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Abstract Abnormal yawning is an underappreciated phe-
nomenon in patients with ischemic stroke. We aimed at
identifying frequently affected core regions in the supraten-
torial brain of stroke patients with abnormal yawning and
contributing to the anatomical network concept of yawning
control. Ten patients with acute anterior circulation stroke and
>3 yawns/15 min without obvious cause were analyzed. The
NIH stroke scale (NIHSS), Glasgow Coma Scale (GCS),
symptom onset, period with abnormal yawning, blood oxygen
saturation, glucose, body temperature, blood pressure, heart
rate, and modified Rankin scale (mRS) were assessed for all
patients. MRI lesion maps were segmented on diffusion-
weighted images, spatially normalized, and the extent of
overlap between the different stroke patterns was determined.
Correlations between the period with abnormal yawning and
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the apparent diffusion coefficient (ADC) in the overlapping
regions, total stroke volume, NIHSS and mRS were per-
formed. Periods in which patients presented with episodes of
abnormal yawning lasted on average for 58 h. Average GCS,
NIHSS, and mRS scores were 12.6, 11.6, and 3.5, respec-
tively. Clinical parameters were within normal limits. Ische-
mic brain lesions overlapped in nine out of ten patients: in
seven patients in the insula and in seven in the caudate
nucleus. The decrease of the ADC within the lesions corre-
lated with the period with abnormal yawing (r = —0.76,
Bonferroni-corrected p = 0.02). The stroke lesion intensity of
the common overlapping regions in the insula and the caudate
nucleus correlates with the period with abnormal yawning.
The insula might be the long sought-after brain region for
serotonin-mediated yawning.

Keywords Chasm - Disconnection syndrome -
Neurotransmitter release - Anterior cerebral circulation -
MRI

Introduction

Yawning is termed abnormal or excessive if it is more fre-
quent than generally perceived as normal, compulsive and/or
not triggered by appropriate stimuli such as fatigue, boredom
or contagion. At present, no definite consensus exists as to the
frequency of yawns considered abnormal. The threshold of
abnormality found in literature ranges from 2 yawns/10 min
(Singer et al. 2007) to 30 yawns/10 min (Cattaneo et al. 2006).
Abnormal yawning (or chasm) seems to be an underappreci-
ated neurobiological phenomenon. Its cause in humans is
unknown, but it can be observed in a variety of medical
conditions (e.g., Thompson 2010). In contrast, physiological
yawning is a ubiquitous behavioral phenomenon that can be
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observed across species barriers in most mammals and,
according to some authors, also in most classes of vertebrates
(Baenninger 1997; Guggisbergetal. 2011). A good number of
clinical and pharmacological studies indicate that yawning
involves the hypothalamus, particularly the paraventricular
nucleus (PVN), the brainstem, and the cervical medulla
(phrenic nerve C1—4 and motor supply of intercostal muscles).
The neuroanatomical localization of the brainstem motor
pattern that orchestrates yawning is still disputed (Askenasy
1989; Walusinski 2006). At least three distinct neural path-
ways have been identified that participate in the induction (and
control) of yawning. These are (1) subsets of oxytocinergic
neurons in the PVN that either project to the hippocampus or
to the brainstem; (2) neurons in the PVN that are activated by
adrenocorticotropic hormone and a-melanocyte-stimulating
hormone (o-MSH), and project to the medial septum where
they activate cholinergic septohippocampal neurons; (3)
direct activation of septohippocampal/hippocampal neurons;
and (4) a serotonergic-cholinergic pathway (e.g., to the hip-
pocampus) whose brain localization has not been identified
yet (Collins and Eguibar 2010; Sato-Suzuki et al. 1998;
Argiolas and Melis 1998).

Abnormal yawning may also occur in association with
cerebrovascular disease. Patients who experienced abnormal
yawning with supratentorial cerebral or brainstem infarctions
have been consistently reported (Singer et al. 2007; Cattaneo
et al. 2006; Chang et al. 2008; Krasnianski et al. 2003;
Walusinski et al. 2010). Some authors postulated a “dener-
vation hypersensitivity” mechanism as cause of abnormal
yawning. By theory, this mechanism would disconnect the
putative yawning center in the brainstem from (inhibitory)
control of more cranial structures, in analogy to the theories
about excessive yawning in ALS patients (Williams 2000) or
manifestation of enduring hiccups after medullary infarction
(Park et al. 2005). Although abnormal yawning during anterior
circulation (AC) stroke has been reported in the literature,
investigations about the putative lesion topography and
extension are still lacking. In addition, the clinical experience
of abnormal yawning in cerebral ischemia has not been sta-
tistically substantiated in the literature. Here, we aimed at
identifying stroke lesions in common overlapping areas of the
AC that facilitate abnormal yawning. We hypothesized that the
severity rather than the extension of ischemic stroke in a cir-
cumscribed strategic lesion correlates with abnormal yawning.
We also aimed at identifying different neuronal pathways
besides the oxytocinergic neurons in the PVN that are involved
in the induction of yawning.

Patients and methods

All ten patients were identified during an observational
period of 2 years from our stroke center’s registry.
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Inclusion criteria were acute ischemic stroke in the AC
(symptom onset <12 h), confirmed by diffusion-weighted
imaging (DWI) MRI within 24 h. after stroke onset without
evidence for diencephalic or brain stem lesions, and
accompanied by simultaneous yawning of >3 times/
15 min. The criteria for abnormal yawning of Singer et al.
(2007) were adopted and expanded from 2 yawns/10 min
to >3 yawns/15 min to decrease the likelihood that 2
subsequent yawns by chance were counted as one episode
with abnormal yawning. Exclusion criteria were hypoxia,
fever (>38 °C), and third-party anamnestic evidence for
gross sleep deprivation prior to the stroke. Patients were
clinically assessed at emergency entry by recording blood
pressure, heart rate, body temperature, blood oxygen sat-
uration (Biox), serum glucose levels (mmol/l), vigilance
[given as Glasgow Coma Scale (GCS) score], medication,
daytime of stroke onset, and the score of the National
Institutes of Health Stroke Scale (NIHSS). Assessment of
the Epworth Sleepiness Scale (achieved only for patient N°
7) was not feasible (little time at emergency entry, speech
deficits in several patients). The modified Rankin Scale was
determined at day one and between days 7—14 post-stroke.
The frequency of abnormal yawning was monitored at
random hours several times a day by the emergency neu-
rologist (for the most part HK). Abnormal yawning was
defined as suspended, if patients yawned <3 times/15 min
on two separate clinical visits during the same day. Thus,
the period with abnormal yawning was defined as the time
(in hours) between stroke onset and 9 p.m. on the day
before bouts of abnormal yawning could not be observed
anymore. 9 p.m. was chosen because it is the average
bedtime for patients in our hospital. All values are given as
mean £ SD. The observational study was approved by the
local ethics committee.

Lesion analysis

MRI scans included transverse DWI, which was performed at
1.5T using a 2D echo-planar imaging sequence with an
256 x 256 image matrix with 0.94 mm pixel resolution and
100 % sampling in all directions, slice thickness 5 mm, slice
spacing 1.5 mm, echo time 137 ms, and three-directional
orthogonal diffusion gradients with three b-values of b = 50,
500 and 1,000 s/mmz, from which the ADC maps were
obtained. Brain areas, encompassing restricted diffusion after
acute ischemic stroke, were identified by a board-certified
neuroradiologist (CW) and manually traced in native space on
DWTI scans using MRIcroN (http://www.mccauslandcenter.
sc.edu/mricro/mricron/index.html/), yielding binary lesion
maps. DWI maps were co-registered to the EPI-template
using SPMS5  (http://www fil.ion.ucl.ac.uk/spm/software/
spm5/). The lesion maps and DWI images were spatially
normalized to Montreal Neurological Institute (MNI)
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stereotaxic space using the unified segmentation algorithm in
SPMS. For inter-individual comparisons, images of patients
with left-sided lesions were flipped to the contralateral
hemisphere. Group-specific lesion overlay plots were created
using MRIcroN.

DWI restrictions and ADC analysis

Several studies demonstrated that decreased apparent dif-
fusion coefficient (ADC) values are inversely correlated
with stroke outcome, and that within DWI lesions the
severity of neuronal injury reflects the degree of ADC
alteration (Engelter et al. 2003; Schwamm et al. 1998).
Besides total stroke volumes, we thus measured the ADC, a
marker for the intensity of ischemic lesions, in the com-
monly involved overlapping regions of the caudate nucleus
and the insula for correlation analysis with the period with
abnormal yawning.

Statistics

We used the time period in which patients presented with
episodes of abnormal yawning as a measure of its clinical
impact. We calculated the non-parametric Spearman cor-
relation coefficient between the period length and four
parameters of interest, two of which are clinical scores
(NIHSS for stroke severity and mRS for outcome), and two
of which are imaging parameters (total stroke volume and
ADC for stroke severity). Because the involvement of only
one of the two identified regions (caudate and insula) was
sufficient for abnormal yawning, the ADC of the more
severely involved of these two regions (the lower of the
two ADC values) was used for correlation analysis. Sig-
nificance for the obtained correlation coefficient r was
calculated as p value and Bonferroni-corrected for multiple
comparisons (for the above four independent correlation
tests).

Results

The aim of the study concerns the identification of common
overlapping lesions in patients with abnormal yawning and
the correlation of their stroke severity with the period with
abnormal yawning. Clinical findings and imaging charac-
teristics are summarized in Table 1. In none of the 10
patients, abnormal yawning was accompanied by pandi-
culations (stretching of trunk and extremities) or by para-
kinesia brachialis oscitans, a phenomenon whereby patients
move their paralyzed extremities while yawning (Walu-
sinski et al. 2010). Symptom onset occurred during day-
time in seven patients. Patient N° 3 had a wake-up stroke.
Patient N° 1 fulfilled the clinical and imaging criteria of

early subacute infarction (>6 h, increased signal on T2w
images and being for the last time clinically asymptomatic
<16 h ahead of admission). On admission with abnormal
yawning, all 10 patients were normoxic (>92 % blood
oxygen), afebrile (mean body temperature 36.5 £ 0.5 °C),
and serum glucose levels were 6.4 £ 1.1 mmol/l (normal
range 3.33-5.55). Average blood pressure was 139 + 28/
75 £ 14 mmHg, average heart rate (74 £ 23 bpm), and
average NIHSS and GCS were 11.6 £+ 6.8 and 12.6 & 2.5,
respectively. Thus, there was no evidence for other
potential causes of frequent yawning such as hypoxia, low
glucose levels, increased body temperature, time of the day
with higher yawning incidence due to circadian rhythm
(70 % of strokes occurred during daytime), or increased
sleepiness/decreased vigilance (average GCS was 12.6).
Potential sedating side effects of medication could not be
excluded as additional cause for drowsiness and higher
yawning incidence in individual patients. However, no
clear association between intake of frequently sedating
medication and decreased vigilance (GCS) was seen
(Supplementary Table 1). It was therefore concluded that
abnormal yawning likely arose from the ischemic brain
lesions. The mRS was 3.5 £ 1.5 at day one. The second
mRS was determined between days 7-14 post-stroke and
its average score was 3.0 &= 1.6 (Table 1). Patients were
daily visited and amongst other things observed for
increased yawning frequency. During follow-up, the period
with abnormal yawning lasted for an average 58 4 24 h.

Six patients had right-hemispheric and four patients left-
hemispheric strokes. The lesion map extension in the cohort
included 34,073 lesioned voxels (313.8 c¢m?) and overlapped
within 365 voxels (0.36 cm3; maximum overlap at MNI:
x = =37,y = 7,z = 5)in 7 patients in the insula, and within
265 voxels (0.27 cm’ ; maximum overlap at MNL: x = —17,
y = 14, z=15) in seven patients in the caudate head
(Fig. 1).Patients N° 1,2, 4,5 and 9 had DWI restrictions both
in the caudate head and insula; patients N° 3 and 6 in the
insula only; N° 8 and 10 in the caudate head only.

Patient N° 4 was exceptional because at admission, he
presented with abnormal yawning, slight dysarthria, and
mild brachio-facial hemiparesis, while his MRI revealed a
penumbral impairment of perfusion with a time to peak
(TTP) delay >4.5 s encompassing the posterior insula
(Fig. 2a), consistent with lesioned function of this region,
but initially without DWI restrictions and thus potentially
reversible. Subsequently, he clinically deteriorated and, in
keeping with the increased TTP delay, a subsequent
infarction manifested including the insula and caudate head
after 48 h. (Fig. 2b). Patient N° 7 presented with ischemic
lesions in the postcentral gyrus, angular gyrus and superior
temporal gyrus adjacent to but sparing the insula and
caudate head, and only had a short period with abnormal
yawning.
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Fig. 1 Lesion maps. Lesion overlay maps incorporating seven patients with common lesions in the insula (arrow MNI: x = =37,y =7,z =5)
and seven in the caudate head (arrow MNI: x = —17, y = 14, z = 15) associated with abnormal yawning

Fig. 2 Abnormal yawning
without initial DWI restrictions.
(a) Evolution of the penumbra
in a patient with abnormal
yawning initially not related to
DWI lesions in the caudate head
or insula (Pat N° 4). While
cortical DWI restrictions were
initially restricted to the frontal
lobe (not shown) and parietal
lobe, perfusion imaging
revealed a widespread
penumbra along the left MCA
encompassing the insula and
caudate head (TTP delay

>4.5 s). (b) Follow-up after

48 h revealed prolonged
infarction of the tissue at risk in
the left insula, striatum and
frontal and parietal lobe, now
including the caudate head and
the insula, with luxury perfusion
of the infarcted tissue

@ Springer
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The period of abnormal yawning correlated negatively
with the ADC (r = —0.76, Bonferroni-corrected p = 0.02,
raw p = 0.006) and positively with the NIHSS (r = 0.77,
Bonferroni-corrected p = 0.02, raw p = 0.005), but not
with total stroke volume (r = 0.11, Bonferroni-corrected
p = n.s) nor with mRS (r = 0.64, Bonferroni-corrected
p = n.s) (Fig. 3a—d).

Follow-up imaging was analyzed to investigate whether
the brain areas with the strongest ADC decrease resulted in
permanent tissue destruction (Table 2).

Discussion

In this observational study, we investigated the spatial
topography of stroke lesions linked to abnormal yawning.
We present the first statistically substantiated evidence that
ischemic lesions in the posterior insula and caudate nucleus
facilitate abnormal yawning. Within these two regions, the

@ Springer

duration of yawning [h]

ischemia intensity—as measured by the extent of the ADC
signal drop—correlated with the period of abnormal
yawning after stroke onset. Significant correlations were
further observed between the period of abnormal yawning
and clinical stroke severity as measured by NIHSS, and a
trend for correlation with mRS that did not pass signifi-
cance correcting for multiple testing. Total stroke volume
did not correlate at all with the duration of yawning, further
supporting the specificity of the two identified small
regions of overlap as opposed to the extent of the whole
stroke.

Abnormal yawning in anterior circulation stroke

A previous study by Singer et al. (2007) identified supra-
tentorial lesions in patients with extended AC strokes and
implicated “that excessive yawning can be a sign of
supratentorial lesions affecting the MCA (medial cerebral
artery, comment ours) territory”. They hypothesized that
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Table 2 Follow-up imaging of stroke patients

Patient Post- Time to  Topology Stroke
No. stroke follow- extension

follow-up  up
1 None
2 CT 24 h NC+, Ins+ MCA M1 occlusion®
3 MRI 24,120 h Ins+ MCA M2 occlusion®
4 MRI 48 h NC+, Ins+ MCA M1 occlusion®
5 CT 24 h NC+, Ins+ MCA M1 occlusion”
6 CT 24,120 h  Ins+ MCA M1 occlusion”
7 None
8 MRI Chronic  Ins+ MCA M1 occlusion
9 CT 24,72 h NC+,Ins+ MCA M1 occlusion®
10 CT 24 h NC+, Ins+ MCA M1 occlusion®

Same patient numbering as in Table 1. Two patients received no
follow up examination due to early transfer to other hospitals. The
remaining eight patients developed permanent tissue damage at the
corresponding areas on follow-up imaging. “Chronic” in the column
“time to follow-up” denotes cerebral imaging >1 year after stroke.
The following abbreviations are used: NC+, permanent tissue dam-
age (CT-hypodense, MRI T2/FLAIR hyperintense) in caudate
nucleus; Ins+4, permanent tissue damage (CT-hypodense, MRI T2/
FLAIR hyperintense) in insula; MCA, middle cerebral artery; M1, M1
segment of MCA; M2, M2 segment of MCA

 i.a. Thrombolysis, mechanical recanalisation

. Thrombolysis

supratentorial lesions may release the hypothalamic PVN
from neocortical control mechanisms along the hippo-
campus and periamygdalar region, thereby increasing its
activity and leading to abnormal yawning. The authors
identified no ischemic diencephalic lesions in their CT
study, however, exclusion of additional affections of the
brainstem failed due to the methodological limitations of
CT technology (Chalela et al. 2007; Masdeu et al. 2006).
The current MR-study adds further evidence to the
hypothesis that ischemic lesions of the AC are related to
abnormal yawning without evidence of brainstem lesions.
We also ruled out lesions of the PVN, thereby supporting
the hypothesis that ischemic lesions of the AC cause dis-
inhibition of subcortical nuclei or networks that control
yawning (Singer et al. 2007). In contrast, the extension of
ischemic areas to more than one-third of the MCA terri-
tory, as previously suggested (Singer et al. 2007) could not
be confirmed as being causative for abnormal yawning in
our study. Our patients were less severely affected by MCA
stroke extension according to the DWI stroke extent, the
NIHSS, and mRS scores than previously reported (Singer
et al. 2007). Our positive correlation between clinical
stroke severity (NIHSS) and the period with abnormal
yawning may merely correspond to an epiphenomenon
representing the higher probability of strokes involving
deep brain areas such as the basal ganglia/caudate

manifesting with severe deficits, as opposed to strokes
confined to more peripheral regions of the brain.

Abnormal yawning due to caudate nucleus lesions

Abnormal yawning was observed in case reports with
isolated caudate lesions by Renau-Lagranja et al. (2010;
stroke in caudate) and Auer et al. (1987; cysticercosis
lesion in caudate), and is supported by our data. As
hypothesis, we ascribe this clinico-anatomical association
to an excess release of dopamine and acetylcholine due to
ischemic damage in the caudate nucleus. The striatum,
including the caudate nucleus, encompasses a high density
of dopaminergic and cholinergic terminals. The caudate
nucleus is highly innervated by dopamine neurons that
originate mainly from the ventral tegmental area and the
substantia nigra pars compacta. Animal studies demon-
strated a release of dopamine and glutamate neurotrans-
mitter levels during ischemic stroke (Richards et al. 1993).
Furthermore, animal experiments demonstrated the
dependence of yawning frequency on dopaminergic neu-
rotransmission by an activation of D2/D3 receptors (Baladi
et al. 2010; Depoortere et al. 2009). The negative corre-
lation between decreased ADC in the caudate nucleus and
prolonged periods with abnormal yawning is thus in favor
of a disruption of dopaminergic projections with sub-
sequent uncoordinated release of dopamine levels that may
facilitate abnormal yawning.

Abnormal yawning due to insular lesions

The insula is not known to be a direct target of the me-
sotelencephalic dopamine system. It is intensively con-
nected with other cortical and subcortical regions via a
cortico-striato-thalamic network (linking the insula also to
the caudate nucleus; see Metzger et al. 2010), with the
lateral hypothalamus (Jasmin et al. 2004), the hippocampus
[at least with the entorhinal cortex (Mesulam and Mufson
1982)], and the brainstem via corticobulbar pathways
(Jasmin et al. 2004; Ruggiero et al. 1987). We refer for
further review of the neuroanatomy and function of the
insula to the classical work by Mesulam and Mufson
(1985) and an excellent new work by Nieuwenhuys (2012).
Monosynaptic trajectories from the posterior insula or the
caudate nucleus head are not known to directly project to
the hypothalamic PVN. Therefore, our data support the
involvement of additional pathways/mechanisms in control
of the yawning motor pattern. In line with our hypothesis
that abnormal yawning is mainly caused by a denervation
hypersensitivity mechanism or excessive neurotransmitter
release (or both) due to targeted and intensive disruption of
core areas within the AC, we envisage three scenarios.
First, a (GABAergic?) disinhibition of insular targets such
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as the entorhinal cortex, lateral hypothalamus or the
brainstem might lead to abnormal yawning. Interestingly,
mono-/oligosynaptic projections from the posterior insula
to the Raphe nucleus and the nucleus tractus solitarius
(NTS) exist (Allen et al. 1991; Saper 1982, 2000). As the
NTS is located in the vicinity of the Pre-Botzinger complex
(a neuronal respiratory rhythm generator in the ventrolat-
eral medulla) and the cranial nerve nuclei V, VII, IX, X and
XII [which are involved in yawning; see Smith et al.
(1991); Abdala et al. (2009)], it is conceivable that ische-
mic lesions in the posterior insula may not only affect
swallowing, taste and cardiovascular events (Cereda et al.
2002; Brandt et al. 1995), but also the frequency of
yawning. Second, the pharmacology of the insula contains
a series of neurotransmitters and receptors (albeit with
sometimes indirect evidence), including GABA, glutamate,
acetylcholine and serotonin (Jasmin et al. 2004; Chen et al.
2010; Van De Werd et al. 2010; Tuerke et al. 2012).
Interestingly, infusion of serotonin agonists into the insula
induced gaping in awake rats, which was interpreted as
conditioned disgust (Tuerke et al. 2012), but can also be
part of the yawning event without stretching. It is tempting
to speculate that ischemia of variable severity with only
partially destructive neuronal lesions in the insula leads to
excessive serotonin release and induction of yawning.
Serotonin-mediated yawning is known to occur indepen-
dently of the PVN. The brain regions responsible for
serotonin-mediated yawning had not been identified yet.
Third, the actually responsible regions may not be the
insula itself, but the adjacent white matter tracts (capsula
extrema) or the claustrum, which may not necessarily be
reliably separated from the insular cortex with the resolu-
tion of the spatial renormalization techniques, which were
needed to identify inter-individual overlaps, and because
the underlying regions are likely to be involved to a similar
degree due to the common vascular supply including
common collateralization pathways.

Finally, it was previously stated (Walusinski 2006) that
another function of yawning may be to check for the
homeostasis of inner organs and perceive a feeling of
wellbeing, based on the observations that visceral afferents
arrive in posterior insular cortex while processing of self-
awareness takes place in the anterior insula (von Economo
neurons), and because the insula may be (indirectly) acti-
vated in the yawning process. We have not systematically
analyzed our patients for their retained or lost ability to
check for their wellbeing of inner organs, but this idea may
be explored in future studies.

Abnormal yawning due to other etiologies

Our own study only assessed yawning in ischemic stroke.
The literature also mentions a few cases of yawning
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associated with stroke in the insula or the caudate nucleus.
Other (non-stroke) etiologies for yawning in the literature
involve traumatic brain injury (Laurent-Vannier et al.
1999), brain surgery (Martino et al. 2012), and complex
focal seizures (Penfield and Jasper 1954). However, we
have failed to identify a study that reported hyperammo-
nemia inducing abnormal yawning.

Limitations of the study

The structural analysis revealed DWI restrictions in the
insula and caudate nucleus, but these findings did not
appear as a prominent feature in every patient. Neverthe-
less, the correlation demonstrates that patients with less
pronounced involvement of these regions also show a
shorter duration of yawning. Moreover, effects of restricted
perfusion in the penumbra in patient N° 4 without initial
DWI restrictions in the core regions, as well as DWI
restrictions near the posterior insula as in patient N° 7, may
have caused a functional disruption of cortico-subcortical
pathways comparable to ischemic stroke in these regions.
Since lesions in the core regions (the insula and the caudate
head) are frequently detected in patients without abnormal
yawning, further studies are required to better specify the
causative lesions with higher power and improved tech-
niques such as tractography and structural connectivity
measures. Future studies also have to systematically cap-
ture the transmitters used by insular trajectories.

Conclusions

We provide the first statistically substantiated study that
ischemic stroke in two specific regions within the AC can
indeed be associated with abnormal yawning in few cases.
We add to the existing evidence that (a) strokes do not
necessarily have to be severe (high NIHSS) to elicit
abnormal yawning; (b) in general, the intensity but not the
extent of ischemia in core regions within the AC correlates
with duration of abnormal yawning; (c) additional path-
ways and/or mechanisms besides the hypothalamus may be
involved in abnormal yawning. The as yet unknown brain
region of serotonin-mediated yawning might be the insula.

The hypothesis of excessive uncoordinated neurotrans-
mitter release due to ischemic lesions might be one
explanation why the other neurological stroke deficits
caused by the same stroke frequently outlast abnormal
yawning. This transient nature of abnormal yawning might
also be the explanation why it is perceived as rare phe-
nomenon in acute neurological disorders.

Acknowledgments No extra funds were used in this study. We
thank J. Mathys, MD, for his support with clinical data collection.



Brain Struct Funct (2015) 220:803-812

811

Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.

References

Abdala AP, Rybak IA, Smith JC, Zoccal DB, Machado BH, St-John
WM, Paton JF (2009) Multiple pontomedullary mechanisms of
respiratory rhythmogenesis. Respir Physiol Neurobiol 168:
19-25

Allen GV, Saper CB, Hurley KM, Cechetto DF (1991) Organization
of visceral and limbic connections in the insular cortex of the rat.
J Comp Neurol 311:1-16

Argiolas A, Melis MR (1998) The neuropharmacology of yawning.
Eur J Pharmacol 343:1-16

Askenasy JJ (1989) Is yawning an arousal defense reflex? J Psychol
123:609-621

Auver H, Feldner-Bustin G, Hermentin K, Kollegger H, Schmidbauer
M (1987) Zerebrale Zystizerkose: Ein Fallbericht. Mitt Osterr
Ges Tropenmed Parasitol 9:101-109

Baenninger R (1997) On yawning and its functions. Psychon Bull Rev
4:198-207

Baladi MG, Newman AH, France CP (2010) Dopamine D3 receptors
mediate the discriminative stimulus effects of quinpirole in free-
feeding rats. J Pharmacol Exp Ther 332:308-315

Brandt T, Botzel K, Yousry T, Dieterich M, Schulze S (1995)
Rotational vertigo in embolic stroke of the vestibular and
auditory cortices. Neurology 45:42-44

Cattaneo L, Cucurachi L, Chierici E, Pavesi G (2006) Pathological
yawning as a presenting symptom of brain stem ischaemia in two
patients. J Neurol Neurosurg Psychiatry 77:98-100

Cereda C, Ghika J, Maeder P, Bogousslavsky J (2002) Strokes
restricted to the insular cortex. Neurology 59:1950-1955

Chalela JA, Kidwell CS, Nentwich LM, Luby M, Butman JA,
Demchuk AM, Hill MD, Patronas N, Latour L, Warach S (2007)
Magnetic resonance imaging and computed tomography in
emergency assessment of patients with suspected acute stroke: a
prospective comparison. Lancet 369:293-298

Chang CC, Chang ST, Chang HY, Tsai KC (2008) Amelioration of
pathological yawning after tracheostomy in a patient with
locked-in syndrome. Eur J Neurol 15:e66—-e67

Chen S, Fujita S, Koshikawa N, Kobayashi M (2010) Pilocarpine-
induced status epilepticus causes acute interneuron loss and
hyper-excitatory propagation in rat insular cortex. Neuroscience
166:341-353

Collins GT, Eguibar JR (2010) Neuropharmacology of yawning.
Front Neurol Neurosci 28:90-106

Depoortere R, Bardin L, Rodrigues M, Abrial E, Aliaga M, Newman-
Tancredi A (2009) Penile erection and yawning induced by
dopamine D2-like receptor agonists in rats: influence of strain
and contribution of dopamine D2, but not D3 and D4 receptors.
Behav Pharmacol 20:303-311

Engelter ST, Provenzale J, Petrella JR, DeLong DM, Alberts MJ
(2003) Infarct volume on apparent diffusion coefficient maps
correlates with length of stay and outcome after middle cerebral
artery stroke. Cerebrovasc Dis 15:188-191

Guggisberg AG, Mathis J, Schnider A, Hess CW (2011) Why do we
yawn? The importance of evidence for specific yawn-induced
effects. Neurosci Biobehav Rev 35:1302-1304

Jasmin L, Burkey AR, Granato A, Ohara PT (2004) Rostral agranular
insular cortex and pain areas of the central nervous system: a
tract-tracing study in the rat. ] Comp Neurol 468:425-440

Krasnianski M, Gaul C, Neudecker S, Behrmann C, Schliiter A,
Winterholler M (2003) Yawning despite trismus in a patient with
locked-in syndrome caused by a thrombosed megadolichobasilar
artery. Clin Neurol Neurosurg 106:44-46

Laurent-Vannier A, Fadda G, Laigle P, Dusser A, Leroy-Malherbe V
(1999) Syndrome de Foix-Chavany-Marie d‘origine traumatique
chez 1‘enfant. Rev Neurol 155:387-390

Martino J, Marco de Lucas E, Ibanez-Plagaro J, Valle-Folgueral JM,
Vazquez-Barquero A (2012) Foix-Chavany-Marie syndrome
caused by a disconnection between the right pars opercularis
of the inferior frontal gyrus and the supplementary motor area.
J Neurosurg 117:844-850

Masdeu JC, Irimia P, Asenbaum S, Bogousslavsky J, Brainin M,
Chabriat H, Herholz K, Markus HS, Martinez-Vila E, Niederk-
orn K, Schellinger PD, Seitz RJ (2006) EFNS guideline on
neuroimaging in acute stroke. Report of an EFNS task force. Eur
J Neurol 13:1271-1283

Mesulam MM, Mufson EJ (1982) Insula of the old world monkey. III:
efferent cortical output and comments on function. J Comp
Neurol 212:38-52

Mesulam MM, Mufson EJ (1985) The insula of reil in man and monkeys:
architectonics, connectivity and function. In: Peters AA, Jones EG
(eds) Cerebral cortex, vol 4. Plenum Press, New York, pp 179-226

Metzger CD, Eckert U, Steiner J, Sartorius A, Buchmann JE, Stadler
J, Tempelmann C, Speck O, Bogerts B, Abler B, Walter M
(2010) High field FMRI reveals thalamocortical integration of
segregated cognitive and emotional processing in mediodorsal
and intralaminar thalamic nuclei. Front Neuroanat 4:138 (article)

Nieuwenhuys R (2012) The insular cortex: a review. In: Hofman MA,
Falk D (eds) Progress in brain research, Chapter 7, vol 195.
Elsevier, Amsterdam, pp 123-163

Park MH, Kim BJ, Koh SB, Park MK, Park KW, Lee DH (2005)
Lesional location of lateral medullary infarction presenting
hiccups (singultus). J Neurol Neurosurg Psychiatry 76:95-98

Penfield W, Jasper H (1954) Epilepsy and the functional anatomy of
the human brain. Little, Brown, Boston

Renau-Lagranja J, Vilar-Ventura RM, Peinazo-Arias M, Simén-
Gozalbo A, Claramonte B, Geffner-Sclarsky D (2010) Yawning
as a clinical sign of ischemic stroke. Rev Neurol 51:639-640

Richards DA, Obrenovitch TP, Symon L, Curzon G (1993) Extra-
cellular dopamine and serotonin in the rat striatum during
transient ischaemia of different severities: a microdialysis study.
J Neurochem 60:128-136

Ruggiero DA, Mraovitch S, Granata AR, Anwar M, Reis DJ (1987) A
role of insular cortex in cardiovascular function. J Comp Neurol
257:189-207

Saper CB (1982) Convergence of autonomic and limbic connections
in the insular cortex of the rat. J] Comp Neurol 210:163-173

Saper CB (2000) Hypothalamic connections with the cerebral cortex.
Prog Brain Res 126:39-48

Sato-Suzuki I, Kita I, Oguri M, Arita H (1998) Stereotyped yawning
responses induced by electrical and chemical stimulation of
paraventricular nucleus of the rat. J Neurophysiol 80:2765-2775

Schwamm LH, Koroshetz WJ, Sorensen AG, Wang B, Copen WA,
Budzik R, Rordorf G, Buonanno FS, Schaefer PW, Gonzalez RG
(1998) Time course of lesion development in patients with acute
stroke: serial diffusion- and hemodynamic-weighted magnetic
resonance imaging. Stroke 29:2268-2276

Singer OC, Humpich MC, Lanfermann H, Neumann-Haefelin T
(2007) Yawning in acute anterior circulation stroke. J Neurol
Neurosurg Psychiatry 78:1253-1254

Smith JC, Ellenberger HH, Ballanyi K, Richter DW, Feldman JL
(1991) Pre-Botzinger complex: a brainstem region that may
generate respiratory rhythm in mammals. Science 254:726-729

Thompson SBN (2010) The dawn of the yawn: is yawning a warning?
linking neurological disorders. Med Hypotheses 75:630-633

@ Springer



812

Brain Struct Funct (2015) 220:803-812

Tuerke KJ, Limebeer CL, Fletcher PJ, Parker LA (2012) Double
dissociation between regulation of conditioned disgust and taste
avoidance by serotonin availability at the 5-HT(3) receptor in the
posterior and anterior insular cortex. J Neurosci 32:13709-13717

Van De Werd HJ, Rajkowska G, Evers P, Uylings HB (2010)
Cytoarchitectonic and chemoarchitectonic characterization of
the prefrontal cortical areas in the mouse. Brain Struct Funct
214:339-353

@ Springer

Walusinski O (2006) Yawning: unsuspected avenue for a better
understanding of arousal and interoception. Med Hypotheses
67:6-14

Walusinski O, Neau JP, Bogousslavsky J (2010) Hand up! yawn and
raise your arm. Int J Stroke 5:21-27

Williams DR (2000) The yawning reflex: an upper motor neuron sign
in amyotrophic lateral sclerosis. Neurology 55:1592-1593



	Insular and caudate lesions release abnormal yawning in stroke patients
	Abstract
	Introduction
	Patients and methods
	Lesion analysis
	DWI restrictions and ADC analysis
	Statistics

	Results
	Discussion
	Abnormal yawning in anterior circulation stroke
	Abnormal yawning due to caudate nucleus lesions
	Abnormal yawning due to insular lesions
	Abnormal yawning due to other etiologies
	Limitations of the study

	Conclusions
	Acknowledgments
	References


