

3.4. Clinical Reference Points: PHONO-SABS

PHONO-SABS scores in the lowest tertile (i.e., scores between 0 and 5) represented low
levels of photosensitivity-related avoidance behavior. Scores between 6 and 13 represented
moderate photosensitivity-related avoidance behavior, and scores equal to or higher than
14 represented high photosensitivity-related avoidance behavior. As can be seen in Table 3
displaying one-way ANOVA results, the three clinical reference groups (i.e., low, moderate,
and high) significantly differed across all measures of construct and criterion validity
(e.g., FOPQ-C Total, FOPQ-C Fear subscale, and FOPQ-C Avoidance subscale; HIT-6 Total;
SCREEN-SA subscale, PedMIDAS Home and Activities items). Upon examining pair-wise
comparisons, for the FOPQ-C total and subscale scores, all tertile groups were significantly
different. For the HIT-6, the low group was significantly different from the moderate
and high group (but the latter two did not differ). For the SCREEN-SA scale and the
PedMIDAS-Home and PedMIDAS-Activities items, only the low and high groups were
distinct from one another.

When repeating analyses using quartiles to define the groups, all ANOVAs remained
significant. However, as with the PHOTO-SABS, inspection of pair-wise comparisons in
PHONO-SABS quartile groups yielded far less sensitivity to between-group differences in
the selected measures of construct and criterion validity. Neither the none/minimal and
mild groups nor the moderate and severe groups were significantly different from one
another across the majority of the measures examined. Thus, tertile-derived groups were
chosen as the more appropriate and parsimonious clinical reference points.
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Table 3. One-way ANOVAs between PHONO-SABS clinical reference groups and validity measures.

Phonosensitivity Avoidance Behavior Reference Group

Low Moderate High F η2

FOPQ-C Total score 31.24 b,c 40.85 a,c 52.66 a,b,c 32.20 * 0.27

FOPQ-C Fear subscale score 16.22 b,c 21.22 a,c 26.76 a,b 19.29 * 0.18

FOPQ-C Avoidance subscale score 15.02 b,c 19.63 a,c 25.90 a,b 29.09 * 0.25

HIT-6 Total score 61.17 b,c 64.54 a 67.10 a 15.07 * 0.15

SCREEN School Avoidance 8.91 c 9.63 11.71 a 5.75 * 0.06

PedMIDAS—Home Item 12.28 c 20.83 29.12 a 7.34 * 0.08

PedMIDAS—Activities Item 14.49 c 16.26 28.69 a 5.51 * 0.06

* p < 0.007. Within each row, group means with superscripts differ significantly from the other group(s) at
p < 0.007, after applying a Bonferroni correction (e.g., a (low) is significantly different from b (moderate) and c
(high), and so forth). For PHONO-SABS, sample size for each group was n = 58 (low), n = 59 (moderate), and
n = 59 (high).

Regarding demographic factors, there were no significant differences in participant
age, sex assigned at birth, gender identity, or race across clinical reference groups, as
measured by one-way ANOVAs and chi-square analyses. In terms of pain-related variables,
there were no significant differences in headache diagnosis, time since headache onset,
headache frequency, and duration of each headache episode. There were significant
differences in headache pain intensity (F = 6.818, df =2, p < 0.01). Inspection of pair-
wise comparisons revealed that, while the high- and moderate-avoidance-behavior groups
rated their pain intensity significantly higher than the low-avoidance-behavior group,
the high- and moderate-avoidance-behavior groups did not significantly differ from one
another in reported pain intensity.

3.5. Reliable Change Criterion (RCCrit)

Based upon the standard deviation (7.72) and the reliability estimate (0.91) of the
PHOTO-SABS total score, the RCCrit is as follows: (7.72 × √

2 × √
1 − 0.91) × 1.96 = 6.4.

Thus, changes in PHOTO-SABS total scores of more than 6.4 can be regarded as reli-
able changes (e.g., reductions if examining pre- to post-treatment intervention studies) in
photosensitivity-related avoidance behavior. Similarly, based upon the standard deviation
(8.78) and the reliability estimate (0.93) of the PHONO-SABS total score, the RCCrit is as
follows: (8.78 × √

2 × √
1 − 0.93) × 1.96 = 6.4. Thus, changes in PHONO-SABS scores of

more than 6.4 can be regarded as reliable changes (e.g., reductions if examining pre- to
post-treatment intervention studies) in phonosensitivity-related avoidance behavior.

4. Discussion

This study represents the final phase in the validation of the PhotoSensitivity and
PhonoSensitivity Avoidance Behavior Scales (PHOTO-SABS and PHONO-SABS). In the
current phase, the authors sought to solidify the prior development [19] and validation [20]
of these measures by confirming the scales’ psychometric properties, including internal con-
sistency and factor structure. Furthermore, the authors also sought to expand the measures’
clinical utility by establishing clinical reference points and determining the reliable change
criterion for each measure. These findings will allow clinicians to more clearly interpret
the meaning of various scores on these measures as well as to assess clinically meaningful
changes after intervention in youth who experience visual and auditory sensitivities with
their primary chronic headaches.

4.1. Review of Findings

The 11-item PHOTO-SABS retained its same two-factor structure as the original
measure validation study [20], with subscales measuring Changes to Participation and
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Modification of Environment. The total score and subscale scores of the PHOTO-SABS
demonstrated strong internal consistency and strong factor loadings therein. Similarly,
the 12-item PHONO-SABS retained its same structure, a single factor with no subscales.
The total score of the PHONO-SABS exhibited excellent internal consistency and strong
factor loadings.

The importance of having dedicated, specialized psychometrically sound assessment
tools to guide research endeavors, particularly in pediatric headache, cannot be under-
stated. These findings confirm, in a novel sample, what previous work has demonstrated:
the PHOTO-SABS and PHONO-SABS are feasible, acceptable, sound, valid measures of
previously understudied phenomena in pediatric chronic headaches. As noted previously,
prior to the development of the PHOTO-SABS and PHONO-SABS, not only were there
no validated measures of sensory sensitivity-related avoidance behavior, but there was
also little investigation into photo- and phonosensitivity in pediatric headache and related
behavior, beyond the presence/absence of the symptom. As researchers and clinicians
learn more about the role of central sensitization [10] across pediatric chronic pain condi-
tions, it appears crucial to understand the associated symptoms that may also contribute
to functional disability. Further, while there are measures of pediatric pain-related fear
and avoidance (e.g., FOPQ-C [16]), the PHOTO-SABS and PHONO-SABS explore beyond
avoidance of movement and of pain to capture nuanced aspects of the pediatric chronic
headache experience.

The key indices of clinical utility established here, clinical reference groups and an RC-
Crit for each measure, can further aid in the interpretation and application of PHOTO-SABS
and PHONO-SABS scores. The clinical reference groups (tertiles labeled low, moderate,
and high) were robustly sensitive in detecting differences across all measures of construct
and criterion validity, with medium to very large effects across all variables of interest
(η2 = 0.06–0.28 for the PHOTO-SABS and 0.06–0.27 for the PHONO-SABS). At the pair-
wise level, this demonstrated the need for global measures of avoidance and functional
impact but was less apparent for domain-specific items. Here, there were fewer significant
differences between the low/moderate and moderate/high groups, suggesting that at the
level of specific domains (e.g., school, home, social life/activities) in avoidance behav-
ior scores may present more dichotomously. This is consistent with the smaller effects
here vs. larger effects with measures more directly assessing avoidance behavior and
global impact. Ultimately, these findings suggest that the clinical reference groups are
applicable in research settings in cross-sectional research studies to classify patients as
having low, moderate, or high levels of sensitivity-related avoidance behavior. They can
also be used in clinical assessment to not only enhance understanding of the headache
experience, but also to match patients with appropriate interventions and stratify patients
into the suitable level of care. For instance, patients with high scores on the PHOTO- and
PHONO-SABs may necessitate targeted desensitization interventions such as those offered
in more intensive pain rehabilitation programs. On the other hand, those with low scores
may benefit from education alone, perhaps on the Fear-Avoidance Model (FAM) of Chronic
Pain [14]. Moreover, the RCCrit calculated for each of the two measures can be used to
assess clinically meaningful change, an area often overlooked in the developmental of new
measurement tools, particularly in pediatric chronic pain [33]. However, the potential appli-
cations of the RCCrit are innumerable, as it allows researchers and clinicians to determine
whether the changes observed in treatment outcome studies and in day-to-day practice are
clinically meaningful.

4.2. Implications for Clinical Practice

The PHOTO-SABS and PHONO-SABS are practical measures that can be administered
in under three minutes, making them highly feasible for routine clinical use and in research
settings [19]. Their ease of administration and interpretation allows for utilization by a wide
range of health care professionals, across disciplines and with varying degrees of specificity
in their practice. For instance, data gleaned from the PHOTO-SABS and PHONO-SABS
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have clinical relevance for care provided by headache specialists, such as pain physicians,
neurologists, psychologists, and allied health practitioners (e.g., occupational and physical
therapists). Clinicians are encouraged to incorporate the PHOTO-SABS and PHONO-SABS
into their initial evaluations to assess avoidance related to sensory sensitivities, which may
otherwise not be identified through closed-ended, dichotomous questions, such as, “Do
you have sensitivity to lights or sounds?” At the same time, the PHOTO-SABS and PHONO-
SAB can also be used by primary care physicians, who are often the first-line providers
helping patients to assess persistent headaches. These measures can be implemented as
brief screening tools to help pediatricians detect patients who may benefit from further
neurological evaluation and/or specialized headache-related care. In fact, such tools may
provide pediatricians with the data needed to justify a multidisciplinary approach to care
for chronic headaches.

The PHOTO-SABS and the PHONO-SABS also complement the existing assessment
tools typically included in headache clinic batteries, such as the HIT-6 [25,26], PedMI-
DAS [28], and FOPQ-C [16]. The addition of measures assessing the impact of sensory
sensitivities on functioning facilitates a more comprehensive evaluation of the headache
experience. By revealing nuanced and typically subtle avoidance behaviors, the PHOTO-
SABS and PHONO-SABS provide valuable insights that can enhance treatment planning
across disciplines and inform the selection of targeted interventions, ensuring a client-
centered and individualized approach to care.

4.3. Limitations

This study is not without limitations, which warrant careful consideration. While
the sample demographics in this study generally align with youth patients presenting to
this tertiary multidisciplinary headache clinic in the Northeast, the sample was notably
homogenous. Future research should aim to diversify sample characteristics, specifically
focusing on sex assigned at birth, gender identity, race, and ethnicity, to enhance the
generalizability of these findings and ensure that they reflect the experience of all youth
with primary chronic headaches. Moreover, due to the self-reported nature of the PHOTO-
SABS and PHONO-SABS, responses are inherently subject to potential response bias and
the limited introspective capacity of respondents, particularly younger participants. To
mitigate these risks, it is advisable to pair self-reported measures with clinical observations
from clinicians and/or caregiver input. Future studies might also explore the development
of separate caregiver proxy measures to complement youth self-reports. Additionally, it is
important to acknowledge that data were collected electronically prior to the clinic visit,
requiring respondents to engage in cognitive activity and interact with a screen. Particularly
for individuals with photosensitivity, caregiver assistance to complete the measures may
have introduced bias or influence upon youth responses. Further investigation of this
measure could consider utilizing multiple methods of data collection (e.g., electronic,
pencil/paper, or verbal) and/or data collection within the clinic setting to minimize this
limitation and better accommodate diverse respondent needs.

4.4. Future Directions

The conceptualization of this measure development study emerged from an identified
gap in the literature: no existing measures had been available to assess avoidance behavior
in youth with primary chronic headaches who experience photo- and phonosensitivity.
Following the development and initial validation of the PHOTO-SABS and PHONO-SABS,
these tools have already been successfully integrated into multidisciplinary headache care
and intensive interdisciplinary pain rehabilitation settings. With the measures’ clinical
utility substantiated in this study, researchers now have valuable, methodologically sound
resources to formally assess clinical changes in avoidance behaviors related to photo-
and phonosensitivity. Continued application will help to disseminate their utility across
settings and disciplines, particularly in the initial assessment and in setting treatment goals
for functional rehabilitation. Now, with clinical reference points and the reliable change
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criterion, a novel application for these measures is the assessment of meaningful change
in sensitivity-related avoidance behavior during and after participation in interventions
focused on desensitization.

There are myriad potential extensions of the current measures, which could include
exploring differences in sensitivity-related avoidance behavior across pediatric headache
presentations. While photo- and phonosensitivity are typically most associated with
pediatric migraine [36], anecdotally in the clinic and as evidenced in our three measure
validation studies, it appears that such sensitivities are reported to be very much present in
all primary chronic headaches experienced by youth. Understanding any nuances in those
experiences could help to further individualize treatment approaches and identify potential
barriers to functioning. Relatedly, another extension of these findings could be to explore
sensory sensitivity-related avoidance behavior in non-headache pain conditions. Given the
role of central sensitization of the nervous system in all manifestations of chronic pain [37],
it is possible and even likely that youth with other types of persistent pain conditions could
also experience sensory sensitivity-related avoidance behavior that contributes to their
functional disability.

Replication of these validation studies and additional examination of their use in more
diverse samples (with regard to demographics and headache characteristics) is a future
direction to consider, as noted earlier. Further, given that primary chronic headaches can
present and persist across the lifespan, future research could adapt and validate these
measures in young adults and adults. Modifications to the current tools is warranted,
such as replacing school-related items with those that pertain to job or work environments,
to ensure broader applicability in these age groups. This would not only extend the
utility of the measures but also enhance their relevance in diverse settings beyond the
pediatric population.

4.5. Conclusions

The PHOTO- and PHONO-SABS are theoretically driven, psychometrically validated,
clinically useful measures for assessing sensory sensitivity-related avoidance behavior in
youth with primary chronic headaches. These measures offer unique insights by capturing
how photo- and phonosensitivity, beyond pain, can contribute qualitatively to avoidance
behavior, ultimately impacting developmentally appropriate functioning across multiple
domains. By establishing clinical reference points, clinicians can better interpret scores
on these measures, further quantify the degree of sensitivity-related avoidance behavior,
and understand its deleterious impact on participation in daily activities. Furthermore,
in determining the reliable change criteria, clinicians can monitor changes in avoidance
behavior over time, perhaps to understand parallel changes in functioning or to assess
responses to various interventions (e.g., auditory and visual desensitization). The PHOTO-
SABS and PHOTO-SABS now allow clinicians to measure and track meaningful changes
in sensitivity-related avoidance behavior in both clinical and research settings to improve
outcomes for youth with primary chronic headaches.
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Highlights

What are the main findings?

• Pediatric headache attributed to rhinosinusitis (HRS) was often misdiagnosed as
migraine or tension-type headache, especially in younger children.

• Multivariate analysis identified distinct predictors of HRS, including nasal and audi-
tory symptoms, allergic rhinitis, and family history of HRS.

What are the implications of the main finding?

• Incorporating otolaryngologic and allergic features into diagnostic evaluation can
improve accuracy and reduce misclassification.

• These predictors may help clinicians avoid unnecessary neuroimaging and provide
timely, targeted therapy for pediatric patients.

Abstract

Background/Objectives: Headache attributed to rhinosinusitis (HRS) is uncommon in children
but often misdiagnosed as migraine or tension-type headache (TTH). Overlapping phenotypes,
incidental sinus findings on neuroimaging, and limited communication in younger patients
complicate diagnosis and lead to inappropriate treatment. Methods: We retrospectively ana-
lyzed 3065 pediatric patients (<19 years) presenting with headache at two tertiary neurology
clinics (2014–2023) with ≥1 year follow-up. Headaches were classified by ICHD-3 criteria. HRS
diagnosis required radiologic sinus pathology and ≥50% improvement within 72 h of antibiotic
or decongestant therapy. Demographic, clinical, neuroimaging, and family history data were
collected. Symptom profiling used principal component analysis (PCA) and k-means clustering;
multivariate logistic regression identified independent predictors. Results: Of 3065 patients,
32.7% had migraines, 15.5% TTH, and 4.5% HRS. Nearly one-third of HRS cases were initially
misclassified. Compared with migraine and TTH, HRS patients were younger (median 9 years),
more often male, and enriched in preschool age. Independent predictors included shorter
duration (<1 h; OR 0.62), higher intensity (OR 2.165), nasal symptoms (OR 9.836), hearing
impairment (OR 22.52), allergic rhinitis (OR 8.468), and family history of HRS (OR 32.602) (all p
< 0.001). PCA showed overlap but distinct clustering: HRS was characterized by sinonasal and
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otologic features, whereas migraine clustered around sensory hypersensitivity. Conclusions:
Pediatric HRS shows distinct predictors—young age, acute severe headache, nasal and auditory
symptoms, allergic history, and family history—despite overlap with migraine and TTH. Struc-
tured use of these predictors with otolaryngologic assessment may improve diagnostic accuracy,
reduce misclassification, and avoid unnecessary neuroimaging or inappropriate therapy.

Keywords: headache attributed to rhinosinusitis; migraine; tension-type headache

1. Introduction

Headache attributed to rhinosinusitis (HRS) is relatively uncommon in pediatric and
adolescent populations, with an estimated diagnostic rate ranging from 3% to 11% among
headache sufferers [1–4]. In comparison, primary headache disorders such as migraine
and tension-type headache (TTH) are considerably more prevalent. Meta-analytic data
indicate that migraine affects approximately 11% of children and adolescents, while TTH
has a pooled prevalence of around 17% [5–8]. Although the International Classification of
Headache Disorders (ICHD-3) provides distinct diagnostic criteria, clinical differentiation
of headache subtypes in children often remains challenging due to overlapping symptoms,
age-dependent expression of pain, and limited communication ability [9].

Misdiagnosis is particularly common between HRS and primary headache disorders,
with studies reporting that up to 50–80% of pediatric patients initially diagnosed with
sinus-related headaches were later reclassified as having migraine or TTH after specialist
evaluation [10,11]. Furthermore, incidental paranasal sinus abnormalities on neuroimaging
are detected in up to 30% of asymptomatic children, contributing to diagnostic uncertainty
and frequent inappropriate antibiotic use [12,13].

Migraine in pediatric patients may present with bilateral pain, short duration, and more
prominent gastrointestinal symptoms compared to adults, whereas TTH typically manifests
with pressure-like pain and fewer autonomic features [2,14]. HRS are frequently associated
with facial pain or pressure, nasal symptoms, and positional aggravation, but its phenotypic
overlap with migraine and TTH often obscures accurate diagnosis in routine practice. Given
these diagnostic ambiguities, reliance solely on conventional clinical criteria may lead to mis-
classification and suboptimal treatment. Recent studies have advocated for a data-driven
approach to headache classification, incorporating symptom profiling, cluster analysis, and
machine learning techniques to better define phenotypic subgroups beyond traditional diag-
nostic boundaries [13,15]. The distinction between headache attributed to rhinosinusitis (HRS)
and primary headaches such as migraine and tension-type headache was clarified based on the
ICHD-3 criteria. HRS typically presents with dull or pressure-like pain associated with nasal
symptoms, whereas migraine is characterized by pulsating pain with sensory hypersensitivity.

Therefore, this study aimed to comprehensively analyze the clinical characteristics
of pediatric patients with migraine, TTH, and HRS. In addition, we sought to identify
multivariate clinical and symptom-based predictors that can effectively distinguish HRS
from primary headache disorders, thereby improving diagnostic precision and facilitating
appropriate clinical management

2. Materials and Methods

2.1. Study Design and Participants

This retrospective cohort study included pediatric patients who visited the pediatric
neurology outpatient clinics of Incheon St. Mary’s Hospital and Daejeon St. Mary’s
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Hospital, affiliated with the Catholic University of Korea, from March 2014 to December
2023. To ensure diagnostic accuracy and clinical relevance, only patients with at least 1 year
of follow-up after their initial visit were included. Data extraction and verification were
performed independently by two pediatric neurologists using a standardized case report
form. Any discrepancies in classification or variable coding were resolved by consensus
review to minimize diagnostic bias and ensure reproducibility. Eligible participants were
children and adolescents (<19 years) presenting with headache as their primary complaint
and undergoing standardized headache assessment including detailed clinical history,
neurological examination, and neuroimaging.

Exclusion criteria were (1) known systemic diseases (e.g., autoimmune, metabolic, or
oncologic disorders), (2) intracranial space-occupying lesions, (3) significant head trauma
within 3 months prior to the initial visit, (4) neurologic disorders unrelated to primary
headache, (5) chronic use of medications known to affect headache characteristics (e.g.,
corticosteroids, valproic acid, or tricyclic antidepressants), (6) secondary headache disorders
other than rhinosinusitis, (7) incomplete medical records or <1 year of follow-up, and
(8) developmental or cognitive disorders precluding reliable symptom reporting.

2.2. Data Collection and Variables

Demographic and clinical data were extracted from electronic medical records, in-
cluding age, sex, headache onset pattern, duration, pain location, and intensity (assessed
using a 0–10 numeric rating scale), frequency, associated symptoms (e.g., gastrointestinal
symptoms such as nausea/vomiting; neurological manifestations including visual distur-
bances and dizziness), headache triggers (e.g., sleep deprivation or specific foods), allergy
history (e.g., allergic rhinitis, or asthma), and family history of migraine or other headache
disorders. Neuroimaging findings (brain MRI or CT) were reviewed where available.
Sinusitis was radiologically confirmed by mucosal thickening ≥ 3 mm or air-fluid levels in
the paranasal sinuses, and findings were graded using the Lund-Mackay scoring system
when applicable. Cases with missing key data (<5%) were excluded from variable-specific
analyses. Headache duration was defined as the typical attack length reported by the
patient or caregiver. Pain intensity was measured on a 0–10 scale and classified as mild
(1–3), moderate (4–6), or severe (7–10). Other categorical variables such as pain type and
triggers were coded as present (1) or absent (0) for analysis.

2.3. Headache Classification

Headaches were classified according to ICHD-3. A diagnosis HRS required (1) a
temporal relationship between headache onset and documented sinus pathology, defined
as radiologic evidence of mucosal thickening ≥ 3 mm or air-fluid levels on paranasal
sinus imaging, and (2) ≥50% reduction in headache severity within 72 h of antibiotic or
decongestant therapy. Cases without adequate clinical–radiologic correlation or therapeutic
response were categorized into the non-HRS group, comprising migraine and TTH based
on ICHD-3 criteria. All classifications were independently reviewed by two pediatric
neurologists, with discrepancies resolved by consensus.

2.4. Statistical and Analytical Methods

Symptom profiles were binarized (present = 1, absent = 0), with missing values (<5%)
imputed as absent. Normality of continuous variables was assessed using the Shapiro–Wilk
test, and appropriate parametric (Student’s t-test) or non-parametric (Mann–Whitney U)
tests were applied. Continuous variables were summarized as mean ± SD or median (IQR).
Group differences were assessed using appropriate parametric or non-parametric tests
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(Student’s t-test, Mann–Whitney U test, chi-square, or Fisher’s exact test) with Bonferroni
correction applied to adjust for multiple comparisons. Principal component analysis
(PCA) and k-means clustering were applied to identify data-driven headache subtypes
independent of diagnostic labels, and the first two principal components were visualized.

Multivariate logistic regression was used to identify independent predictors of HRS,
adjusting for clinically relevant covariates (sex, age at diagnosis, headache localization,
duration, frequency, intensity, associated symptoms, and family history). Multicollinearity
was assessed using VIF (threshold > 5), and model fit was evaluated using the Hosmer–
Lemeshow test. Odds ratios (ORs) with 95% confidence intervals (CIs) and p-values were
reported. Effect sizes were not calculated because most variables were categorical or
non-normally distributed. Model fit was checked by the Hosmer–Lemeshow test, and
collinearity by VIF (<5). Analyses were conducted using IBM SPSS Statistics v21.0 (IBM
Corp., Armonk, NY, USA) and Python v3.11 (Python Software Foundation, Wilmington,
DE, USA), with p < 0.05 considered statistically significant.

2.5. Ethical Considerations

This study was approved by the Institutional Review Board (IRB) of the Catholic Med-
ical Center (OC23RASI0159 and DC24RASI0047; Seoul, Republic of Korea) and conducted
in accordance with the Declaration of Helsinki and ICH-GCP guidelines. The IRB granted
a waiver of informed consent due to the retrospective nature of the study and the use of
anonymized data to ensure patient confidentiality.

3. Results

3.1. Study Population

A total of 3065 pediatric patients with headache were included (1409 males and
1656 females). The median age at diagnosis was 11 years (interquartile range [IQR]: 8–14;
range: 2–19). Among these, 32.7% were diagnosed with migraine, 15.5% with TTH, and
4.5% with HRS. For subgroup analyses, 1140 migraine patients, 474 TTH patients, and
137 HRS patients were compared (Tables 1 and 2). Of the 137 patients ultimately diagnosed
with HRS, 13 (27.7%) were initially misclassified as having primary headache disorders,
including migraine (n = 10, 21.3%) and TTH (n = 4, 6.4%).

Table 1. Comparison of headache characteristics between the migraine and HRS.

Clinical Characteristics Migraine (n = 1140) HRS (n = 137) p-Value

Male (n, %)
Female (n, %)

471 (41.3)
669 (58.7)

118 (58.1%)
85 (41.9%) <0.001

Age (years), median (range) 12 (2–18) 9 (3–17) <0.001
Age at diagnosis (n, %) <0.001

Pre-school age (≤6 years) 81 (7.1) 39 (28.5) <0.001
Children (7–12 years) 450 (39.5) 78 (56.9) <0.001
Adolescent (13–18 years) 609 (53.4) 20 (14.6) <0.001

Onset type (n, %) <0.001
Acute (≤3 months) 221 (19.4) 43 (31.4) 0.002
Acute recurrent (≤3 months) 227 (19.9) 19 (13.9) 0.114
Chronic non-progressive

(>3 months) 214 (18.8) 50 (36.5) <0.001
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Table 1. Cont.

Clinical Characteristics Migraine (n = 1140) HRS (n = 137) p-Value

Chronic progressive (>3 months) 478 (41.9) 25 (18.2) <0.001
Localization (n, %) <0.001

Diffuse 144 (12.6) 20 (14.6) 0.607
Localized 956 (83.9) 97 (70.8) <0.001
Mixed 40 (3.5) 20 (14.6) <0.001

Duration (n, %) <0.001
<30 min 146 (12.8) 38 (27.7) <0.001
30–<60 min 141 (12.4) 35 (25.6) <0.001
≥1 h 853 (74.8) 64 (46.7) <0.001

Frequency (n, %) <0.001
<2/month 131 (11.5) 0 <0.001
2–<4/month 248 (21.8) 49 (35.8) <0.001
4–<15/month 298 (26.2) 50 (36.5) 0.013
≥15/month 161 (14.1) 38 (27.7) <0.001
Daily 151 (13.2) 0 <0.001

Intensity (n, %) 0.039
Mild 80 (7.0) 18 (13.1) 0.018
Moderate 749 (65.7) 83 (60.6) 0.274
Severe 311 (27.3) 36 (26.3) 0.883

Sleep disturbance due to headache
(n, %) 158 (13.9) 22 (16.1) 0.569

Morning headache (n, %) 368 (32.3) 33 (24.1) 0.064
Characteristics (n, %) <0.001

Throbbing 727 (63.8) 34 (24.8) <0.001
Sharp 80 (7.0) 9 (6.6) 0.986
Cramping 24 (2.1) 1 (0.7) 0.440
Prickling 105 (9.2) 10 (7.3) 0.562
Constant/dull 33 (2.9) 10 (7.3) 0.014
Pressure 192 (16.8) 33 (24.1) 0.047
Mixed 34 (3.0) 39 (28.5) <0.001
Others 49 (4.3) 1 (0.7) 0.072

Accompanied symptoms (n, %) 998 (87.5) 78 (56.9) <0.001
Nausea/vomiting 796 (69.8) 69 (50.4) <0.001
Abdominal pain 66 (5.8) 15 (11.0) 0.031
Photophobia 266 (23.3) 12 (8.8) <0.001
Phonophobia 279 (24.5) 0 <0.001
Dizziness 394 (34.6) 44 (32.1) 0.653
Nasal symptoms * 21 (1.8) 53 (38.7) <0.001

Neurologic manifestations (n, %) 286 (25.1) 30 (21.9) <0.001
Gait disturbance 1 (0.09) 2 (1.5) 0.028
Focal weakness 33 (2.9) 3 (2.2) 0.843
Visual disturbance 224 (19.6) 26 (19) 0.942
Auditory symptoms # 10 (0.9) 10 (7.3) <0.001
Dysarthria/aphasia 9 (0.8) 1 (0.7) 1.000
Dysesthesia 38 (3.3) 2 (2.5) 0.352
Decreased consciousness 10 (0.9) 2 (2.5) 0.842
Seizure 3 (0.3) 0 1.000
Movement symptom † 17 (1.5) 4 (2.9) 0.375

Triggering factors (n, %) 266 (23.3) 25 (18.2) <0.001
Emotional stress 182 (16.0) 15 (11.0) 0.158
Hunger 7 (0.6) 0 0.759
Weather 37 (3.2) 2 (2.5) 0.376
Fatigue 43 (3.8) 15 (11.0) <0.001
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Table 1. Cont.

Clinical Characteristics Migraine (n = 1140) HRS (n = 137) p-Value

Exercise 17 (1.5) 4 (2.9) 0.375
Light 11 (1.0) 2 (1.5) 0.924
Noise 8 (0.7) 0 0.681
Smell 16 (1.4) 0 0.323

Season at diagnosis (n, %) 0.694
Spring 288 (25.3) 35 (25.6) 1.000
Summer 365 (32.0) 45 (32.8) 0.921
Fall 296 (26.0) 30 (21.9) 0.353
Winter 191 (16.7) 27 (19.7) 0.454

Family history of migraine (n, %) 368 (32.3) 9 (6.6) <0.001
Family history of TTH (n, %) 45 (3.9) 3 (2.2) 0.008
Family history of HRS (n, %) 12 (1.0) 36 (26.3) <0.001
Family history of allergic rhinitis
(n, %) 23 (2.0) 20 (14.6) <0.001

† Tremor, myoclonus; * Rhinorrhea, nasal stuffiness, postnasal drip, snoring; # Ear fullness, tinnitus. TTH: tension-type
headache, HRS: headache attributed to acute rhinosinusitis. p-values were derived using chi-square or Fisher’s exact
tests for categorical variables and Mann–Whitney U or t-tests for continuous variables, as appropriate.

Table 2. Comparison of headache characteristics between the tension-type headache and HRS.

Clinical Characteristics TTH (n = 474) HRS (n = 137) p-Value

Male, (n, %)
Female, (n, %)

232 (48.9)
242 (51.1)

118 (58.1%)
85 (41.9%) 0.035

Age (years), median (range) 11 (3–18) 9 (3–17) <0.001
Age at diagnosis (n, %) <0.001

Pre-school age (≤6 years) 62 (13.1) 39 (28.5) <0.001
Children (7–12 years) 232 (48.9) 78 (56.9) 0.121
Adolescent (13–18 years) 180 (38.0) 20 (14.6) <0.001

Onset type (n, %) <0.001
Acute (≤3 months) 65 (13.7) 43 (31.4) <0.001
Acute recurrent (≤3 months) 189 (39.9) 19 (13.9) <0.001
Chronic non-progressive

(>3 months) 148 (31.2) 50 (36.5) 0.290

Chronic progressive
(>3 months) 72 (15.2) 25 (18.2) 0.465

Localization (n, %) <0.001
Diffuse 107 (22.6) 20 (14.6) 0.056
Localized 357 (75.3) 97 (70.8) 0.340
Mixed 10 (2.1) 20 (14.6) <0.001

Duration (n, %) 0.289
<30 min 132 (27.9) 38 (27.7) 1.000
30–<60 min 93 (19.6) 35 (25.6) 0.167
≥1 h 249 (52.5) 64 (46.7) 0.270

Frequency (n, %) <0.001
<2/month 60 (12.7) 0 <0.001
2–<4/month 96 (20.3) 49 (35.8) <0.001
4–<15/month 146 (30.8) 50 (36.5) 0.249
≥15/month 67 (14.1) 38 (27.7) <0.001
Daily 105 (22.1) 0 <0.001

Intensity (n, %) <0.001
Mild 175 (36.9) 18 (13.1) <0.001
Moderate 261 (55.1) 83 (60.6) 0.294
Severe 38 (8.0) 36 (26.3) <0.001
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Table 2. Cont.

Clinical Characteristics TTH (n = 474) HRS (n = 137) p-Value

Sleep disturbance due to headache
(n, %) 53 (11.2) 22 (16.1) 0.166

Morning headache (n, %) 113 (23.8) 33 (24.1) 1.000
Characteristics (n, %) <0.001

Throbbing 21 (4.4) 34 (24.8) <0.001
Sharp 1 (0.2) 9 (6.6) <0.001
Cramping 3 (0.6) 1 (0.7) 1.000
Prickling 27 (5.7) 10 (7.3) 0.624
Constant/dull 83 (17.5) 10 (7.3) 0.005
Pressure 345 (72.8) 33 (24.1) <0.001
Mixed 7 (1.5) 39 (28.5) <0.001
Others 8 (1.7) 1 (0.7) 0.677

Accompanied symptoms (n, %) 168 (35.4) 78 (56.9) <0.001
Nausea/vomiting 22 (4.6) 69 (50.4) <0.001
Abdominal pain 15 (3.2) 15 (11.0) <0.001
Photophobia 29 (6.1) 12 (8.8) 0.371
Phonophobia 43 (9.1) 0 <0.001
Dizziness 96 (20.3) 44 (32.1) 0.005
Nasal symptoms * 11 (2.3) 53 (38.7) <0.001

Neurologic manifestations (n, %) 37 (7.8) 30 (21.9) <0.001
Gait disturbance 0 2 (1.5) 0.074
Focal weakness 4 (0.8) 3 (2.2) 0.396
Visual disturbance 21 (4.4) 26 (19) <0.001

Auditory symptoms # 1 (0.2) 10 (7.3) <0.001
Dysarthria/aphasia 0 1 (0.7) 0.508
Dysesthesia 2 (0.4) 2 (1.5) 0.468
Decreased consciousness 5 (1.1) 2 (1.5) 1.000
Seizure 1 (0.2) 0 1.000
Movement symptom † 3 (0.6) 4 (2.9) 0.078

Triggering factors (n, %) 109 (23) 25 (18.2) <0.001
Emotional stress 79 (16.6) 15 (11.0) 0.134
Hunger 0 0 -
Weather 15 (3.2) 2 (2.5) 0.439
Fatigue 24 (5.1) 15 (11.0) 0.022
Exercise 8 (1.7) 4 (2.9) 0.572
Light 0 2 (1.5) 0.074
Noise 2 (0.4) 0 1.000
Smell 8 (1.7) 0 0.270

Season at diagnosis (n, %) 0.458
Spring 107 (22.6) 35 (25.6) 0.541
Summer 133 (28.0) 45 (32.8) 0.327
Fall 125 (26.4) 30 (21.9) 0.343
Winger 109 (23.0) 27 (19.7) 0.485

Family history of migraine (n, %) 30 (6.8) 9 (6.6) 1.000
Family history of TTH (n, %) 114 (24.1) 3 (2.2) <0.001
Family history of HRS (n, %) 5 (1.1) 36 (26.3) <0.001
Family history of allergic rhinitis
(n, %) 6 (1.3) 20 (14.6) <0.001

† Tremor, myoclonus; * Rhinorrhea, nasal stuffiness, postnasal drip, snoring; # Ear fullness, tinnitus. TTH:
tension-type headache, HRS: headache attributed to acute rhinosinusitis. p-values were derived using chi-
square or Fisher’s exact tests for categorical variables and Mann–Whitney U or t-tests for continuous variables,
as appropriate.
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3.2. Comparison Between HRS and Migraine

The HRS group was significantly younger at diagnosis compared with migraine
(median: 9 vs. 12 years, interquartile range [IQR]: 6–11 vs. 9–14, p < 0.001) and exhib-
ited a higher proportion of males (58.1% vs. 44.5%, p < 0.001). Preschool-aged children
(≤6 years) were markedly overrepresented in HRS (28.5% vs. 7.1%), whereas adolescents
predominated in migraine (53.4% vs. 14.6%, both p < 0.001).

Headache onset patterns differed significantly (p < 0.001): acute onset (31.4%) and
chronic non-progressive onset (44.5%) were more frequent in HRS, whereas chronic progres-
sive onset was predominant in migraine (40.4%). Headache duration demonstrated distinct
separation: short episodes (<1 h) were more common in HRS (41.6%), while migraine
predominantly involved attacks lasting 4–72 h (74.8%, p < 0.001).

Headache frequency also differed (p < 0.001). HRS was characterized by 2–4 (35.8%)
or 4–<15 (36.5%) episodes/month, with no daily headaches reported, whereas migraine
exhibited higher daily headache prevalence (13.2%).

Accompanying symptoms were significantly more frequent in migraine (87.5% vs.
56.9%, p < 0.001), particularly nausea (74.2% vs. 50.4%), photophobia (68.9% vs. 19.7%), and
phonophobia (58.1% vs. 0%). Neurologic manifestations were comparable in prevalence
(25.1% vs. 21.9%, p = 0.476), but differed in distribution: migraine was associated with
visual disturbances (19.6%), whereas HRS was more often linked to hearing impairment
(7.3%). Triggering factors were reported by 23.3% of migraine and 18.2% of HRS patients
(p = 0.218). The overall trigger distribution differed significantly (p < 0.001): fatigue was
more frequent in HRS (11.0% vs. 4.8%), while migraine was more commonly associated
with emotional stress and sensory stimuli, although individual differences did not reach
statistical significance.

Pain localization (Figure 1) also differed: temporal (62.3% vs. 49.6%) and parietal pain
(33.6% vs. 21.9%) were more common in migraine, whereas vertex (15.3% vs. 6.1%) and
occipital pain (12.4% vs. 4.9%) were more frequent in HRS (all p < 0.05). Laterality further
distinguished groups: unilateral pain predominated in migraine (66.8%), whereas HRS
displayed a mixed pattern (49.8% bilateral, 42.3% unilateral, p < 0.001).

Figure 1. (a) Comparison of headache pain locations among patients with migraine, TTH, and HRS.
(b) Comparison of headache laterality among patients with migraine, TTH, and HRS. Stacked bar
graphs show the distribution of bilateral and unilateral (right or left) headache presentations in each
group. Asterisks (*) indicate significant differences. Bar graphs display mean ± SD (%) of localization
and laterality.

The HRS group showed several distinctive features compared with migraine:
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• Younger age at diagnosis (median 9 vs. 12 years, p < 0.001).
• Higher proportion of males (58.1% vs. 44.5%, p < 0.001).
• More preschool-age patients (28.5% vs. 7.1%, p < 0.001).
• Shorter headache duration (<1 h: 41.6% vs. 12.8%, p < 0.001).
• Fewer sensory symptoms such as photophobia and phonophobia, but more nasal and

auditory symptoms (p < 0.001).

3.3. Comparison Between HRS and TTH

HRS patients were significantly younger than those with TTH (median: 9 vs. 11 years,
interquartile range [IQR]: 6–11 vs. 8–14, p < 0.001) and more frequently male (58.1% vs.
48.9%, p = 0.035). Preschool-aged children (≤6 years) were markedly overrepresented in
HRS (28.5% vs. 13.1%), whereas adolescents predominated in TTH (38.0% vs. 14.6%, both
p < 0.001).

Headache onset patterns differed significantly (p < 0.001). Acute onset was more
common in HRS (31.4% vs. 13.7%), while acute recurrent onset characterized TTH (39.9%
vs. 13.9%). Chronic non-progressive onset was observed more often in HRS (36.5% vs.
31.2%), while chronic progressive onset frequencies were comparable (18.2% vs. 15.2%).
Headache intensity and pain characteristics showed marked differences. Severe pain
was more frequent in HRS (26.3% vs. 8.0%, p < 0.001), while mild pain predominated in
TTH (36.9% vs. 13.1%, p < 0.001). Pressure-type pain (72.8% vs. 24.1%, p < 0.001) and
constant/dull pain (17.5% vs. 7.3%, p = 0.005) were typical of TTH, whereas throbbing
(24.8% vs. 4.4%, p < 0.001) and mixed pain (28.5% vs. 1.5%, p < 0.001) were enriched in HRS.

Accompanying symptoms were more prevalent in HRS (56.9% vs. 35.4%, p < 0.001),
including nausea/vomiting (50.4% vs. 4.6%), abdominal pain (11.0% vs. 3.2%), dizziness
(32.1% vs. 20.3%), and nasal symptoms (38.7% vs. 2.3%). Neurologic manifestations were
significantly higher in HRS (21.9% vs. 7.8%, p < 0.001), with visual disturbances (19.0% vs.
4.4%) and hearing impairment (7.3% vs. 0.2%) particularly notable. Triggering factors were
less frequent overall but differed in pattern (p < 0.001): fatigue was more common in HRS
(11.0% vs. 5.1%), whereas emotional stress predominated in TTH (16.6% vs. 11.0%).

Family history also revealed distinct associations: allergic rhinitis (14.6% vs. 1.3%) and
HRS (26.3% vs. 1.1%) were enriched in HRS, whereas familial TTH was more frequent in
TTH (24.1% vs. 2.2%, all p < 0.001). Notably, migraine family history rates were low and
comparable (6.8% vs. 6.6%).

The key differences between HRS and TTH can be summarized as follows:

• Younger age at diagnosis in HRS (median 9 vs. 11 years, p < 0.001).
• Higher proportion of males (58.1% vs. 48.9%, p < 0.001).
• More preschool-age patients and fewer adolescents (p < 0.001).
• Greater headache intensity and more nasal/auditory symptoms (p < 0.001).
• Less frequent fatigue as a trigger (p = 0.045).

3.4. Symptom Profiling and Cluster Analysis

Principal component analysis (PCA) of 12 headache-related symptoms demonstrated
that the first two components (PC1 and PC2) accounted for 10.9% and 9.4% of the total
variance, respectively (Figure 2). In the PCA plot, PC1 mainly reflected sensory hypersensi-
tivity symptoms such as photophobia, phonophobia, and nausea, while PC2 represented
sinonasal and otologic features including nasal congestion and hearing impairment. Mi-
graine cases tended to cluster along PC1, HRS along PC2, and TTH showed wide overlap
between both axes. These distributions indicate partial separation but substantial over-
lap among headache subtypes. Migraine cases partially aggregated along PC1, largely
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driven by sensory hypersensitivity features such as photophobia, phonophobia, and nau-
sea, whereas HRS aligned predominantly along PC2 due to sinonasal symptoms, hearing
impairment, and fatigue. TTH exhibited diffuse distribution across both axes, reflecting its
overlap with non-specific symptoms. Despite partial aggregation, substantial intergroup
overlap was evident, underscoring phenotypic heterogeneity across diagnoses. K-means
clustering identified three symptom-based clusters: (1) migraine-dominant with sensory
hypersensitivity (photophobia, phonophobia, nausea), (2) HRS-dominant with sinonasal
and otologic features (nasal congestion, rhinorrhea, hearing impairment), and (3) mixed
profiles characterized by dizziness and fatigue irrespective of diagnosis. Notably, each
cluster contained cases from multiple diagnostic categories, highlighting that symptom
combinations transcend conventional diagnostic boundaries.

(a) (b) (c)

Figure 2. Multivariate symptom profiling across headache subtypes. PCA revealed partial but
distinct separation among migraine, TTH, and HRS (a). The biplot identified sensory hypersensitivity
versus sinonasal–otologic features as the main differentiating axes (b). × = individual patient scores;
arrows = symptom loadings. Cluster-based heatmap confirmed that nasal and auditory symptoms
were predominant in the HRS-dominant cluster (c).

3.5. Supplementary Table S1: Three-Group Comparison

Supplementary Table S1 compares migraine, TTH, and HRS across demographic and
clinical variables. Age distribution differed significantly (p < 0.001): HRS was enriched in
preschool-aged children (28.5%), TTH in school-aged children (48.9%), and migraine in
adolescents (53.4%). Headache onset patterns varied (p < 0.001), with acute and chronic
non-progressive onset predominating in HRS, chronic progressive onset in migraine, and
acute recurrent onset in TTH. Headache localization differed markedly (p < 0.001): focal
pain was most frequent in migraine (83.9%), while diffuse pain was more common in TTH
(22.6%) and mixed pain in HRS (14.6%). Laterality also showed clear separation (p < 0.001):
unilateral pain predominated in migraine (66.8%), bilateral pain in TTH (90.0%), and HRS
exhibited an intermediate distribution (50.2% bilateral, 42.3% unilateral).

Accompanying symptoms were significantly more prevalent in migraine and HRS
compared to TTH, including nausea/vomiting (74.2%, 50.4% vs. 4.6%) and dizziness
(34.6%, 32.1% vs. 20.3%). Nasal symptoms were unique to HRS (38.7%, p < 0.001). Neuro-
logic manifestations followed a gradient: migraine (25.1%) > HRS (21.9%) > TTH (7.8%).
Triggering factors differed significantly (p < 0.001): fatigue was most associated with HRS
(11.0%), while emotional stress predominated in TTH (16.6%). Family history patterns
showed diagnosis-specific clustering: migraine was strongly linked to familial migraine
(32.9%), TTH to familial TTH (24.1%), and HRS to allergic rhinitis (14.6%) and familial
HRS (26.3%). These findings reinforce distinct demographic and phenotypic profiles while
highlighting overlapping features that complicate diagnosis.
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3.6. Multivariate Predictors of HRS

Multivariate logistic regression (Table 3) identified several independent predictors of
HRS. Younger age (OR = 0.71, 95% CI: 0.522–0.967, p = 0.030) and male sex (OR = 0.567,
95% CI: 0.334–0.963, p = 0.036) were inversely associated with HRS, indicating that younger
boys were more likely to be diagnosed with HRS. Shorter headache duration (OR = 0.62,
95% CI: 0.484–0.793, p < 0.001) and higher pain intensity (OR = 2.165, 95% CI: 1.380–3.397,
p = 0.001) were also significant predictors. Otolaryngologic and allergic features showed
the strongest associations: nasal symptoms (OR = 9.836, 95% CI: 4.548–21.273), hearing
impairment (OR = 22.52, 95% CI: 7.153–70.989), family history of HRS (OR = 32.602, 95% CI:
14.312–74.265), and allergic rhinitis (OR = 8.468, 95% CI: 3.484–20.582) were all highly
predictive (all p < 0.001). Fatigue also emerged as an independent predictor (OR = 3.935,
95% CI: 1.715–9.029, p = 0.001).

Table 3. Multivariate analysis of predictive factors for HRS.

Factors OR 95% Cl p-Value

Male sex 0.567 0.334–0.963 0.036
Age 0.71 0.522–0.967 0.030
Location 1.57 0.794–3.102 0.194
Duration 0.62 0.484–0.793 <0.001
Frequency 1.217 0.988–1.499 0.065
Intensity 2.165 1.380–3.397 0.001
Nausea/vomiting 1.046 0.609–1.796 0.870
Photophobia 0.412 0.145–1.172 0.097
Phonophobia 0.398 0.123–1.165 0.998
Nasal symptoms 9.836 4.548–21.273 <0.001
Auditory symptoms 22.52 7.153–70.989 <0.001
Fatigue 3.935 1.715–9.029 0.001
Family history of HRS 32.602 14.312–74.265 <0.001
Family history of allergic rhinitis 8.468 3.484–20.582 <0.001

HRS: headache attributed to acute rhinosinusitis, OR: odds ratio, Cl: confidence interval. The chi-square test or
Fisher’s exact test (for small cell counts) was used for categorical comparisons.

In contrast, headache frequency (OR = 1.217, p = 0.065), pain location (OR = 1.57,
p = 0.194), nausea/vomiting (OR = 1.046, p = 0.870), photophobia (OR = 0.412, p = 0.097),
and phonophobia (OR = 0.398, p = 0.998) were not independently associated with HRS in
the multivariate model.

4. Discussion

This study comprehensively compared migraine, TTH, and HRS in a large pediatric
cohort, highlighting both shared and distinguishing features. We also identified indepen-
dent predictive factors for HRS using multivariate analysis, offering clinically relevant tools
to improve diagnostic accuracy and inform tailored management strategies in children
and adolescents.

4.1. Comparison with Previous Studies

Our findings reaffirm prior reports that HRS is more common in younger children and
characterized by acute onset, shorter headache duration, and otolaryngologic symptoms
such as nasal congestion and rhinorrhea [11,13,16]. In contrast, migraine predominated
in adolescents and was associated with longer attack duration, higher frequency, and
migrainous features—including throbbing pain, photophobia, phonophobia, and nausea—
consistent with its established diagnostic criteria [9]. TTH displayed the expected pheno-
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type of bilateral, pressing-type pain with fewer associated symptoms, aligning with its
musculoskeletal pathophysiology [17,18]. The key distinguishing clinical features among
migraine, tension-type headache, and headache attributed to rhinosinusitis are summarized
in Supplementary Table S2.

However, our study diverges from earlier literature in several respects. Prior studies
have linked migraine occurrence to seasonal peaks in winter or spring [19,20] and HRS to
allergy-associated seasons [12,21], In contrast, we observed no significant seasonal variation
across diagnostic groups, with peak case numbers occurring during summer months. This
discrepancy may reflect regional climatic differences, relatively stable allergen exposure
patterns, or sociobehavioral factors such as school calendar-related stress or healthcare
utilization unique to our population [22]. historical clinical markers such as early-morning
headaches or sleep-disrupting pain, which have been proposed to distinguish secondary
from primary headaches [11,23], were not discriminative in our cohort. This finding sug-
gests that such features may be less reliable in modern practice, where early neuroimaging,
routine otolaryngologic assessment, and broader access to pediatric headache specialists
reduce reliance on indirect or historical diagnostic cues.

4.2. HRS Versus Primary Headaches: Shared and Distinguishing Features

Notably, 27.7% of HRS patients in our cohort were initially misclassified as primary
headache (migraine or TTH), underscoring the substantial clinical overlap and diagnostic
challenge, particularly in younger children with limited ability to describe sensory features.
This finding is consistent with prior studies reporting that 42–80% of patients initially
labeled as ‘sinus headache’ were ultimately diagnosed with migraine following special-
ist evaluation [17,24]. These data highlight the importance of incorporating sinonasal
findings—such as nasal symptoms or hearing impairment—into diagnostic pathways to
improve diagnostic accuracy.

Although HRS exhibited distinct features, it also shared several characteristics with
migraine and TTH. Neurologic manifestations were unexpectedly frequent in HRS (21.9%),
second only to migraine (25.1%), and higher than previously reported [25]. While visual
disturbances predominated in migraines, HRS was more often associated with hearing
impairment and dizziness. This may be attributable to sinus inflammation and its anatomi-
cal proximity to cranial nerves, referred pain mechanisms, or secondary venous conges-
tion [26,27]. Moreover, overlapping autonomic features—such as nasal congestion and
rhinorrhea—may arise from shared trigeminovascular activation, further obscuring the
boundary between HRS and migraine and contributing to frequent misdiagnosis in both
pediatric and adult populations [24,28]. This overlap is especially problematic in young
children who cannot reliably articulate sensory or autonomic symptoms, emphasizing the
diagnostic value of caregiver reports and comprehensive otolaryngologic assessment.

Pain topography further revealed differentiating clues: temporal and parietal pain
were common to both migraine and HRS, whereas vertex and occipital pain were signif-
icantly enriched in HRS, consistent with posterior paranasal sinus involvement [29–31].
Headache laterality also varied: unilateral pain predominated in migraine, bilateral pain in
TTH, while HRS displayed an intermediate mixed pattern [4,32]. These anatomical distinc-
tions may assist differentiation, especially in diagnostically ambiguous cases. Emerging
evidence suggests that sinus inflammation in HRS can activate trigeminal nociceptive path-
ways and perivascular meningeal afferents, resulting in pain patterns that closely mimic
migraine. Pro-inflammatory cytokines such as interleukin-6 and tumor necrosis factor-
alpha, detected in acute bacterial sinusitis, may sensitize trigeminovascular circuits [33].
Additionally, venous congestion in the cavernous sinus and perisinusoidal regions may
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produce referred orbital and frontal pain frequently mistaken for migraine [34]. This
neuroinflammatory overlap underscores the neurovascular interface linking HRS and mi-
graine and reinforces the need for timely otolaryngology referral and targeted evaluation
in diagnostically ambiguous cases.

4.3. Clinical Implications and Application of Predictors

While radiologic sinus changes support HRS diagnosis, their non-specificity limits
their standalone utility, as incidental sinus opacification is observed in up to 30% of asymp-
tomatic children undergoing brain MRI [35]. Incorporating nasal endoscopy, when feasible,
may enhance diagnostic confidence by allowing direct visualization of purulent drainage
or mucosal edema [36]. Additionally, validated pediatric sinonasal symptom scales, such
as the SN-5 (Sinus and Nasal Quality of Life Survey), can complement headache evaluation
by quantifying sinonasal symptom burden and improving diagnostic accuracy [37].

Incorporating the clinical predictors identified in our multivariate analysis—namely,
younger age, male sex, shorter headache duration, high pain intensity, nasal symptoms,
hearing impairment, fatigue, family history of HRS, and allergic rhinitis—into routine
assessment may significantly improve diagnostic precision. These findings align with exist-
ing literature linking allergic sensitization and otolaryngologic pathology to HRS [13,21].
For example, a preschool-aged child presenting with acute, severe headache, nasal conges-
tion, and a positive family history of allergic rhinitis should prompt early otolaryngologic
referral and consideration of HRS, even in the absence of typical migraine features.

Clinically, these predictors provide a pragmatic framework for triaging pediatric
headache patients, reducing reliance on neuroimaging, and avoiding delays in appropriate
treatment. Comprehensive nasal and otolaryngologic examination, coupled with systematic
inquiry into allergic and familial history, can facilitate early identification of HRS and
enable targeted interventions such as antibiotics, decongestants, or allergy management
rather than empiric migraine therapy. Based on these independent predictors, a simplified
diagnostic algorithm for pediatric headache attributed to rhinosinusitis was developed to
assist clinical decision-making (Supplementary Figure S1)

Integrating these predictors into structured triage algorithms may also optimize health-
care resource utilization. Early recognition of HRS can decrease unnecessary neuroimaging,
reduce inappropriate migraine pharmacotherapy, and expedite appropriate antibiotic or
decongestant initiation. Prior cost-effectiveness analyses support that otolaryngology re-
ferral pathways incorporating symptom-based screening can reduce diagnostic delays by
30–40% while lowering imaging costs [38].

Given these diagnostic challenges, clinicians should adopt structured approaches
that integrate headache phenotype, otolaryngologic features, allergic/familial history, and
environmental context. While prior studies have emphasized triggers such as weather
or barometric pressure changes in migraine [39], our cohort demonstrated low rates of
weather-related triggers but a strong association with fatigue, highlighting the need for
population-specific trigger profiling [40]. Standardized screening tools, including pediatric
migraine trigger questionnaires, may further enhance history-taking and contextualize
headache triggers across subtypes.

In younger children, limited ability to verbalize headache quality or associated symp-
toms necessitates greater reliance on caregiver observations, otolaryngologic examination,
and indirect behavioral cues. Signs such as irritability, disrupted sleep, or facial tender-
ness on palpation may serve as surrogate markers of sinus-related pain in non-verbal
or preschool-aged patients. Our finding that 28.5% of HRS cases occurred in preschool-
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aged children underscores the need for age-tailored assessment frameworks and early
otolaryngologic involvement in this group.

4.4. Integration with Existing Literature

Our findings are consistent with reports highlighting the phenotypic heterogeneity of
pediatric headache. Previous studies have reported that 40–60% of pediatric migraine cases
are initially misdiagnosed as sinusitis, leading to delayed or inappropriate treatment [26].
PCA and clustering analyses revealed significant overlap between diagnoses, explaining
only modest variance (10.9% and 9.4%), supporting the concept of a clinical continuum
rather than discrete entities [41,42]. This aligns with emerging machine learning studies
advocating for multidimensional classification systems that transcend traditional ICHD
criteria. Such models may better capture intermediate phenotypes such as HRS-migraine
overlap, facilitating tailored management strategies.

Furthermore, the relatively high rate of neurologic symptoms in HRS suggests that
clinicians should not dismiss transient sensory or visual disturbances in the context of
suspected sinus-related headache. Rather, these should prompt careful evaluation for
otolaryngologic pathology in conjunction with neurologic work-up, avoiding premature
assignment to primary headache categories [12,39].

4.5. Limitations and Future Directions

Integrating multivariate predictors into predictive nomograms or electronic clinical
decision-support tools has the potential to standardize diagnosis across both primary and
specialty care. Machine learning approaches—such as random forest and gradient boosting
models that incorporate symptom clusters, allergy history, and demographic variables—
have shown promise in pediatric headache classification and could be leveraged to further
refine HRS detection [43].

This study has several limitations. First, its retrospective design introduces inherent
documentation bias, particularly for subjective features such as photophobia, headache
timing, and pain descriptors, which may be underreported or inconsistently recorded.
Second, otolaryngologic findings were derived primarily from radiology reports rather
than validated sinus scoring systems, limiting the granularity of sinonasal assessment.
Third, our clustering and PCA analyses were exploratory in nature and accounted for only
modest variance, underscoring the need for validation in larger, prospective cohorts. Finally,
because our data were derived from a tertiary-care setting, generalizability to primary care
or community populations may be limited. Information on medication use was unavailable
in our retrospective dataset; therefore, potential similarities in drug response between
HRS and migraine could not be evaluated and were noted as a limitation. It should also
be noted that sinus-related and primary headaches may coexist in the same patient, and
their clinical features can overlap; thus, complete differentiation is not always possible in
clinical practice.

Another potential concern is the selection of patients, as most participants were re-
cruited from tertiary pediatric neurology clinics. In the United States and other Western
healthcare systems, children with acute headache symptoms are often first evaluated in
primary care or emergency settings, and referral to pediatric neurology may be delayed.
However, in Korea, patients and caregivers can directly access tertiary centers without
requiring primary care referral, and acute headache presentations are commonly seen in
pediatric neurology clinics. Thus, our cohort reflects the actual referral patterns in the Ko-
rean healthcare system, which should be considered when interpreting the generalizability
of our findings.
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Future studies should be prospective and multicentric, incorporating standardized
allergy testing, validated otolaryngologic scoring systems (e.g., Lund-Mackay or SN-5), and
longitudinal headache diaries to improve phenotypic resolution. Additionally, integration
of advanced analytical methods, including machine learning algorithms and multi-omics
approaches (e.g., transcriptomic or cytokine profiling), could facilitate a mechanistic under-
standing of the overlap between HRS and primary headaches and enable the development
of personalized, phenotype-driven diagnostic frameworks.

5. Conclusions

This study identified key clinical predictors that distinguish pediatric headache at-
tributed to rhinosinusitis (HRS) from migraine and tension-type headache. Younger age,
male sex, short headache duration, high pain intensity, nasal and auditory symptoms,
allergic rhinitis, and family history of HRS were the most reliable indicators. Integrat-
ing these predictors into clinical evaluation may reduce misdiagnosis, limit unnecessary
neuroimaging, and guide timely otolaryngologic referral. Future multicenter prospective
studies using standardized sinonasal scoring and machine-learning–based models are
warranted to refine diagnostic algorithms for pediatric HRS.
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Abstract

Background/Objectives: Migraine affects approximately 3–10% of school-aged children
and up to 28% of adolescents, with prevalence increasing during adolescence. For pe-
diatric specialty providers, increased awareness of this condition may influence patient
care. This study examined pediatric dentists’ education, clinical exposure, and perceived
knowledge gaps related to pediatric migraine, with the goal of identifying barriers to
recognition and referral, as well as informing future training to support accurate diagnosis
and interdisciplinary care. Methods: A 28-item electronic questionnaire was distributed
to all members of the American Academy of Pediatric Dentistry, including pediatric den-
tists and postgraduate pediatric dental residents, assessing knowledge, beliefs, clinical
experience, and interest in further training regarding pediatric headache/migraine man-
agement. Respondents with and without previous training were compared in terms of
general understanding using t-tests; a linear regression model analyzed predictors of
provider awareness regarding links between oral conditions and headache/migraine.
Results: Among 315 respondents, the mean self-perceived awareness score was 2.7 ± 1.3
(on a 0–5 scale). The most frequently identified contributing factors were clenching (73.7%),
bruxism (72.4%), and temporomandibular disorders (65.7%). Nearly all respondents (95.2%)
reported no formal education on headache/migraine prevention, yet 78.1% agreed on the
importance of understanding the relationship between oral health and headache/migraine.
Respondents with prior training were significantly more aware (p < 0.001) than those
without prior training. Educating families (p < 0.001), frequency of patient encounters
with headache (p = 0.032), coordination with healthcare providers (p = 0.002), and access
to appropriate management resources (p < 0.001) were significant predictors of providers’
awareness. Conclusions: Pediatric dental providers expressed strong interest in enhancing
their knowledge of headache/migraine management, highlighting the value of integrat-
ing headache/migraine-related education into training programs and promoting greater
interdisciplinary collaboration.

Keywords: headache and migraine management; healthcare collaboration; provider
knowledge; chronic pain in children; orofacial pain; pediatric dentistry; pediatric headache
disorders; oral–systemic health
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1. Introduction

Migraine is one of the most common types of primary headache and ranks as the
third-most prevalent disorder globally, posing a significant and disabling public health
burden [1,2]. The International Classification of Headache Disorders 3rd edition (ICHD-3)
categorizes migraine into two major subtypes, migraine with and without an aura, and
defines diagnostic criteria based on frequency and duration, with attacks lasting 4–72 h
and occurring on at least five separate occasions [3]. In pediatric populations, migraine
is a leading causes of emergency department visits for recurrent headache, contributing
to increased healthcare utilization, school absenteeism, and reduced quality of life [4].
However, diagnosis is often delayed and management complicated by limited provider
awareness, distinct signs and symptoms compared to migraine manifestation in adults,
and inadequate access to pediatric headache specialists [5]. In children and adolescents,
diagnosis relies heavily on clinical history and symptom patterning, which may complicate
recognition and prolong time to treatment initiation [6]. Although multidisciplinary ap-
proaches have shown promise, the literature remains scarce on management approaches in
interdisciplinary or primary care settings [7].

Given that headaches (and particularly migraine) are a common comorbidity among
patients with temporomandibular disorders (TMDs), and that both conditions share over-
lapping biological and psychosocial risk factors, there is a clear opportunity for greater
interdisciplinary collaboration amongst pediatric oral healthcare providers [8,9]. Large-
scale studies, including the OPPERA (Orofacial Pain: Prospective Evaluation and Risk
Assessment) cohort, have shown that individuals with TMD are at significantly increased
risk for developing migraine, likely due to shared mechanisms such as central sensitization,
impaired pain modulation, and psychosocial stress [10–13]. These findings highlight the
importance of early recognition and coordinated care strategies. Pediatric migraine may
have lasting consequences that extend into adulthood, including physical, emotional and
psychosocial effects [5,14]. Furthermore, symptom overlap between migraine and neurovas-
cular orofacial pain (e.g., photophobia and phonophobia) can complicate diagnosis and
lead to misattributed pain etiologies [5,15]. As frontline providers for pediatric orofacial
pain complaints, pediatric dentists are uniquely positioned to support early recognition
of migraine symptoms, especially when facial or jaw pain is the chief complaint, and to
facilitate appropriate referral and care coordination. Although precise data are lacking,
case series have described instances in which migraine was misdiagnosed as dental pain,
resulting in unnecessary dental procedures such as extractions [16,17]. Pediatric dentists
may support headache/migraine management by screening for hallmark symptoms during
routine dental visits, including photophobia, phonophobia, nausea, or pain exacerbated by
routine activities. When these features are present, providers can educate families about the
potential link to headache disorders and refer the patient to a pediatrician or neurologist
for further evaluation. Simple tools, such as symptom checklists or referral algorithms,
could help integrate this process into routine care without significantly increasing visit
time. While dentists receive training in the differential diagnosis of orofacial pain, for-
mal instruction on the recognition and co-management of primary headache disorders,
such as pediatric migraine, is often limited or absent in dental education. As a result,
it remains unclear whether pediatric dentists feel their current knowledge is sufficient,
or whether there is a need for continued education and refresher training, to recognize
migraine-specific symptoms and contribute to interdisciplinary care for affected patients.
While the Commission on Dental Accreditation (CODA) standards for pediatric dentistry
(USA—2025) outlines essential competencies in the diagnosis and management of oral dis-
eases and craniofacial development in pediatric populations, current curricula offer limited
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emphasis on primary headache disorders, including migraine, or on interdisciplinary care
coordination for orofacial pain conditions that extend beyond the dentition [18].

Increased awareness among pediatric dentists could facilitate earlier referral to neurol-
ogists or pain specialists, ultimately improving patient outcomes and reducing the risk of
misdiagnosis or unnecessary interventions. Additionally, given the emerging recognition
of the relationship between oral parafunctional habits, such as clenching, bruxism, and
TMD, and headache disorders, dental providers may be well-positioned to recommend be-
havioral interventions or deliver occlusal appliance therapies as adjuncts to comprehensive
migraine management. However, the extent to which pediatric dental providers currently
engage in headache/migraine-related care, feel equipped to do so, or express interest in
expanding their role, remains largely unknown.

This study aimed to evaluate pediatric dentists’ training, clinical experience, and
perceived knowledge gaps related to pediatric headache/migraine, with the goal of iden-
tifying gaps that may inform future education and interdisciplinary care strategies. We
hypothesized that pediatric dentists and residents would report limited formal training
and low self-perceived awareness of the oral–systemic connections relevant to pediatric
headache/migraine.

2. Materials and Methods

2.1. Study Design

This cross-sectional survey study was reviewed by the University of North Carolina
Institutional Review Board (IRB) and deemed exempt (24-0459, 20 February 2025). An
anonymous online questionnaire was distributed via Qualtrics to all members of the
American Academy of Pediatric Dentistry (AAPD). Eligible participants needed to be
completing or have already completed specialized training in pediatric dentistry at a U.S.
CODA-accredited advanced dental education program. Electronic informed consent was
obtained from respondents prior to participation. In accordance with local IRB regulations,
participants were not obligated to respond to all survey items.

2.2. Survey Assessment Tool

The anonymous survey (Supplementary Materials) was co-developed by a pediatric
dentist (C.M.S.), a pediatric dentistry resident (S.G.), and an orofacial pain specialist (L.S.),
with expertise in pediatric dentistry (C.M.S., S.G.) and pediatric orofacial pain (L.S.). Survey
content was also reviewed by external content experts to ensure relevance and appropri-
ateness of questions, as well as readability and accessibility. The finalized survey was
also reviewed by the Odum Institute for Research in Social Science at the University of
North Carolina to evaluate survey structure, item clarity, and formatting. While content
review was conducted by subject matter experts, the instrument has not yet undergone
formal psychometric validation. While the term “headache/migraine” does not appear
as such in the International Classification of Headache Disorders (ICHD-3), this phrasing
has been used to be inclusive of different forms of headache and migraine. This wording
enables a more relevant clinical application for the population of our study. The final
survey consisted of 28 items across 5 sections. Responses to all sections were optional.
Section 1 assessed respondents’ professional background, years of experience, additional
training on pediatric headaches/migraine, location of work and primary practice set-
ting. Section 2 evaluated general understanding and provider’s knowledge into an oral
health and headache/migraine link, as well as experience in educating families in practice.
Section 3 involved questions on patient identification and practice interventions, inquiring
on frequency of identified patients as well as frequency of counseling and working with
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an interdisciplinary pediatric headache team. Section 4 included questions on pediatric
dentists’ opinion on their role in headache/migraine management as well as future focused
questions on implementation into practice. The final section of this survey assessed so-
ciodemographic characteristics. Opportunities to elaborate on close-ended responses were
provided throughout the process via optional open text boxes.

2.3. Data Analysis

Descriptive statistics were used to summarize respondents’ demographic, professional
characteristics, and study variables. Differences in providers’ general understanding of
the link between oral conditions and headache/migraine were examined across years of
professional experience using a one-way analysis of variance (ANOVA), with Bonferroni as
post hoc test for comparison.

Next, subgroup analyses were computed. Independent t-tests compared respondents
with and without prior dedicated training in headache/migraine prevention, access to
adequate resources, and engagement in related behaviors (e.g., educating patients’ families)
in terms of their general understanding. Chi-square tests were used to investigate whether
frequency of encountering patients reporting headaches/migraine differed based on years
of professional experience, family education behaviors, opportunities for interprofessional
coordination, and approaches to managing pediatric headache/migraine. Effect sizes were
reported using Cohen’s d for t-tests, Cramer’s V for chi-square tests, and eta-squared (η2)
for ANOVAs. According to conventional thresholds, an effect size of 0.2 is considered
small, 0.5 medium, and 0.8 large [19].

Finally, a multiple linear regression model was conducted to identify predictors of
providers’ awareness of the link between oral conditions and pediatric headache/migraine.

All the analyses were conducted with SPSS (IBM SPSS Statistics Macintosh, Version
29.00, IBM Corp., Armonk, NY, USA), setting α at <0.05.

3. Results

3.1. Participants

Out of 367 total responses, 5 (1.4%) derived from participants who did not com-
plete or were not currently completing a specialized training in pediatric dentistry, while
47 (12.8%) were submitted without any data. Thus, these entries were excluded from the
final analysis, leaving a total of 315 participants (Figure 1). Based on 315 completed surveys
out of approximately 6500 reachable AAPD members, the response rate was 4.8%.

Figure 1. Flowchart of study participants.
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Most of the respondents (81.6%) were practicing pediatric dentists primarily working
in private practice (66.0%) and academia (21.3%), while 15.9% of the responses derived
from pediatric dental residents. Most of the participants indicated working in suburban
(53.0%) and urban areas (36.5%). Almost half of the respondents (46.3%) had over 20 years
of experience. Demographic characteristics of the total sample are presented in Table 1.

Table 1. Demographic characteristics of participants.

Variables Answer Options Total (N = 315)

Age

25–29 years old 33 (10.5%)
30–39 years old 66 (21.0%)
40–49 years old 59 (18.7%)
50–59 years old 65 (20.6%)

60 or older 72 (22.9%)
Prefer not to answer 2 (0.6%)

Missing 18 (5.7%)

Sex

Male 133 (42.2%)
Female 162 (51.4%)

Prefer not to answer 2 (0.6%)
Missing 18 (5.7%)

Ethnicity

Hispanic or Latinx 17 (5.4%)
Not Hispanic or Latinx 255 (81.0%)

Prefer not to answer 25 (7.9%)
Missing 18 (5.7%)

Race

White 219 (69.5%)
Black or African American 16 (5.1%)

Asian 39 (12.4%)
Other 6 (1.9%)

Prefer not to answer 17 (5.4%)
Missing 18 (5.7%)

Professional role
Retired pediatric dentist 8 (2.5%)

Practicing pediatric dentist 257 (81.6%)
Pediatric dental resident 50 (15.9%)

Practice setting

Private practice 208 (66.0%)
Academia 67 (21.3%)

Private practice and academia 27 (8.6%)
Community/public health clinic 11 (3.5%)

Other 2 (0.6%)

Type of location
Urban 115 (36.5%)

Suburban 167 (53.0%)
Rural 33 (10.5%)

Region of practice

Northeast 90 (28.6%)
Midwest 58 (18.4%)

West 60 (19.0%)
Southeast 74 (23.5%)
Southwest 33 (10.5%)

Years of experience

0–5 years 83 (26.3%)
6–10 years 34 (10.8%)
11–15 years 30 (9.5%)
16–20 years 22 (7.0%)

Over 20 years 146 (46.3%)
Values are presented as frequencies and percentages.
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3.2. Providers’ General Understanding

On average, respondents reported a self-perceived awareness score of 2.7 ± 1.3 (on
a 0–5 numerical rating scale) regarding the potential contribution of oral conditions to
headache/migraine in pediatric patients. The most frequently identified contributing fac-
tors were clenching (73.7%), bruxism (72.4%), and TMD (65.7%), among others (Figure 2A).
A majority of respondents (85.2%) estimated that less than 50% of their pediatric patients
exhibited parafunctional habits such as teeth grinding or clenching (Figure 2B).

Figure 2. Type of oral conditions perceived to be associated with headache/migraine in pediatric
patients (A), frequency of observed parafunctional habits (B).

Pediatric dentists with over 20 years of experience reported significantly higher aware-
ness of this connection (4.5 ± 0.9) compared to those with 0–5 years (3.3 ± 1.7, p = 0.015),
6–10 years (2.9 ± 1.8, p < 0.001), and 11–15 years of experience (3.3 ± 1.8, p = 0.007,
Figure 3A). These differences in awareness occurred despite no significant differences in
reported training on the role of pediatric dentists in migraine prevention or management
during their education (X2(4) = 1.176, p = 0.882).

A large majority (95.2%) indicated that their formal educational background did not
include training on the role of pediatric dentists in headache/migraine prevention or man-
agement. Only 34.2% felt they were equipped with resources to address the potential oral
health–headache/migraine connection. Respondents who reported being equipped with such
resources demonstrated significantly higher awareness of their link compared to those who
were not (3.4 ± 1.3 vs. 2.4 ± 1.1, p < 0.001, Cohen’s d = 0.91). Similarly, only 24.4% reported
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educating families on the relationship between oral conditions and headache/migraine in
their pediatric patients. Those who had received headache/migraine-related training (N
= 15) and those who reported educating families on the oral condition–headache/migraine
connection (N = 77) also demonstrated significantly higher awareness compared to those who
did not receive any training (3.3 ± 1.1 vs. 2.7 ± 1.3, p = 0.049, Cohen’s d = 0.52, Figure 3B)
and those who did not educate the families on such a link (3.6 ± 1.2 vs. 2.4 ± 1.1, p < 0.001,
Cohen’s d = 0.99, Figure 3C).

Figure 3. Box plots illustrating statistically significant differences in pediatric dentists’ awareness of
the link between oral conditions and pediatric headache/migraine (measured on a 5-point Likert
scale), based on years of professional experience (A), previous headache/migraine-related training
(B), and behaviors related to educating patients’ families (C). ♦ represents the mean; � represents
outliers, which fall outside 1.5 times the interquartile range (IRQ) from the lower or upper quartiles.
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A multiple regression was performed to predict providers’ awareness of the oral
conditions-headache/migraine connection based on previous migraine-related training, years
of professional experience, interprofessional collaboration, access to management resources,
family education behaviors, and frequency of patient encounters involving headaches. The
model significantly predicted providers’ awareness (F(6, 303) = 19.873, p < 0.001, R2 = 0.268).
Specifically, educating families (p < 0.001), frequency of patient encounters with headache (p
= 0.032), coordination with other healthcare providers (p = 0.002), and access to appropriate
management resources (p < 0.001) were statistically significant predictors.

3.3. Patient Identification and Practice Interventions

Over two-thirds of respondents (71.0%) indicated that their pediatric patients rarely com-
plain about headaches during their consultation or rarely seek advice from their pediatric dentist
regarding headaches, without any differences based on type of primary practice setting (X2(12)
= 13.616, p = 0.326, Cramer’s V = 0.12). However, providers with 20 or more years of experience
were significantly more likely to encounter pediatric patients who complained about headaches
either frequently (2.8%) or occasionally (19.3%) compared to their less experienced counterparts
(X2(12) = 22.815, p = 0.029, Cramer’s V = 0.27). Respondents who reported educating families
on the connection between oral conditions and headache/migraine were also more likely to
have patients complaining either frequently (5.2% vs. 0.0%) or occasionally (24.7% vs. 10.3%)
compared to those who did not provide such education to their patients (X2(3) = 25.521, p <
0.001, Cramer’s V = 0.29). Those providers also reported significantly more patients who ac-
tively sought advice about headaches during consultations, either frequently (5.2% vs. 0.4%) or
occasionally (20.8% vs. 3.9%, X2(3) = 47.088, p < 0.001, Cramer’s V = 0.39). Moreover, providers
who encountered pediatric patients complaining of headache were more likely to coordinate
care with other healthcare professionals, such as pediatricians, neurologists, and orofacial pain
specialists (X2(3) = 29.111, p < 0.001, Cramer’s V = 0.31). They were also more likely to report
being equipped with resources to address the oral health–headache/migraine connection (X2(3)
= 10.339, p = 0.016, Cramer’s V = 0.18) and to actively collaborate in managing pediatric mi-
graine (X2(6) = 25.833, p < 0.001, Cramer’s V = 0.30). Similarly, respondents whose patients
frequently (3.5% vs. 0.0%) or occasionally (16.0% vs. 1.2%) sought advice about headache were
more likely to coordinate interprofessional care (X2(3) = 59.774, p < 0.001) and to be involved in
headache/migraine management (X2(6) = 49.873, p < 0.001, Cramer’s V = 0.41).

The most common recommended approaches for headache/migraine management
included nighttime occlusal appliances (50.8%), followed by referral to medical (47.0%) and
dental (42.5%) specialists, orthodontic therapies (43.8%), and stress management strategies
(35.9%, Figure 4).

Figure 4. Recommended treatment management for migraine in pediatric dental patients.
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3.4. Provider Opinion and Future Focus

As high as 78.1% agreed—either somewhat (45.2%) or strongly (32.9%)—that it is im-
portant for pediatric dentists to understand the oral health–headache/migraine relationship.

Additionally, 85.5% of respondents endorsed the need for increased interdisciplinary
collaboration in the management of pediatric headache/migraine. Similarly, 83.2% ex-
pressed the need for further training and research in this area. Preferred modalities included
continuing education courses (71.7%), integration into pediatric dental residency curricula
(56.5%), and more lectures at the AAPD annual session, among others (Figure 5).

Figure 5. Recommended resources of additional training for pediatric headache/migraine manage-
ment. AAPD: American Academy of Pediatric Dentistry; AHS: American Headache Society.

The most frequently reported barriers to implementing headache/migraine manage-
ment into practice were lack of training of formal training or education on the topic (73.7%),
limited collaboration with other healthcare providers (36.5%), challenges in distinguishing
between dental pain and headache/migraine symptoms (30.8%), and time constraints
(28.9%). Only 2.1% of respondents believed that pediatric dentists should not be involved
in headache/migraine management in their pediatric patients (Figure 6).

Figure 6. Word cloud illustrating the reported challenges in implementing headache/migraine
management into pediatric dentistry practice. Larger size and more frequently repeated items reflect
challenges more commonly mentioned by respondents.
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4. Discussion

Despite headaches and, specifically migraine, having reciprocal linkages with clin-
ical findings in the pediatric dental setting, this topic remains underemphasized in cur-
rent training programs and continuing education. The findings of this survey support
our initial hypothesis that pediatric dentists and residents report limited formal training
and low self-perceived awareness of the oral–systemic connections relevant to pediatric
headache/migraine. Respondents’ mean awareness score of 2.7 ± 1.3 (on a 0–5 numerical
rating scale) regarding the contribution of oral conditions to headache/migraine high-
lights an area of opportunity for further education in this area. While the study did not
evaluate clinical outcomes, the reported lack of formal training and limited awareness
among providers suggest opportunities for ongoing education to strengthen interdisci-
plinary care for pediatric patients experiencing headache/migraine. Although the AAPD
acknowledges primary headaches as common in childhood and adolescence and describes
migraine among potential sources of orofacial pain, current guidelines do not include
diagnostic criteria for screening and recognition or co-management strategies for migraine.
It is important to note that pediatric dentists are not expected to diagnose migraine, but
rather to recognize when a child’s symptoms may be consistent with migraine or other
primary headache disorders, and to facilitate appropriate referral to a medical provider for
diagnosis and management. However, such content is largely absent from pediatric dental
curricula and training programs [18,20,21].

It is possible that clinical experience and time in the field contribute to greater aware-
ness, as pediatric dentists with over 20 years of experience reported a significantly higher
awareness of a connection between oral health and headache/migraine. This is notable, as
these differences in awareness occurred despite no reported differences in training on the
role of pediatric dentists in headache/migraine prevention or management during their
education. In fact, only 34.2% of respondents felt they were equipped with the resources to
address the potential oral health–headache/migraine connection. Additionally, the most
frequently identified contributing factors included clenching, bruxism, and TMD. It is also
important to note that while the survey focused on migraine, some reported associations,
such as those involving parafunctional habits or TMD, may reflect broader provider beliefs
about headache etiology rather than migraine specifically. While some literature supports
associations between these factors and pediatric headache, research on this link remains
limited and methodologically challenging to study in pediatric populations [22]. Effective
pediatric care extends beyond treating oral health in isolation but understanding the child
in a broader context of their emotional, psychosocial, and overall well-being.

The need for interdisciplinary care and education resources in this realm extends
beyond dentistry. The American Headache Society, for example, has developed the “First
Contact-Headache in Primary Care” program to provide healthcare providers with the tools
to improve headache and migraine care access [23]. The importance of working with inter-
disciplinary teams cannot be overstated as the ability to coordinate with and refer to other
healthcare professionals, such as pediatricians, neurologists, orofacial pain specialists, may
be essential for patients debilitated by migraine. Notably, 85.5% of respondents endorsed
the need for enhanced interdisciplinary collaboration in pediatric headache/migraine man-
agement. Multifaceted, team-based approaches have shown effectiveness in addressing
this condition by targeting its intricate etiologies [7].

While headache/migraine management may not be a component of formal education
within pediatric dentistry, the findings of this study highlight a call to action to proactively
educate early-career providers in this field. This need is further supported by the finding
that respondents who felt equipped with educational resources and understanding demon-
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strated significantly greater awareness of the potential connection between oral health
conditions with migraine in pediatric populations. Among respondents, the greatest barrier
to implementing headache/migraine management into practice was lack of formal training
or education on the topic. Similar gaps in training have also been reported internationally.
For instance, a survey of Brazilian orthodontists found that although many providers en-
countered patients with migraine symptoms, most felt unprepared to diagnose or manage
them due to a lack of formal education in headache-related care [24]. These findings high-
light a broader, global need to integrate content on headache disorders and interdisciplinary
pain management into dental education and continuing professional development.

The distinction in pathophysiological mechanisms between adult and pediatric mi-
graine, largely due to continuous neural development in children, situates pediatric dentists
in a unique role for prompt recognition of orofacial pain symptoms, facilitating both proac-
tive clinical response and timely referrals [25]. Because migraine research and pharmaco-
logical interventions have traditionally focused on adult populations, directly extrapolating
findings to pediatric populations is often unreliable, and unaddressed migraine symptoms
in childhood may carry significant long-term consequences. Non-pharmacological treat-
ments, such as cognitive behavior therapy, have demonstrated efficacy in reducing chronic
migraine episodes in children and are often most effective when integrated with pharma-
cologic approaches [26]. Given that adults with migraines frequently experience comorbid
anxiety and depression, early identification and management of pediatric somatic symptoms
is critical to mitigating long-term psychological and functional impact [26,27]. For pediatric
dental providers, awareness of migraine signs and symptoms is especially important due to
their overlap with TMD-related pain and associated functional limitations, as well as the risk of
psychological distress that may exacerbate orofacial pain conditions over time [14,28,29].

Open dialogue between providers and families is essential, yet if pediatric den-
tal providers are unaware of the potential connection between oral conditions and
headache/migraine, key symptoms may go unrecognized or unreported during visits.
In fact, respondents who reported educating families on the connection between oral
conditions and headache/migraine were also more likely to have patients complaining
either frequently (5.2% vs. 0.0%) or occasionally (24.7% vs. 10.3%) compared to those who
did not provide such education. These findings suggest that provider awareness directly
influences patient disclosures, reinforcing that education begins with a strong knowledge
base and the ability to inquire effectively about relevant symptoms and medical history.
When equipped with this knowledge, providers are better positioned to refer, educate, and
support families appropriately.

Given the frequency of biannual preventive visits, and potentially more for restorative
or behavioral concerns, pediatric dentists often maintain more consistent clinical contact
with children than many other providers. With only 2.1% of respondents believing that
pediatric dentists should not be involved in headache/migraine management, it is evident
that both perceived value and professional interest are high. However, greater emphasis
on headache/migraine recognition and referral strategies within pediatric dental training
and continuing education may be needed to fully integrate this role into routine practice.

Findings from this study illustrate a knowledge gap not only across different genera-
tions of pediatric dentists and residents, but also within educational content and interdisci-
plinary care models. Similar studies piloting interprofessional healthcare approaches in
pediatric medicine and dentistry have shown promise in improving referral pathways and
care coordination [30]. Future research could explore the development and evaluation of
online training modules or continuing education programs, incorporating feedback from
pediatric dentists and residents on content retention and clinical applicability. Additionally,
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integrating dentistry into headache teams or pediatric headache/migraine clinics may
provide a practical framework to foster interdisciplinary collaboration.

The results described above should be interpreted in light of the study’s limita-
tions. The response rate was modest (~4.8%), which limits generalizability and raises
the potential for non-response bias. It is likely that individuals with greater interest in
headache/migraine or orofacial pain were more inclined to participate. However, similar
response rates have been reported in prior studies surveying pediatric dental providers,
including those evaluating pain management practices and TMD screening behaviors, sug-
gesting that the rate observed here is consistent with research in this field [31,32]. A second
limitation is sampling bias, as responses were collected only from AAPD members and may
not be representative of the broader pediatric dental community. Additionally, the volun-
tary nature of survey participation introduces the potential for non-response bias, whereby
individuals with limited interest or knowledge of the topic may have been less likely to re-
spond, thus potentially skewing findings toward participants with stronger engagement or
opinions. Finally, the small number of respondents with formal headache/migraine-related
training limits subgroup comparisons and highlights the need for additional research with
larger and more diverse samples. While our study did not evaluate whether insufficient
training leads to diagnostic errors or treatment delays, the findings highlight a widespread
interest in additional guidance related to headache/migraine, indicating that pediatric
dental providers themselves perceive this as a relevant clinical and educational need

5. Conclusions

The findings of this study revealed that the vast majority of respondents had not
received formal education related to pediatric headache/migraine and reported low self-
perceived awareness of the link between oral health and headache/migraine symptoms.
Despite this, most participants believed that pediatric dentists should understand this
relationship and expressed strong interest in additional training opportunities and interdis-
ciplinary collaboration. Providers who had received headache/migraine-related training,
educated families on the topic, or coordinated care with other professionals were signifi-
cantly more aware of migraine–oral health connections. These findings highlight a need
to improve educational content related to pediatric headache/migraine within dental cur-
ricula and continuing education programs, with an emphasis on early recognition, family
communication, and referral pathways. Improved access to targeted education in this area
may enhance care coordination, reduce misdiagnosis or inappropriate management, and
ultimately support more comprehensive, patient-centered care, while also strengthening
collaboration across pediatric healthcare teams.
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Abstract: Differentiating between primary and secondary headaches can be challenging, especially
in the emergency department (ED). Since symptoms alone are inadequate criteria for distinguishing
between primary and secondary headaches, many children with headaches undergo neuroimaging
investigations, such as brain CT and MRI. In various studies, the frequency of neuroimaging uti-
lization is influenced by several factors, including teaching status, ownership, metropolitan area,
insurance status, and ethnicity of patients. However, only a few studies have considered the role of
specialist consultations in ordering neuroimaging studies on childhood headaches. We report the
contributions of different specialists to the evaluation of children with headaches admitted to the ED
and their influence on neuroimaging decisions. We retrospectively reviewed the medical reports of
paediatric patients who presented with headaches to the paediatric ED of the Ospedale Maggiore
Policlinico of Milano between January 2017 and January 2022. Overall, 890 children with headaches
were evaluated (mean age: 10.0 years; range: 1 to 17 years). All patients were examined by the ED
paediatricians, while specialist consultations were required for 261 patients, including 240 neuro-
logical (92.0%), 46 ophthalmological (17.6%), and 20 otorhinolaryngological (7.7%) consultations.
Overall, 173 neuroimaging examinations were required, of which 51.4 and 48.6% were ordered by
paediatricians and neurologists, respectively. In particular, paediatricians required 61.4% of brain
CT scans, and neurologists required 92.0% of brain MRI scans. In conclusion, paediatricians were
responsible for the management of most children with headaches admitted to the ED, while specialist
consultations were required only in about a third of the cases. Although there was no significant
difference in the number of neuroimaging studies ordered by specialists, brain CT scans were most
often used by paediatricians, and MRI scans by neurologists.

Keywords: brain CT; brain MRI; neuroimaging; paediatrician; emergency department

1. Introduction

Headache is a common symptom in children and adolescents. The prevalence of
headaches ranges from 5.9 to 37.7% in children and increases to 40–50% in school-age
children and 80% in adolescents [1]. Severe headaches are known to cause anxiety in
both children and parents and are a common reason of visits to the paediatric emergency
department (ED) [2]. Many children are admitted to the emergency department with
headaches every year, accounting for approximately 1% of ED visits [3]. The primary
aim of clinicians in the paediatric ED is to recognize serious life-threatening conditions
requiring immediate medical care among the wide spectrum of headache diagnoses. In
less severe headache types, another objective is to perform appropriate evaluations and
investigations to avoid unnecessary hospitalizations [2].
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Primary headaches are syndromes in which headache is not a disease process, whereas
secondary headaches are disorders in which headache represents a symptom of an under-
lying pathological process [4]. Primary headaches in children include migraine, migraine
variants, tension-type headaches, and trigeminal autonomic cephalalgias [5]. Clinical
manifestations of childhood primary headaches differ from those of adults, mainly due
to differences in the degree of brain maturation, including myelination, plasticity, and
synaptic reorganization [5,6]. Clinical features, risk factors, and aetiologies have a strong
biopsychosocial basis in childhood, distinguishing primary headache disorders in children
from those in adults [6]. Therefore, diagnosing primary headaches in young children can
be challenging [7]. Secondary headache disorders in children differ from those in adults [6].
Clinicians should be aware of the specific features of secondary headache disorders in
children to provide effective diagnosis and management [6].

Many studies in paediatric emergency settings have reported that viral infections,
particularly respiratory tract infections (pharyngitis, tonsillitis, pneumonia, sinusitis, oti-
tis, and adenoiditis) or minor head trauma, are the most common causes of secondary
headaches [2,8,9].

Although most children suffer from primary headaches or headaches caused by self-
limiting diseases, a small percentage have intracranial disorders [1]. It is necessary to
detect serious underlying causes, such as brain tumors, viral and bacterial meningitis,
and idiopathic intracranial hypertension [2]. Many clinical features, including preschool
age, recent onset of headaches, occipital location, and neurological signs, could be useful
for detecting secondary headaches due to intracranial disorders [2]. To identify serious
etiologies of headaches in children and avoid unnecessary testing, clinicians should obtain a
thorough history, including a family history of genetic diseases predisposing to intracranial
vascular malformations. Moreover, they should also evaluate the temporal pattern of
headaches, inquire about the associated symptoms, investigate vital signs, examine the
patient for systemic or neurological signs, and perform a fundus examination to assess for
abnormalities [10]. However, distinguishing between primary and secondary headaches
is difficult, particularly in an ED setting [2]. Symptoms alone are inadequate criteria for
differentiating between primary and secondary headaches because patients can experience
a secondary headache with the same symptoms as any primary headache [11–13]. The
diagnosis of secondary headaches can be suggested by the presence of red flags [14], which
are clinical findings that point to a possible and serious cause of headaches. However, the
presence of red flags does not always indicate underlying causes that require immediate
treatment, potentially misleading clinicians to waste time and resources [15]. Therefore,
many children with headaches undergo neuroimaging studies such as CT and MRI [16].
Brain MRI provides better visualization and essential information but is more expensive
and may require sedation, especially in children under the age of six [17]. On the other
hand, CT scans expose paediatric patients to radiation, increasing the risk of malignancy
later in life [18,19]. Because of cranial bone marrow production, age-dependent risk is
especially high in younger children [19,20].

When deciding whether to perform an imaging study in children with headaches,
risk stratification based on clinical history and physical examination should be considered
to ensure that the benefits of neuroimaging exceed the risks of radiation exposure from
CT scans or sedation for MRI [21]. However, defining reliable red flags for the prediction
of severe disorders and, consequently, validating criteria for the appropriate use of neu-
roimaging during diagnostic workup are challenging [22]. Many factors, such as teaching
status, ownership, metropolitan area, insurance status, and ethnicity of patients, affect
how frequently CT is used in various studies [23]. Among the studies reporting specialist
consultations in patients with headaches admitted to the ED [24,25], only a few authors
have considered the role of different specialists in ordering neuroimaging investigations in
children with headaches [26].

The aim of our paper was to evaluate how specialist advice can influence the choice of
neuroimaging studies in the paediatric ED.
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2. Materials and Methods

This retrospective study included children with headaches admitted to the paediatric
ED of Ospedale Maggiore Policlinico of Milano between January 2017 and January 2022.
The same population was the subject of a recently published study approved by the ethics
committee of our hospital [27]. The Inclusion criteria were age < 18 years, admission to the
paediatric ED for headaches, and a lack of verbal or developmental delays. Patients who
were unable to provide details about their headaches, such as the location or sudden onset,
were excluded from this study. Very young children were also excluded unless their parents
could provide such information. For patients who had more than one access to the ED due
to headaches during the study period, only the most recent admission was considered.

The following data were evaluated for each patient: demographic characteristics,
personal history of headache, clinical characteristics, underlying disorders, and the results
of diagnostic procedures, including neuroimaging and laboratory testing. Headaches were
classified into three categories: primary headaches (headaches without underlying medical
conditions), secondary headaches (headaches associated with underlying medical condi-
tions), and headaches of unknown aetiology. Secondary headaches were further grouped
into intracranial (meningoencephalitis, cerebrovascular disorders, and structural abnormal-
ities) and non-intracranial disorders (systemic infections, toxic-metabolic disorders, ocular
diseases, otorhinolaryngological diseases, and functional disorders).

Medical consultations included visits to paediatricians, neurologists, and other spe-
cialists, such as otolaryngologists and ophthalmologists. The total number of consultations
was recorded, as well as the various specialists involved. Furthermore, the number of
neuroimaging investigations required by different specialists was assessed.

Excel was used for data collection, and statistical analysis was performed with R 4.3.0
(R Core Team Software, Vienna, Austria). Continuous variables were reported as mean and
range values, while categorical variables were presented as frequencies and percentages.
The Chi-square test or Fisher’s exact test for small counts was used to compare the medical
consulting and neuroimaging findings. Statistical significance was set at 5%.

3. Results

During the 5 years period of the study, 890 children with headaches were evaluated in
our paediatric ED (mean age: 10.0 years; range: 1 to 17 years). The demographic data of
the study population are summarized in Table 1. Most patients were discharged (90.8%,
808 patients), whereas the remaining patients were hospitalized (9.2%, 82 patients).

Table 1. Demographic data of 890 patients with headaches admitted to the ED.

Demographic Data

Age (years)—mean (range) 10 (1–17)

Sex—N (%) Male 430 (48.3)
Female 460 (51.7)

Pre-existing headache—N (%) Yes 316 (35.9)
(881/890, 99.0%) Primary headache 224 (70.9)

Secondary headache 44 (13.9)
Unknown headache 48 (15.2)
No 565 (64.1)

Underlying conditions—N (%) No 795 (89.3)
Systemic diseases 50 (5.6)
Genetic neurological
diseases 17 (1.9)

Acquired neurological
diseases 28 (3.1)

All patients underwent paediatric visits by the ED paediatricians. Overall, 261
specialist consultations were requested in the ED, including 240 neurological (92.0%),

60



Children 2023, 10, 1837

46 ophthalmological (18.0%), and 20 otorhinolaryngologists (7.7%) consultations. Two
specialist consultations were requested for 46 patients (17.6%), whereas only 1 patient
(0.4%) received all three consultations (Table 2).

Table 2. Number of medical consultations.

Medical Consultations Total Number (%)

Paediatrician 890 (100.0)
Paediatrician only 629 (70.7)

Specialist 261 (29.3)
Neurological 240 (92.0)

Otorhinolaryngological 20 (7.7)
Ophthalmological 46 (17.6)

Headaches were located frontotemporally in 611 patients (68.7%), occipital in 52 (5.8%),
diffuse in 107 (12.0%), and unspecified in 120 (13.5%).

Primary headaches occurred in 337 (37.9%) patients, secondary headaches in 353
(39.7%) patients, and headaches of unknown aetiology in 200 (22.5%). Primary headache
was diagnosed by paediatricians and neurologists in 43.5% and 56.5% of the patients,
respectively. Paediatricians diagnosed secondary headaches in 65.6% of cases (intracranial
diseases in 16 patients and non-intracranial disorders in 26 patients), whereas neurolo-
gists diagnosed secondary headaches in 34.4% of cases (intracranial diseases in 9 patients
and non-intracranial disorders in 13 patients). All patients with headaches of unknown
aetiology were visited by paediatricians and neurologists.

Overall, 173 neuroimaging examinations were performed, with 89 scans ordered by a
paediatrician (51.4%) and 84 by a neurologist (48.6%). In particular, paediatricians required
81 out of 132 brain CT scans (61.4%), while neurologists ordered 23 out of 25 brain MRIs
(92.0%). Both CT and MRI were performed in 16 patients, and most scans (62.5%) were
ordered by neurologists (Table 3). Abnormalities were found in 27 of the 173 neuroimaging
examinations performed (15.6%).

Table 3. Number of neuroimaging investigations according to medical consultations.

Patients with
Imaging

N (%)
(n = 173)

Brain CT
N (%)

(n = 132)

Brain MRI
N (%)

(n = 25)

Brain CT +
MRI
N (%)

(n = 16)

p

Paediatrician 89 (51.4) 81 (61.4) 2 (8.0) 6 (37.5) <0.001
Neurologist 84 (48.6) 51 (38.6) 23 (92.0) 10 (62.5)

Legend. The p-value refers to the result of the Fisher exact test applied to the 2 × 3 contingency table obtained
by comparing the variables “medical consultations” (paediatrician, neurologist) and “neuroimaging” (brain CT,
brain MRI, brain CT + MRI).

4. Discussion

Neurological disorders represent a relevant component of paediatric emergencies,
involving up to 20 to 40% of children with the highest severity codes at triage evaluation
in the paediatric ED [28]. Epileptic and non–epileptic events and headaches account for
over two–thirds of the cases [22]. In certain centers, over the last decade, the rate of
paediatric ED visits for non–traumatic headaches has increased from 63.6 to 166% [29,30].
The high frequency of emergency clinical presentations is associated with an increasing
need for specialized neuropaediatric consultants [22]. Consultations with specialists in
ED are required for safe and effective patient care [31]. This process should result in a
variety of outcomes, including the completion of procedures or investigations, as well as
hospitalization or discharge [32–35]. Some studies have reported specialist consultations
in patients with headaches admitted to the ED [24,25]. Still, only a few authors have
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investigated the role of different specialists in ordering neuroimaging investigations for
children with headaches [26].

Our study showed that emergency paediatricians were the sole clinicians in charge of
most children with headaches admitted to the ED, with specialist consultations required in
only approximately one–third of the cases. This finding is consistent with those reported in
other Italian studies, in which the rate of specialist visits ranged from 28.2% to 49.7% [24,25].
Therefore, we cannot exclude the possibility that the hospital’s organization, patient triage
method, and intra–hospital protocols used in our country played a role in explaining these
results. According to the literature, most secondary headaches in our patients were benign
and self-limiting [2,3,24,26,36–38], and they were usually managed by ED paediatricians.
Nonetheless, paediatricians were also frequently involved in the diagnosis of headaches
associated with intracranial disorders, whereas neurologists were most often responsible
for the diagnosis of primary headaches. This finding could be partially explained by the
difficulty of establishing a definitive diagnosis in children during their first visit because
the diagnosis of primary headache is easily made when certain International Headache
Society (IHS) criteria are fulfilled [39].

The first step in the evaluation of a child or adolescent with a headache is to distinguish
between primary and secondary headaches [21]. Although most childhood headaches are
benign, parents are frequently concerned about the possibility of a brain tumour or vascular
malformation, especially if there is a family history of congenital aneurysms [17]. Clinicians
should obtain detailed clinical history and perform comprehensive clinical examinations.
The presence of provoking factors associated with migraine or tension-type headache, such
as stress or sleep deprivation, as well as recent head trauma, fever, or features associated
with systemic disease, suggesting secondary headaches, should be considered in the clinical
history [5]. It is essential to evaluate the temporal pattern of headaches because acute or
chronic progressive headaches are usually associated with secondary disorders. In contrast,
episodic or chronic nonprogressive headaches may suggest a primary headache [40].

Family history should be investigated for the presence of primary or secondary
headaches in other family members, including brain tumours, vascular disorders, and
autoimmune diseases [5]. In all patients with headaches, detailed general and neurological
examinations should be performed, including a search for meningismus, assessment of the
cranial nerves, and examination of the optic discs [5,41,42]. Symptoms alone cannot distin-
guish between primary and secondary headaches since patients with secondary headaches
may experience the same symptoms as those with primary headaches [11–13]. Nonetheless,
the main goal of the clinical history and examination is to look for “red flags” [21], which
are clinical findings that point to a possible and serious cause of headaches, compelling
physicians to perform advanced investigations [15]. Certain red flags are more common
in patients with secondary headaches [43], and patients with one or more red flags are
at a higher risk of underlying intracranial diseases [39]. The main red flags included
the following findings: (1) abnormal neurologic examination; (2) associated symptoms
such as vertigo, intractable vomiting, mental status changes, focal neurologic signs, or
systemic symptoms; (3) headache waking the child from sleep; (4) occipital headache;
(5) first or worst headache; (6) recent headache of less than 6 months duration; (7) change
in type of headache; (8) subacute onset and progressive headache; (9) new-onset headache
in a child with immunosuppression; and (10) no family history of migraine or primary
headaches. Although red flags act as screening tools that help physicians identify those
patients with headaches who would benefit from immediate neuroimaging [44], they do
not always indicate that the underlying cause requires emergency treatment [15]. Among
the cases requiring specialist consultation, we found that neurologists were involved in
over 90% of the cases, which is consistent with the results of other studies on headaches,
in which the neurologist was the most frequently consulted specialist [25,26]. In a study
of adults admitted to the ED for headaches by Relja et al., neurological visits accounted
for 81.2% of specialist consultations and 12.7% of all neurological consultation visits to
the ED during the same period [25]. In a study of 1833 patients admitted to the paedi-
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atric ED with headache, Rossi et al. requested 390 specialist consultation visits, including
187 neurological, 156 ophthalmological, 19 neurosurgical, and 28 otorhinolaryngologic con-
sultations [26]. Headache is one of the main reasons for requiring an urgent neurological
visit to the paediatric ED [25], and patients admitted to the ED for headaches have a high
chance of being diagnosed with a secondary disorder [26]. The rarity of ophthalmologic and
otorhinolaryngological consultations in our ED seems to be consistent with those of other
studies [24,26]. Since headaches caused by ophthalmological problems are more frequently
chronic, they are less common in emergency settings [24]. Although otorhinolaryngolog-
ical consultation may be necessary if recurrent and chronic sinusitis is suspected [44], a
diagnosis of acute uncomplicated sinusitis should be based solely on the clinical history
and physical examination without the need for imaging [21].

Previous studies have reported that 6.3% to 44% of children admitted to the ED with
headaches undergo neuroimaging studies [3,24,45–49]. The wide range of imaging rates
reflects a lack of agreement or formal recommendations on the management of children
and adolescents with headaches in the ED [26]. The decision to order imaging studies for
children with headaches should involve risk stratification based on clinical history and
physical examination to assess the benefits and risks of neuroimaging [21].

Brain CT is highly sensitive for detecting intracranial hemorrhage but less sensitive
for evaluating intracranial masses and infections. Therefore, CT is appropriate for sudden
severe headaches because their aetiology might be related to a ruptured aneurysm or arteri-
ovenous malformation [50–52]. However, because brain CT exposes paediatric patients to
radiation, increasing the risk of malignancy later in life [18,19], its use is restricted to specific
cases [21]. Although brain MRI is the preferred neuroimaging technique for children and
adolescents due to the lack of radiation exposure, it is not without risks, such as sedation
or general anaesthesia [21]. Since headache is the only symptom of 1% of paediatric brain
abnormalities [53–56], neuroimaging is considered unnecessary in patients with headaches
who have no other neurologic symptoms, suggesting a serious intracranial disorder [54,57].
Nonetheless, overuse of CT [58] and MRI in paediatric ED has been reported, and there is a
need for current studies covering paediatric imaging overuse trends, usage variability, and
adherence to clinical protocols [59]. Although the American Academy of Neurology (AAN)
Practice Guidelines recommended a diagnostic approach for children and adolescents with
recurrent headaches, they made no specific statement about patients admitted to the ED
for headaches [50].

Our study showed no significant difference in the number of neuroimaging studies re-
quired by paediatricians and neurologists. In contrast, Rossi et al. reported that emergency
paediatricians ordered 63.5% of the neuroimaging investigations required for headaches in
paediatrics, a neurologist ordered 30.4%, and another consultant ordered 4.8% [26]. How-
ever, we found that brain CT was most often ordered by the paediatricians and MRI by the
neurologists. The outcomes observed in our study can be explained by several factors. First,
in an emergency situation, paediatrician must quickly rule out life-threatening conditions
that are frequently detected on brain CT scans. CT can be useful in this setting because
it does not require sedation and is faster for acquiring brain images, although radiation
exposure from CT scans in childhood has been linked to an increased risk of leukemia and
brain tumors [19].

Second, even though brain MRI use in the emergency setting has recently increased
due to the desire to provide radiation-free imaging, performing an MRI in the paediatric ED
is still uncommon due to the need for sedation in very young children [60]. It is interesting to
note that in paediatric patients with recurrent headache, provider specialty was associated
with the likelihood of receiving a CT scan, with a neurologist being associated with a lower
likelihood of a child undergoing a CT scan than a family physician [60].

Despite the fact that many patients have been seen by a paediatric neurologist, the fre-
quency of headaches of unknown origin is high in our study. Indeed, we defined our cohort
based on the primary discharge diagnosis without a specific follow-up program for these
patients, which could have been useful for reclassifying headaches of unknown aetiology.
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5. Conclusions

The diagnostic dilemma in evaluating children and adolescents with headaches is that
most do not have intracranial disorders. Still, a small percentage of serious disease disorders
may manifest clinically as isolated headaches. Therefore, many paediatric patients undergo
brain CT and MRI scans [16]. Since CT uses ionizing radiation at doses that predispose
patients, especially children, to malignancies [19], clinicians should weigh the risk of
causing harm against the possibility of missing a serious disorder [61]. Reducing radiation
exposure during the treatment of common diseases is a priority in the ED [62,63]. There
are ongoing efforts to reduce radiation exposure through age and weight adjustments, as
well as novel CT technologies [64].

Nonetheless, ED clinicians should use patient history or physical examination findings
to establish the risk of an emergent intracranial abnormality in a child with a headache
and to decide whether to order emergent brain imaging [50,51,65–69]. Several clinical
evidence-based guidelines for children with headaches can help identify the patients
who are more likely to have serious underlying causes for their headaches [16]. Although
practice guidelines can be effective, they are not universally adopted, and the risk of missing
an intracranial lesion persists even when followed [61]. Brain MRI use and availability in
the ED have increased in recent years due to the desire to use radiation-free imaging [70]
and reduce the length of stay in the ED until MRI imaging becomes available [60]. MRI
techniques are evolving to detect intracranial disorders in children without exposing
them to radiation risks, and rapid-sequence brain MRI protocols have been developed for
paediatric patients [62,71].

The novelty of our study lies in defining the role of specialist consultations in the
management of childhood headaches in the ED. Children with headaches admitted to
the ED are first examined by a paediatrician, who is ultimately responsible for deciding
whether to perform neuroimaging studies. The emergency paediatrician prefers brain
CT to rule out life-threatening intracranial disorders in emergency settings. Neurologic
consultation may be more useful in the diagnosis of primary or secondary headaches
associated with a normal CT scan. In recent years, there has been a trend toward more
conservative use of CT imaging in an attempt to limit paediatric patients’ exposure to
ionizing radiation [63]. A closer collaboration between emergency paediatricians and other
ED specialists could improve this outcome.
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Abstract: Pseudotumor cerebri (PTC) is a disorder characterized by increased intracranial pressure
in the absence of a structural lesion or other identifiable cause. Cytokines, which are involved in the
regulation of immune responses and inflammation, have been implicated in the pathogenesis of PTC.
In a prospective, cross-sectional study at three centers in Israel, we analyzed cerebrospinal fluid (CSF)
samples from 60 children aged 0.5–18 years, including 43 children with a definitive diagnosis of PTC
and a control group of 17 children. Levels of IL-4, IL-10, IL-17, CCL2, CCL7, CCL8, CCL13, BDNF,
and IFN-γ were measured using ELISA kits. Levels of CCL2 were significantly higher in the PTC
group compared to the control group (p < 0.05), with no other significant differences in the measured
cytokines between the two groups. The groups did not differ significantly in clinical presentation,
imaging, treatment, or ophthalmic findings. Our findings provide preliminary evidence that CCL2
may be involved in the pathogenesis of PTC and may serve a potential target for therapy in PTC.

Keywords: pseudotumor cerebri; cytokines; chemokines; etiology; pediatrics

1. Introduction

Pseudotumor cerebri (PTC) is a syndrome consisting of elevated intracranial pressure
(250 mm water in adults and 280 mm water in sedated children), a chemically and hemato-
logically normal cerebrospinal fluid (CSF) composition, and papilledema with occasional
abducens nerve paresis [1]. PTC is diagnosed following the exclusion of secondary causes
of elevated intracranial pressure, such as space-occupying lesions or venous sinus thrombo-
sis, based on appropriate investigations, including brain imaging. The pathogenesis of the
raised CSF pressure is still not clear. Some have proposed an increase in CSF production,
impairment in CSF absorption, or cerebral edema [2–4]. Several studies have proposed
that an inflammatory process is implicated in the pathogenesis of PTC [5–8]. Cytokines
are glycoproteins that control inflammation. Elevated levels of inflammatory cytokines,
including IL-6, IL-17, IL-1a, and CCL2, were found in a small group of PTC patients [5].
However, those results were inconclusive, requiring further work with a larger patient
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cohort. Accordingly, our study examined CSF levels of cytokines and chemokines in a
larger group of pediatric patients with PTC matched to a control group.

2. Materials and Methods

2.1. Study Population and Procedure

A prospective, cross-sectional study was conducted in the pediatric departments of
three medical centers in Israel: Bnei Zion, Schneider Children’s, and Hillel Yaffe medical
centers. Participants were children examined at the centers from 1 January 2020 to 30 De-
cember 2022. Children with pseudotumor cerebri, aged 0.5–18 years, were assigned to
the study group (CSF was collected before treatment). Children whose clinical symptoms
were consistent with increased intracranial pressure and who underwent lumbar puncture
(LP), but where PTC was ruled out, served as a control group. An ophthalmologist and a
pediatric neurologist conducted a thorough evaluation of all the children. The collected
data included a wide range of information, such as clinical symptoms, imaging outcomes,
treatment details, ophthalmic examination, and an analysis of the cerebrospinal fluid (CSF).
Each hospital obtained its own ethical approval, and the caregivers of all participants
provided written informed consent. The local Helsinki committee approved the study.

The CSF was investigated for the following cytokines: IL-4, IL-10, IL-17, CCL2, CCL7,
CCL8, CCL13, BDNF, and IFN-γ. The samples were stored at a temperature of −80 degrees
Celsius and analyzed at the end of the study. Samples were analyzed using the Luminex
xMAP multiplex cytokine assay testing kit—a sandwich enzyme-linked immunosorbent
assay (ELISA) kit.

2.2. Statistical Analyses

Patients with and without PTC were compared via the chi-square test or Fisher’s
exact test, where appropriate, for the categorical data and via independent t-tests for the
continuous variables. Odds ratios and their 95% confidence intervals were computed.
Significance was considered to be p < 0.05. Statistical analyses were performed using SPSS
software version 21 (SPSS, Chicago, IL, USA).

3. Results

CSF samples from 60 children were collected. Forty three were diagnosed with
pseudotumor cerebri, and the other seventeen children in the control group. The distinctive
features of the two groups are outlined in Table 1. As noted above, patients in the control
group had clinical symptoms consistent with increased intracranial pressure, but their LP
opening pressure was normal. The patients in the control group had nonspecific headaches
without a chronic headache syndrome or other chronic disease. The patient mean age was
11.8 in the study group and 11.4 in the control group, without statistical differences between
them. Patients were more likely to be female, with a male/female ratios of 20/23 and 7/10
for the study group and control group, respectively, again, with no significant differences
between them. Clinical symptoms also did not differ significantly between the groups. The
opening pressure, as expected, was higher in the study group; please see Table 1.

Table 1. Characteristics of the study and control groups.

Characteristic PTC Group (n = 43) Control Group (n = 17) p

Mean age 11.8 years 11.4 years p = 0.34
Sex (male/female) 20/23 7/10 p = 0.45

Opening pressure (cm H2O) 40 24 p < 0.001

The Luminex xMAP panel was run for IL-4, IL-10, IL-17, CCL2, CCL7, CCL8, CCL13,
BDNF, and IFN-γ. Only CCL2 was detected in the CSF at significant levels, (Figure A1) and
it was significantly higher (<0.03) in the PTC group compared to the control group (Table 2).
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Table 2. Cytokine levels in CSF of PTC and control groups.

Cytokine PTC Group (pg/mL) Control Group (pg/mL) p-Value

IL-10 <42.95 <42.95 0.62
IL-4 <21.59 <21.59 0.53

IL-17 <13.15 <13.15 0.58
CCL2 222 165.2 <0.03
CCL7 <33.85 <33.85 0.72
CCL8 <13.47 <13.47 0.55
CCL13 <5.51 <5.51 0.46
BDNF <17.93 <17.93 0.48
IFN-γ <9.78 <9.78 0.6

4. Discussion

We found significantly higher CCL2 levels in the CSF of the pediatric PTC group
compared to the control group. This finding was consistent with Dhungana et al.’s [5]
finding of increased CCL2 levels in the CSF of adult patients with PTC, based on a small
study (eight PTC patients) and using a cytokine antibody array kit. However, they also
reported elevated levels of CCL7 and CCL8. In our study, based on 47 pediatric patients
with PTC and using a quantitative assay with ELISA, levels of CCL7 and CCL8 were
not measurable. On the other hand, Ball et al. [9] found no differences in levels of either
CCL2 or other cytokines (IL-1beta, IL-6, IL-8, TNF alpha, hepatocyte growth factor, nerve
growth factor, and PAI-1) in patients with idiopathic intracranial hypertension compared
to controls.

CCL2 is a chemokine that is involved in the recruitment of monocytes to sites of
inflammation. CCL2 activates β1 integrins and regulates the adhesion and chemotaxis of
macrophages [10]. Fibroblasts and epithelial cells have the capability to generate CCL2 as
well. CCL2 plays a significant role in facilitating the infiltration of monocytes into tissues
during inflammatory events. Its expression is induced in response to inflammatory triggers
such as infection and tissue injury. The production of CCL2 has been observed in various
TH1/M1 inflammatory disorders, including inflammatory diseases. Additionally, CCL2
production is recognized as a characteristic feature of TH2/M2 responses, and it enhances
the production of TH2-type cytokines, particularly IL-4, through activated T cells [10]. In
the context of PTC, it is thought to play a role in the recruitment of macrophages to the
subarachnoid space, leading to inflammation and increased intracranial pressure. It has
been suggested that CCL2 may be involved in the regulation of the blood–brain barrier
and the production of CSF [11].

Edwards et al. [7], in a small (11 patients) study on adults with PTC, compared levels
of IL-17, IL-10, IL-4, and IFN-γ among PTC patients and a control group of patients with
other inflammatory diseases (chronic inflammatory demyelinating peripheral neuropathy
(CIDP) and multiple sclerosis (MS)). IL-17 was detected among both some PTC patients and
patients with MS, but levels of IL-10 were higher among MS patients compared to CIDP and
PTC patients. IL-17 is a cytokine produced by T-helper 17 (Th17) cells. T-helper 17 cells play
a crucial role in many inflammatory diseases and are involved in recruiting inflammatory
cells to the CNS [12]. As such, they may be implicated in the development of PTC as well.
IL-10 acts to limit CNS inflammation by modulating the sensitivity of resident glia and
infiltrating leukocytes towards activating stimuli, as well as diminishing the production of
inflammatory mediators [13]. However, in our study, we found no significant differences
in levels of either IL-10 or IL-17 between the PTC and control groups.

We also found no differences in levels of brain-derived neurotrophic factor (BDNF)
and IFN-γ between pediatric patients with PTC and the control group. BDNF plays a
crucial role in the regulation of neuronal survival, structure, and function, particularly in
brain regions responsible for intricate cognitive processes. Studies indicate that disruptions
in the signaling pathway of BDNF may contribute to the cognitive deterioration seen in
specific neuropsychiatric and inflammatory conditions [14]. Interferon-γ (IFN-γ) is a cytokine
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produced by T-helper 1 (Th1) cells [15]. Altıokka-Uzun et al. [16], studying adults with
idiopathic intracranial hypertension, found elevated levels of TNF-α, IFN-γ, IL-4, IL-10, IL-12,
and IL-17 in the CSF of study patients compared to controls. In our study, IL-4, IL-10, IL-17,
BDNF, and IFN-γ were all undetected in the CSF of pediatric patients with PTC.

The differences between our findings and those of previous studies may be due to
differences in patient populations—specifically, the fact that we looked at pediatric patients
with PTC, while all other studies examined adults. There are some known differences
between adult and pediatric PTC patients, mainly in the greater prevalence of the male sex
and not being obese in young children [17].

The underlying causes of PTC remain undisclosed [18]. While transverse or sigmoid
sinus stenosis or atrophy is commonly observed in PTC [1], it is likely a secondary effect
rather than the primary cause, resulting from the increased pressure [19]. Nonetheless,
stenosis can exacerbate intracranial pressure by impeding the proper removal of cere-
brospinal fluid (CSF). The increased prevalence of obesity among PTC patients and the
incidence of PTC after specific medicines [1] could potentially be attributed to the impact
of estrogen or retinoic acid on epithelial cells, resulting in a reduced CSF outflow. Genetic
investigations involving AQP4, which facilitates the movement of water in and out of the
brain, have not found any relationship with PTC [20]. Other potential factors to consider
include mild inflammation and dysfunction within the glymphatic pathway [21]. In a
recent study [18], we explored the role of viruses in the pathogenesis of PTC, but found no
supporting evidence. In the present study, we found evidence for a potential role of inflam-
mation (CCL2) in the pathogenesis of PTC. This may support the use of anti-inflammatory
therapies, including cytokine-targeted therapies, in the treatment of PTC.

4.1. Limitations

Our study, while larger than previous studies (e.g., [5]), was still relatively small, with
a small control group; we also did not measure serum levels. We used ELISA, but CCL2
should be confirmed using other methods. Larger studies and ones measuring serum levels
are warranted.

4.2. Conclusions

Our study provides preliminary evidence that CCL2 may be involved in the patho-
genesis of PTC. Additional research is required to validate these findings and explore the
therapeutic potential of cytokines as targets for PTC treatment.

Author Contributions: Conceptualization, J.G., M.M., A.H., K.N., A.K. and R.C.; Methodology, J.G.,
L.B., M.M., A.R., A.H., K.N., A.K. and R.C.; Validation, L.B., O.G.-S., A.R. and R.S.; Formal analysis,
L.B., Y.S., O.G.-S. and A.Z.; Investigation, J.G., L.B., M.M., Y.S. and O.G.-S.; Resources, R.S. and A.Z.;
Writing—original draft, J.G. and M.M.; Writing—review & editing, R.C.; Project administration, J.G.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Israeli Pediatric Association and by limited internal
resources from the Triangle Research and Development Center (TRDC).

Institutional Review Board Statement: Bnai Zion IRB # 0041-18 BNZ.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data is unavailable due to privacy restrictions.

Conflicts of Interest: The authors declare no conflict of interest.

71



Children 2023, 10, 1122

Appendix A

5-P.log(1.00, 10.84, 0.68, 5.26, 0.66) 
DC = (23.52, 13,654) Chi = 0.048% 

Figure A1. CCL2 Levels among PTC research group.
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Abstract: Migraine has a relevant impact on pediatric health. Non-pharmacological modalities for its
management are urgently needed. This study assessed the safety, feasibility, acceptance, and efficacy
of repetitive neuromuscular magnetic stimulation (rNMS) in pediatric migraine. A total of 13 patients
with migraine, ≥6 headache days during baseline, and ≥1 myofascial trigger point in the upper
trapezius muscles (UTM) received six rNMS sessions within 3 weeks. Headache frequency, intensity,
and medication intake were monitored using headache calendars; headache-related impairment and
quality of life were measured using PedMIDAS and KINDL questionnaires. Muscular involvement
was assessed using pressure pain thresholds (PPT). Adherence yielded 100%. In 82% of all rNMS
sessions, no side effects occurred. All participants would recommend rNMS and would repeat it.
Headache frequency, medication intake, and PedMIDAS scores decreased from baseline to follow-up
(FU), trending towards statistical significance (p = 0.089; p = 0.081, p = 0.055). A total of 7 patients
were classified as responders, with a ≥25% relative reduction in headache frequency. PPT above
the UTM significantly increased from pre- to post-assessment, which sustained until FU (p = 0.015
and 0.026, respectively). rNMS was safe, feasible, well-accepted, and beneficial on the muscular
level. The potential to reduce headache-related symptoms together with PPT changes of the targeted
UTM may underscore the interplay of peripheral and central mechanisms conceptualized within the
trigemino-cervical complex.

Keywords: primary headache; responder rate; neurostimulation; pain pressure threshold; myofascial
trigger point

1. Introduction

Migraine was one of the most prevalent neurological disorders worldwide in 2019 [1].
In children and adolescents, headache disorders are common and frequently associated
with a high burden of disease as well [2–4]. Its negative impact on a child’s quality
of life, participation in school, sports or leisure time activities, and family life is very
high [5,6]. Currently, a multi-modal interdisciplinary approach combining education,
lifestyle management, behavioral therapy, and physiotherapy is recommended for children
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and adolescents affected by migraine [7–13]. Efficient pharmacological treatments for
acute migraine attacks are available, whereas pharmaco-prophylaxis plays a secondary
role in pediatric patients due to low evidence levels, oftentimes insufficient efficacy, and
the risk of side effects [5,14–16]. Whether CGRP antibodies could represent an effective
option in the future is currently being evaluated in a randomized clinical trial (https:
//clinicaltrials.gov/study/NCT03832998 accessed on 20 October 2023). However, data
have not yet been published and will only refer to patients affected by chronic migraine.
Hence, there is an increasing demand to develop non-pharmacological, non-invasive
options as an addition to the contemporary multi-modal approach to pediatric migraine.

Concerning migraine pathophysiology, the trigemino-cervical complex (TCC) plays a
major role [17–19], which describes the convergence of central and peripheral mechanisms
of pain perception, processing, perpetuation, and sensitization [17]. Within this concept,
reports of neck pain as well as findings during manual palpation of the neck and upper
trapezius muscles (UTMs, e.g., myofascial trigger points (mTrP) [20–30]) can be interpreted
as evidence for muscular involvement in patients with migraine [31,32].

The application of repetitive neuromuscular magnetic stimulation (rNMS) targeting
the UTMs has been reported to be a safe and well-tolerated treatment option in adults
affected by migraine, with encouraging results regarding the decrease in muscular hyperal-
gesia and headache symptoms [33–35]. Similar effects were described in an observational
analysis among children and adolescents with headache disorders receiving rNMS in a
tertiary outpatient headache center [36,37]. Through painless personalized electromagnetic
induction, rNMS provokes an electric current in the stimulated body region [38]. This
depolarizes motor and afferent nerves causing, among other effects, the muscle to contract.
The resulting increased proprioceptive inflow to the central nervous system is hypothesized
to modulate sensorimotor integration and pain processing pathways [15,38–42].

This study was designed to investigate the feasibility of the rNMS intervention in
a cohort of children and adolescents affected by migraine by assessing the adherence to,
safety of, and satisfaction with the treatment in a prospective design for the first time.
In addition, the following clinical endpoints were preliminarily evaluated: changes in
headache-related symptoms, including the burden of migraine and in quality of life, as
well as the immediate local muscular effects of rNMS in terms of changes in pressure pain
thresholds (PPT) above the UTMs.

2. Materials and Methods

2.1. Ethics and Study Enrollment

This study was approved by the institutional review board (vote 20-194) and registered
in the German Clinical Trials Register (DRKS00022141). It was conducted in accordance
with the Declaration of Helsinki. Written informed consent was obtained from all partici-
pants and their legal guardians.

2.2. Subjects

Participants were recruited via the outpatient headache center of our university’s
children’s hospital. Inclusion criteria were (1) age 6 to 17 years, (2) a diagnosis of migraine
according to the International Classification of Headache Disorders (ICHD 3rd edition) [43],
(3) at least six headache days within a 90-day baseline assessment period, and (4) at least
one mTrP in one of the UTMs. Regarding mTrP identification, the three standard criteria
defining mTrP were carefully checked: (1) a palpable taut band with (2) hypersensitive
spots and (3) a referred sensation/pain during manual palpation [22,44]. Exclusion criteria
were (1) a diagnosis of familial hemiplegic migraine, (2) any pharmacological migraine
prophylaxis except magnesium, (3) any other neurological/psychiatric disorders besides
headaches, (4) any serious disease, and (5) contraindications for magnetic stimulation.
As mixed-type headache (coexistence of migraine and TTH) is common in children and
adolescents, a TTH component was not an exclusion criterion for study participation.
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2.3. Prospective Study Design and rNMS Intervention

Enrollment took place consecutively between August 2020 and October 2021, with the
last follow-up examination (FU) taking place in January 2022. During a 90-day baseline pe-
riod, participants recorded the headache frequency and characteristics using a standardized
headache calendar [45]. Subsequently, participants entered a 3-week intervention period
consisting of 6 rNMS sessions targeting the UTM bilaterally with an eMFieldPro system
(Zimmer Medizinsysteme GmbH, Neu-Ulm, Germany, CE Nr 0123). This study used the
rNMS method described in the study of Staisch et al. (2022) and may partly reproduce the
wording [36] (15 min, 20 Hz, 7 s ON time, 10 s OFF time; Figure 1). After the intervention,
a 90-day FU period took place during in which subjects continued using their headache
calendar.

 

Figure 1. Clinical setup of rNMS treatment. (A) rNMS setting and coil positioning. (B) Stimulation
protocol used for the rNMS treatments. Since 53 trains could not be visualized individually, which is
why the repetition of trains is marked with [. . .]. Abbreviation: rNMS = repetitive neuromuscular
magnetic stimulation.
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2.4. Outcome Measures

This study used similar assessments as described in the study of Staisch et al. (2022) [36]
and Börner et al. (2022) [37] and may partly reproduce the wording. Adherence: Adherence
was defined as completing at least 5 of the 6 sessions of the rNMS intervention. If sessions
were canceled, the reasons were asked for. Safety: A customized standardized question-
naire was used to assess any adverse events (AE) during or after stimulation. Satisfaction:
After the intervention, patients and caregivers gave feedback on whether they would like
to repeat or recommend rNMS using a customized standardized questionnaire. Clinical
outcomes: During the whole course of the study, patients monitored headache symptoms
using the headache calendar of the German Migraine and Headache Society [45]. Before
the intervention and at FU 90 days after the intervention, headache-related impairment
and quality of life were evaluated using the Pediatric Migraine Disability Assessment (Ped-
MIDAS) [46] and a German generic quality of life instrument for patients and caregivers
(KINDL questionnaire) [47]. Concurrently, subjects were asked to report life events having
occurred during study participation. To identify mTrP in the UTM, a certified physiother-
apist examined all participants using manual palpation at the time of screening, before
and after the intervention, as well as during the FU exam 90 days after the intervention.
In addition to mTrP assessments, reference points were defined as 1/3 and 2/3 of the
distance from the vertebra C7 to the acromion above the left and right UTM to allow the
investigation of changes in the whole musculature. Before and after each rNMS session
as well as at FU examination 90 days after the intervention, PPT above each mTrP and all
reference points were determined using algometry (Wagner Instrument, Greenwich, CT,
USA). Measurements were performed three times per point.

2.5. Data Management

Data were pseudonymized and entered into Microsoft Excel data sheets (Microsoft
Office Professional Plus 2016, Microsoft, Redmond, WA, USA). At least two independent
analysts checked the data for plausibility. Based on the headache calendars covering
90 days, mean headache frequency, duration, and intensity were reported as headache days
per month, hours, and with a 10-point visual analogue scale (VAS) (0 no pain, 10 extreme
pain). A headache day was defined as a day with a headache lasting for at least two
hours or shorter if headache specific medication was taken (according to the ICHD-3 [43]).
Two patients documented the headache intensity on an alternative VAS scale (smaller range)
and were therefore excluded from the headache intensity analysis. Two patients noted
headache episodes consecutively without the use of the headache calendar template or
exact dates, which is why they had to be excluded from the analysis separately comparing
headache frequency in the first month, second months, and third months after rNMS
treatment as well as from headache intensity and medication intake analyses due to missing
information. PedMIDAS scores were available for 12 patients, since 1 patient was at
preschool age and therefore not able to complete the PedMIDAS questionnaire as it is partly
based on the child’s participation in school. PedMIDAS scores can be categorized as follows:
score of 0 to 10: little to none impairment, score of 11 to 30: mild impairment, score of 31 to
50: moderate impairment, and score >50: severe impairment [46]. The maximum pressure
of the algometer was 10 kg/cm2. If no pain was indicated when reaching 10 kg/cm2, this
pressure was defined as the PPT [48]. Based on the relative headache frequency reduction
from baseline to FU, patients were assigned to one of four responder rate groups (≥75%;
≥50%, ≥25%, <25%) [49]. The FU data regarding PPT were available for 12 patients as one
FU examination was only possible via telephone.

2.6. Statistics

As this is the first prospective clinical study to deliver rNMS to a pediatric cohort
affected by migraine, the study was primarily designed to assess its feasibility in this age
group reflected by adherence to the intervention. As the primary endpoint, the adherence
rate was calculated as the percentage of participants who did not discontinue the inter-
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vention. A threshold of completing at least 5 of the 6 per protocol sessions was defined as
fulfilling adherence to the intervention. Assuming that 90% of participants would adhere
to the intervention, a sample size of n = 12 to n = 15 participants was intended to treat based
on the expected confidence intervals. For the additional qualitative feasibility endpoints, a
sample size estimation was not reasonable. By the time the study had been designed, not
any pediatric data for the application of rNMS in migraine were available to base a power
analysis with regard to the clinical endpoints on.

All statistical analyses were performed using SPSS (version 26/27; IBM SPSS Statistics
for Windows, Armonk, NY, USA). The statistical significance level was set to α = 0.05
for all tests. Adherence rate was defined as the percentage of completed rNMS sessions.
Absolute/relative frequencies, means, standard deviations, medians, and ranges were
calculated for characteristics, side effects, and the intervention feedback.

Normality of headache variables, questionnaire scores, and PPT were analyzed using
Shapiro–Wilk tests. Differences in headache frequency, headache intensity, frequency
of days with medication intake, and the KINDL scores of caregivers from baseline to
FU were evaluated using paired t-tests. Differences in headache duration, PedMIDAS
scores, and KINDL scores of participants from baseline to FU were investigated using
Wilcoxon signed-rank tests. Differences in monthly headache frequency were compared at
4 time points (baseline, one month, two months, and three months after rNMS treatment,
respectively) using a repeated-measures ANOVA. The mean PPT above the left and right
UTM was calculated as the average of the PPT above the lateral and medial reference
points and the mTrP. Differences in PPT above the left and right UTM were assessed using
repeated-measures ANOVAs for the following time points: (1) before the first rNMS session
(pre), (2) before the last rNMS session (post), and (3) at FU. For ANOVAs, the Bonferroni
correction was used for post hoc comparisons. In the case of a significant Mauchley’s test
of sphericity, the Greenhaus–Geisser correction was applied.

3. Results

3.1. Screening

A total of 248 patients treated at the outpatient headache center during the enrollment
period were screened for eligibility, of whom 20 patients fulfilled all inclusion criteria (8.1%)
and completed the baseline period. A total of 6 patients (2.4%) were excluded after the
90-day baseline period due to (1) less than six headache days within the baseline period
(n = 3), (2) absence of mTrP in the UTM during manual palpation at the end of baseline
(n = 2), and denial to participate in the intervention period (n = 1). One patient was excluded
from analysis due to incongruence of the clinical diagnosis and the headache symptoms
recorded by the headache calendar (n = 1). (Figure 2 and Supplementary Table S1).

3.2. Subject Characteristics

A total of 13 patients aged 12.2 ± 3.5 years (range: 6–17 years; 92.3% female) were
enrolled in the study (Table 1 and Supplementary Table S2). A total of 3 patients were
diagnosed with migraine with aura, of whom 2 patients additionally experienced tension
type headache (TTH) characteristics. The remaining 10 patients were diagnosed with
migraine without aura, with 5 patients also affected by TTH. The baseline mean headache
frequency was 9.43 ± 5.86 headache days per month, with a median of 9.0 and an IQR
4.50–13.17 headache days per month. A total of 7 patients were experiencing neck pain
at baseline; 6 patients received physiotherapy during baseline, 2 patients continued, and
1 patient started physiotherapy during the intervention period. All patients took acute
medication: most patients used cyclooxygenase inhibitors (n = 10 ibuprofen, n = 3 naproxen,
n = 2 acetylsalicylic acid); also triptans (n = 4) and paracetamol (n = 2) were prescribed.
No patient took any preventive migraine medication, except magnesium (n = 9). Detailed
subject and baseline characteristics are listed in Table 1.
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Figure 2. Screening scheme for study inclusion.

3.3. Treatment Characteristics

rNMS was performed with a mean stimulation intensity of 31.8 ± 12.3% of the maxi-
mum stimulator output on the left side and at 32.0 ± 11.6% of the maximum stimulator
output on the right side.

3.4. Adherence

No dropouts were recorded. All participants completed all six rNMS sessions (adher-
ence rate: 100%). Nine patients completed all sessions within a 3-week interval. For four
patients, altogether eight sessions needed to be differently scheduled due to (1) acute illness
of the patient (n = 2, 25%), (2) time constraints by the family (n = 1, 12.5%), (3) resource
constraints by the outpatient clinic (n = 2, 25%), (4) absence without excuse (n = 2, 25%),
and (5) accident due to weather conditions (n = 1, 12.5%) ending up in an intervention
period of four to five weeks.

3.5. Safety

AEs were evaluated for 78 rNMS sessions. In 64 sessions (82.1%), no AEs were
reported. A total of 16 side effects were reported for the remaining 14 rNMS sessions
(17.9%) (Table 2). No AE led to discontinuation of the intervention.
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Table 1. Characteristics of study participants (n = 13).

Characteristics n (%) Median (Range)

Age - 12 (6–17)

Sex Female 12 (92.3%) -

Handedness Right 10 (76.9%) -

Headache Diagnosis
Migraine with aura 1 (7.7%) -
Migraine without aura 5 (38.5%) -
Migraine with aura + TTH 2 (15.4%) -
Migraine without aura + TTH 5 (38.5%) -

Age at headache onset (years) - 9 (2–15)

Time since headache onset (years) - 3 (2–13)

Family history for migraine Yes 3 (23.1%) -
No 9 (69.2%) -
Not known 1 (7.7%) -

Neck pain at baseline Yes 7 (53.8%) -
No 6 (46.6%) -

mTrP localization at baseline Unilateral 5 (38.5%) -
Bilateral 8 (61.5%) -

Left 10 (45.5%) -
Right 12 (54.5%) -

mTrP entity at baseline Latent 15 (68.2%) -
Active 7 (31.8%) -

Physiotherapy During baseline 6 (46.2%) -
During intervention 3 (23.1%) -

Abbreviations: TTH = tension type headache, mTrP = myofascial trigger point.

Table 2. Adverse events (AEs) documented within n = 78 rNMS sessions.

AE (n = 91) n (%) Serious/Severe Unexpected Related

No side effects 64 (82.1%)

Side effects 16 in 14 sessions
(17.9%)

During stimulation
Trembling (arm/hand) 5 (6.4%) X

Heaviness (at stimulation site) 2 (2.6%) X
Tingling (at stimulation site) 1 (1.3%) X

Arm pain 1 (1.3%) X
Tension in shoulder-neck

region (hand) 1 (1.3%) X

In-between stimulations
Headache 5 (6.4%) X

Sore muscles 1 (1.3%) X

Life events
Suicide of school colleague 1 (7.7%) X X
Health-related absence of

caregiver a 1 (7.7%)

Accident on ice 1 (7.7%) X
a For this variable, none of the criteria (serious/severe, unexpected, related) applied; they might have influenced
the perception of headaches. Abbreviation: AE = adverse event.

3.6. Satisfaction

After the intervention, 13 subjects (100%) wanted to repeat rNMS and recommend it
to other patients. A total of 13 caregivers (100%) would recommend rNMS to other children
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with migraine, and 10 caregivers (76.9%) would repeat the intervention. The reason why
3 caregivers did not indicate to repeat the treatment was that they themselves did not
perceive a sufficient improvement in their child’s treated headache.

3.7. Headache Characteristics

Headache frequency numerically decreased from 9.43 ± 5.86 days per month during
the baseline period by 2.53 days per month to 6.90 ± 4.53 days per month during the FU
period. This reduction did not reach statistical significance (t = −1.848, p = 0.089, Table 3).
Although the numerical drop of the mean monthly headache frequency was pronounced in
the first (6.27 ± 4.52 days/month) and second month (6.45 ± 7.12 days/month) compared to
the third month (9.00 ± 6.65 days/month) after the intervention, no statistically significant
change was reached at any of these timepoints compared to the mean baseline headache
frequency (p = 0.204, F = 1.76; Supplementary Table S3).

Table 3. Change in headache characteristics, PedMIDAS scores, and KINDL scores from baseline
to FU.

Headache
Characteristics

Pre FU Test Values
95% CI of

Mean
Difference

Mean (SD) Median (IQR) Mean (SD) Median (IQR) t/Z p

Headache frequency 9.43 (5.86) 9.00 (4.50–13.17) 6.90 (4.53) 5.60 (3.00–10.67) t = 1.848 0.089 −0.45–5.52
Headache intensity 5.50 (0.97) 5.21 (4.75–6.73) 6.27 (1.47) 6.53 (4.24–7.09) t = −1.68 0.142 −1.86–0.31
Headache duration 6.27 (4.82) 5.03 (3.56–7.35) 6.50 (4.70) 4.45 (2.59–9.41) Z = −0.89 0.929 -

Medication frequency 4.42 (2.58) 4.33 (2.67–5.33) 2.73 (2.10) 2.00 (0.75–4.66) t = 1.94 0.081 −0.25–3.65
PedMIDAS 35.00 (23.84) 24.00 (21.00–51.00) 20.67 (16.83) 16.00 (7.75–30.75) Z = −1.92 0.055 -

KINDL Child 65.23 (19.02) 69.50 (46.13–82.75) 67.08 (18.04) 74.00 (58.38–79.25) Z = −0.420 0.675 -
KINDL Caregiver 67.27 (11.99) 68.75 (58.38–77.63) 69.44 (9.64) 70.75 (61.50–78.75) t = −1.038 0.320 −6.74–2.39

Comparisons were made using paired-samples t-tests or Wilcoxon signed-rank tests depending on normality.
Abbreviations: pre = before the rNMS intervention, FU = follow-up, SD = standard deviation, IQR = interquartile
range, CI = confidence interval, KINDL = Revidierter Fragebogen für KINDer und Jugendliche zur Erfassung der
gesundheitsbezogenen Lebensqualität, PedMIDAS = Pediatric Migraine Disability Assessment.

Congruently, we registered a statistically non-significant reduction in medication
frequency from 4.42 ± 2.58 days per month at baseline to 2.73 ± 2.10 days per month at FU
(t = 1.94, p = 0.081) resulting in a mean reduction of 1.7 days per month. Headache intensity
and duration did not relevantly change from baseline to FU.

Seven patients were classified as responders showing a relative reduction in headache
frequency of ≥25%. Of these seven patients, headache frequency decreased ≥50% in three
patients, of which two patients showed a reduction of ≥75%.

3.8. Headache-Related Disability

When comparing PedMIDAS scores at the group-level before intervention (35.00 ± 23.84)
and at FU (20.67 ± 16.83), a transition from an average moderate to mild disability was
observed (Z = −1.92, p = 0.055, Table 3). On the individual level, at baseline, “severe” dis-
ability was experienced by three patients, “moderate” disability by one patient, and “mild”
disability by eight patients; no patient was categorized as “little to not” disabled (Figure 3).
At FU, one patient was categorized as “severely”, two patients as “moderately”, six patients
as “mildly”, and three patients as “little to not” disabled. Two patients transitioned to
a more severe category, whereas five patients turned to a less severe category, with one
patient even dropping from “severe” to “little to none” disability. Five patients remained
in their categories. Individual changes from baseline to FU in PedMIDAS scores, monthly
headache frequency, intensity, and medication intake are depicted in Supplementary Table
S4. No significant change in health-related quality of life was detected, neither in the total
score of the KINDL questionnaire answered by the patient (baseline = 65.23 ± 19.02,
FU = 67.08 ± 18.04, p = 0.675), nor in the questionnaire answered by the caregiver
(baseline = 67.27 ± 11.99, FU = 69.44 ± 9.64, p = 0.320).
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Figure 3. Comparison of PedMIDAS categories before and after rNMS treatment. Abbreviations:
rNMS = repetitive neuromuscular magnetic stimulation, pre = before treatment, post = after treatment,
PedMIDAS = Pediatric Migraine Disability Assessment.

3.9. Muscular Effects

Mean PPT measured above the left and right UTM significantly increased over time
(left UTM: p = 0.016, right UTM: p = 0.037, Table 4 and Figure 4). Single comparisons of
PPT above each assessed point (left lateral, left medial, left mTrP, right lateral, right medial,
right mTrP) before and after the rNMS treatment are given in Supplementary Table S5.

Table 4. PPT comparison above the left and right UTM prior the first rNMS session (pre), prior the
last rNMS session (post), and at the 3-month FU examination.

Test Values Mean_Pre (SD) Mean_Post (SD) Mean_FU (SD) Post Hoc Test

F p η2 p

Left UTM 6.46 0.016 * 0.564 1.99 (0.77) 3.02 (1.61) 2.84 (1.13)
Pre-post 0.097
Pre-FU 0.015 *
Post-FU 1.000

Right UTM 4.67 0.037 * 0.483 2.04 (0.67) 3.00 (1.55) 2.70 (1.00)
Pre-post 0.126
Pre-FU 0.026 *
Post-FU 1.000

PPT comparisons above the left and right UTM using repeated-measures ANOVAs. Post hoc comparisons
were performed with Bonferroni correction. Significant differences at α = 0.05 are marked with an asterisk (*).
Abbreviations: PPT = pressure pain threshold, UTM = upper trapezius muscle, FU = follow-up, pre = prior the
first rNMS session, post = prior the last rNMS session, SD = standard deviation.

Of the seven patients with bilateral mTrP at baseline, one patient had only one unilat-
eral mTrP at FU while the remaining six patients were still diagnosed with bilateral mTrP.
Of five patients with unilateral mTrP at baseline (left n = one patient, right n = four patients),
three patients had no mTrP at FU, while mTrP could be detected uni- and bilaterally in one
patient, respectively.
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Figure 4. Comparison of PPT prior the first rNMS session, prior the last rNMS session, and at the
3-month FU examination. PPT above the left and right UTM were calculated based on the average
of PPT above the lateral and medial reference points as well as the mTrP. Boxplots display the
median PPT as well as the IQR. Significant differences are marked with an asterisk (*). Abbreviations:
PPT = pressure pain threshold, mTrP = myofascial trigger point, pre = prior to the first rNMS session,
post = prior to the last rNMS session, FU = follow-up, IQR = interquartile range.

4. Discussion

This study investigated the feasibility of the rNMS intervention as a non-pharmacological,
non-invasive treatment option in a group of children affected by episodic migraine with
involvement of the neck muscles. Feasibility measures were the adherence to, safety of,
and satisfaction with the treatment. These measures were for the first time assessed in a
prospective open-label design in this age group. In addition, preliminary clinical effects of
the intervention were prospectively studied for the first time, not only focusing on changes
in headache-related and muscular symptoms but on burden of migraine and in quality of
life, too.

In this cohort, rNMS was feasible, safe, and well-accepted (adherence rate of 100%; no
adverse events in 82.1% of rNMS sessions; 100% of patients would repeat and recommend
rNMS). These results are in line with the findings from an observational report of rNMS as
treatment in children and adolescents with different types of headache disorders, as well as
to the results of studies involving adult participants [34–36].

Regarding the effects on headache-related symptoms, the monthly headache fre-
quency and medication intake numerically decreased after the intervention, albeit without
statistical significance. Importantly, seven patients (54%) were qualified as responders
by experiencing a relief of their headache frequency by at least 25% and one additional
participant reported a reduction close to the responder threshold (23%). This trend is com-
parable to findings in a cohort of children and adolescents with different types of headache
disorders receiving rNMS, in that headache frequency and intensity were significantly
reduced after rNMS (reduction from 17.1 ± 11.4 to 10.9 ± 10.9 headache days/month
[mean ± SD]) [36] and comparable responder rates were observed for the group of partici-
pants affected by primary headaches, including nine patients with mixed-type headache
and two with migraine only (43% responders in terms of ≥25% reduction, 14% respon-
ders in terms of ≥75% reduction) [36,37]. Similar findings have also been reported in
previous studies investigating rNMS in young adults with episodic migraine (reduction
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in headache frequency from 7.7 (5.7–12) to 5.3 (1.7–10.3) days/month [median (range)]
and 7.7 ± 6.9 to 5.1 ± 4.8 days/month [mean ± SD]; reduction in medication intake from
4 (0–9.7) to 3 (0–9) days/month [median (range)] and 3.3 ± 2.8 to 2.8 ± 1.8 days/month
[mean ± SD]) [33,35]. Moreover, a retrospective analysis of the pooled data of both studies
showed similar developments, too (reduction in headache frequency from 8.17 ± 4.50 to
6.33 ± 4.38 days/month [mean ± SD], reduction in medication intake from 3.63 ± 2.58 to
3.10 ± 2.44 days/month [mean ± SD]) [50].

With regard to headache-related disability, a significant reduction in MIDAS scores
was reported after rNMS in adults with episodic migraine in previous studies (MIDAS
Score reduction from 26.33 ± 13.89 to 15.37 ± 12.30 [mean ± SD]) [50]. In congruence, in the
current first ever report on the impact of rNMS to the burden of migraine, PedMIDAS scores
decreased on average by 14.33 units from baseline to FU, which corresponds to a reduction
of 40.9%. These results are clinically meaningful, considering the highly problematic
consequences of school absenteeism, and avoidance of physical and everyday activities in
childhood due to migraine symptoms. Thus, a decreased PedMIDAS score likely reflects
increased participation after rNMS, representing an important criterion regarding the
treatment of pediatric migraine. In our pediatric cohort, more patients were classified as
being mildly to not at all disabled after the rNMS intervention. With regard to the KINDL
scores, no changes in health-related quality of life were reported after rNMS, neither
by patients nor by their caregivers. However, it should be noted that baseline KINDL
scores (65.23 ± 19.02) were already almost at the same level as reference values of healthy
children in the KIGGS study (“Studie zur Gesundheit von Kindern und Jugendlichen
in Deutschland”, performed by the Robert Koch-Institute; mean: 76.90; 95% confidence
interval 76.70–77.10) [51] and BELLA study (“BEfragung zum seeLischen WohLbefinden
und VerhAlten”, submodule of the KIGGS study; 76.30 ± 10.10) [52]. Hence, ceiling effects
may have hampered the detection of further improvement.

Regarding muscular effects, the current analysis demonstrated an increase in PPT from
pre- to post-assessments above the UTM, reflecting a relief of muscular hypersensitivity.
This effect lasted until the 3-month FU, implicating that a decrease in local muscular
hypersensitivity induced by rNMS can be sustained for a certain period of time. Of
importance, in contrast to the long-term muscular effects of rNMS portrayed in this study,
the majority of studies evaluating the effects of neuromodulation methods only included
acute short-time FU (e.g., FU period of 10 min) [53–60]. Our findings are congruent with
previous investigations of rNMS in children [37] as well as in adults affected by headaches.
Our results show an increase in PPT from pre- to post-assessment of 0.96 ± 0.42 kg/cm2 for
the right and 1.03 ± 0.42 kg/cm2 for the left UTM, which is comparable to PPT increases
reported in the adult studies (right UTM: 0.4 (−1.1–2.5) kg/cm2 [median (range)] and
0.8 kg/cm2 [mean, SD for difference not given]; left UTM: 0.6 (−0.5–2.6) kg/cm2 [median
(range)] and 0.6 kg/cm2 [mean, SD for difference not given]) [34,35]. PPT after rNMS
measured above the UTM increased to a level of PPT measured in pediatric patients with
chronic pain above the non-pain control sites and in a healthy reference population [61].
In addition, PPT above the UTM prior to rNMS were comparable or lower than PPT
measured in adult migraine patients. PPT after rNMS were similar or even higher than
PPT of healthy controls [62,63]. Together, this suggests an even more pronounced muscular
hypersensitivity in pediatric patients than in healthy adults, which can potentially be reset
to a level of healthy controls by rNMS targeting the UTM as a muscle considered part of the
TCC. This may be interpreted as a sign of network reorganization via the TTC, eventually
including the desensitization of the hypersensitive trigeminal nucleus caudalis [64].

Regarding the aspect of neuroinflammation in migraine pathogenesis, magnetic res-
onance imaging (MRI) studies suggest neuroinflammatory mechanisms on the muscular
level [65,66], in addition to the well-described CGRP-related (Calcitonin Gene-Related
Peptide) alterations on the leptomeningeal vascular level [67,68]. The relief of muscular
symptoms (e.g., increased PPT, decreased number of mTrP) by rNMS points at a possible
relief from muscular neuroinflammation. In addition to the beneficial clinical effects, the
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important interplay of the peripheral and central networks is emphasized, once more. This
context might call for further in-depth investigations of alterations of muscles involved in
migraine pathogenesis via the TCC, i.e., by advanced imaging on behalf of T2 mapping
and other advances MRI-based techniques [65,66].

Neurostimulation as acute or prophylactic migraine treatment is quite a novel ap-
proach; thus, the number of studies is still limited to date and no data exist for the pediatric
population for the majority of modalities [7,69]. For the acute migraine treatment and mi-
graine prophylaxis, the following approaches have been investigated: transcranial magnetic
stimulation [70], transcranial direct current stimulation [71], transcutaneous occipital nerve
stimulation [53,72], transcutaneous supraorbital nerve stimulation [54,73], transcutaneous
vagus nerve stimulation [74,75], and remote electrical neuromodulation [60]. In comparison
to the abovementioned techniques, rNMS specifically targets the muscle and could treat
the muscular level in addition to central effectors—including in children and adolescents.
Specifically, it has several aspects that might facilitate its use in the pediatric setting, includ-
ing in particular a painless application. Therefore, rNMS may be better accepted by patients,
which is an important factor in the pediatric field [36,69,76]. Regarding the association of
migraine, neck pain, and muscular hypersensitivity, rNMS is unique in targeting both the
muscular and the central pathophysiological mechanisms conceptualized within the frame-
work of the TCC [17,19], which is achieved via a single “from bottom-up” approach [69].
Thus, rNMS may represent a valuable non-invasive, non-pharmacological component
within the future treatment concepts for pediatric migraine. Against the background of
these promising results in children, data from large-scale randomized controlled trials in
adults are expected to pave the way for a widespread application of rNMS across all age
groups (https://drks.de/search/de/trial/DRKS00024470 accessed on 20 October 2023).

As this study included a rather small cohort of 13 patients with migraine, findings
are not generalizable to the whole population of pediatric patients affected by migraine.
Despite the small cohort, the assumption that 90% of participants would adhere to the
intervention led to a sample size calculation of n = 12 to n = 15 participants needing to
be treated to reach reasonable confidence intervals (CI ± 15.2 to ± 16.9), which enhances
the reliability of the effects despite the sample size limitation. Yet, given the strict in- and
exclusion criteria, the data represent the feasibility and preliminary effects in a cohort of
pediatric patients affected by migraine as clinically homogenously as possible. In particular,
assuring a relatively high baseline frequency of headaches and the presence of muscular
involvement through an expert manual palpation, together with the rule out of comorbidi-
ties like somatoform or psychiatric disorders, represent important quality criteria of the
study. Another reason for limitations in the sample size had been the ongoing COVID-19
pandemic, that restricted outpatient contacts to a minimum. Given the age range of the
study population, no conclusions regarding when to start a neurostimulation during the
trajectory of migraine can be drawn. Headache documentation is especially challenging
in children and adolescents, which should be considered when interpreting the reported
results. Novel, digitalized kids-friendly applications are urgently needed to ensure a more
feasible headache documentation in clinical practice and research. Regarding muscular ef-
fects, only one FU examination took place 90 days after the intervention. While numerically
decreased headache frequency was pronounced during the first and second month after the
intervention, no conclusions regarding trajectory or wear-off effects regarding the muscular
symptoms can be made to date. Future studies should therefore consider implementing
physiotherapeutic assessment at several time points during FU and may additionally imple-
ment objective point-of-care imaging measures to assess muscular changes (e.g., muscular
ultrasound or infrared thermography). Furthermore, the lack of objective neurophysiolog-
ical outcome measures (e.g., fMRI) limits the interpretability of the here-reported rNMS
effects, and further studies including neurophysiological outcome measures are needed to
underpin the pathophysiological hypothesis of the distinct mechanisms of action of rNMS
in migraine. Concerning algometry, it should be noticed that measurements in young
children (6–8 years) may not be as reliable as in adults or older children, which is due to
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difficulties in describing perceptions and a higher sensitivity to pain stimuli [63]. A setting
effect may have affected the here-presented outcomes, especially since this effect might
be higher in the pediatric population in general [5,11,77]. Furthermore, there may be an
increased placebo response to interventions using a medical device compared to pharmaco-
logic treatment modalities [77]. In addition, three psychosocial AEs were reported by three
patients during the study period, which may have interfered with the effects reported here.
Since the study was carried out during the COVID-19 pandemic, the closure of schools,
sports clubs, and recreational facilities, social distancing, and the rapid change in legal
restrictions may have affected the patients’ daily routine, as well as overall quality of life
and burden of headache. Since migraine is a very common disorder in pediatric age but
nevertheless characterized as one of the most underfunded diseases [78,79], more sham-
controlled studies investigating non-pharmacological, non-invasive treatment options for
pediatric patients are urgently needed.

5. Conclusions

rNMS interventions were safe, feasible, and well-accepted by children and adolescents
with migraine. Although statistically non-significant, the monthly headache frequency,
medication intake, and—particularly important and reported for the first time in this
context—PedMIDAS scores demonstrated a relevant decrease from baseline to FU on an
individual basis. Together with the potential to reduce the symptoms on the muscular
level, rNMS might become a valuable option introducing neuromodulation from bottom
up to the multimodal armentarium for children with episodic migraine. Therefore, future
controlled studies are highly needed to further assess the current beneficial findings and to
elucidate the specific neurophysiological mechanisms of rNMS in peripheral and central
processes of pain processing.
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Abstract

Background/Objectives: Pediatric migraine disrupts school performance and daily func-
tioning. Concerns about medication overuse and limited efficacy highlight the need for
non-pharmacologic treatments. The Nerivio remote electrical neuromodulation (REN)
device, which is FDA-cleared for ages 8 and above, was evaluated in this study to assess
real-world perceptions among patients in a pediatric neurology clinic. Methods: Patients
aged 10–18 years who had used both acute medications and Nerivio completed two struc-
tured questionnaires, one reflecting on experiences with acute medication and one reflecting
on experiences with acute REN treatment, assessing school and daily functioning, headache
control, medication use, satisfaction, and preference. Descriptive statistics summarized
the responses. Results: Twenty-four patients participated (91.7% female, mostly aged
13–18 years). Primary outcomes: Nerivio stopped headaches in 33.3% of patients and
shortened them in 50.0%, with 41.7% reporting reduced medication use. Exploratory func-
tional outcomes: Missed full school days were unchanged (3.8), partial absences decreased
slightly (3.1 to 3.0, ~3%), limited-activity days declined from 3.5 to 2.7 (23%), and days
with <50% functioning fell from 4.1 to 3.2 (22%). Preference favored Nerivio in 37.5%,
medications in 20.8%, and both equally in 41.7%. Most patients (83.3%) wished to continue;
12.5% reported only mild, transient discomfort, and all continued treatment. Conclusions:

This preliminary real-world study suggests that REN is feasible and beneficial in pediatric
headache care. Primary outcomes demonstrated meaningful headache improvement, while
exploratory measures suggested functional gains. REN reduced acute medication use and
achieved high satisfaction, supporting its potential role as a patient-centered adjunct in
pediatric headache management. Larger studies are needed to confirm these findings.

Keywords: pediatric headache; migraine; remote electrical neuromodulation; Nerivio;
acute treatment; non-pharmacologic therapy; real-world evidence

1. Introduction

Migraine and recurrent headache disorders are common in children and adolescents
and may substantially interfere with their daily functioning, school performance, and qual-
ity of life [1]. Global migraine prevalence estimates reach approximately 8%, underscoring
the importance of recognizing the disorder during formative developmental years [2]. In
pediatric populations, acute treatment has traditionally relied on over-the-counter (OTC)
medications, such as ibuprofen and acetaminophen, which have shown moderate efficacy
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in randomized trials of children aged ≥ 4 years, and their use is supported by international
guidelines [3,4]. However, the frequent use of acute migraine medications can contribute to
the development of medication overuse headache (MOH) [5], and treatment outcomes are
variable. No single therapy for migraine has been shown to be clearly superior, and many
patients require tailored interventions when pharmacologic therapy alone is insufficient [6].

Non-pharmacologic approaches, including neuromodulation, are increasingly recog-
nized as promising adjuncts or alternatives for pediatric migraine. The Nerivio device is
a remote electrical neuromodulation (REN) wearable that delivers 45 min of controlled
electrical stimulation to Aδ and C nerve fibers in the upper arm when a migraine begins,
activating conditioned pain modulation pathways that inhibit nociceptive signaling [7,8].
It was initially cleared by the FDA for acute migraine in individuals aged 12 years and
older, with more recent clearance extending to children aged 8 years and above. Although
pediatric evidence remains limited, prior studies have found that up to 60% of users experi-
ence pain relief within two hours, with improvements in functional outcomes and minimal
adverse effects [7,8].

While these early studies support the safety and efficacy of REN, less is known about
its real-world role alongside standard acute medications in pediatric practice, where treat-
ment decisions are strongly influenced by patient and family experiences. Understanding
these real-world, patient-centered perspectives is critical for guiding the adoption and
integration of REN into routine migraine management. To address this gap, we undertook a
preliminary real-world study aimed at characterizing the clinical and experiential outcomes
of Nerivio.

2. Materials and Methods

This project was conducted at the Pediatric Neurology Clinic of Children’s Mercy Hos-
pital, a tertiary care center in Kansas City, MO, USA, from 3 March to 30 June 2025. Eligible
participants were children and adolescents aged 10–18 years with a clinical diagnosis of
migraine, according to the International Classification of Headache Disorders (ICHD-3)
criteria, who were using both over-the-counter (OTC) acute medications and the Nerivio
device (Theranica Bio-Electronics Ltd., Netanya, Israel) for migraine treatment. Patients
were recruited during routine neurology follow-up visits. All participants had previously
used over-the-counter (OTC) acute medications before initiating Nerivio and were main-
tained on stable preventive regimens throughout the study period. The questionnaires
were completed at a single timepoint, based on participants’ retrospective reports after they
had gained experience with both treatments, ensuring consistent recall.

Data were collected using two structured questionnaires. The “acute medications”
questionnaire assessed headache characteristics, school absences, functional disability,
medication response, and satisfaction with acute pharmacologic therapy. The “acute
treatment with REN” questionnaire evaluated perceived changes in headache burden,
school attendance, activity limitation, medication use, and treatment satisfaction. In the
REN questionnaire, patients were also asked to describe their perceived treatment effects
using predefined categories: “stopped headache” (complete resolution of pain within
two hours after stimulation), “shortened headache” (≥50% reduction in attack duration
compared with typical episodes), and “less medication” (a subjective patient-reported
decrease in the frequency or amount of acute medication used after starting Nerivio).

Information on the number of acute Nerivio treatments per participant was not sys-
tematically recorded; therefore, findings primarily reflect general real-world impressions
following limited exposure to REN.
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Questionnaires were initially distributed electronically through a REDCap-based
clinical registry (Research Electronic Data Capture; Vanderbilt University, Nashville, TN,
USA); however, due to low response rates, subsequent data were collected on paper during
clinic visits. Participation was voluntary, and responses were anonymized.

Functional outcomes, including missed school days, reduced activity, and impaired
functioning, were adapted from the Pediatric Migraine Disability Assessment (PedMIDAS),
a validated instrument for measuring headache-related disability in pediatric populations.
Because both questionnaires were completed concurrently for patients with prior docu-
mented use of both treatments, PedMIDAS items were used descriptively rather than as
longitudinal measures. To align with the retrospective design, participants were asked to
report functioning over a recent representative period rather than the original three-month
PedMIDAS timeframe.

Descriptive statistics were used to summarize categorical responses and to estimate
mean values for ordinal ranges (e.g., 1–2 days, 3–5 days). Results are presented as absolute
values, mean changes, and percent reductions, which serve as effect size estimates to
illustrate the magnitude and direction of change. Comparisons between baseline and
post-Nerivio periods were descriptive; no formal inferential statistics were applied given
the exploratory design and limited sample size. Data were visualized using bar charts and
comparative plots.

3. Results

3.1. Study Population

A total of 24 pediatric patients diagnosed with migraine according to the International
Classification of Headache Disorders (ICHD-3), aged 10–18 years, were included. Most
(87.5%) were in the 13–18-year-old age group, and 91.7% identified as female. This distribu-
tion reflects the well-documented higher prevalence of migraine in female adolescents and
the randomized nature of the questionnaire distribution within the clinic. All participants
reported a long-standing history of migraine attacks, typically lasting either 1–6 h or more
than 24 h (Figure 1).

Figure 1. Distribution of headache episode duration reported prior to Nerivio use.
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3.2. Treatment Effectiveness and Medication Reduction

When asked about the specific effects of Nerivio, 8 out of 24 patients (33.3%) reported
that it “stopped the headache”. A further 12 out of 24 respondents (50.0%) indicated that it
“shortened the headache,” and 10 out of 24 participants (41.7%) reported a reduced need
for acute medications after Nerivio use (Figure 2).

Figure 2. Percentage of patients reporting clinical benefit from Nerivio use.

3.3. Functional Outcomes Before and After Nerivio Use

Functional limitations due to headache were evaluated based on responses to the acute
medication and REN questionnaires, reflecting retrospective reports of patients who had
used both treatments. This design captured real-world perceptions of acute effects rather
than preventive outcomes. Accordingly, functional data were summarized descriptively
rather than interpreted as preventive effects. The average number of missed full school
days remained stable at 3.8 days. Missed partial school days decreased slightly from
3.1 to 3.0 days (~3% reduction). Days for which other activities (e.g., play, sports) were
stopped declined from 3.5 to 2.7 (23% reduction), and days with functioning at <50% ability
decreased from 4.1 to 3.2 (22% reduction). Formal statistical testing was not performed
given the sample size and preliminary design (Figure 3).

Figure 3. Mean number of days with missed school, reduced activity, and impaired function before
vs. after Nerivio treatment.
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3.4. Treatment Preference

Treatment preference responses favored Nerivio in 9 of 24 patients (37.5%) and favored
medications in 5 of 24 cases (20.8%). Patients demonstrated an equal preference for both
treatments in 10 out of 24 cases (41.7%) (Figure 4).

Figure 4. Patient preference for Nerivio vs. medications.

3.5. Satisfaction and Tolerability

Most patients (20/24, 83.3%) expressed a willingness to continue using Nerivio. Three
patients (12.5%) reported mild discomfort (e.g., local tingling or tightness at the stimulation
site). All participants continued treatment despite these discomforts, which were consistent
with expected device-related sensations (Figure 5).

Figure 5. Percentage of patients reporting satisfaction and discomfort with Nerivio.

4. Discussion

This preliminary study evaluated real-world patient experiences with Nerivio, a wear-
able remote electrical neuromodulation (REN) device, in the context of routine pediatric
headache management. Consistent with prior clinical and real-world studies of REN [7,8],
our findings provide preliminary evidence on functional outcomes, treatment satisfaction,
and patient preferences in children and adolescents with migraine.

Although the average number of missed full school days in our cohort remained
unchanged, Nerivio use was associated with fewer partial absences and a reduction in
days with limited activity and <50% functioning. These exploratory functional findings
parallel prior REN studies demonstrating decreased functional disability during migraine
attacks [7,8] and align with broader evidence that non-pharmacologic interventions—
including cognitive behavioral therapy, which has been shown to reduce headache days
and migraine-related disability in children [9], and psychologically based approaches such
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as relaxation and biofeedback [10]—can support daily functioning and school attendance
in pediatric populations with migraine.

As the primary outcomes, a large proportion of patients reported meaningful headache
benefits with REN, including complete cessation in one-third and shortened durations in
about one-half of participants. These findings also align with clinical trial data showing
58.9–74.2% pain relief and 20.0–35.6% pain freedom at 2 h [7], as well as adolescent trial
findings of 71% pain relief and 35% pain freedom [8]. Importantly, 41.7% of patients
required less acute medication after using Nerivio, supporting the potential of REN as a
medication-sparing strategy [7,8]. This is particularly relevant in pediatric populations,
where medication overuse headache, tolerability issues, and caregiver concerns remain
persistent challenges [5,6].

Treatment preference results in our cohort varied, with a little over one-third favoring
Nerivio, one-fifth favoring medication, and the remainder reporting equal benefits. This
heterogeneity underscores the individualized nature of migraine care and reinforces the
importance of offering a range of therapeutic options tailored to patient and family priori-
ties. Nerivio tolerability was favorable, with only 12.5% of patients reporting discomfort
and the majority (83.3%) expressing a willingness to continue use. Reported discomfort
was mild and transient, described mainly as brief tingling or tightness at the application
site, and all participants continued the treatment despite these sensations. These findings
are consistent with prior REN safety data [7,8] and support the device’s integration as a
non-pharmacologic adjunct in clinical practice.

Several limitations should be noted. The small sample size, single-site design, and
reliance on self-reported outcomes limit generalizability and introduce a potential report-
ing bias. Because both acute medications and acute treatment with REN questionnaires
were completed during the same visit, this study reflects retrospective perceptions rather
than longitudinal outcomes, and therefore preventive or causal effects cannot be inferred.
Detailed frequency data on headache episodes and acute medication use before and after
Nerivio initiation were not systematically collected, as the study emphasized patients’
perceived experiences and real-world impressions of treatment efficacy. Additionally, some
participants may have continued using acute medications alongside REN, which could par-
tially confound treatment attributions. Finally, analyses were descriptive and exploratory,
aimed at illustrating effect size trends rather than testing statistical significance.

Despite these limitations, this study contributes to the body of growing evidence
that demonstrates that REN is feasible, acceptable, and potentially beneficial in pediatric
migraine care. It highlights the importance of incorporating patient-reported experiences
into evaluations of new therapies and suggests that REN may reduce functional disability
and reliance on acute medications in everyday practice. Future research with larger, more
diverse samples and controlled designs will be critical to confirm these findings and to
guide the integration of REN into pediatric headache management pathways.

5. Conclusions

In this preliminary real-world study, the Nerivio REN device demonstrated meaning-
ful clinical benefits for pediatric patients with migraine, with primary outcomes showing
headache improvement and exploratory measures suggesting potential functional gains.
Most patients expressed satisfaction, and more than 80% reported a willingness to continue
use, underscoring the device’s acceptability in routine care. Although these findings are
based on retrospective patient reports from a small, single-site sample, they support the
feasibility and potential clinical value of REN as a patient-centered, non-pharmacologic
adjunct in pediatric headache management.
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Abstract: The main subject of the current review is a specific subtype of headache, which is related
to shunt over-drainage and slit ventricle syndrome, in pediatric patients harboring an implanted
shunt device for the management of hydrocephalus. This clinical entity, along with its impairment
regarding the quality of life of the affected individuals, is generally underestimated. This is partly due
to the absence of universally agreed-upon diagnostic criteria, as well as due to a misunderstanding
of the interactions among the implicated pathophysiological mechanisms. A lot of attempts have
been performed to propose an integrative model, aiming at the determination of all the offending
mechanisms of the shunt over-drainage syndrome, as well as the determination of all the clinical
characteristics and related symptomatology that accompany these secondary headaches. This subcat-
egory of headache, named postural dependent headache, can be associated with nausea, vomiting,
and/or radiological signs of slim ventricles and/or subdural collections. The ultimate goal of our
review is to draw clinicians’ attention, especially that of those that are managing pediatric patients
with permanent, long-standing, ventriculoperitoneal, or, less commonly, ventriculoatrial shunts. We
attempted to elucidate all clinical and neurological characteristics that are inherently related to this
type of headache, as well as to highlight the current management options. This specific subgroup
of patients may eventually suffer from severe, intractable headaches, which may negatively impair
their quality of daily living. In the absence of any other clinical condition that could be incriminated
as the cause of the headache, shunt over-drainage should not be overlooked. On the contrary, it
should be seriously taken into consideration, and its management should be added to the therapeutic
armamentarium of such cases, which are difficult to be handled.

Keywords: over-drainage; slit ventricle syndrome; anti-siphon device; programmable valve

1. Introduction

A recently published meta-analysis, centered on the epidemiological features of pe-
diatric primary headache, estimated that the approximate incidence of migraine in the
pediatric and adolescent population overall is in the area of 11% [1]. According to published
series, the incidence of pediatric headache varies among the different subgroup of patients,
based on their age. Namely, it is more pronounced in children aged approximately 13 years
of age [2]. It is worthwhile to mention that headaches are subdivided as primary—that is,
of unknown etiology—and secondary, which are intimately related to a relevant pathophys-
iologic substrate [1]. Among these subtypes of headaches, the headache that accompanies
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shunt over-drainage and slit ventricle syndrome deserves special mention. The exact fre-
quency of shunt over-drainage postural headache in the pediatric population is unknown
as it is difficult to quantify an entity that entails only quality characteristics.

Another parameter that needs to be underlined is that the treatment options are
restricted as the pathophysiology that accompanies this spectrum of disorders is not fully
elucidated. The main reason for this confusion comes from the limited number of relevant,
detailed epidemiological surveys dedicated to the prevalence and incidence of primary
headaches in the pediatric age group [1,2]. Moreover, the existing ones are frequently
heterogeneous, and this is an intimate characteristic of the intrinsic characteristics of
the studies [2,3]. These include age range, sex, social and economic background, the
utilized methodologies (e.g., school-based questionnaires, clinician interviews, phone
surveys), along with the different inclusion criteria applied, which occasionally could not
be considered specific to developmental age [3]. So, when a comparison is attempted with
headaches in their adult counterparts, especially due to all of these restrictions, a limited
number of epidemiological studies are available in children and adolescents. Namely,
based on bibliographic data, the estimated prevalence of headache and migraine is up
to 58% and 7.7% [4], respectively. In children and adolescents, their quality of life is
substantially impaired by headaches, causing negative feedback in their daily living [5], i.e.,
the elimination of their social activities and physical activity, school absenteeism, weaker
learning outcomes, a higher risk of dropping out of school, and a negative effect on parent’s
careers [5,6].

The main purpose of this review is to analyze a subcategory of pediatric headaches
that arise as a secondary effect to the iatrogenic management of pediatric hydrocephalus.
We have collected relevant data regarding chronic shunt over-drainage and slit ventricle
syndrome and have tried to investigate their pathophysiological association with the
development of secondary headaches, which are often refractory to medical treatment.

2. Materials and Methods

Search Strategy

We executed a title-specific search using PubMed as well as the Thomson Reuters
Web of Science database to identify the articles (reviews, case reports, original research,
technical notes) that were related to shunt over-drainage, slit ventricle syndrome, and
headache with respect to ependymomas and other posterior fossa tumors (as these patients
frequently harbor a ventriculoperitoneal shunt). The time range of our search was extended
from 1968—when, to the best of our knowledge, the first bibliographic report on shunt
over-drainage appeared—to March 2024. A specific age range was included as a selection
criterion; more precisely, our search included only data that were extracted from patients
under 18 years of age. Afterwards, we reviewed the results in order to clarify that they
were relevant for the purposes of our research. The papers that were chosen were further
analyzed in order to extract any conclusions regarding the existence of any association
between shunt over-drainage and slit ventricle syndrome and a headache that is resistant
to all conservative treatment modalities.

3. Discussion

3.1. Shunt Over-Drainage and Its Association with Headache

The term shunt over-drainage is utilized in order to delimit a well-known complication
that is causally related to excessive drainage of cerebrospinal fluid in patients harboring a
CSF shunt system. The term “over-drainage” was first utilized in bibliographic series in
1968 [7,8] and has been increasingly accepted and adopted since the 1990s [9,10]. It is widely
known that over-drainage represents one of the most frequently encountered complications
that is secondary to CSF shunting procedures [11]. It may be associated with all types of CSF
diversion procedures and is not restricted to any specific pediatric age-group but is most-
commonly encountered with valve-bearing shunt systems [12]. The clinical equivalent of
this pathology is named postural headache and is manifested radiologically with a slender
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ventricular system (“slit ventricle syndrome”). Due to the common coexistence of these
two entities, postural headache is currently being considered as a clinical observation that
is frequently recorded in combination with over-drainage [13–16]. Shunt over-drainage
could be combined with different clinical and radiological features, such as subdural
hygroma [13,17–19] and premature closure of cranial sutures (in infants) [9,20], as well as
low ICP syndrome [21]. All of these manifestations should be integrated under the umbrella
of shunt over-drainage. There is a wide discrepancy regarding the estimated prevalence
of the precise incidence of over-drainage according to current literature data, as it varies
from 2 to 71%. The most accepted explanation for this marked fluctuation regarding the
statements for this syndrome could be based upon the non-well-specified diagnostic criteria,
the heterogeneity of the investigated populations, and the different policies for follow-up
after shunting [15,16,22]. Moreover, it is also corroborated that over-drainage may be under-
reported, and thus underestimated, due to the lack of consensus regarding the definition
criteria of this entity, as well as due to an incomplete knowledge of pathophysiology [16,23].
Consistent with our statements is a survey that was executed among American pediatric
neurosurgeons, which documents the lack of consent and the existing uncertainty regarding
the understanding and management of over-drainage-associated complications [22]. Apart
from that, the range of normal reference values regarding ICP and probably postural
CSF pressure/volume regulation seem to be intimately related to age. All of these data
imply that the risk of over-drainage, its clinical manifestations, treatment modalities, and
protocols may not follow the same pattern in pediatric and adult cohorts. Moreover, this
may also be true when toddlers and young teenagers are under investigation [24–27].
The majority of researchers agree that the remarkable variability regarding the estimated
incidence that is referred to in published data is intimately related to the lack of a widely
accepted definition [24–27]. This ultimately results in the absence a of clinical consensus
and doubtfulness about diagnosis.

3.2. Evolution of Concepts and Current Pitfalls in Shunt Over-Drainage Syndrome

There are several premature—even sparse—previously reported bibliographic re-
ports of inappropriate over-drainage of cerebrospinal fluid in the form of anecdotal
cases [8,16,28–33]. Fox and coworkers [34] were the first who attempted to record ICP
monitoring data in shunted patients. Their data were extracted from 18 patients suffering
from normal pressure hydrocephalus; their relevant mean cerebrospinal fluid pressure
values were about −220 mm H2O for ventriculoperitoneal shunts and about −190 mm
H2O for ventriculoarterial shunts when they were assuming an upright position. These
findings were initially attributed to the siphoning effect of shunts. The initial management
option that was adopted was the incorporation of higher-pressure valves, along with VAS,
especially for patients who are expected to adopt an upright posture for the majority of
their waking period [8]. Portnoy contributed to this “mechanistic model” by developing an
antisiphon device, aiming at the prevention of the effect of siphoning [31,35]. ICP character-
istics of siphoning related to postural changes were confirmed in 1990 by Chapman, who
utilized a telemetric device in patients with VPS, VAS, and ventriculopleural shunts. Initial
investigations centered on the definition of the role of ASD revealed that they were, in
general terms, effective in the restoration of “normal pressures” in the upright position [36].

3.3. Clinical Manifestations in Shunt Over-Drainage Postural Headache

The clinical manifestations of over-drainage of CSF may be present in an acute pattern,
and this complication is not intimately related to the development of chronic refractory
headaches [37,38]. A minority of patients may not even manifest any symptomatology
after the adoption of low values of intracranial pressure [39]. When a constellation of
symptoms appears, they more commonly consist of a “low-pressure headache”, i.e., a
headache that is intimately associated with the patient’s posture or “spinal headache”. This
is clinically manifested with the patient being unable to assume an upright position. The
constellation of symptoms may also include nuchal or upper back pain, nausea, vomiting,
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dizziness, fatigue, irritability, gait disturbance, diplopia, seizures, and lethargy [40,41].
Symptomatology associated with low intracranial pressure may eventually evolve to
intermittent disabling headaches. The next step in the evolution of this clinical syndrome
is related to chronic pathological entities, which include developmental delay, decline in
school performance, and social withdrawal. When the clinical records of these patients are
carefully reviewed, multiple episodes of shunt revisions are frequently registered, which
are in accordance with episodes of severe and intractable headaches.

3.4. Sequale of Over-Drainage

The conception of excessive drainage of CSF was presented by Dandy in 1932. In 1968,
Becker et al. utilized the term “over-drainage” in order to explain the pathophysiologic
substrate of the mechanism by which the over-drainage can induce depression of the
fontanelle, as well as overriding sutures, craniosynostosis, low ventricular pressure, and,
finally, small ventricles [7,8]. This sequence of events involves only the infant population.
Pudenz et al. first published a review article centered on over-drainage that was causally
related to insertion of a shunt device in 1991 [10]; they concluded that premature closure
of cranial sutures and skull deformities (in infants), stenosis or occlusion of the aqueduct,
SVS, and low-ICP syndrome are all included in the constellation of manifestations that
constitute over-drainage.

In 2018, Ros et al. published a review centered on shunt over-drainage syndrome, at-
tempting to specify the constellation of clinical characteristics that constitute over-drainage.
These include headache, with or without associated vomiting and neurological signs or
symptoms, plus different degrees of altered consciousness in association with the radio-
logical evidence of small ventricular size and subdural collections of blood or fluid [15].
Current evidence suggests that over-drainage can manifest with a broad spectrum of clini-
cal manifestations; these could include postural headache, subdural hygromas/hematomas,
stenosis/occlusion of the aqueduct of Sylvius, craniosynostosis, SVS (characterized by in-
termittent headache, small ventricles, and slow refilling of the ventricular shunt reservoir),
and obstruction of the ventricular catheter. Even though the concept of “over-drainage” has
been identified as an adverse effect related to the surgical management of hydrocephalus
for several decades, the absence of a strict circumscription, as well as consistent terminology
to delineate the concept of over-drainage based on bibliographic reports, is conspicuous.

3.5. Prevention of Headaches Associated with Shunt Over-Drainage: A Brief Summary of Existing
Data Regarding Their Pathophysiology, Clinical Symptoms, Treatment, and Prevention

According to a recently published data base [42,43], in about 3% of cases that ne-
cessitated a shunt revision procedure, the underlying pathophysiologic mechanism was
recorded to be excessive CSF drainage. Nevertheless, the actual relevant rate is rather
underestimated, with experts raising this percentage to the rate of 20% of cases. Several
techniques aiming towards the reduction of the rate of CSF drainage have been described,
incorporating the use of high-pressure non-programmable fixed differential pressure valves,
flow valves, and programmable differential pressure valves [11,44,45]. A major drawback
that is inherently associated with these cases is related to the fact that CSF drainage may not
be as is required when the patient assumes a vertical posture. On the contrary, any attempt
to solely increase the differential pressure of the valves was not associated with encouraging
results in several published series [11,44,46,47]. These observations forced scientists to
develop new mechanistic models related to the pattern of shunt drainage protocols. The
main representative of these newly developed drainage systems was included under the
umbrella of antisiphon systems. The main aim associated with their development was the
prevention of gravitational-related over pull of CSF when the patient is attempting the
upright posture. The common concept that underlies the function of antisiphon systems
is that they are supposed to be able to adapt to alternating clinical situations or physical
conditions, such as the change from the supine to the erect posture [11,48].
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Another pathophysiologic mechanism that is inherently related to the development of
intractable headaches, especially in the pediatric population, is related to the concept of
the slit ventricle syndrome. This is widely recognized as one of the potential side effects
of CSF over-drainage, and its pathophysiologic explanation is primarily associated with
the acquisition of a pathologically diminished cerebral compliance with a typical leftward
shift of the curve in the pressure/volume graph. The collapsed ventricular configuration
represents the most typical radiographic feature of SVS. This feature by no means could be
considered as been pathognomonic of SVS, as many patients may not exhibit any clinical
symptoms. The exact prevalence of a collapsed ventricular system is not universally
accepted, although it has been reported in the range of 10–85% of all shunted patients [49].
A wide variety of clinical symptoms have been related to SVS, and a world-wide unanimity
regarding its definition does not exist. Nevertheless, classic SVS clinical features consist
of severe and persistent or recurrent headaches, frequently related to or provoked by
positional changes. The constellation of symptoms, apart from headaches, include vomiting,
weakness, ataxia, seizures, cranial nerve deficit, bradycardia, and systemic hypertension,
especially in more compromised patients [50,51]. The referring physicians have attempted
several positional changes, along with valve upgrade as recommended by several literature
reviews [52–55]. Several patients have undergone repeated procedures aiming toward
valve replacement (using valves without any antisiphon system). Nevertheless, none
of these interventions have provided permanent relief of the symptomatology of the
affected individual.

Apart from small ventricular size, patients suffering from SVS may present with sev-
eral indirect radiologic signs of over-drainage. These include a small-sized posterior fossa,
hyperostosis of the calvarium, dolichocephalic disproportion, suture sclerosis in proximity
to the skull base, parenchymal calcifications, and/or sinus hyperpneumatization [56–58].
MRI may prove to be a useful diagnostic modality, as it may offer valuable details about
the ventricular and cistern anatomy [52,59–61]. Relevant—albeit not usual—MRI findings
include the existence of epidural venous plexus engorgement [52,62], along with lumbar
canal stenosis [11,63,64]. Other anecdotally reported findings include the existence of
pneumocephalus, as well as isolated ventricles [64], along with extra-axial collections of
fluid or blood [51,65–67].

The proposed treatment algorithm for these groups of patients varies greatly [68,69].
Regarding the less-severe cases, the current trend is the selection of a conservative man-
agement protocol [52–55]. In general terms, the management of SVS should aim to restore
the pathologically reduced cerebral compliance. Several treatment modalities have been
proposed, thus reflecting the inhomogeneity and complexity of the implicated pathophys-
iologic mechanisms, as no one individual pathogenetic theory could explain the wide
variety of clinical manifestations of this syndrome. Other treatment modalities, such as
ETV, lumbar drainage, and cranial expansion, have been utilized in refractory cases [70].
Nevertheless, the treatment of SVS may be associated with a wide range of complications
and failures to manage it successfully; the exact prevalence of all these complications
is unclear as the relevant literature is mainly based on case reports rather than clinical
series [51,70,71].

3.6. Management of SVS: A Brief Summary of Management Protocols, Including Our
Clinical Experience

The most commonly utilized therapeutic measurement, as the first step of our treat-
ment algorithm regarding SVS, is related to upgrading the valve to higher opening pressure
values. Although it is technically easy, the overall handling of cases that are managed in
such a manner is generally demanding [71,72]. The clinical experience that we have gained
with the management of such cases has pointed out the significance of the incremental
titration of the valve pressure settings, which means that one level setting adjustment
at a time is the only safe and acceptable strategy. According to most centers’ recorded
data, this option offers the most effective alleviation of the relevant symptomatology in the
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greater percentage of individuals who are suffering from a mild range of symptoms. This
is especially true for the pediatric cohort of patients, and this seems to be due to the lesser
disturbance of the curvature that follows the cerebral compliance as the time course of the
disease is sooner and the diagnosis is relatively earlier registered. On the contrary, we have
realized that the more severe or more chronic the clinical equivalent of the syndrome, the
lesser the chances that a positive and long-lasting response will occur or, more importantly,
will be permanent. Reinforcing this view is the fact that it is based on a recent relevant
study [42], which enrolled a subgroup of 16 patients that were severely affected and who
were improved by valve reprogramming.

Another subgroup of patients has failed these conservative measurements, and it
requires surgical treatment. The current trend is to initially attempt externalization of the
existent shunt. This therapeutic manipulation offers us the opportunity to obtain valuable
and measurable evidence of the initial opening pressure, as well as the possibility to moni-
tor the fluctuations of the ICP values. These variations in the measurements of ICP could
be used as guidance when we attempt to increase the reservoir height. There are reports
that have proposed that the spontaneous ICP fluctuations, along with the ICP variations
to consecutive alterations of reservoir height, could be considered as the mainstay for
the invention of the ongoing management options [38]. Several relevant studies [73–76]
have adopted a treatment protocol, which is based upon the ICP values. More precisely,
when individuals manifesting with normal or high ICP are being managed, even when
the ventricular system is considered to be small, the initial management option was direct
shunt replacement using programmable differential pressure valves, which incorporated
an antisiphon system. On the other hand, for patients with low ICP measurements, an
EVD was the treatment modality of choice. Following that, the ICP gradually increased by
a progressive increasement of the reservoir height. For these patients who demonstrated
ventricular enlargement concurrently with an increase in ICP values, the proposed man-
agement option was an ETV, based on the hypothesis that it could restore the cerebral
compliance towards normal values and equilibrate the pressure gradient between ventricles
and subarachnoid spaces. There are reports that support the efficacy of this treatment
modality [76].

Another subgroup of patients includes those cases which demonstrate a ventricular
system whose dimensions remained unchanged, despite the increases in ICP measurements.
They received a new programmable differential pressure valve, with an incorporated
antisiphon system. There are data which support that upgrading of the valve opening
pressure obviated the need for—or at least delayed—surgical intervention in one third of
cases. Moreover, according to published studies, an initial attempt based on conservative
treatment constitutes a reasonable suggestion [44,69,75,77]. It is widely accepted that young
patients’ age and the utilization of an antisiphon system are factors that are associated with
a significantly favorable outcome.

In conclusion, we have mentioned several studies which state that VPS replacement
constitutes the optimum therapeutic option for SVS; the simultaneous incorporation of an
antisiphon device and valve substitution is strongly recommended [11,44,47,48].

In the subgroup of patients who share a significantly reduced cerebral compliance, it
could be beneficial to incorporate a programmable antisiphon system in conjunction with
the valvular mechanism. This combination offers the capability of gradually modifying
either the ICP or the drainage modalities, or even both of them [11,44,48].

3.7. Clinical and Radiologic Outcome

Even though there is a considerable addition of knowledge regarding SVS, as well as
technical improvements in the embiomechanics of the shunt systems, the overall natural
history of SVS continues to be unpredictable in a vast majority of patients. According to a
recently published series [42], no more than half of the participants demonstrated complete
resolution of their findings in terms of clinical and radiologic improvement. We would like
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to mention once more that children were associated with significantly better outcomes than
their adult counterparts, and a negative association is established as patient’s age increases.

A major drawback when our therapeutic armamentarium regarding SVS treatment
has been considered is related to the fact that most cases have been anecdotally reported,
and large case series with previously reporting specific results and treatment outcomes
are lacking [15,42]. Current treatment targets are mainly centered on the control of CSF
over-drainage and on the improvement of cerebral compliance.

We have concluded that patients suffering from hydrocephalus who have initially
been treated with a programmable differential pressure valve were associated with a lesser
chance of developing SVS. Nevertheless, it seems that the initial placement of antisiphon
systems could not provide any protective effect against the development of SVS.

There is consensus that prompt, proper, and, eventually, a more aggressive treatment
may lead to better control of the syndrome in all age-groups.

Another important notice is related to the fact that an immediate and appropriate
diagnosis is of inherently significant importance. This is explained by the assumption that
a protracted clinical course stands for more protracted periods with negatively impaired
quality of life. The current trend stands for the importance of the utilization of valves that
offer more options for non-invasive interventions, as well as shunt systems that are an
integral part of more sophisticated programmable valves. These options could offer a new
therapeutic armamentarium in our attempt to attain the prevention and management of
this entity. Apart from that, SVS constitutes a challenging problem, and we have to assume
that all treatments modalities have failed in a significant percentage of patients. We hope
that ongoing technical innovations will essentially aid in the prevention, diagnosis, and
treatment of SVS.

In conclusion, the pathophysiologic entities of shunt over-drainage and slit ventricle
syndrome should always be included in our differential diagnostic plan whenever we
are confronted with intractable headaches that may resemble the inherent characteristics
of migraine in a patient who harbors a ventriculoperitoneal or a ventriculoatrial shunt,
especially from infancy. In cases where the diagnostic work-up is unable to underline
another pathological substrate, we should maintain the suspicion that our patient could
fulfill the diagnostic criteria necessary to be considered under the umbrella of shunt over-
drainage and slit ventricle syndrome.

The following table (Table 1) presents a proposed treatment and diagnostic algorithm
in cases of chronic headache in pediatric patients suffering from SVS. We would like to
clarify that this is an algorithm proposed by the authors based on literature data and their
clinical experience.

From our perspective, the overall benefit with this article to the readers is its highlight-
ing the importance of the recognition by the scientific community of the type of headache
that is related to shunt over-drainage and slit ventricle syndrome, which is secondary to
the surgical management of pediatric hydrocephalus, especially in infants. Excessive CSF
drainage following the insertion of a ventricular shunt is a well-known complication that
is intimately related to the treatment of hydrocephalus. Nevertheless, the absence of a
widely accepted definition in the literature is evident, as well as its consequences. There
is no consensus regarding the relevant diagnostic criteria, and, because of this, the exact
incidence remains unknown. The overall impact of this uncertainty is reflected in the ab-
sence of recommendations dedicated to the prevention, management, and treatment of this
condition. Since no consensus has been achieved for several decades, we strongly consider
that a definition of OD should not be based upon individual but separate opinions;instead,
a significant degree of agreement should be achieved by the majority of OD specialists.
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Table 1. Proposed treatment algorithm for the prevention/management of headache in pediatric
patients suffering from shunt over-drainage/slit ventricle syndrome.

General Recommendation:

1. Almost always, even at initial shunt insertion, prefer the use of programmable valves with
an integrated anti-siphon device.

2. In every case, we should carefully investigate the possibility of central catheter occlusion as
the cause of recent-onset headache. In cases of established slit ventricle syndrome, the
ventricular size is hardly expected to be enlarged, as in cases of sudden onset hydrocephalus
that do not have as a substrate SVS.

First step Exclude other non-shunt related causes of headache (i.e., migraine).

Second step
In case of a headache compatible with shunt over-drainage, upgrade the
opening valve pressure (differential pressure)

Third step
If the previous step proves to be inefficient and the patients valve lacks an
ASD, insert an ASD in line with the valvular mechanism.

Fourth step
Upgrade the ASD pressure (in case it is adjustable) or replace the existing
ASD with another with higher opening pressure.

Fifth step
Replace the valve with another one with a programmable ASD combined
with a programmable valve and adjust/upgrade both of them.

Finally, always keep in mind that in cases where slit ventricle syndrome is established, ventricular
dimensions are not expected to restore to normal. Our ultimate goal is to avoid/eliminate the
incidence of headache and not the normalization of the radiological appearance of the ventricular
system.

4. Conclusions

The overall effect of headache disorders on individual patients, as well as on society
itself, is extremely difficult to elucidate with clarity and constitutes a target for public health
interventions that is difficult, albeit important, to be achieved [1]. Although there is a
widespread disability intimately associated with pediatric headaches, this disorder remains
under-diagnosed and, most importantly, under-treated and not appropriately managed.

Moreover, SVS is intimately related to persistent and difficult-to-manage headaches in
the pediatric population [15,16]. The main issue that we have to overcome regarding SVS is
that its treatment is currently based primarily on sparse anecdotal reports as, to the best of
our knowledge, there are no large cases series published which report results and treatment
outcomes based on a widely accepted treatment algorithm. Nowadays, our main goal is
centered on attempts to control CSF over-drainage and improve cerebral compliance [11,47].
Nonetheless, SVS remains an intractable problem as its management has proved to be
insufficient in a significant percentage of patients, which is a fact that cannot be ignored. A
promising technical advancement that will help us to associate the clinical parameters of
slit ventricle syndrome with the underlying pathology (reduced cerebral compliance)is the
innovation of telemetric systems for ICP measurement [78]. We hope that these devices will
offer us the possibility of dynamic ICP monitoring in the near future, thus improving our
therapeutic armamentarium in terms of the prevention, diagnosis, and treatment of SVS.
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Abbreviations

CSF Cerebrospinal fluid
OD Over-drainage
VPS Ventriculoperitoneal shunt
SVS Slit ventricle syndrome
VAS Ventriculoatrial shunt
ASD Anti-siphon device
ETV Endoscopic third ventriculostomy
EVD External ventricular drainage
ICP intracranial pressure
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