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Abstract

Background—Migraine is a disabling neurological disorder often complicated by 

gastrointestinal conditions such as gastric stasis. The association between migraine and gastric 

stasis has received very little attention in the literature, but the existing evidence suggests that they 

may share a common etiology.

Results—Patients with migraine and those with gastric stasis exhibit abnormal autonomic 

nervous system function. Furthermore, empirical studies demonstrate that migraineurs experience 

significant delays in gastric emptying, both during and outside of attacks, when compared to non-

migrainous controls.

Conclusion—More research is needed to establish the relationship between gastric stasis and 

migraine burden and to determine the impact of gastric stasis on migraine treatment.
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Introduction

Migraine is a common, incapacitating headache disorder characterized by severe headache 

attacks that last from four to 72 hours (1). Approximately 18% of women and 6% of men 

worldwide suffer from migraines (2). In general, migraines are underdiagnosed and 

undertreated (3), and emerging data continue to shed light on the disabling nature of this 

disorder and its associated comorbidities. Migraines are often accompanied by exacerbating 
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gastrointestinal symptoms such as nausea and vomiting (1). One gastrointestinal condition 

that often accompanies migraine is gastric stasis (GS) (4).

Gastric stasis, also called gastroparesis (5), is defined as delayed emptying of the stomach in 

the absence of mechanical obstruction, and its clinical manifestations include nausea, 

vomiting, bloating, and weight loss (6). An estimated 4% of the adult population suffers 

from GS (7). Gastric stasis disproportionately affects women (82%), and the average age of 

onset is 33.7 years old (8). Based on a study of 146 patients with GS, the most common 

etiologies of GS were: idiopathic origins (36%), diabetes (29%), post-gastric surgery 

(especially when the vagal nerve is damaged) (13%), Parkinson’s disease (7.5%), collagen 

vascular disorders (4.8%), and intestinal pseudo-obstruction (4.1%) (8).

In a survey completed by 500 migraine patients in 1966, 96% of patients experienced 

gastrointestinal symptoms (4). More recently, Lipton and colleagues reported that 73% of 

migraine patients experience nausea and 29% experience vomiting (9). In a meta-analysis of 

women with migraine, nausea and vomiting were reported by 61.6% of those with migraine 

with aura and 66.0% of migraineurs without aura (10). There are several potential causes of 

migraine-associated nausea and vomiting. These symptoms may arise because of increased 

activation of the sympathetic nervous system (11) (or they may be adverse effects of the 

narcotics (e.g. opioids) used to treat headaches (12). Alter, migraine-associated nausea and 

vomiting may be associated with comorbid GS in these patients (6). However, in both of 

these studies, it was not clear whether patients’ symptoms could be specifically attributed to 

GS.

It is hypothesized that both migraine and GS arise because of autonomic nervous system 

(ANS) dysfunction (13–16). Gastric stasis during migraine may be attributed to increased 

sympathetic nervous system activity, decreased parasympathetic nervous system activity, or 

both (4). Gastric stasis and vomiting during migraine may complicate treatment by causing a 

delay or inconsistent absorption of analgesics (17). Very few studies of GS in migraineurs 

have been performed, and little is known about the physiological link between these 

conditions. This review provides key insights on GS in migraineurs and sheds light on the 

need for more research on this topic.

ANS dysfunction in migraine and pathophysiology of GS

Autonomic dysfunction in migraine

Autonomic symptoms including nausea, vomiting, diarrhea, cutaneous vasoconstriction, 

vasodilation, piloerection, and diaphoresis are common during migraine (18). A study by 

Shechter and colleagues showed that compared with controls and nondisabled migraineurs, 

resting diastolic blood pressure was higher (p < 0.10) in disabled migraineurs (69.75 mm vs. 

71.58 mm vs. 73.21 mm, respectively). Additionally, pulse rate (RR interval) variation was 

significantly lower (p < 0.001) in disabled migraine subjects compared with nondisabled 

migraineurs and controls (1.19 vs. 1.26 vs. 1.26, respectively) (18). Autonomic 

dysregulation has also been studied using thermography. Dalla Volta et al. demonstrated that 

migraineurs experience vasomotor fluctuations during and between migraine attacks (19).
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Several brain regions have been implicated in the pathophysiology of migraine (Figure 1), 

and ANS derangement during migraine can be attributed to dysfunction of these brain 

regions (20–22). For example, the midbrain periaqueductal gray matter (PAG), a region of 

densely layered neurons, regulates the autonomic response to antinociceptive and autonomic 

signals (23,24). The PAG is a major nodal point of modulation of craniovascular nociception 

and, through its role in the descending pain modulation system, contributes to migraine 

pathophysiology (25). Investigators assessed iron homeostasis in the PAG of 34 patients with 

either episodic migraine or chronic daily headache (defined as those who experience 

migraine without aura on ≥15 days per month due to medication overuse, and who 

previously suffered episodic migraine without aura) or in control subjects. High-resolution 

magnetic resonance imaging (MRI) suggested that iron homeostasis in the PAG is impaired 

in the episodic migraine and chronic daily headache groups. Furthermore, iron deposition in 

the PAG appeared to be related to the frequency of headaches – the more frequent and longer 

the duration of migraine, the more likely the deposition of iron (20). A more recent study 

confirms the relationship between migraine attack frequency and PAG function (26). High 

attack frequency is associated with increased PAG functional connectivity to some brain 

areas (e.g. supramarginal gyrus, ventral prefrontal cortex, anterior insula, nucleus 

cuneiformis, hypothalamus) and is associated with reduced connectivity to others (e.g. 

dorsomedial prefrontal cortex, postcentral gyrus, precentral gyrus, anterior cingulate, 

amygdala, angular gyrus, medial thalamus). This correlation is significantly (p = 0.05) 

associated with migraineurs compared to controls. The severity of migraine attacks also 

influences PAG activation. Cao et al. reported that activation of the PAG occurs during a 

severe migraine attack but not during a mild or moderate attack (27).

Whereas perturbation of neuronal processes in the brain can lead to migraines (20,26–29), 

direct stimulation of various regions of the brain can alleviate migrainous symptoms (30,31). 

Stimulation of the sphenopalatine ganglion, a nucleus for autonomic fibers, relieves 

headache pain associated with refractory migraine (30). Additionally, preliminary results 

from a small case series suggest that stimulating the vagus nerve, a preganglionic neuron 

belonging to the parasympathetic division of the ANS (32), improves drug-refractory 

chronic migraine (31).

Pathophysiology of GS

Normal gastrointestinal motility is mediated through the function of smooth muscle cells, 

interstitial cells of Cajal, enteric nerves, and the vagus nerve (Figure 2) (6,33). Diseases that 

affect the enteric nervous system often negatively impact the ability of the stomach to empty, 

usually resulting in pathological delay in gastric emptying. A prolonged delay in gastric 

emptying leads to GS (6): the failure of the stomach to perform its mechanical functions of 

storage and evacuation (34). Deleterious health consequences associated with untreated GS 

include esophagitis, Mallory-Weiss tear from chronic vomiting, malnutrition, volume 

depletion with acute renal failure, electrolyte disturbances, and bezoar formation (7).

Sensory information from the gastrointestinal tract is transmitted via the afferent vagus, and 

efferent output to the gastrointestinal tract is regulated in response to changing homeostatic 

conditions. Demyelinating lesions in the brain stem, presumably affecting the vagal nerve 
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nuclei, may give rise to GS (13). In a case series, two female patients presented with 

intractable nausea, vomiting, cerebellar deficits, dysphagia, and paresthesias. MRI of their 

brains revealed an area of demyelination in the medullary region. Both of these patients had 

an abnormal gastric emptying test. Treatment of the brain lesions with corticosteroids led to 

simultaneous improvement in gastric emptying and reduction in size of the brain lesions, 

suggesting a common etiology (13).

There are several ways to measure the rate of gastric emptying, but gastric scintigraphy is 

the standard for clinical measurement of gastric motility (35). Gastric scintigraphy involves 

radiolabeling of a solid or liquid component of a meal. Scintigraphy, a method whereby 

external detectors capture emitted internal radiation, is used to measure gastric counts. The 

counts correlate directly with the volume of the meal remaining. Gastric scintigraphy is 

considered the gold standard in the field, as it is an unbiased method not subject to any 

assumptions about the geometric shape of the stomach. One caveat to this method is that it is 

not highly sensitive (35). Another method employed in the studies described herein is 

epigastric impedance. Epigastric impedance involves applying alternating current (AC) 

currents to the epigastrium to detect changes in gastric contents. A major benefit of the 

epigastric impedance method is that it is noninvasive (36).

Clinical implications of GS in migraine and migraine treatment

The rate of gastric emptying impacts the rate and efficiency of absorption of drugs with high 

intestinal permeability. Variations in the gastric emptying rate influence the therapeutic 

outcome of orally administered drugs (37). Early experimental evidence suggests that 

migraine patients absorb oral formulations of headache medications less efficiently than 

non-migrainous controls (38–40). In 1974, Volans measured the rate and efficiency of 

absorption of effervescent aspirin during a migraine attack and during the headache- free 

period: 19 out of 42 migraine patients experienced a delay in aspirin absorption during a 

migraine attack, but this impairment was not observed during a headache-free period (40). 

Similar results were obtained in a study evaluating the rate and efficiency of absorption of 

tolfenamic acid in migraine patients during the migraine phase and the migraine-free phase. 

Absorption was significantly delayed during the migraine phase compared to the migraine-

free phase (tmax (h), 2.86 vs. 1.69; p < 0.05). Additionally, absorption, as measured by area 

under the curve (AUC)(0–2 h), was significantly lower during the migraine period (2.00) 

versus the migraine-free period (4.07) (38). Tokola and Neuvonen also investigated the 

effect of migraine on the absorption of oral paracetamol in nine patients during the migraine 

phase and the migraine-free phase. The peak serum concentration (µmol 1−1) of paracetamol 

was lower during the migraine phase (109) than it was during the migraine-free period (14). 

The AUC(0–2h), AUC(0–4h), and AUC(0–6h) were significantly decreased during migraine 

attacks (17% vs. 14% vs. 12%, respectively) (39). These results suggest that migraineurs 

experience abnormalities in gastrointestinal function during a migraine attack, but not during 

the headache-free phase. However, more recent studies challenge this notion (41–43), and 

these studies will be discussed in a later section.

Triptans are effective and safe for acute migraine treatment. Following oral administration of 

triptans to persons with migraine, the plasma concentrations vary from patient to patient. 
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This variation may be due to differences in rates of stomach emptying in migraineurs and is 

likely to become more pronounced during migraine attacks when many migraineurs 

experience GS (44). Thomsen and colleagues assessed the rate of zolmitriptan absorption in 

20 patients during a migraine attack and in 18 of these patients during the migraine-free 

period. Zolmitriptan was less rapidly absorbed during an attack than it was during the 

migraine-free period. At four hours post-dose, the maximum plasma concentration of 

zolmitriptan (Cmax) and AUC0–4 ranged from 0 to 27.9 ng/ml and 0 to 60.8 ng/ml.h, 

respectively, during a migraine attack. During the migraine-free period, Cmax and AUC0–4 

ranged from 3.5 to 26.3 ng/ml and 9.4 to 79.5 ng/ml.h, respectively (45). Experimental 

evidence has shown that the efficiency of triptans in treating migraines is increased when 

combined with gastrokinetic drugs. For example, when rizatriptan was combined with 

trimebutine, 30 of 64 migraine attacks (46.8%) resolved completely one hour post-dose, 

compared with eight attacks (12.5%) when treated with rizatriptan alone (p < 0.01). The 

combination was more effective than rizatriptan alone at two hours (73.4% vs. 31.2%; p < 

0.001) as well as four hours post-dose (79.7% vs. 31.2%; p < 0.001) (46). Together, these 

studies suggest that despite their common usage among persons with migraine, there are 

barriers to the efficacy of oral triptans.

Delayed or inconsistent absorption of conventional orally administered headache 

medications during migraine may be caused by GS (17). Metoclopramide is Food and Drug 

Administration (FDA)-approved for the short-term treatment of GS in the United States (47). 

It is also effective for the treatment of acute migraine. It is believed to stimulate 

gastrointestinal motility by sensitizing tissues to the actions of acetylcholine or by 5-HT 

receptor agonism (48). However, there are major side effects associated with 

metoclopramide, including extrapyramidal reactions, acute dystonic reactions, akathisia, 

drug-induced Parkinsonism, tardive dyskinesia, and hyperprolactinemia. In fact, the FDA 

has placed a black-box warning on metoclopramide because of the risk of related side effects 

(47). As an alternative, many non-oral formulations of migraine medications, including 

injectables, and transdermal patches, are available that bypass the gastrointestinal tract (49–

52).

Evaluating the link between migraine and GS

Few empirical studies have explored the relationship between GS and migraine. The results 

of these studies are described in this section and summarized in Table 1 (41,42,53). Boyle 

and colleagues demonstrated a correlation between migraine severity and delayed gastric 

emptying as measured by the epigastric impedance method. The severity of patients’ 

headaches was subjectively assessed based on a four-point scale: none, mild, moderate and 

severe. When pain was mild, the time to half emptying (t50%) was significantly (p < 0.01) 

delayed by less than 30 minutes, compared to a normal gastric emptying time during the 

headache-free period. However, gastric half-emptying time was delayed in excess of 30 

minutes (p < 0.01) compared to a normal half-emptying time during the headache-free 

phase, when headache pain was moderate or severe (53).

Recent studies show that GS occurs during spontaneous migraine attacks, visually induced 

migraine attacks, and during the headache-free, interictal period (41,42). Gastric 
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scintigraphy was used to measure the gastric emptying rate of 10 migraine patients and 10 

age- and sex-matched controls. In migraineurs, the time to half emptying after an induced 

migraine attack was delayed ictally (78%) and interictally (80%). Compared to non-

migrainous controls, the time to half emptying during the interictal period was significantly 

longer in migraineurs (188.8 min vs. 111.8 min; p < 0.05) (42). These results suggest that 

migraineurs suffer from GS both during and outside of an induced attack, contrary to 

previous beliefs that GS occurred only during an attack (4,38,39). In a subsequent study, 

Aurora and colleagues confirmed that the time to half emptying was delayed after a 

spontaneous migraine attack as well (41).

Cyclic vomiting syndrome (CVS) is an incapacitating, functional disorder that is 

characterized by recurrent episodes of nausea, vomiting, and in some cases, abdominal pain, 

separated by periods of relative wellness. CVS is thought to be a part of the migraine 

spectrum (54). CVS is less well understood in adults than it is in children (55), but studies 

have shed light on CVS in adults and have confirmed an association between CVS and 

migraine in this patient population (55,56). For example, Fleisher and colleagues 

retrospectively analyzed the clinical characteristics of 41 adult patients with CVS. Of the 40 

patients who provided sufficient data to be included in the analysis, 28 (70%) experienced 

migraine during or between episodes of CVS (55). In a separate retrospective analysis of 92 

adult patients with CVS, Hejazi et al. determined that 27 patients (29%) had a personal 

history of migraine (56). Cyclic vomiting syndrome is associated with ANS dysfunction and 

possibly results from GS (16,57). In fact, gastric electrical stimulation (GES), a therapy that 

has been used to treat GS (58), has been shown to improve recalcitrant CVS (59). 

Christensen and colleagues analyzed the association between CVS and migraine in patients 

with GS (60). Sixty-seven patients with diabetic GS were divided into two groups based on 

the absence or presence of cyclic vomiting symptoms. There was a significant (p = 0.02) 

between-group difference in the prevalence of migraine headaches in the group with cyclic 

vomiting symptoms compared to those without such symptoms (47.4% vs. 20.7%) (60). 

Taken together, the studies discussed in this section demonstrate a link between migraine, 

GS, and ANS dysfunction. However, more work is needed to enhance our understanding of 

this phenomenon.

Conclusions

Little is known about the physiological link between GS and migraine. Recent evidence has 

confirmed that migraineurs experience GS (41,42). ANS dysfunction appears to lie at the 

heart of migraine and GS, which are often comorbid conditions, but the directionality of this 

association remains unclear (15,16,20,28,61). Migraineurs experienced delays in gastric 

emptying during and outside of an attack (41,42), suggesting that abnormal gastric motility 

is not limited to an acute event but is instead a clinical feature of migraine. Indirect evidence 

suggests that GS may complicate treatment of migraine (38–40). Consequently, transdermal, 

injectable, and other non-oral formulations of migraine medications that bypass the 

gastrointestinal tract have been developed for the treatment of migraine, especially in 

patients with comorbid GS. More research is needed to establish the relationship between 

GS and migraine burden, including determining the impact of GS on migraine-associated 

disability, health-related quality of life, and healthcare resource use. It would also be of 
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interest to elucidate which specific aberrations in brain function correlate with GS in 

migraineurs. Finally, additional research could reveal that it may be of value for clinicians to 

assess whether migraine patients have GS and consider this condition in their treatment 

strategy.
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Clinical implications

• The association between migraine and gastric stasis has received little 

attention in the literature, but existing evidence suggests that they may 

share a common etiology; this review provides insights on gastric stasis 

in migraineurs.

• Autonomic nervous system dysfunction appears to lie at the heart of 

migraine and gastric stasis, which are often comorbid conditions, but 

the directionality of this association remains unclear.

• Migraineurs experience delays in gastric emptying during and outside 

of an attack, suggesting that abnormal gastric motility is not limited to 

an acute event but is instead a clinical feature of migraine.

• Indirect evidence suggests that gastric stasis may complicate treatment 

of migraine.
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Figure 1. 
Neuronal control of headache pain

Scenario A: (1) Hyperexcitable neurons trigger cortical spreading depression. Cortical 

spreading depression stimulates the release of neurotransmitters and ions. (2) These 

neurotransmitters and ions relay pain signals to the trigeminal nucleus in the brain stem, 

which (3) sends a pain signal to the thalamus, ultimately resulting in the sensation of pain.

Scenario B: (1) The raphe nucleus, the locus coeruleus, and the periaqueductal gray 

function abnormally. (2) Dysfunction of the brain stem leads to spreading depression in the 

cortex or subcortex, and through signals transmitted by neurotransmitters and ions, 

subsequently activates the trigeminal system. (3) Alternatively, brain stem dysfunction can 

directly activate pain pathways. Reprinted with permission.22
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Figure 2. 
Control of gastrointestinal function by the brain. Sympathetic and parasympathetic 

innervation of gut modulates gastrointestinal function. Neurotransmitters released from the 

enteric neurons control peristalsis. The major neurotransmitters involved are acetylcholine 

(ACh), substance P (SubP), vasoactive intestinal polypeptide (VIP) and nitric oxide. NOS: 

nitric oxide synthase; SubK: substance K. Adapted with permission.33
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Table 1

Summary of gastric emptying studies in migraineurs.

Time to half emptying

Method of detection Headache group t1/2 (min)

Epigastric impedance (53) • Mild attack < 30

• Moderate or severe attack > 30

• Control 9 ± 5

Gastric scintigraphy (42) • Interictal 188.8

• Ictal 149.9

• Controls 111.8

Gastric scintigraphy (41) • Interictal 243

• Spontaneous migraine 124

• Induced migraine 182

• Control 112
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