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Cyclic Vomiting Syndrome (CVS) is an underdiagnosed episodic syndrome characterized
by frequent hospitalizations, multiple comorbidities, and poor quality of life. It is often
misdiagnosed due to the unappreciated pattern of recurrence and lack of confirmatory
testing. CVS mainly occurs in pre-school or early school-age, but infants and elderly onset
have been also described. The etiopathogenesis is largely unknown, but it is likely to be
multifactorial. Recent evidence suggests that aberrant brain-gut pathways, mitochondrial
enzymopathies, gastrointestinal motility disorders, calcium channel abnormalities, and
hyperactivity of the hypothalamic-pituitary-adrenal axis in response to a triggering
environmental stimulus are involved. CVS is characterized by acute, stereotyped and
recurrent episodes of intense nausea and incoercible vomiting with predictable periodicity
and return to baseline health between episodes. A distinction with other differential
diagnoses is a challenge for clinicians. Although extensive and invasive investigations
should be avoided, baseline testing toward identifying organic causes is recommended
in all children with CVS. The management of CVS requires an individually tailored therapy.
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Management of acute phase is mainly based on supportive and symptomatic care. Early
intervention with abortive agents during the brief prodromal phase can be used to attempt
to terminate the attack. During the interictal period, non-pharmacologic measures as
lifestyle changes and the use of reassurance and anticipatory guidance seem to be
effective as a preventive treatment. The indication for prophylactic pharmacotherapy
depends on attack intensity and severity, the impairment of the QoL and if attack
treatments are ineffective or cause side effects. When children remain refractory to
acute or prophylactic treatment, or the episode differs from previous ones, the clinician
should consider the possibility of an underlying disease and further mono- or combination
therapy and psychotherapy can be guided by accompanying comorbidities and specific
sub-phenotype. This review was developed by a joint task force of the Italian Society
of Pediatric Gastroenterology Hepatology and Nutrition (SIGENP) and ltalian Society
of Pediatric Neurology (SINP) to identify relevant current issues and to propose future
research directions on pediatric CVS.

Keywords: functional gastrointestinal disorders, migraine, vomiting, antiemetics, anticonvulsants, cyclic vomiting

syndrome, differential diagnosis, episodic syndromes that may be associated with migraine

INTRODUCTION

Cyclic Vomiting Syndrome (CVS) is identified by acute,
stereotyped and recurrent episodes of intense nausea with
incoercible vomiting, lasting from a few hours to a few days;
both children and adults are affected, although the clinical
presentation and natural history vary somewhat with age (1).
CVS was first described in 1806 by Heberden (2) and then by
Gee in the St. Bartholomew’s Hospital Reports (3). Since pediatric
CVS evolves into migraine later in life in most patients and
based on a high family prevalence of migraines, the effectiveness
of anti-migraine therapy and observation of mitochondrial
DNA polymorphisms in CVS and migraine patients, CVS
has been considered a migraine-related or migraine-equivalent
disorder (1, 4, 5). In the International Classification of Headache
Disorders (ICHD III beta) (6) considers SVC as a pediatric
migraine variant among the episodic syndromes that may
be associated with migraine. The recent Rome IV Criteria
included CVS among the “functional gastrointestinal disorders”
(FGID), idiopathic disorders of gut-brain interaction affecting
different parts of the gastrointestinal tract symptoms that are not
attributable to organic etiology (7-9).

The etiopathogenesis is likely to be multifactorial.
Recent evidence suggests that aberrant brain-gut pathways,
mitochondrial ~ enzymopathies,  gastrointestinal — motility
disorders, calcium channel abnormalities, and hyperactivity
of the hypothalamic-pituitary-adrenal axis in response to a
triggering environmental stimulus are involved in the CVS
development (10). Genetic factors have been linked to CVS, but
further research is required to better establish the heritable basis
of this disorder (11).

This review was developed by a joint task force of the Italian
Society of Pediatric Gastroenterology Hepatology and Nutrition
(SIGENP) and Italian Society of Pediatric Neurology (SINP) to
propose future research directions.

EPIDEMIOLOGY

There are difficulties in obtaining reliable epidemiological
evidence for CVS, being an undiagnosed condition (12). In
children, a prevalence of 1.9% has been reported by two
school-based surveys from Scotland and Turkey (13, 14),
while the incidence of new pediatric cases was 3.15 per
100,000 children per year in an Irish population-based study
(15). In a primary care cross-sectional, among Colombian
children aged 0-48 months, ~0.5-7% of them received CVS
diagnosis (16). Although mainly occurs in pre-school or early
school-age, CVS appears to be more common in adults than
previously thought (12, 17-19), and delayed diagnosis has
been reported. Indeed, patients are frequently misdiagnosed
as having recurrent gastroenteritis, food poisoning, and eating
disorders (20). In a study from the U.S. mean ages at onset
of symptoms and diagnosis were 5.7 £+ 0.3 and 8.0 £ 0.3
years (21).

Patients with CVS are predominantly white, followed by
African American and Hispanic (22, 23). A recent nationwide
analysis conducted in US of over 20,000 adults hospitalized for
CVS showed that 63% of patients were white, 18% were African
American, and 6% were Hispanic (24). Moreover, CVS appears
to be slightly more common in female (13-15, 18, 21, 25, 26)
and is associated with family (especially maternal) or personal
history of migraines (up to 82%) (27, 28). The highly documented
later development of migraine (up to 75% of children) suggests
a progressive continuum from CVS to migraine headaches in
most children (13, 27, 29-31). Nearly 60% of children outgrow
CVS (29) with a reported median overall duration of the disorder
of 66 months (range 3-179) (30). CVS determines a worsening
in quality of life of children, needing multiple hospitalizations
for acute dehydration, missing a mean of 20 days of school
each year (32) with an annual cost of ~$ 17,035 per individual
patient (1).
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PATHOPHYSIOLOGY

The pathophysiology of CVS is yet to be established although
several potential underlying mechanisms have been postulated.
The emetic reflex is highly complex, and its final common
pathway and its central mechanisms have yet to be fully
elucidated. It is widely accepted that several nuclei within the
medulla oblongata between the obex and the rostral portion of
the nucleus ambiguous play a key role in the central coordination
of emetic neurocircuitry (33). Among these nuclei, which
collectively are conceptualized as a central pattern generator, the
nucleus tractus solitarius (NTS) within the dorsal vagal complex
(DVC) represents the main integrative site for modulation of the
emetic reflex. Activation of NTS to evoke vomiting occurs via
inputs from the GI tract and other visceral organs via the vagus
nerve, vestibular system, and higher brain regions including the
cerebral cortex, hypothalamus, cerebellum, and the area postrema
(AP). The latter, defined as chemoreceptor trigger zone (CTZ),
is an important component of emetic arc and is located in the
floor of the fourth ventricle outside the blood-brain barrier with
the potential to detect circulating toxin. Distinct neural input
from NTS coordinates the motor pathways driving the visceral
and somatic motor events of vomiting by activating nuclei within
the hindbrain in a precisely synchronized temporal fashion. NTS
has reciprocal direct or indirect projections to several higher
CNS centers, including the parabrachial nucleus, hypothalamus,
limbic system and forebrain providing the neuroanatomical
substrate for the integration of various sensory, affective and
emotional responses to nausea and vomiting (34).

CVS is viewed as a final common phenotype driven by
synergistic interaction of discrete pathophysiological pathways.
Similar to other periodic disorders, such as migraine, CVS might
be characterized by a specific-individual “attack threshold” above
which the synergistic action of the different pathophysiologic
mechanisms induces the distinctive clinical expression. Each
mechanism is not necessary pathogenetic, but it can be deemed
as essential building unit within a common stimulus of adequate
intensity able to breach the threshold for inducing the emetic
cycles in susceptible patients (35). As the threshold may
widely differ among patients, the development of effective and
personalized treatments might rely on recognizing triggers and
their underlying mechanisms and in turn either raising or
desensitizing the individual threshold.

Several pathophysiologic mechanisms have been postulated,
such as autonomic abnormalities, hypothalamic-pituitary-
adrenal (HPA) activation, genetic abnormalities, neuronal
hyperexcitability, and gastric dysmotility.

Autonomic and Neuroendocrine

Dysfunctions

Clinical manifestations of the autonomic nervous system (ANS)
activation are dominant clinical features of CVS during both
prodromal and acute phase. An increased sympathetic tone with
low-to-normal parasympathetic tone during the interspersed
period has been reported in both pediatric and adult CVS patients
(36, 37). Postural orthostatic tachycardia syndrome (POTS) is
diagnosed in up to 50% of the adolescents with CVS, and its

treatment is effective in preventing emetic episodes (38, 39). The
hypothalamus, which is functionally integrated into the limbic
system, is considered the main ANS control center (33).

Stressors, both psychological (heightened emotional state)
and physical (intercurrent infection, sleep deprivation, excessive
exercise and prolonged fasting) can activate a neuroendocrine
stress-mediated response by the HPA axis. Corticotropin-
releasing factor (CRF), the major physiological activator of HPA
axis and released from hypothalamic paraventricular nucleus
(PVN), stimulates the release of ACTH and in turn cortisol
from the adrenal cortex. However, CRF can also act in extra-
hypothalamic circuits. Different types of CRF and different
CRF receptors have been identified not only in CNS but
also in the enteric nervous system. CRF-containing neurons
from PVN project within NTS, where CRF receptors have
been demonstrated as well as to the area postrema (40-42).
Both central and peripheral injections of CRF inhibit gastric
and proximal small bowel motor activity and induce vomiting
in experimental animal and humans (43). Finally, it is also
well known that NTS, via both catecholaminergic and non-
catecholaminergic neurons, projects to the PVN regulating HPA
axis and driving autonomic response to both acute and chronic
stressors (44). Sato et al. (45) described a subset of children with
CVS with prolonged and severe emetic phase associated with
profound lethargy, hypertension and laboratory evidence of HPA
axis hyper-responsiveness and increased secretion of antidiuretic
hormone (ADH). Noteworthy, CRF exhibits a circadian rhythm,
showing an increased secretion starting at 1 a.m. and reaching its
peak at 6 p.m., which could account for the early morning onset
of emetic phase.

CVS could be the consequence of a dysfunctional allostasis,
defined as the physiologic adaptive changes activated by acute
and chronic stressors for preserving the body homeostasis (46).
Over time and with increasing stressor severity, the allostatic
load may impair normal function leading to the development
of pathology. The systems mediating allostasis include the HPA
axis, ANS, metabolic systems, and the immune system. Hence,
the hypothalamus plays a central role in orchestrating the
physiological processes of stress adaptation. It has been suggested
that early life negative events and negative life experiences might
shape the development of neural circuits for cognitive and
emotional processing and in turn, lead to disordered allostasis
and decreased emetic “threshold” (35).

Gastric Dysmotility

Gastric motor abnormalities have been suggested to play a
key role in CVS pathogenesis. Chong et al. studied the gastric
myoelectrical activity and gastric emptying time (GET) in
15 CVS children showing the presence of tachygastria in
both preprandial and postprandial period and delayed gastric
emptying (47). Conversely, Hejazi et al. (48) assessed GET using
4-h scintigraphic methods in 92 adults with CVS during the
interspersed period of the disease and found rapid GET in 59%
of patients, in 27% normal GET and in only 14% delayed GET,
paralleling similar results previously reported in both adults
and children (49, 50). It was postulated that rapid GET might
reflect underlying autonomic dysfunctions reported in CVS
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patients; however, Hejazi et al. (48) failed to show any correlation
between gastric emptying and autonomic testing results. Another
hypothesis has speculated the role of ghrelin, a gut hormone able
to enhance gastric emptying, in the pathogenesis of rapid GET
during the remission period. Hejazi et al. (51) found increased
ghrelin levels in adults with CVS compared with normal GET.
However, the majority of the studies that have identified either
rapid or normal GET were performed during the interspersed
period, while those performed during the emetic phase have
shown a significant gastric emptying delay, which might be
related to either the activation of HPA axis resulting in the release
of CRF, which inhibits foregut motility, or activation of dorsal
vagal complex (DVC), which inhibits gastric motility via the
efferent vagal pathway.

Mitochondrial Dysfunction

The role of mitochondrial dysfunction in CVS pathophysiology
was postulated based on the striking maternal inheritance
pattern, the presence of an energy-depletion pattern on urine
organic acid measurements and the efficacy of mitochondrial-
targeted therapies, such as coenzyme Q10, L-carnitine, and
riboflavin (52-54).

The genotype/phenotype correlation remains unclear as well
as the functional role of mitochondrial dysfunction has yet to be
determined. A simplistic underlying hypothesis is that mtDNA
polymorphisms might impact energy metabolism during both a
resting state, by decreasing the ability to preserve transmembrane
ion gradients and hence predisposing to a hyperexcitability state,
and during stress circumstances by failing to mount a greater
energy supply for increased demand.

lon Channel Disease Abnormalities
Abnormalities in stress-induced calcium channel might also have
a significant role in the CVS pathogenesis. Lee et al. found a
significant association between the type 2 ryanodine receptor
(RYR2), encoding a stress-induced calcium channel present in
many central and peripheral neurons, and CVS [OR = 6.0, (95%
CI =1.7-22)] (55).

Neuronal Dys-Excitability Disorder

Neuronal hyperexcitability may be a common link between CVS
and other episodic CNS disorders (11, 56, 57). Hyperexcitability
may represent a consequence of genetic functional variants in
mtDNA, ion channel and/or neurotransmitter receptor structure,
or may result from aberrant neural circuits development.
Alterations in brain network functional connectivity, particularly
within networks involving the amygdala and the insular cortex,
seem to play a role of brain “dysexcitability” in CVS patients (35).

Endocannabinoid System Dysfunction

The cannabinoid receptor (CB) 1 and 2, their ligands
N-arachidonoylethanolamine (anandamide) and 2-
arachidonoylglycerol (2-AG), and their biosynthetic and
degradative enzymes are the major components of the
endocannabinoid system (ECS) (58). The ECS represents
an important physiologic regulator of GI motility both centrally
and peripherally. CB receptors are densely expressed in CNS

areas, such are DVC, and in the enteric nervous system (59).
The central inhibition of emetic reflex via CB1 receptor occurs
by modulating vagal afferent activity within the DVC in the
hindbrain, and vagal efferent activity projecting to enteric
nervous system (60, 61). Venkatesan et al. (62) measured serum
endocannabinoids and their related lipids, N-oleoylethanolamine
(OEA) and N- palmitoylethanolamide (PEA), in 22 adults with
CVS patients during both the acute emetic phase and the
interspersed period, and 12 matched controls and found
increased serum levels of endocannabinoid-related lipids during
both phases.

Toward a Unifying Hypothesis?

CVS may be best described as a consequence of dysfunction
in the brain stem and hypothalamic nuclei that normally
modulate or gate sensory emetic inputs, leading to the failure of
brain integration and filtering mechanisms and resulting in the
activation of emetic neurocircuitry under normal conditions. A
mechanistic search for a common denominator focuses on the
generalized central neuronal hyperexcitability, genetically driven
by mutations in genes coding for ion-channels and mutations in
mtDNA. Mitochondrial dysfunction impacts energy production
at rest and fails to mount a greater energy supply during a
period of heightened demand. Hence, common physical and
psychological stressors might initiate the emetic cascade by
stimulating dysfunctional hypothalamic neurons, characterized
by high intrinsic energy demands, and consequently activating
the autonomic nervous system and HPA axis with CRF release.
The hypothalamus projects within NTS, which in turn activates
the visceral and somatic motor pathways of the emetic cascade.
Similarly, physical and psychological stressors might also initiate
the emetic cascade directly activating N'TS neurons, which by
projecting to the PVN in the hypothalamus might stimulate both
the HPA axis and autonomic responses.

CLINICAL MANIFESTATIONS

CVS is characterized by stereotypical episodes of paroxysmal
vomiting and intense unremitting nausea with a return to
baseline health between episodes (1, 7, 8). This distinctive on-
off temporal pattern characterized by four phases is essential for
diagnosis (1, 8, 63) (Figure 1). Up to 75% of children exhibit
symptoms during the night or early in the morning (generally
2.00-7.00 a.m.) (25, 64, 65) lasting several hours to days, although
rarely >72h (1). A study conducted on 181 children reported
duration of attacks ranging from few hours to 10 days (mean 4.25
days) with intervals of 0.25-12 months (mean 1.8 months) (25).
Four phases have been identified: prodromal; emetic;
recovery, and inter-episodic (63) (Figure1). About 90% of
patients experience a prodromal phase (63), that is characterized
mainly by signs and symptoms of autonomic dysfunction such
as pallor, sweating, lethargy, hot flashes and rarely temperature
change and drooling (25, 65). It generally occurs a few hours
before the vomit onset, and it might resemble a panic attack;
this premonitory phase is similar to that of migraine headache
attack (26). Abdominal pain is described in the prodromal as
well as in the other phases (66). In approximately three-quarters
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INTEREPISODIC PHASE

Lasts weeks to months.

The child resumes completely
normal or baseline health; 5-12% of
children experience mild nausea and

emesis (“coalescent” CVS).

PRODROMAL PHASE

Lasts minutes to
hours.
>90% of patients
experience
identifiable prodrome
with symptoms such
as nausea, sweating,
abdominal pain or
“pressure,” fatigue or
weakness, feeling hot
and/or cold, having an
urge to defecate, and
insomnia. The child is
still able to take oral
and retain oral
medication.

EMETIC PHASE

Lasts from a few hours to several days.
Children experience relentless nausea, vomiting,
and retching. The vomiting is typically projectile,

forceful, and may contain bile or blood, peaks at 6
times/ hour. The nausea persists even after
evacuation of gastric contents, often described as
the most distressing symptom, only relieved by
sleep. Other symptoms include abdominal pain

(70-80%), headache, photosensitivity,

phonosensitivity, diarrhea, cold sweats, hot
flashes, excessive salivation, and vertigo. Patients
may be lethargic and withdrawn or agitated, with
inability to walk and communicate effectively.
Unusual behaviors can be observed such as
drinking compulsively, taking long hot shower or
bath, drowning in fetal position in a dark and

RECOVERY PHASE

Can be very quick or

gradual and patients

are suddenly able to
eat and interact

quite room.

FIGURE 1 | Temporal pattern of cyclic vomiting syndrome: schematic representation of the four phases.

of patients, recurrent stressors can be identified to precede CVS
episodes. Emotional stress (generally of an excitatory nature)
and infections are the most common triggers. Certain foods
(e.g., chocolate, cheese, and caffeine), fasting, fever, lack of sleep,
allergies, dietary and menstruation are also common trigger
factors (20, 38, 67). The emetic phase is characterized by a
projectile, intense vomit, averaging 6 times/hour at the peak (first
hour), often leading to significant dehydration (1). Vomiting
is often bilious (1) and associated to other gastrointestinal
symptoms, such as abdominal pain, which is described in
up to 80% of children, retching, anorexia, disabling nausea
and diarrhea (68). Autonomic dysfunction can be exacerbated
during this phase together with other neurological symptoms
like headache, photophobia, phonophobia and vertigo (38, 68).
Drowsiness and deep sleep are typical of the recovery phase;
subsequently, children slowly start to re-tolerate food and
beverages with remission of nausea and restoration of appetite
(1). After the episode, children return to normal or baseline state
of health lasting weeks to months (inter-episodic phase). Up to
12% of patients might experience interictal nausea and emesis
episodes (“coalescent” CVS), usually less severe than those during
a full episodes (8, 38).

DIAGNOSIS

There are three main different sets of criteria to consider for
diagnosis of CVS in children (Table 1). The NASPGHAN (1),
and the Rome IV (7, 8) classifications are those mainly used
in the pediatric literature. The third classification was provided
by ICHD (6), which in its 3rd edition (beta version) includes
the CVS among the episodic syndromes potentially associated
with migraine.

The key difference between classifications is represented by
the number of recurrent episodes of vomiting required for
formulating the diagnosis of CVS. Both NASPGHAN and ICHD
guideline recommend a minimum of five attacks of intense
nausea and vomiting for the diagnosis in children (1, 6), while
a minimum of two episodes are required in Rome IV criteria
(7, 8). The rationale behind this decision of the Rome IV
working group was the possibility to make an early diagnosis of
CVS. Moreover, compared to the other classifications, in Rome
IV pediatric committee established different sets of criteria for
neonates/toddlers (7) and children/adolescents (8). In the former
set, the word “nausea” has been left out because of the difficulty
in assessing in this symptom in infants (69).
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TABLE 1 | Current classification for the diagnosis of pediatric Cyclic Vomiting
Syndrome (CVS).

NASPGHAN
All of the criteria must be met

1. At least five attacks in any interval or a minimum of three attacks during a
6-months period

2. Episodic attacks of intense nausea and vomiting lasting 1 h to 10 days and
occurring at least 1 week apart

. Stereotypical pattern and symptoms in the individual patient
. Vomiting during attacks occurs at least 4 times/h for at least 1h

a A~ W

. Return to baseline health between episodes
6. Not attributed to another disorder

ROME IV

Children and Adolescents

Must include all of the following

1. The occurrence of 2 or more periods of intense, unremitting nausea and
paroxysmal vomiting, lasting hours to days within a 6-months period

2. Episodes are stereotypical in each patient

3. Episodes are separated by weeks to months with return to baseline health
between episodes

4. After appropriate medical evaluation, the symptoms cannot be attributed
to another condition

NEONATES AND TODDLERS
Must include all of the following

1. Two or more periods of unremitting paroxysmal vomiting with or without
retching, lasting hours to days within a 6-months period

2. Episodes are stereotypical in each patient

3. Episodes are separated by weeks to months with return to baseline health
between episodes of vomiting

ICHD-3

A. At least five attacks of intense nausea and vomiting, fulfilling criteria B
and C

B. Stereotypical in the individual patient and recurring with
predictable periodicity

C. All of the following:
1. nausea and vomiting occur at least four times per hour
2. attacks last >1 hour and up to 10 days
3. attacks occur >1 week apart

D. Complete freedom from symptoms between attacks

E. Not attributed to another disorder (In particular, history and physical
examination do not show signs of gastrointestinal disease)

Roma IV criteria recognize that some patients may not be
completely asymptomatic in between typical episodes. Indeed,
inter-episodic nausea, dyspepsia, and IBS symptoms might be
experienced in 5-12% of children (38).

A detailed medical history is a key to CVS diagnosis, so
extensive and invasive investigations can be avoided. However,
since serious metabolic, neurologic and surgical conditions
may underlie the clinical picture of recurrent vomiting (1),
it is recommended that all children should undergo baseline
testing toward identifying organic causes (Figure 2). Screening
includes basic metabolic profile (electrolytes, glucose, blood urea
nitrogen, creatinine), to be performed before administration
of intravenous fluids, and upper gastrointestinal tract series
to exclude malrotation and anatomic obstructions (1, 7,

8). In children refractory to the initial treatment, transient
hydronephrosis should be sought by abdominal ultrasound,
preferably during a crisis. Addison disease and disorders of fatty
acid oxidation should be excluded if a child has hyponatremia
or hypoglycemia (1). An awake and/or sleep EEG should be
performed to recognize autonomic seizures (Panayiotopoulos
Syndrome) (70-72).

NASPGHAN guidelines indicate alarm symptoms and signs
that may help clinicians in identifying those patients in whom
further diagnostic testing is appropriate (1) (Table 2, Figure 2).
In general, the occurrence of CVS under the age of 2 years
raises the index of suspicion for neurometabolic diseases (1,
7, 8). When attacks are precipitated by acute illness, fasting
or high-protein meals, metabolic and mitochondrial disorders
need to be considered. Metabolic screening should be promptly
performed for urea cycle defects, fatty acid oxidation, amino acid
metabolism, and mitochondrial disorders.

Despite most children with CVS may experience bilious
emesis and severe abdominal pain, they might also underline
the presence of serious surgical and non-surgical disorders.
Therefore, an investigation aimed at ruling out bowel obstruction
from malrotation or postoperative complications, gallbladder
disease, choledochal cyst, hepatitis, pancreatitis, or uretero-
pelvic junction obstruction should be performed (Table 2). An
upper GI endoscopy may be required if patients experience
chronic gastrointestinal symptoms or large amounts of
hematemesis. If anxiety, depression, hallucination, seizures,
cranial nerve weakness, and paresis of the extremities are
associated with vomiting and abdominal pain, detection of
increased urinary 8-aminolevulinic acid and porphobilinogen
in spot urine during the episode confirm the diagnosis of acute
intermittent porphyria.

Adolescents should be questioned about the chronic
marijuana use to identify a condition termed “cannabinoid
hyperemesis syndrome” (CHS) which is characterized by severe
cyclical nausea, vomiting, and abdominal pain that are relieved
by compulsive long hot water bathing (1, 8, 72).

NATURAL HISTORY/PROGNOSIS

CVS resolves, in most children (50-70%) in late childhood
or early adolescence (28-30, 73, 74). In one study among 41
children with CVS, 39% of children reported resolution of
symptoms either immediately or within weeks from diagnosis.
However, a large number of children from the group whose
vomiting resolved continued to have somatic symptoms, with
42% of children suffering regular headaches and 37% having
abdominal pain (compared to 50% of the persisting vomiting
patients). Overall, 32% of the group had intermittent diarrhea
and 54% experienced travel sickness at follow-up. Noteworthy,
78% of parents felt that the provision of a positive diagnosis
and information made a significant impact on the severity of
vomiting (29).

Resolution of symptoms did not correlate with duration or
severity of the disorder at presentation or with any of the
other variables analyzed (sex, age at diagnosis, admission to the
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gallbladder disease,
choledochal cyst,
hepatitis, pancreatitis,
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intermittent porphyria
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attacks precipitated by:

* intercurrent illness
« fasting
* high protein meal

urea cycle defects,
fatty acid oxidation,
amino acid
metabolism, and
mitochondrial
disorders

Electrolyte for anion
gap, urine ketones,
lactate, ammonia,
serum amino acids,
urine organic acids,

plasma carnitine and

acylcarnitine

severe alteration of
mental status
abnormal eye
movements,
papilledema,
motor asymmetry,
gait abnormality

Increased intracranial
pressure (posterior
fossa or hypothalamic
tumor, Chiari
malformation,
hydrocephalus,
subdural hematoma),
autonomic seizures,
metabolic
encephalopathy

Brain MRI, EEG,
screening metabolic
evaluation

Results of testing explains vomiting

NO

Probable CVS

* Fulfilling clinical criteria for CVS (Table 1)
Abbreviations: ABG: arterial-blood gas: ALT, alanine aminotransferase; BUN, blood urea nitrogen; CT, computed

tomography; CVS, cyclic vomiting syndrome ; EEG, electroencephalography; GGT, gamma-glutamyltransferase; MRI,
magnetic resonance imaging; UGI, upper gastrointestinal

FIGURE 2 | Evaluation of children with cyclic vomiting pattern.
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TABLE 2 | Clinical features suggestive of organic disorder.

Alarm symptoms and signs Additional testing

Bilious vomiting, abdominal
tenderness and/or
severe abdominal pain

Amylase and lipase, alanine
aminotransferase and
g-glutamyltransferase; abdominal
ultrasound and/or abdominal CT scan of
abdomen and pelvis; upper Gl
endoscopy; urinary 8-aminolevulinic acid
and porphobilinogen

Hematochezia + melena Upper Gl endoscopy

Attacks precipitated by intercurrent Electrolyte for anion gap, urine ketones,

ilness, fasting, and/or high protein lactate, ammonia, serum amino acids,

meal urine organic acids, plasma carnitine and
acylcarnitine

Abnormalities on neurological
examination including severe
alteration of mental status, abnormal
eye movements, papilledema, motor
asymmetry, and/or gait abnormality
(ataxia)

Brain magnetic resonance imaging,
electroencephalography, metabolic
evaluation

History of head trauma Brain magnetic resonance imaging

Progressively worsening episodes or
conversion to a continuous or chronic
pattern

Testing aimed at excluding chronic
condition (e.g., inflammatory bowel
disease) or metabolic disorders

Prolonged vomiting (>12hin a
neonate; >24h in children; <2 years;
>48h in older children)

Poor weight gain or weight loss

hospital, identification of trigger factors, travel sickness, family
history of migraine) (29).

According to another study on 28 cases (adult and children)
with CVS, 62% of patients showed a gradual improvement in
symptoms and 24% had complete resolution after a mean of 7
years (28).

Many children with CVS stop having emetic episodes as they
grow older, although they develop headache throughout clinical
history. Less commonly, CVS persists in adulthood or it may even
begin in adulthood (75). Adult patients could be divided into
subgroups with pediatric-onset (presentation before age 18) or
adult-onset of CVS (37). A retrospective study (23) analyzed 101
CVS patients comparing those with pediatric-onset (29%) and
those with adult-onset (71%). Pediatric-onset CVS patients were
more likely to be female and there was a long delay in diagnosis
when compared to adult-onset. Apart from these differences,
both groups of patients had similar clinical characteristics and
response to standard medications used in the treatment of CVS.

CVS is part of the episodic syndrome that may be associated
with migraine (6). They are considered as an early life expression
of migraine, thus they may occur without a headache component.
A recent study on 1,134 children with tension-type headache
(26.8%) or migraine (73.2%) found a previous history of
“episodic syndromes” in 70.3% of patients (76). Among them,
6.6% of patients suffered from CVS. While some studies (5, 77)
suggested that the episodic syndromes are exclusively associated
with migraine, according to Tarantino et al. (76, 78) “migraine

equivalents,” including CVS, show a similar prevalence in
children with either migraine or tension-type headache.

The strict relationship between CVS and pediatric primary
headaches is supported by a study (31) evaluating the prevalence
of primary headache in children with a history of CVS and
benign paroxysmal torticollis (BPT). The authors showed that
79% of patients with the previous history of CVS had developed
headache (71% migraine and 29% tension-type headache).

COMORSBIDITIES

CVS is probably not the result of a single pathogenetic
mechanism, rather the common final clinical picture (cyclical
emesis attacks) of different physiopathological pathways, with
different threshold, and many triggers can be able to elicit it
(79). Anxiety and mood symptoms affect about 59% of school-
aged children with CVS and represent the most prevalent
comorbidities (1, 80). Anxiety alone has been described in a
quarter of CVS population (66); it may lead to school avoidance,
worsening CVS-induced disability. Quality of Life has been
demonstrated to be correlated with trait anxiety and coping
abilities (80, 81).

Autonomic function in CVS has been extensively
investigated since many of these patients exhibit autonomic
dysregulation; abnormalities in skin sympathetic responses
and thermoregulatory sweat tests have also been reported.
Postural orthostatic tachycardia syndrome has been described
in 14% to 38% of CVS adolescents (39), and many children
with CVS showed evidence of altered autonomic tone at
baseline with elevated sympathetic tone and low to normal
parasympathetic tone (36). Chelimsky et al. (39) suggested
that treating the underlying autonomic dysfunction reduces
the number of vomiting episodes in CVS and many children
can have a reduced number of vomiting episodes from fluid
administrations, salt supplementation, fludrocortisone, and
low-dose propranolol (82).

Among gastrointestinal comorbidities, a recent survey on
an adult population showed that CVS was significantly
associated with irritable bowel syndrome, gastroparesis, and
gastroesophageal reflux. Pareek et al. (83) found that irritable
bowel syndrome and/or a family history of irritable bowel
syndrome were more commonly reported in CVS patients (67 vs.
62%) than in general population (10-20 vs. 14%).

Sleep hygiene and melatonin intake before bedtime to induce
sleep onset may reduce the triggering effect of sleep deficit.
Using frequent or longer-lasting energy sources (protein bars)
and coenzyme Q10 (10 mg/kg/day), can improve stamina and
participation in school and extracurricular activities (53).

CVS and migraine, both, can be triggered by acute
psychological or physiological stress, sleep deprivation and
menses (27, 35, 63, 84), and a personal or family history of
migraine disorders are frequent in both children and adults
with CVS.

Even epilepsy and panic disorder share some clinical features
with CVS and it is important to stress that the autonomic
manifestations are prominent (or even isolated) features in some
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TABLE 3 | Diagnostic tests for ruling out conditions in the differential diagnosis
with Cyclic Vomiting Syndrome (CVS).

Condition Diagnostic testing

GASTROINTESTINAL DISORDERS

Peptic ulcer disease Upper Gl endoscopy

Gastroparesis Scintigraphic gastric emptying study
Hepatitis Abdominal Ultrasound
Pancreatitis Abdominal Ultrasound
Cholecystitis Abdominal Ultrasound

Biliary tract anomalies Hepatobiliary scintigraphy, endoscopic
retrograde cholangiopancreatography,
magnetic resonance

cholangiopancreatography
Malrotation with volvulus,
postoperative
adhesions/strictures

Upper gastrointestinal series with small
bowel follow through, abdominal CT
scans, upper Gl endoscopy

Chronic intestinal
pseudo-obstruction

Plain abdominal X-ray, upper Gl series with
small bowel follow through, antroduodenal
manometry

EXTRA-INTESTINAL DISORDERS

Central nervous system

Mass Brain MR, Brain CT
Hydrocephalus Brain MR, Brain CT
Subdural hematoma Brain CT
Autonomic seizures EEG

Renal Disorders
Uretero-pelvic junction Abdominal Ultrasound

obstruction

Nephrolithiasis Abdominal Ultrasound, abdominal CT

epilepsy with onset in pediatric age such as PS and rolandic
epilepsy, requiring sometimes a challenging differential diagnosis
(70, 71). Additional neurologic findings such as developmental
delay, seizures, hypotonia with or without neuromuscular disease
manifestations, cognitive impairment, myopathy, and cranial
nerve dysfunction have been reported in up to 29% of CVS
patients allowing to propose a subtype called CVS plus (85).

DIFFERENTIAL DIAGNOSIS

It includes seven main disorders that can be grouped in
the acronym “URGENTIME”: URologic, Gastrointestinal,
Endocrine,  Neurologic  disorders,  Toxins/medications,
(recurrent) Infections, and MEtabolic diseases. Specifically,
renal colic and/or pelvic-ureteric junction obstruction may
cause recurrent vomiting of urologic origin with possible
symptom-free  interval periods. Many gastrointestinal
disorders may determine recurrent vomiting due to bowel
obstruction (malrotation with volvulus, duplication cyst, and
intermittent intestinal intussusception, chronic intestinal
pseudo-obstruction), allergic or inflammatory process (food
allergy, eosinophilic esophagitis, gastritis, duodenitis, hepatitis,
biliary tract dysmotility, pancreatitis, pancreatic pseudocyst,
appendicitis, peptic disease, inflammatory bowel disease);

TABLE 4 | Differential diagnosis between Cyclic Vomiting Syndrome and
intracranial masses.

Cycling vomiting syndrome Intracranial masses

Prodromal symptoms Always present Rarely present

Dehydration Always present Rarely present
Warning signs* Absent Often present
MR alterations Absent Present

*Headache, altered sensory, papilledema, hypertension, bradycardia or tachycardia, signs
of herniation, retinal hemorrhages, bluish skin lesions, fractures, ataxia, cranial nerve
deficits, motor/sensory deficit, seizures, visual dysfunction.

TABLE 5 | Relevant causes of vomiting in metabolic disorders.

ASSOCIATED OR NOT WITH ENCEPHALOPATHY

Organic acidurias

Urea cycle disorders

Fatty acid oxidation disorders

MCT1 defect

MELAS

Glutaric aciduria type |

ASSOCIATED WITH ACIDOSIS/KETOACIDOSIS
Organic acidurias

Mitochondrial diseases

ASSOCIATED WITH KETOSIS ONLY

Ketolysis defects

ASSOCIATED WITH SEVERE ABDOMINAL PAIN
Phorphyrias (acute intermittent porphyria, coproporphyria)
ASSOCIATED WITH HEPATOPATHY

Organic acidurias

Urea cycle disorders

Galactosemia

Hereditary fructose intolerance

Tyrosinemia type |

Fatty acid oxidation disorders

Pheochromocytoma, diabetes and Addison disease and different
neurological disorders (epilepsy, migraine, autonomic nervous
system disorders, brain tumor), should also be considered in
children presenting with vomiting. Besides, toxins (such as the
use of cannabis) and medications (antibiotics, NSAID, laxatives,
hormones) need to be excluded. Also, recurrent infections,
particularly enteritis, hepatitis, otitis media and chronic sinusitis
may manifest with vomiting. Finally, several metabolic diseases
such as aminoaciduria, organic aciduria, urea cycle and fatty
acid oxidation defects, mitochondrial disorders and acute
intermittent porphyria should be ruled out (86).

Because of the wide range of underlying conditions and lack
of a specific sign and biomarker of CVS, the selection of first step
and progression of investigations is often challenging and tests
should be selected based on clinical presentation and suspicion
(Tables 3-5).
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Neurological Disorders

Epilepsy

Vomiting may be an “ictal” manifestation, as a part of
the seizure semeiology (87, 88), and in young children,
autonomic phenomena such as nausea and vomiting are
common symptoms of PS, an age-related childhood-onset focal
idiopathic epilepsy. PS is often misdiagnosed as encephalitis,
migraine, gastroenteritis, gastroesophageal reflux or CVS (70, 71,
89). Carbonari et al. showed that CVS is a common misdiagnosis
in children with PS and other non-convulsive epilepsies (90).
Other epilepsies such as temporal lobe epilepsy (TLE) or
symptomatic epilepsies related to posterior regions of the brain
can manifest with vomiting as the main manifestation and mimic
CVS (91).

Migraine

As CVS and migraine share common pathogenic mechanisms
(39), many clinical features of CVS, as well as a family history of
migraine, are in common with migraine; moreover, patients with
CVS often manifest migraine later in life.

Abdominal pain is one of the key symptoms of cyclic vomit
and it is also the major feature of abdominal migraine, moreover,
abdominal migraine and CVS can co-exist in the same child
(13). Abdominal migraine is a migraine subtype where children
have attacks presenting predominantly with abdominal, rather
than headache symptoms. The International Classification of
Headache Disorders defines abdominal migraine as recurrent
attacks of moderate to severe midline abdominal pain lasting
2-72h, associated with flushing, pallor, anorexia, nausea, or
vomiting without headache. At least five episodes are needed to
fulfill the diagnosis. Children are normal between attacks and
gastrointestinal or renal disorders are ruled out (6-8). Despite all
the confusing overlaps, in abdominal migraine pain predominate
over vomiting, while nausea and vomiting predominate over
abdominal pain in CVS (92); also, certain pain characteristics are
more likely in CVS such as burning, non-midline, mild and not
interfering in daily activities, and duration of >1h (13).

Autonomic Nervous System Disorders

Many of the symptoms of CVS that are associated with
episodes of vomiting such as pallor, increased salivation,
nausea, abdominal pain and unwillingness have been attributed
to autonomic imbalance (39, 82). Thus, CVS should be
distinguished from dysautonomic disorders, such as acute
autonomic neuropathy (93) and hereditary sensory or autonomic
peripheral neuropathies.

Cannabinoid Hyperemesis Syndrome (CHS)

This condition is characterized by paroxysmal episodes of
abdominal pain, nausea and vomiting in individuals addicted
to daily cannabis or marijuana use. Screening for cannabinoid
use has to be considered in adolescents with unexplained CVS
(91). Often, individuals suffering from CHS report temporary
cessation of symptoms after hot bathing and showers, a helpful
clue to differentiate CHS from CVS (92).

Brain Tumors and Other Intracranial Masses

Brain tumors and other intracranial masses (hydrocephalus,
posterior fossa tumors, subdural hematoma, and subdural
effusion) represent a differential diagnosis of cyclic vomiting.

They can cause nausea, vomiting, or both, by increasing
the intracranial pressure (ICP) at the area postrema of the
medulla. Vomiting, often present in the morning, occurs due to
increasing of ICP during the night while the patient is sleeping
and venous drainage is decreased (32). Acute elevation of ICP
needs timely treatment, so it's important to look for some
warning signs such as headache, altered sensory, papilledema,
hypertension, bradycardia or tachycardia, signs of herniation,
retinal hemorrhages, bluish skin lesions and fractures.

While CVS is characterized by stereotypical episodes with
prodromal symptoms such as nausea, abdominal pain, anorexia
and pallor, emesis in brain tumor or other intracranial masses
occur without prodromal symptoms and is triggered by a rapid
change in body position and nausea is rarely present (15). Brain
tumors and strokes may present with focal neurologic deficits and
the type is depending by location and disease stage (Table 4).

Another differential diagnosis is idiopathic intracranial
hypertension (pseudotumor cerebri) (94). In these patients, ICP
is increased with normal cerebrospinal fluid (CSF) content,
normal neuroimaging and absence of other neurological signs.
It mostly affects obese adolescent girls and is typically described
by other authors with headache and sometimes nausea and
vomiting. In summary, intracranial expansive masses are often
associated with neurological findings, including ataxia, cranial
nerve deficits, motor/sensory deficit, seizures, visual dysfunction,
papilledema, so it is important never to ignore pediatric patients
with these symptoms.

Metabolic Diseases

Recurrent vomiting is a characteristic clinical sign of inborn
errors of metabolism (IEMs), such as organic acidurias (usually
in association with acidosis), disorders of urea cycle (with
hyperammonemia) and fatty acid oxidation defects (Table 5).
Laboratory investigation for metabolic causes of vomiting should
include glucose, ketonemia, acid-base balance, lactate, ammonia,
acylcarnitine and urinary organic acid. The association of
other clinical and biochemical abnormalities may direct the
differential diagnosis.

Vomiting With Encephalopathy
Chronic or recurrent vomiting in infancy is particularly common
to the organic acidurias (OAs) due to a defect in the metabolism
of branched-chain amino acids isoleucine, leucine and valine,
in which the accumulation of small molecules proximal to the
metabolic block, which are toxic for the body, especially for
the brain and are therefore defined intoxication-type IEMs (95).
Neurological damage is characteristic with associated symptoms
ranging from poor feeding to slow growth, lethargy, vomiting,
dehydration, malnutrition, hypoglycemia, hypotonia, metabolic
acidosis, ketoacidosis, and hyperammonemia.

Vomiting may be due to the hyperammonemia associated
with disorders of the urea cycle (UCDs), inborn errors of
ammonia detoxification/arginine synthesis (96). In severe cases,
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a rapid deterioration of the level of consciousness can be
observed, but, in milder affected patients, vomiting can be the
only presenting symptom and/or be intermittent. Fatty acid
oxidation disorders can also manifest with hyperammonemia
and vomiting, because of metabolic decompensation due to
prolonged fasting or infections. As recurrent vomiting leads to
alkalosis, the evidence of acidosis at acid-base analysis should
raise the suspicion of an OAs or other causes of loss of bases;
conversely, vomiting in UCDs is associated with alkalosis. Along
with recurrent metabolic vomiting, some patients with OA
and UCDs present with focal neurological signs or cerebral
edema. These patients can be mistakenly diagnosed as having
brain tumors or cerebrovascular accidents. Another rare organic
aciduria, Glutaric Aciduria type I. frequently presents with
encephalopathic episodes and vomiting, mimicking encephalitis,
in association with an intercurrent gastrointestinal or viral
infection. This disorder is caused by an inherited deficiency of
glutaryl-CoA dehydrogenase, which is involved in the catabolic
pathways of L-lysine, L-hydroxylysine and L-tryptophan (97).
Prompt recognition of this disorder permits the start of
a low lysine diet and carnitine supplementation, improving
neurological outcome (98).

Noteworthy, in several countries, these conditions are
included in the panels of Expanded Newborn Screening, allowing
earlier diagnosis and treatment.

Cyclic Vomiting With Severe Abdominal Pain

The Porphyrias are IEMs due to defect of the biosynthesis of
heme, which enters in the composition of cytochromes as well
as hemoglobin. Diffuse crampy abdominal pain and constipation
are present in all the three most common acute intermittent
porphyrias, variegate and hereditary coproporphyria (99). Acute
neurovisceral symptoms are due to increased activity of the first
step of porphyrin synthesis and can be aggravated by certain
drugs. The abdominal pain may be intense, similarly to that
which occur in diabetic ketoacidosis. Striking accumulations
and excess excretion of heme pathway intermediates and their
oxidized products give a characteristic red (or dark) urine color.
Hepatic porphyrias are transmitted as an autosomal dominant
trait. Diagnosis is often difficult and a positive urine screening test
(Watson —Schwarts test) may be present only during acute illness.
Concomitant study of blood, urine, and stool for porphyrins is
the best diagnostic approach, followed by genetic analysis (99).

Vomiting With Ketosis

While ketonuria should always be considered abnormal in
neonates, it is a physiological result of catabolism in late infancy,
childhood, and even adolescence. However, hyperketosis >6
mmoles/l of total plasma ketone bodies that cause metabolic
acidosis (serum bicarbonate <18 mmol/l) is always pathological.
Ketosis in absence of other biochemical abnormalities such
as acidosis, hyperlactatemia, or hypoglycemia, rarely is due to
an IEMs and is likely to be a normal physiological response
to fasting, catabolism, vomiting, medium-chain triglyceride
enriched or other ketogenic diets). Conversely, ketoacidosis with
or without hypoglycemia could be seen in several metabolic
disorders, especially OAs and mitochondrial diseases.

Persistent ketosis (both in fasting and in fed state) suggests
a genetic defect of ketolysis. This category includes deficiency
of Beta-Ketothiolase, due to mutation of ACAT1 gene, and
defect of succynil-CoA:3 Oxoacid CoA transferase, caused by
pathogenic variants in SCOT gene (100). Both disorders are
characterized by acute episodes di nausea and vomiting, often
leading to encephalopathy and coma. Metabolic studies show in
both disorders an increase of 30H-butyrate in serum and urine.
Beta-Ketothiolase is also associated with a characteristic profile of
acylcarnitine and urinary organic acids.

Monocarboxylate transporter type 1 deficiency (MCT1)
is caused by mutations in the MCTI gene (SLCI6AI) on
chromosome 1p13. MCT1 has been reported as a cause of
recurrent episodes of severe ketoacidosis often associated with
cycling vomiting without consciousness depression (101).

Vomiting With Hepatopathy

Galactosemia, Hereditary Fructose Intolerance (HFI) and
Tyrosinaemia type I, are the main conditions in this category
characterized by vomiting plus acute liver failure, requiring
immediate and specific treatment (102). Patients may show acute
deterioration, vomiting, seizures, dehydration, hypoglycaemia,
liver failure and tubulopathy. Other biochemical abnormalities
associated with liver disease are mellituria, hyperammonaemia,
hyperlactatemia, hypoglycaemia, hypertyrosinaemia, and
hypermethioninaemia. The presentation of Tyrosinaemia type I
is usually after the 3rd week of life, whereas galactosaemia usually
presents in the newborn period and HFI after weaning, since
fructose is not normally part of infant formulas. In the suspect
of one of these conditions, galactose, fructose and proteins
must be excluded from the diet, pending confirmation of the
diagnosis. When galactosaemia or HFI is confirmed, proteins
can be reintroduced (102). If Tyrosinaemia type I is confirmed,
patients should start immediate treatment with NTBC, along
with a low-phenylalanine and low-tyrosine diet, to help a rapid
recovery from acute liver failure (103).

Differential Diagnosis With Cyclic Vomiting of
Childhood

Cyclic vomiting of childhood, often triggered by fasting and
in the setting of infection, needs to be differentiated from
IEMs. In some children, episodes can also be provoked by
intense exercise. Typically, episodes begin in the second year
and usually end within puberty. Urinary organic acid analyses
show prominent ketosis, but no pathological metabolites,
and acylcarnitine analysis shows prominent acetylcarnitine.
Treatment with intravenous glucose usually results in rapid
resolution of the symptoms. Ondasentron can be effective,
whereas phenotazine antiemetic is of limited use. A substantial
number of children with this phenotype cannot be included in
a precise disease category (104). Some authors have suggested an
impaired uptake of ketone bodies into the peripheral tissues. This
disorder could be sometime confused with ketotic hypoglycemia,
but blood glucose is not abnormally low, and the treatment for
ketotic hypoglycemia (avoiding fasting, cornstarch at bedtime,
etc.) is not particularly beneficial (105).
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GENETICS FINDINGS IN CVS

CVS running through generations has been sporadically reported
(106-109). Moreover, inherited inborn errors of metabolism,
including fatty acid oxidation disorders, urea cycle defects
mitochondrial and amino acids disorders, have been associated
with pediatric CVS (4, 55, 110-114). However, so far, CVS
has an entry [MIM # 500007] in the online catalog of
Mendelian Inheritance in Man (115), currently attributed in
this catalog to mutations in the mitochondrial transfer RNA-
leucine [MTTLI; MIM # 590050] gene (107). Mitochondrial
dysfunction [i.e., mitochondrial DNA polymorphisms [including
A3243G, C16519T, and G3010A mtDNA polymorphisms and
mutations in the MTTLI mitochondrial gene (MIM # 590050)
or mitochondrial DNA rearrangements or deletions] has been
demonstrated in some patients (4, 53, 67, 91, 107-109, 111-
113, 116-121). The functional significance of these single
nucleotide polymorphisms remains unknown. Furthermore,
these mitochondrial associations have not been replicated in
adults with cyclic vomiting (112) suggesting the role of other
non-mitochondrial factors (11).

Individuals with CVS may also harbor (polymorphic)
mutations in single genes, including: (1) RYR2 (ryanodine
receptor 2) [MIM # 180902; on chromosome 1q43] (2) (55)
SCN4A (sodium channel voltage-gated, type IV subunit alpha)
[MIM # 603967; on chromosome 17q23.3] (3) (11) CNRI
(cannabinoid receptor 1) [MIM # 114610; on chromosome 6q15]
(122); and (4) OPRM1 (opioid receptor MU1) [MIM # 600018;
on chromosome 6q25.2] (122).

The RYR2 gene encodes for a stress-induced calcium release
channel receptor two, which is part of the ryanodine receptor
[RYR: a tetramer composed of 4 RYR2 polypeptides and
four FK506-binding proteins or FKBP12.6], present in the
sarcoplasmic reticulum of (a) cardiac muscular cells [where
it acts as the major source of calcium, required for cardiac
muscle excitation-contraction coupling], being responsible for
(type 2) right ventricular dysplasia with cardiac arrhythmia type
2 [MIM # 600996] and (type 1) catecholaminergic polymorphous
ventricular tachycardia [MIM # 604772]; and (b) autonomic
and other neurons. Marx et al. (123) demonstrated that protein
kinase A [PKA; MIM # 176911; on chromosome 7p22.3]
phosphorylation of RYR2 dissociates FKBP12.6 and regulates
the channel open probability: in defective hearts RYR2 is PKA
hyperphosphorylated, resulting in defective channel function due
to increased sensitivity to calcium-induced activation.

The SCN4A gene encodes for a component (ie., the alpha
subunit four) of the voltage-gated sodium channel integral
membrane protein, which form a pore in the cytoplasmic
membrane conducting sodium ions through the membrane and
is responsible, so far of: (a) a group of related muscular disorders,
including hyperkalemic periodic paralysis [HYPP; MIM #
170500], paramyotonia congenita [PMC; MIM # 168300]; and (b)
a group of disorders classified as potassium-aggravated myotonia
[MIM # 608390], and hypokalemic periodic paralysis type 2
[HOKPP2; MIM # 613345].

The CNRI gene encodes for the G-protein coupled pre-
synaptic cannabinoid receptor 1 (CByp), which is expressed in

glutamatergic and GABAergic interneurons, located prevalently
in the central (e.g., hippocampus, basal ganglia, cerebellum,
neocortex, and spine), peripheral and autonomic (e.g., heart and
gut) nervous system but also in the endocrine and sexual glands,
and is activated by endocannabinoids acting as a modulator,
which in turn decreases the release of glutamate and GABA.
Interestingly, the use of cannabinoids is relatively common
among individuals with CVS and chronic cannabis use has
been associated paradoxically with cannabinoid hyperemesis
syndrome (124-126).

The OPRM1I gene encodes for the primary site of action for
the endogenous enkephalins and beta-endorphins, and is located
in the pre- and post-synaptic regions of neurons distributed over
the brain (e.g., periacqueductal region, dorsal horns of the spine,
olfactory bulb, and neocortex) and intestinal tract.

An unifying genetic-related pathogenic mechanism infers
that the synergic roles of these nuclear DNA mutations and
single-gene sequence variants may result in aberrant stress-
induced calcium release [RYR2-mediated] into the mitochondria
(11), or sodium release/balance [SNN4A-mediated] across the
cytoplasmic membrane, or neurotransmitter modulation [e.g.,
CNR1- or OPRMI-mediated] or axonal transport (KIF1B) or
energy production (TRAPI1) of autonomic neurons, resulting in
an increased risk to develop autonomic/functional disease such
as cyclic vomiting, and related conditions such as migraine,
epilepsy and gut dysmotility: this model incorporates the
existing hypotheses regarding CVS pathogenesis into a cohesive
mechanism, and might have treatment implications (52, 127).

Chew and al. (128) expanded a “TUBB3 E410K phenotype”
originally known as type 3 congenital fibrosis of the extra-
ocular muscles [CFEOM; MIM # 600638; on chromosome
16q24.3] due to mutations in TUBB3 [tubulin beta-3; MIM #
602661], which encodes for the two heterodimer proteins that
compose microtubules, by adding, besides congenital fibrosis
of the extra-ocular muscles, facial weakness, developmental
delay and progressive sensorimotor peripheral neuropathy,
Kallmann syndrome [i.e., hypogonadotropic hypogonadism and
anosmia; MIM # 308700], stereotyped midface hypoplasia,
intellectual disabilities and, in some cases, vocal cord paralysis,
tracheomalacia and cyclic vomiting. They inferred that the
¢.1228G > A mutation in the TUBB3 gene and subsequent E410K
amino acid substitution in the beta-tubulin 3 protein, defines a
new genetic etiology for Moebius syndrome [MIM # 157900],
Kallmann syndrome and cyclic vomiting (128).

Larger genetic and functional studies of CVS in both
adults and children will be needed to better establish the
heritable basis of this disorder. These studies must involve
well-characterized patient sub-sets to better delineate genotype-
phenotype relationships.

FOCUS ON EMERGENCY DEPARTMENT

Evaluation and recognition of etiology of pediatric patients
with recurrent vomiting in the emergency department (ED) can
represent a challenge because a broad differential diagnosis is
present. While the most common causes are benign, it can be due
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to potentially disabling or life-threatening conditions, requiring
early diagnosis, and prompt intervention. Misdiagnosis is not
uncommon (129) with consequent ED discharge with a non-
specific diagnosis and consequent diagnostic delay, quantified in
2.5 years (38). It has been described that patients may have up
to 10 ED visits per year, with over 5 ED visits before the correct
diagnosis (130). The emergency physician should use a systematic
approach that has to be age and developmentally appropriate to
be able to identify life-threatening emergencies, such as bowel
obstruction, diabetic ketoacidosis, adrenal crisis, toxic ingestion,
or increased intracranial pressure (131). Diagnosing CVS
efficiently and cost-effectively can be achieved by early clinical
recognition based upon clinical criteria (Table 1), followed by a
limited diagnostic workup to exclude alternative disorders in all
patients, even in the absence of warning signs for organic causes
(132) (Figure 2).

In ED setting biochemical, radiographic assessments,
and potentially endoscopic/ultrasound assessment should be
considered. Biochemical testing should include arterial-blood gas
test, complete blood count, serum electrolytes and glucose, liver
panel, lipase, blood urea nitrogen, creatinine and urinalysis, also
to exclude possible dehydration (132). So especially in urgent
care, the physicians should: (1) investigate for the etiology of
vomiting, taking into account the child’s age (serious disorders
are more frequent in children younger than 2 years); (2) look
for the possible consequences or complications of vomiting
(e.g., fluid depletion, hypokalemia, and metabolic alkalosis)
and correct it; (3) provide a targeted therapy, when possible
or, in other cases, the symptoms should be treated (131). The
NASPGHAN Consensus on pediatric CVS proposed in 2008 a
diagnostic workup (1), in which especially during the acute
phase, the tendency toward an “exclusion” diagnosis prevails
through the execution of first level investigations. A careful
anamnestic collection and physical examination can orientate
toward the identification of those children with warning
signs/symptoms in which level II investigations are necessary
(Table 6).

It is recommended that in the presence of red flag
further evaluation is performed. Once life-threatening causes
are excluded and acute alterations are treated, the patient
should be referred to an appropriate pediatric specialist (e.g.,
gastroenterologist, surgeon, neurologist, metabolic experts), to
avoid inappropriate further ED visits and a delay in the diagnosis
and preventive therapy in case of CVS (130).

Further evaluation:

1. If the acute onset of unilateral or flank pain, severe abdominal
pain, abdominal tenderness bilious vomiting, perform
ALT/GGT (LFT), lipase £ amylase, an abdominal and pelvic
ultrasound to exclude e.g., gallstones or acute hydronephrosis
should be performed (132). Large amounts of upper
gastrointestinal bleeding may warrant endoscopic evaluation.
Persisting upper gastrointestinal symptoms between episodes
suggest performing an upper endoscopy at any time between
episodes to rule out other causes (e.g., coeliac disease, IBD).
In case of suspected obstructive disorders (e.g., bilious
vomiting, severe discomfort) in addition to LFTs, lipase,

TABLE 6 | Pediatric emergency department protocol for patients with recurrent
vomiting regardless of an established diagnosis of Cyclic Vomiting Syndrome
(CVS).

Medical history and physical examination
- individuate the presence of warning signs/symptoms (Table 2)
- evaluate for the presence of clinical criteria for CVS (Table 1)
- evaluate the change in the typical vomiting pattern (if previous CVS
diagnosis)
- evaluate previously performed investigations
Emergency Department management

1. Clinical assessment: pulse rate, temperature, breathing rate, blood pressure,
level of consciousness, state of hydration, and body weight

2. Investigations for all patients:

e complete blood count, electrolytes, glucose, blood urea nitrogen,
creatinine, arterial-blood gas test, urinalysis

e upper gastrointestinal tract series to evaluate for malrotation (if not
done before)

3. Other laboratories and diagnostic imaging guided by warning
symptoms/signs at discretion of attending physician:

o Attack with bilious vomiting, severe abdominal pain, abdomen tenderness,
hematemesis

o At any time
. ultrasound of abdomen and pelvis, lipase/amylase, EGDS
o During the attack

. Amylase and lipase, alanine aminotransferase and
g-glutamyltransferase

. Upper Gl endoscopy if large hematemesis
o Attack precipitated by fasting, intercurrent iliness, high protein meal
o Before IV fluid

. glucose, electrolytes for anion gap, lactate, pyruvate, ammonia, serum
amino acid, urine organic acid, urine ketones, plasma
carnitine, acylcarnitine

o Abnormal neurological exam (severe altered mental status, abnormal
eye movement, papilledema, motor asymmetry, gait abnormality)

. Brain MRI, Brain CT
. EEG

4. Reassess after treatment for emetic phase of CVS (see treatment) or for
complications of vomiting
o Treatment failure: intensify treatment as indicated (see treatment) or admit
patient
o Positive treatment response: discharge with treatment advice and eventually
referral to specialist

This ED protocol represents a sample template and should be tailored based on individual
needs.

ultrasound, also a plain abdominal X-ray or CT abdomen
should be performed.

. If metabolic warning, blood and urine tests should be
obtained, followed by delivery of 10% dextrose-containing
intravenous fluid at a rate of 1.5 times maintenance
(simultaneously with fluid boluses as necessary) (1). During
the early part of the episode (before IV fluids are administered)
physicians should measure: serum concentrations of lactate,
pyruvate, ammonia and serum amino acids, blood gas in
addition to serum electrolytes (for anion gap) as well as urine
organic acids (in addition to urine ketones already done);
eventually carnitine, acylcarnitine and urine catecholamines,
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d-aminolevulinic acid and porphobilinogen should be carried
out especially in patients with supporting symptoms (e.g.,
anxiety, depression, hallucination, seizures, cranial nerve
weakness, and paresis of the extremities). After obtaining
the appropriate specimens for testing (before IV fluids
are administered), emergency treatment must be instituted.
If it not possible to carried out these tests in the ED
or to save a small amount of frozen urine and plasma
for later evaluation. Moreover, an upper gastrointestinal
series to the ligament of Treitz (a small bowel follow-
through or CT/MR enterography) should be performed in all
children to exclude malrotation or non-fixation with possible
intermittent volvulus.

If neurologic signs, perform magnetic resonance imaging
(MRI) of the brain or computed tomography (CT) to
rule out intracranial lesions, brain tumors or referral to a
neurologist. Moreover, in those patients with neurologic
signs an electroencephalography (EEG) recording should
also be performed to rule out PS, a benign epileptic
syndrome, characterized by predominantly autonomic
symptoms (including emesis): the availability of EEG
recording in pediatric ED might be useful for a prompt and
not-cost-consuming diagnosis (133).

Children who present in ED with a CVS diagnosis (Rome
IV criteria) and without any additional warning symptoms
require only a limited set of further investigation. During each
episode, laboratory testing should be performed, consisting of
electrolytes, glucose, blood urea nitrogen (BUN), creatinine,
and urinalysis to primary monitor for acute hypovolemia
and electrolyte disturbances. It is clear, e.g., that mild
metabolic acidosis, hypoglycemia, and ketosis are consistent
with CVS while severe acidosis or hypoglycemia (in particular
non-ketotic hypoglycemia) warrant further evaluation for
an inborn error of metabolism, especially in infants and
toddlers. It is also important to identify triggers (in particular
infections), and recognize comorbid (132).

TREATMENT

The management of CVS requires an individually tailored
therapy that takes into consideration the frequency and severity
of attacks, and resultant disability balanced against the potential
side effects of treatment. The two key treatment arms are
prophylactic measures and medications administered in the
interictal period and acute and supportive interventions given
during attacks (1) (Table 7).

Acute Treatment
Therapeutic management of acute phase is mainly based on
supportive and on symptomatic care aimed to correct fluid and
electrolyte deficits, provide antiemetic therapy, analgesics, and
sedation for relief of unrelenting nausea, vomiting, and pain.
Moreover, early intervention with abortive agents during the
brief prodromal phase can be used to attempt to terminate the
attack (79, 134).

Sumatriptan (5HT;g/1pagonist) can be used intranasally
(10mg <40 Kg—20mg >40kg) or subcutaneous [(age x 4 +

20)/100 x 3mg] in children 12 years and older (127, 135). It
has also been shown that it is more effective when there is a
family history of migraines. Uncommon side effects include neck
pain/burning and coronary vasospasm and it is contraindicated
in basilar artery migraine (134, 135).

Aprepitant, a neurokinin (NK1) receptor antagonist, can
be used during the prodromal phase as abortive therapy.
In a retrospective study, 25 pediatric patients refractory to
conventional CVS therapies were treated with aprepitant at
the beginning of the prodromal phase (Table 7), resulting in
a decrease in vomiting duration and frequency in 76% of
the patients (136). Once the vomiting starts, patients should
be admitted to the hospital to provide supportive care and
interventions aimed to stop the emetic phase (79).

Supportive care includes: (1) decrease stimulation in a dark,
quiet, private room with minimum vital sign measures; (2)
replacement of fluids, electrolytes and energy balance. It has been
reported that the use of 10% dextrose solutions is associated
with an improvement of the catabolic state and of ketosis
that could exacerbate nausea (134). Vomiting can lead to
hypokalemia and potassium replacement might be necessary. In
case of prolonged fasting with minimal energy and/or protein
intake, temporary nasojejunal feedings or parenteral nutrition
can hasten recovery (1, 79) Treatment of pain and complications.
Ketorolac (0.4-1 mg/kg per dose intravenously every 6 h, max
dose 30 mg, max daily dose 120mg) is considered the first-
line analgesic treatment for pain. In selected severe cases,
morphine or fentanyl can be used (134). The association with
intravenous H2-receptor antagonist or proton pump inhibitors
at conventional dosage can be helpful to treat epigastric pain
and also to prevent esophagitis and hematemesis from Mallory-
Weiss tear (1). Transient hypertension found in the SATO subset
of CVS should be treated with short-acting ACE inhibitors
(e.g., captopril) during the episode only. If secretion of the
antidiuretic hormone with hyponatremia, low serum osmolality,
and high urine specific gravity occurs, water intake should be
restricted until values normalize (1). Metabolic acidosis can
occur for several causes and should be checked taking arterial
blood gas and treated if needed (134). Ondansetron iv (0.3-
0.4 mg/kg/dose every 4-6h, max 20 mg/day) has been shown
to decrease vomiting duration or frequency during the acute
phase by more than 50% (38). It can be used at a dose of 0.15
mg/kg per dose oral/sublingual in those patients with milder
symptomatology; main side effects are constipation, dry mouth,
headache, drowsiness (20). Moreover, since QT prolongation can
occur with the administration of this medication, a baseline ECG
is recommended.

When ondansetron fails to control nausea and vomiting,
sleep induced by sedatives may be the only way to provide
symptomatic relief. The most effective combination is
ondansetron and lorazepam (0.05-0.1 mg/kg/dose iv every
6h). Alternatively, chlorpromazine (0.5-1 mg/kg/dose every
6h) and diphenhydramine (1-1.25 mg/kg/dose every 6h) can
be used together, but this provides less antiemetic and more
sedative effect (38). In extreme cases, dexmedetomidine has
been successfully used to treat three pediatric CVS patients by a
continuous infusion in the intensive care setting (137).
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TABLE 7 | Medications available for pharmacological treatment of Cyclic Vomiting Syndrome (CVS) in children.

Medications Class Mechanism of Goal and indication  Dose Route of Side effects
action administration
Sumatriptan Antimigraine 5HT1B/1D agonist  Prodromal phase as 10mg < 40Kg Intranasal Neck pain/burning and
abortive therapy 20mg > 40kg subcutaneous coronary vasospasm and it is
(age x 4 4+ 20)/100 x 3mg, contraindicated in basilar artery
in children 12 years and migraine
older
Ondansetron Antiemetic 5-HT3 receptor Abortive therapy 0.3-—0.4 mg/kg/dose every  Intravenous constipation, dry mouth,
antagonist 4-6h, max 20 mg/day) oral/sublingual in headache, drowsiness, QT
0.15 mg/kg per dose patients with prolongation
recommended. milder
symptomatology
Cyproheptadine  Antimigraine Anti-histamine, Preventative 0.25-0.5 mg/kg/day Oral Increased appetite, weight gain
serotonin (5HT2) First choice in children  Single night-time dose or and sedation
and calcium < 5 years divided bid or tid.
channel antagonist
Pizotifen Antimigraine Serotonin (5HT2) 0.5-1.5mg at night Oral increased appetite, weight gain
antagonist and Preventative and sedation
anti-histamine alternative to
cyproheptadine
Available only in
Canada and the UK
Propranolol Antimigraine B-blockers Preventative 0.25-1 mg/kg/day, most Oral lethargy, reduced exercise
often 10 mg bid or tid tolerance, bradycardia
Erythromycin Antiemetic Prokinetic agent Preventative 20 mg/Kg/day Oral
Aprepitant Antiemetic Neurokinin (NK1) 40mg orally twice/week in Oral hiccups, fatigue, increased
receptor Preventative children < 40kg, 80mg in appetite, mild headache and
antagonist Phase as children 40-60 kg, and severe migraine
abortive therapy 125mg in children > 60kg
125 mg 30 min before the
emetic phase, followed 80
mg/day 2-3 >20kg, 80 mg
for 3 days 15- 20kg, 80
mg/day 40 mg day
2-3 <15kg.
Amitriptyline Antidepressant  Tricyclic Preventative Starting dose should be Oral Dry mouth, constipation, weight
antidepressant 0.2-0.3 mg/kg/day and gain, morning tiredness,
increases of 5-10 mg/week behavioral changes,
should be done up to the cardiotoxicity (tachyarrhythmia)
highest dose of 1-1.5
mag/kg/day
Phenobarbital Anticonvulsants  Barbiturate either Preventative 2-3 mg/kg/day at bedtime Oral Sedation, cognitive impairment,
Valproic acid multiple 10-40 mg/kg/day Hyperactivity, disruptive
Topiramate mechanism of 2 mg/kg/day divided in 2 behavior
action daily doses Irritability,
Anorexia/weight
loss, Hypertermia/dehydratation
Flunarizine Antimigraine Non-selective Preventative 5mg per day Oral Hypotension,
calcium channel Weight gain and appetite
blocker
Fluoxetine Antidepressant  Selective serotonin  Preventative 20 mg/day as anxiolytic Oral Gastrointestinal symptoms,
reuptake inhibitor treatment (not enough Sleep changes, Headaches.
evidence) Restless legs.
Appetite changes
Carnitine Mitochondrial Alternate preventive 50-100 mg/kg/day, adults Oral Diarrhea, fishy body odor
supplements 1gtid
Co-enzyme Mitochondrial Alternate preventive 5-10 mg/kg/day, adults Oral Diarrhea
Q10 supplements 100 mg tid

(Continued)
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TABLE 7 | Continued

Medications Class Mechanism of Goal and indication  Dose Route of Side effects
action administration
Riboflavin Mitochondrial Alternate preventive 400 mg daily or divided Oral Not described
supplements twice daily
Ketorolac Analgesic Non-steroidal Supportive 0.4-1 mg/kg per dose every  Intravenous gastrointestinal bleeding and
anti-inflammatory 6 h, max dose 30 mg, max dyspepsia
daily dose 120mg
Omeprazole Decreases Proton pump Supportive 0.1 mg/kg Intravenous
stomach acid inhibitors
production
Lorazepam Sedatives 5-HT3 receptor Supportive as rescue 0.05-0.1 mg/kg/dose iv Intravenous Disorientation, dizziness,
antagonist therapy every 6h, max 4 mg. hypotension, respiratory
depression
Chlorpromazine  Sedatives, Do-antagonist Supportive as rescue 0.5-1 mg/kg/dose every Intravenous Drowsiness, hypotension,
antiemetic, therapy 6h, max 40 mg/day <5 seizure, extrapyramidal
antipsychotic years; max 75 mg/day 5-12 symptoms, arrhythmias
years
Diphenhydramine Sedatives, H1 -antagonist Supportive as rescue 1-1.25 mg/kg/dose every Intravenous Respiratory depression,
(only in antiemetic, therapy 6h hallucinations, hypotension,

association with  antihistamine
chlorpromazine)

nausea, blurred vision

If a child does not respond to one of the discussed regimens
or the episode differs from previous ones by greater severity,
longer duration, or different symptoms, then the clinician should
consider the possibility of an underlying disease (e.g., acute
appendicitis, pancreatitis, brain tumor) and the need for new or
to repeat diagnostic testing (e.g., abdominal ultrasound, brain
TC/MRI) (79).

The recovery phase from the last emesis to the successful
retention of food and drink typically lasts a few hours.
Once children want to eat food, they can generally return
to a normal diet without gradual progression. However,
some children experience protracted symptoms including
intractable nausea with the inability to eat, persistent dizziness
and hyperesthesia with allodynia; antiemetics, proton pump
inhibitors or anticholinergic agents, and analgesics respectively
are of little help (79).

Prophylactic Treatment and Lifestyle

Changes and Dietary Restrictions

During the interictal period, lifestyle changes and the use of
reassurance (e.g., attacks are not self-induced) and anticipatory
guidance (e.g., improvement with age and knowledge that
effective therapies are available) can themselves have a significant
therapeutic effect reducing the frequency of attacks (138).
In patients with anxiety, cognitive behavioral therapy and
biofeedback may be needed (137).

A careful history and a detailed vomiting diary recording
frequency of episodes, type of meal before episodes, and
potentially aggravating life events can help to identify and avoid
potential triggers in 70% of children (38). For these reasons,
a short-term trial of 1-2 months to assess the impact of these

conservative measures may be established synchronized with the
diagnostic workup aimed to exclude organic causes of vomiting.

Lifestyle changes include: (1) avoidance of excessive
excitement (e.g., birthdays, holidays, and overexertion); (2)
avoidance of triggering foods. Although extensive dietary
restriction of potential triggering foods is not recommended, it
is reasonable to test eliminating foods or chemical substances
that appear to be aggravating factors for migraines (e.g., cheese,
chocolate, hot dogs, aspartame, monosodium glutamate. and
alcohol) (139). Also, children with documented food sensitivities
to specific foods (e.g., cow, soy, or egg white proteins) have
been shown to improve following specific dietary elimination
(3) (140) Consumption of high-carbohydrate snacks between
meals, before physical exertion, and at bedtime should be used
when a patient’s history suggests fasting-induced attacks (38).
Furthermore, given that CVS is considered to be within the
migraine spectrum, it is appropriate to suggest migraine lifestyle
interventions that include good sleep hygiene (e.g., regular sleep
schedules, avoidance of sleepovers), regular aerobic exercise,
regular meal schedules, maintenance of good hydration, and
moderation or avoidance of caffeine (141). Finally, marijuana
consumption should be checked in adolescents because its use
was found to worsen the cyclic hyperemesis and its cessation
decreased episodes of vomiting (142).

The indication for prophylactic pharmacotherapy depends
on attack intensity (more than every 1-2 months) and severity
(exceeding 2 days or requiring hospitalization), the impairment
of the QoL (e.g., frequent school absences) and if attack
treatments are ineffective or cause side effects. The choice
of prophylactic pharmacological treatment should take into
account the age of the child, psychological comorbidities and
formulation and safety profile of the drug. The low initial dose is
recommended, and increase incrementally, titrating to effect (1).
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Cyproheptadine is a first-generation antihistamine used in
GI disorders for its serotonin (5HT2) and calcium channel
antagonist effects (143, 144). Cyproheptadine is effective in young
children with CVS and is the first choice for children 5 years
old or younger (145-147). The recommended dose is 0.25-
0.5 mg/kg/day divided twice or three times per day. Common
side effects include increased appetite, weight gain and sedation.
Increased weight due to enhanced appetite makes this drug the
best choice in an underweight patient but not recommended
in school-age girls. To reduce the sedation experienced during
the school day it can be successfully used as a single night-time
dose (147).

Pizotifen 0.5-1.5mg at night is an alternative to
cyproheptadine with the same side effects. However, it is
available only in Canada and the United Kingdom (148).

Propranolol is a P-blockers recommended as the second
choice in children of all ages (1). Haghighat et al. (25) showed
in a randomized trial that propranolol was effective in 74 out
of 83 (92%) patients and appeared to be more effective than
amitriptyline). Interestingly, the addition of a daily oral dose
of erythromycin 20 mg/Kg to propranolol showed a significant
increase in response rate in a randomized trial (149, 150).

Recommended propranolol dose is 0.25-1 mg/kg/day, most
often 10 mg twice or three times per day. Main side effects are
lethargy and reduced exercise intolerance, moreover, the resting
heart rate should be monitored for potential bradycardia and
when discontinued, it should be tapered for 1-2 weeks. It is
contraindicated in patients with asthma, diabetes, heart disease
and depression.

Only one uncontrolled study evaluates erythromycin alone
(20 mg/kg/day) as a prokinetic agent but the strength of this data
is limited by the poor quality of the study (151).

An interesting approach when standard agents are either
ineffective or poorly tolerated is the use of aprepitant. Aprepitant
was approved for the prevention of chemotherapy-induced
nausea and vomiting (152, 153) (see Table7 for aprepitant
dose); at 12 months follow-up, 13 children (81%) achieved either
complete (3/16, 19%), or partial (10/16, 62%) clinical response.
Adverse effects to aprepitant included hiccups, fatigue, increased
appetite, mild headache, and severe migraine; only one patient
stopped the medication for severe migraines (135).

Amitriptyline, a tricyclic antidepressant, is the most widely
prescribed prophylactic medication for the treatment of CVS
(52). North American Society for Pediatric Gastroenterology,
Hepatology and Nutrition suggests amitriptyline as the first-
line treatment in children older than >5 years (1). In literature,
several studies are supporting the efficacy of amitriptyline in
large pediatric case series (23, 25, 27, 30, 145, 154). Badihian
et al. (147) found that amitriptyline and cyproheptadine showed
the same efficacy in CVS prophylaxis. A retrospective study
(52) reported a similar level of efficacy for amitriptyline and
CoQ-10. Bagherian et al. (155) showed that amitriptyline is a
better choice to reduce the severity of CVS attacks compared to
topiramate. Response rates of amitriptyline in the available case
series range from 70 to 90 per cent (52, 147). Amitriptyline should

be started at a low dose and slowly titrated up to the desired
effect if tolerated. Starting dose should be 0.2-0.3 mg/kg/day and
increases of 5-10 mg/week should be done up to the highest
dose of 1-1.5 mg/kg/day (79, 156). Since the most common
amitriptyline side effect is represented by sleepiness, the drug
should be administered at bedtime. Amitriptyline can have also
anticholinergic, arrhythmogenic, and behavioral side effects, thus
it can cause constipation, dry mouth, sedation, QT prolongation,
increased appetite. Although half of the children experience at
least one side effect, only 19% have to stop the drug (52).

If a patient does not respond to the first-line therapy
(amitriptyline, cyproheptadine, and/or propranolol) the
following options should be considered: (1) presence of
persisting triggers (e.g., psychological stressors) and comorbid
conditions (e.g., anxiety, POTS) or missed underlying disorders
(e.g., hydronephrosis, chronic sinusitis, acute appendicitis,
intestinal malrotation with volvulus, CNS tumors, metabolic
crises) and toxic exposure (e.g., cannabis); (2) inadequate
compliance which is common in adolescents and can be
documented by testing blood levels for amitriptyline; (3)
response to specific medications in CVS is quite variable and
often requires serial medication trials and dose escalation
before efficacy is achieved; (4) use of combination therapy
with 2 drugs (e.g., amitriptyline with propranolol or
an anticonvulsant); (5) use of complementary therapy
such as carnitine, coenzyme Q, estrogens, acupuncture,
or psychotherapy.

The use of antiepileptics in CVS prophylaxis has been studied
in a few clinical trials (30, 155, 157-160) (Table 7). Valproate
(10-40 mg/kg/day) is effective for the prophylaxis of severe
CVS (30, 159). Sezer and Sezer (160) compared topiramate with
propranolol as a long-term treatment option. The responder rates
were 81% for the propranolol group and 94% for the topiramate
group. Topiramate should be started with 25 mg at night for 1
week, then increased in 25 mg increments at weekly intervals at
the usual dose 50-100 mg per day in two divided doses (max.
200 mg per day) until to clinical control.

Flunarizine is a non-selective calcium channel blocker
commonly used as a prophylactic treatment for episodic migraine
(75, 161-163). The recommended dose in migraine prophylaxis
is 5-10 mg daily. Common side effects include increased appetite,
weight gain and sedation. Its use in CVS patients is supported by
anecdotal cases.

The use of mitochondrial supplements (co-enzyme Q10, L-
carnitine, and riboflavin) may be helpful in a subset of patients
with suspected mitochondrial or metabolic dysfunction (53,
54, 164). Boles et al. (53) suggested that a protocol consisting
of mitochondrial-targeted cofactors (co-enzyme Q10 and L-
carnitine) plus amitriptyline (or possibly cyproheptadine in
preschoolers) is highly effective and safe in the prevention of
vomiting episodes. The dose of drugs used in CVS is summarized
in Table 7.

Low estrogen oral contraceptives can be used to treat girls
with menstrual-related CVS (165). Anecdotal experience suggests
that acupuncture may attenuate the severity of CVS attacks

Frontiers in Neurology | www.frontiersin.org

17

November 2020 | Volume 11 | Article 583425


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Raucci et al.

Cyclic Vomiting Syndrome in Children

(166). Psychotherapy, especially stress reduction, may help as
adjunctive therapy (167, 168).

CONCLUSION

In the first description of CVS, Dr. Samuel Gee in 1882 wrote:
“These cases seem to be all of the same kind, their characteristic
being fits of vomiting, which recurs after intervals of uncertain
length. The intervals themselves are free from signs of disease.”
His observations were later included in the definition of “the
periodic syndrome of childhood” described by Wyllie and
Schlesinger in 1933. CVS is now typified by stereotyped intense
bouts of vomiting, at least 4 times per hour, lasting for hours to
days followed by stretches of wellness. Although the recognition
of CVS has been facilitated by the recently defined diagnostic
criteria, many patients are still misdiagnosed. Moreover, at
present, there are no specific tests for diagnosing CVS. Therefore,
CVS is currently classified as an idiopathic disorder and the
diagnosis relies on fulfilling clinical criteria.

CVS pathophysiology is still not well-understood; however,
given the link between migraine and cyclic vomiting, it is
assumed that there are similarities in the underlying cause.
Over the last years, there have been some advancements in
understanding the etiology and pathogenesis of CVS. However,
CVS is currently still classified as an idiopathic disorder. Indeed,
enlightening the pathophysiological mechanisms could unfold
intriguing aspects of the syndrome, such as its periodicity, the
mechanisms of actions of emetic triggers, and the heterogeneity
in symptom severity and treatment response despite the
phenotypic similarity.

There are no known ways to prevent or mitigate the risk in
those with cyclic vomiting syndrome. The inheritance pattern
is partial and there are no clear predictive markers of the
disorder. If a child presents for a first or second episode
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