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Introduction

Intractable hiccups are uncommon but important sequelae in
the aftermath of ischaemic stroke. We present the case of a 50 year
old gentleman, who developed what we believe to be the first case of
intractable hiccups secondary to cerebellar infarction. The hiccups
were refractory to wide range of single pharmaceutical and surgical
interventions and we eventually found some success with dual
pharmaceutical therapy. Intractable hiccups can have a significant
impact on post stroke rehabilitation and have a considerable
detrimental impact on an individual’s quality of life. The mechanism
is poorly understood. We performed a literature review of all known
cases and have postulated a revised mechanism that includes a role for
the cerebellum in this phenomenon. A portal is needed for physicians
to submit their experiences within intractable hiccups, so that more
can be learnt about what can be a disabling condition for the sufferer.

Case Report

A 50 year old gentleman presented to our acute medical unit in
September 2007 with a brief history of headache, vertigo, vomiting and
mild left facial paraesthesia. On clinical examination, he had normal
tone, power and reflexes in upper and lower limbs and sensation
was intact in all modalities. Nystagmus was present on bilateral and
vertical gaze and he complained of diplopia at resting gaze. His gait
was unstable, but difficult to assess owing to his considerable diplopia
and vertigo. Full blood count, renal and liver function and electrolytes
including sodium, potassium and calcium were all within normal
ranges. Computed tomography (CT) showed a possible area of low
attenuation in the left cerebellar hemisphere, with no haemorrhage. A
lumbar puncture was performed owing to the sub-acute history and
the fluid appeared clear and had a predominant mononuclear cell
type, with no organisms seen on microscopy. He was treated as viral
meningitis and commenced on intravenous acyclovir at 10 mg/kg. 48
hours into admission he began to develop hiccups. Repeat CT 72 hours
later confirmed earlier suspicions of a left cerebellar infarction in, with
a further infarct in the inferior aspect of the right cerebellum. It was felt
viral meningitis may have been the aetiology of these lesions. 7 days
later the headache, diplopia and vertigo had begun to settle, but hiccups
persisted. He was commenced on chlorpromazine 12.5 mg thrice daily
(tds). Magnetic resonance imaging confirmed wedge infarction in the
aforementioned areas.

Otolaryngology review revealed no precipitant for his hiccups
and CT of his neck, thorax and abdomen showed no macroscopic
pathology. On subsequent review his hiccups still persisted, and he
was converted to haloperidol 1.5 mg tds. Endoscopy showed only mild
gastritis and he was commenced on a proton pump inhibitor. Prior
to this he experienced blackouts and was commenced on lamotrigine
with a diagnosis of probable seizures. On further review 10 months
post discharge, he was still having significant hiccups. They were
occurring at an interval of approximately 72 hours and were persistent
over a 2-3 day period, whereby they would disrupt sleep, ability
to eat and lead to episodes of vomiting. Indeed he went on to have

several admissions for dehydration secondary to this. He was notably
depressed and tearful at this meeting and felt his quality of life was very
poor during hiccup bouts. Baclofen 5 mg tds was commenced and later
titrated up to 10 mg tds. Over the following 12 months he was trialled
on pregabalin (max dose 150 mg twice daily), Nifedipine (5 mg tds)
whilst levomepromazine, dexamethasone and ondansetron were used
for their anti-emetic properties.

18 months post discharged he was referred to a neurosurgeon. It
was agreed that on account of the fact he had failed multiple medical
therapies, had no obvious treatable causative pathology and was
disabled by his symptoms, that a vagal nerve stimulator would be of
worthy trial. He underwent this, with successful block of the vagal
nerve, but no resolution in his hiccups. He remained on baclofen and
underwent trials of piracetam (to treat a possible myoclonic disorder),
oral lidocaine and phenytoin over the following six months, again with
no improvement in hiccup frequency or his quality of life. Phrenic
nerve block was also attempted with cervical injection of bupivacaine,
but that was also unsuccessful in terminating hiccups. With baclofen at
10 mg tds, we then introduced gabapentin, titrating the dose to 1.2 mg
tds. On last clinical review he had experienced a decrease in frequency
of hiccups with this regime, now citing a maximum hiccup frequency
of 3-4 episodes per week that last considerably less than 12 hours and
on occasion being able to go for over week with any occurrence. The
option of deep brain stimulation was presented to our patient, but
he has declined this invasive treatment owing to the potential risks
weighed up against a strong possibility of little benefit.

Definitions and Aetiologies

So what are hiccups? Hiccups (hiccoughs or singultus) can be
described as synchronous contraction of the diaphragm and intercostal
muscles, followed by sudden closure of the glottis, the latter part being
responsible for the characteristic ‘hiccup’ sound that is heard [1].
Intractable hiccups (IH) are generally defined as hiccups lasting for a
period in excess of one month.

Many of us will have witnessed hiccups in the aftermath of
strokes affecting the posterior circulation. The lateral medullary or
Wallenberg’s syndrome is the one most commonly described [2,3],
indeed Keane’s analysis found 56% of his experience with central
hiccups were secondary to lateral medullary infarcts [4]. However, any
ischaemic insult to the brainstem or pons [5] will place an individual
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at risk of developing IH, and haemorrhage [4,6], haematomas
[7],vertebral artery dissection [8] and aneurysms (in particular of the
posterior inferior cerebellar artery) [9] are other documented vascular
causes.

IH are also seen in a variety of space occupying lesions including
cavernous angiomas [10-12], haemangioblastomas [13], astrocytomas
[14] and tuberculomas[15].Itis of note that IH can be the initial and often
only presenting complaint in many of these patients. Demyelinating
pathologies such as multiple sclerosis [16,17], neuromyelitis optica
[18-20] and progressive multifocal leukoencephalopathy [21] can also
portray such Characteristics, and IH can also represent a neurological
manifestation of a systemic disorder such as sarcoidosis [22,23] or
systemic lupus erythematous [24].

For the majority, the location of “the lesion” has been either in the
brainstem, pons or cervical cord, much in keeping with the ideological
hypothesis of the hiccups reflex arc. However, a few cases report lesions
in other areas of the brain such as the cerebellum (our patient), basal
ganglia [25], insula cortex [26], and infarcts to the corona radiata or
that follow extensive middle cerebral artery infarction [27]. These
reports challenge this hypothesis and require a revision of the central
component of the hiccups phenomenon. There are many ‘peripheral’
causes of IH and often identification and treatment of them will result
in their termination. Discussion of them is beyond the scope of this
article.

Physiology

Marinella and colleagues were able to demonstrate that in their
cohort of patients with advanced malignancy, the left hemi-diaphragm
was the side of hiccup origin in 80% of the cases [28]. Hiccups have
been documented to occur in foetal life from eight weeks gestation
[29] and can continue into early neonatal life, waning rapidly from
there onwards. The exact function of hiccups has never been fully
understood. Its more frequent existence in utero has led many to believe
it is either an evolutionary or primitive reflex. With a considerable
number of ‘peripheral aetiologies’ it may well represent a very basic
non-discriminant alert mechanism to thoraco-abdominal disturbance.

Currently, the hiccups reflex arc is believed to have three
components. The afferent arm consists of the phrenic and vagus
nerves and the T6-T12 portion of the sympathetic chain, all of which
convey sensory information from the thoraco-abdominal cavity. All
information from these fibres is relayed to a central “hiccup centre”
in the brainstem and then the hiccup action is facilitated via efferents
carried in the phrenic nerve, external intercostal muscle (T1-T11)
nerves and the scalene anticus nerve supplying the scalene muscles [30].
If indeed the hiccup represents an archaic or primitive reflex and we
have already proven that damage to the central nervous system can lead
to hiccup production, the reflex must be under constant suppression
and damage to the areas of inhibition will lead to hiccups.

The reports above highlight that the brainstem has a well established
role in the pathway of IH. However, the intrinsic mechanism underlying
this is not clear. In an individual there is close interaction between the
respiratory inspiratory centre (nucleus tractus solitarius as its nucleus),
the more antero-lateral expiratory centre (nucleus ambiguous as
its nucleus) and the apneustic centre in the lower pons which has a
mutual inhibitory role on the expiratory centre. Al Deeb et al. [15]
reminds us that normal respiration comprises of a continuous signal

from the nucleus tractus solitarius that then goes on to be inhibited
via pneumotaxic inhibition of the apneustic centre and therefore the
inspiratory centre and allow expiration to take place. In the hiccups
scenario, there would appear to be an abnormal sudden discharge
presumably down the vagus nerve from the nucleus ambiguous which
one would presume is normally under inhibitory control and thus a
hiccup is generated. Various other neural connections with areas such
as the nucleus raphe magnum [31], Guillan- Mollaret triangle (inferior
olive complex, dentate nucleus and red nucleus) [32] and the area
postrema [20] have independently been suggested to be involved and
interact with this pathway, but clearly damage to these connections
leads to a switching off of an hiccup inhibitory mechanism. But does
the origin of hiccup inhibition come from within the brainstem itself?

Our patient presented with solely cerebellar infarcts, implying that
it may have some inhibitory control over hiccups genesis. In her paper,
Bastian describes the ‘feedfoward’ mechanism of movement control
that the cerebellum has [33]. This is the concept that the cerebellum
is involved in the predictive aspect of movement, that is, the part of an
action that is pre-planned and is unchanged prior to it happening. This
is in contrast to reactive movements in which changes are made on the
basis of peripheral feedback mechanisms. Furthermore the cerebellum
is also able to learn from previous errors and thus make predictive
adjustments in the future. Earlier we described how hiccups are seen
in infants from eight weeks gestation and we also know that the foetus
may be hiccupping 2-5% of the time it is in utero [34]. It is possible
therefore that the rapid decreased in hiccups postpartum represents
the developing cerebellum’s ability to suppress the hiccup mechanism
pathway via a learned response developed in utero, recognising that a
hiccup has a relatively non-descript functional use in humans.

At this point we must not forget that hiccups have been reported
in supratentorial infarctions, notably the basal ganglia, the insula,
corona radiata and in an extensive MCA infarction. What is not clear is
whether or not the input from these areas also represents an inhibitory
response that is not quick enough to suppress a hiccup, or whether it is
a remnant of a now unnecessary physiological function and represents
the true origins of hiccup genesis. It could be that the cerebellum
interacts with these connections at some point prior to them entering
the brainstem.

From what we have presented we feel that the hiccups mechanism
is somewhat more complex than previously thought. A possible
mechanism is as follows. There are still afferents from the phrenic,
vagus and sympathetic portion of T6-T12. These afferents provide
information regarding thoraco-abdominal irritation and cause what we
could term an ‘appropriate hiccup’. This then feeds to the brainstem. At
this point the information is conveyed further to the cerebral cortex,
where efferents for hiccups genesis begins and are relayed back to the
brainstem. The reports we have found would suggest that the insula
and basal ganglia are involved in this. The cerebellum maintains
inhibition of hiccups possibly using a learned ‘feedfoward’ mechanism
through connections to the respiratory centres and nuclei in the
medulla and also by inhibiting the descending information from the
cortex. In an intact central circuit, when an afferent input is received to
the cortex, it could be that the cerebellar inhibition is relaxed, allowing
the generation of an ‘appropriate hiccup’ in response to a peripheral
stimuli. Infarction of the brainstem may cause disruption of inhibitory
connections from the cerebellum and lead to formation of hiccups.
Infarction of the cerebellum may cause a loss of a learned feedforward
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inhibition and lead to hiccups. It is not entirely clear how cerebral
infarction may lead to hiccups, particularly with an intact cerebellum,
but from the case reports highlighted above it is clear there is some
supra-tentorial involvement in the hiccups pathway.

If one is not convinced of the cerebellum’s involvement in the
control of hiccups, alternative diagnosis for our patient are that
the hiccup represents a form of cerebellar diaphragmatic ataxia and
actually represents the inability to correctly co-ordinate diaphragmatic
movement, or it may be part of a myoclonic disorder spectrum, but it
is of note that he failed treatment for the latter. The fact that IH has
not been described in cerebellar infarction previously may be due to
previous lack of involvement of associated areas involved the pathway,
the possibility that suppressive information may be stored in both
cerebellar hemispheres and requires both areas to be infarcted to
disrupt inhibition or that concomitant pontine/medullary infarction
has occurred and masked the cerebellar involvement.

Consequences of Hiccups

So why should we care about TH? TH is associated with poor oral
intake, leading on to weight loss [1] and malnutrition. Many of these
patients are also likely to have varying degrees of dysphagia. Couple
this with an increased likelihood of regurgitation [35] and gastro-
oesophageal reflux in IH and concerns develop regarding aspiration
and the subsequent development of pneumonia [3]. Individuals with a
high hiccups rate will also have increased energy expenditure and thus
increased energy requirements [28], an issue only further compounded
by the aforementioned factors.

IH can also have an impact on the ability to hold conversion [36]
and one can only imagine the additional frustration of a patient who
is already either dysarthric, dysphonic or has expressive dysphasia.
Generalised exhaustion and confusion can occur, often the result of
the marked disturbance in sleep experienced by sufferers [37]. Kumar
et al. [5] demonstrated that patients with IH had a nine day longer
hospital stay than those without, highlighting clearly the difficulties
in rehabilitation that this disorder brings. Unfortunately, a depressive
illness can evolve during this process. There have been some reports
of more extreme sequelae of intractable hiccups, most notably severe
bradyarrhythmias [38] (likely owing to the increased vagal tone as a
hiccup can often mimic a valsalva manoeuvre) and bilateral carotid
artery dissection [39].

Some have also voiced concern with regards to many of the
treatments for IH having sedative side effects which may cause
concerns over airway protection and aspiration during episodes of
regurgitation secondary to IH and also having unwanted motor side
effects (parkinsonism, dystonia and akathisia) which will further
impair rehabilitation in individuals with varying degrees of motor
impairment.5

Treatment

Treatment of hiccups (whether TH or not), ranges from the
anecdotal, pharmacological and the more invasive. Anecdotal
treatments include digital rectal rectal examination [40,41], sexual
intercourse [42],smoking marijuana [43], breath holding, valsalva
manoeuvres and inhaling and exhaling through a paper bag [28] (as the
latter will increase carbon dioxide levels which have been documented
to slow hiccup rate down).

A wide range of pharmacological agents have been used for
hiccups. Whilst in the UK it is chlorpromazine and haloperidol that
are currently licensed for treatment, current literature suggests better
outcomes with other medication, in particular gabapentin [44-48]
and baclofen [49-54]. Porzio et al. [55] reported a five year experience
in treating palliative patients with TH with gabapentin, reporting an
improvement or at least reduction in hiccup frequency in 74.4% of
patients treated with 900mg/day and a further 20.93% at 1200mg/
day. Guelaud and colleagues reported significant improvement in
hiccups in 28/37 patients taking baclofen (with complete resolution in
18 cases) for IH [56], and Ramirez and Graham have performed the
only randomized control study to date (although it only contained
4 patients) showing that Baclofen decreased the severity but not
frequency of IH [57]. Success has been seen with a number of other
agents including but not limited to nefopam [58,59], lidocaine [60,61],
nifedipine [62], sertraline [63], olanzapine [64], benzatropine [65],
carvedilol [66],amantadine [67], amitriptyline [68], midazolam [31,69]
and general anaesthesia[70].Various forms of acupuncture have no less
robust evidence than any of the aforementioned potential treatments
and as a barely invasive procedure and one with no side effects, is
certainly an alternative to, or an option for those refractory to medical
therapy [71-75].

For those who have exhausted medical and homeopathic therapies,
hope of IH termination lies in more invasive therapies, namely phrenic
[1,76],vagal or glossopharyngeal nerve [77] blockade, occasionally with
acombination of phrenic and vagal nerve block [78] or even stimulation
[79]. This is often achieved under the guidance of ultrasound or CT
imaging and some have advocated the use of nerve stimulator in
confirming correct location of target nerve block [80].

The wide range of therapies (and their known modes of action) in
which cure or improvement has been reported only further emphasises
how poorly understood the hiccups mechanism is and probably
explains the failure of many of the treatments trialled in our patient.

Conclusion

IH have been shown to occur in all types of brain infarctions. They
are important as they can delay the initial rehabilitation process and
considerably disturb an individual’s quality of life. It is a condition that
is very poorly understood and as a result has an extensive list of potential
therapeutic options. We recommend gabapentin or baclofen as first
line treatment, but stress the importance of thorough investigation to
rule out a ‘peripheral’ and potentially reversible cause. We describe
the first case of sole cerebellar infarction as a cause of IH and we have
proposed potential neurological mechanisms that underpin it. What is
now required is a database where people can submit their experiences
with TH post stroke or central lesions, so that more can learned about
what remains a mysterious phenomenon.
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