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Abstract

Background: The nociceptive receptive field of the vagus nerves in animals includes

virtually the entire thoracic, abdominal and laryngopharyngeal regions. However, the

role of the vagus nerves in the transmission of visceral pain in humans, with the

exception of pain from coronary artery diseases, is believed to be insignificant.

Aim: The purpose of this report is to map out the clinical visceral pain receptive field

of the vagus nerves relative to its nociceptive counterpart in animals.

Materials and Methods: The PubMed database and PMC were searched for case

reports of patients with orofacial pain believed by the author(s) of the article to be

referred from underlying non-cardiac thoracic, laryngopharyngeal or abdominal dis-

eases. Reports of diseases for which non-neural explanations for the orofacial spread

of pain were suggested were excluded.

Results: A total of 52 case reports of jaw pain and/or otalgia referred from

laryngopharyngeal and noncardiac thoracic sources were discovered. In addition, a

multicenter prospective study found that 25.8% of more than 3,000 patients with

thoracic aortic dissection experienced pain in the head and neck region. In stark con-

trast, no case reports of orofacially referred pain from abdominal diseases were

found.

Discussion: The results indicate that the laryngopharyngeal and thoracic portions of

the vagal receptive field are capable of referring pain orofacially while the abdominal

portion is not. The roles of the somatotopic organization of the trigeminal sub

nucleus caudalis and neuromodulation in this referral of pain were discussed.

Conclusion: Referred orofacial pain can lead to delayed diagnosis and poorer out-

come in visceral diseases.
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1 | INTRODUCTION

In addition to its well-known parasympathetic motor functions, the

vagus nerves in animals supply visceral afferent innervation to most

laryngopharyngeal, thoracic and abdominal organs. Included are the

thyroid gland, larynx, esophagus, heart, lungs, aorta, mediastinum, the

entire gastrointestinal tract, liver, portal vein, biliary system, and

pancreas (Berthoud & Neuhuber, 2000). These authors report that the

thymus may also be included but the spleen is specifically excluded.

Most studies of the sensory role of the vagus nerves in visceral

function involved reflex activity. This prominent role of the vagus

nerves in reflexes has eclipsed other potential visceral afferent

functions of the vagus. In particular, the role of the vagus nerves in

visceral pain has been considered, in general, to be insignificant
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(Cervero, 1985; Grundy, 2002; Jänig, 2014; White, 1957). This idea

has been perpetuated with little evidence. In fact, physiologic studies

have shown vagal nociceptive activity in the epiglottis (Kano

et al., 2011), larynx (Koike et al., 2004) lung (Kwong et al., 2008), heart

(Foreman & Qin, 2009) aorta (Meller, Lewis, Brody, & Gebhart, 1990),

esophagus (Qin, Chandler, Jou, & Foreman, 2004; Ru, Surdenikova,

Brozmanova, & Kollarik, 2011), stomach (Kang, Bielefeldt, &

Gebhart, 2004), and colon (Hubscher, Kaddumi, & Johnson, 2004).

The first proposed clinical role of the vagus nerves in referred

pain is the orofacial (jaw and ear) pain of angina pectoris and myocar-

dial infarction. It was recognized as early as 1894 that jaw pain is a con-

sistent, if atypical, symptom of angina (Head, 1894; Mackenzie, 1923;

Thomson, 1909). Thomsen and Mackenzie both speculated that the

vagus nerve might mediate this referred pain.

Initial evidence for a role for the vagus nerves in referred coro-

nary pain came from reports of sympathectomy in the management of

angina. White (1957) in a multicenter review determined that this

neurosurgical procedure eliminated all anginal pains except those of

the neck and jaw. White indicated that an intact sympathetic nervous

system is not necessary for the orofacial referral of this pain. Yet in

the same article, he dismissed a role for the vagus nerve in referring

visceral pain on the basis of a single unpublished personal communica-

tion from a colleague.

In the second half of the 20th century, sporadic publications indi-

cated that some patients presented to their dentist for tooth pain that

was actually referred from the heart (see Kreiner & Okessen, 1999 for

a review). This was thought to be a rare curiosity until several large

epidemiologic studies (Bakhshi, Rezaei, Baharvand, & Bakhtiari, 2017;

Danesh-Sani, Danesh-Sani, & Zia, 2012; Kreiner, Okeson, Michelis,

Lujambio, & Isberg, 2007) and a case series (López-López et al., 2012)

showed that craniofacial pain occurs in 18–32% of patients with acute

coronary artery disease episodes. This makes orofacial pain the most

common nonchest location of referred coronary pain. The American

Heart Association now recognizes jaw pain as an atypical warning sign

of myocardial infarction (Ornato & Hand, 2014).

Physiologic studies in animals show that stimulation of cardiac

afferent branches of the vagus nerve activates neurons at C1–C2, the

level of the trigeminal subnucleus caudalis in the brainstem (Chandler,

Zhang, Qin, & Yuan, 2000; Hayashi, Maeda, Tsuruoka, & Inoue, 2013).

A case report and review of the literature showed that stimulation of

a thoracic cardiac branch of the vagus nerve can cause pain in the jaw,

neck, throat, teeth, and ear in humans (Myers, 2008). This replicates

the sites where clinical orofacial pain is felt in coronary artery

diseases. It is now generally accepted that convergence of vagal and tri-

geminal input in the subnucleus caudalis is the leading mechanism of

orofacial referral of cardiac pain (Foreman & Qin, 2009; Rosen, 2012).

As described above, the visceral nociceptive receptive field of the

vagus, in animals, includes the laryngopharynx and nearly the entire tho-

racic cavity and at least part of the abdominal cavity. The vagal pain

receptive field can be divided into two types. One type is the nonreferred

(real) pain receptive field where pain is perceived as coming from the

location of the diseased organ (e.g., the sore throat seen in infections of

the larynx and epiglottis or from laryngeal trauma during intubation). The

other type, which will be the focus of this article, is referred pain (pain

perceived in sites distant from the source of disease). This would include

throat pain from diseases of the thorax or abdomen, and jaw and ear pain

from diseases of the thorax, abdomen or laryngopharynx.

Two early case reports suggested that the vagus nerve might

refer pain orofacially from noncardiac thoracic diseases. Bindoff and

Heseltine (1988) suggested that the jaw pain reported in a case of

nonmetastatic lung cancer was referred via the vagus nerves. The

following year, Blau (1989) postulated that ear pain in a patient with

hiatal hernia might likewise be vagally referred.

With the support of a small number of case reports, it was

suggested in a preliminary report, that diseases of noncardiac thoracic

organs might similarly refer pain orofacially (Myers, 2010). In particu-

lar, case reports suggested that nonmetastatic lung cancer, thoracic

aortic dissection and pericarditis might refer pain to the orofacial

region. The purpose of the current study is to update and extend this

theory in the light of recent literature in order to delineate the full

clinical pain receptive field of the vagus nerves.

2 | MATERIALS AND METHODS

The PubMed database (http://www.ncbi.nlm.nih.gov/pubmed/) and

PMC (https://www.ncbi.nlm.nih.gov/pmc/) were searched for reports

of patients with orofacial pain believed by the author(s) of the article

to be referred from underlying chest, throat, or abdominal diseases.

No restrictions of the year of publication were imposed. Hypothetical

articles were excluded as were letters to the editor. A priori, only dis-

eases where at least four cases were published were included. The com-

bined reports would add up to a case series. Diseases which likely cause

orofacial pain from non-neural causes (as postulated by the authors)

were excluded a posteriori. These were (a) pneumomediastinum (which

can cause orofacial pain by extension of air bubbles to the jawline),

(b) Hashimoto's thyroiditis (where temporomandibular disorders might

be caused by associated rheumatoid arthritis), (c) cancers with metastasis

to the orofacial region, and (d) gastrointestinal reflux disease (findings

may include otitis media). Three types of reports are included, each with

its own level of evidentiary strength. One type, with the least strength,

was the case report where a small number of patients, usually a single

patient, with orofacial pain and throat, thoracic or abdominal diseases

were presented. The second type of report was the retrospective case

series where four or more cases were presented together. The third and

strongest was a multicenter prospective epidemiologic study. Papers

where orofacial pain was mentioned in lists of symptoms of a disease,

but no case was presented, were excluded.

3 | RESULTS

The search of the literature included reports of pain referred orofacially

from the lungs and mediastinum, the aorta, the esophagus, the thyroid

gland, and the larynx (see Table 1 for a summary). No reports of pain

referred orofacially from abdominal organs were found.
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Specifically, 13 case reports of nonmetastatic chest cancers involv-

ing the lung (Abraham, Capobianco, & Cheshire, 2003; Bindoff &

Heseltine, 1988; Bongers et al., 1992; Capobianco, 1995; Demez,

Goffart, & Daele, 2004; Des Prez & Freemon, 1983; Eross, Dodick,

Swanson, & Capobianco, 2003; Evans, 2007; Navarro et al., 2010;

Palmieri, 2006; Sarlani, Schwartz, Greenspan, & Grace, 2003; Schoenen,

Broux, & Moonen, 1992; Shakespeare & Stevens, 1996) and two

involving the mediastinum (Kant, 1989; Ramirez et al., 2007) were dis-

covered. A series of three additional cases with a review of the litera-

ture was also included (Pembroke, Byrne, Lester, & Button, 2013).

Multicenter clinical studies have not yet been reported. In most cases,

this pain was unilateral and present on the same side as the tumor.

Six case reports of acute thoracic aortic dissection referring pain

to the orofacial region have been published (Lewis, Ryder, &

Lovell, 2005; C. H. Li, Hsu, & Hsu, 2014; Masaki et al., 2017; Master &

Day, 2012; Seidel, Elwischger, & Wöber, 2012; Sierecki, 2016). In a

prospective multicenter review of more than 3,000 patients with Type

A aortic dissection (Philip et al., 2018), 25.8% reported pain in the

head and neck region among their symptoms. The authors believed

that in some cases the pain may have been referred via the vagus

nerves while in other cases, non-neural mechanisms may be involved.

Five case reports indicate that orofacial pain is a recognized,

though atypical, finding in pericarditis (Chukwuemeka & John, 1999;

Goldfarb, Gold, Latts, Wexler, & Wang, 1966; Kozik, Grewal, Pelter,

Al-Zaiti, & Carey, 2014; Morris, 1982; Snyder, Bepko, & White, 2004).

Orofacial pain was referred from the gastroesophageal junction in

four case reports of hiatal hernia (Blau, 1989; Flanagin, Mitchell,

Thistlethwaite, & Alverdy, 2010; Maherbe, 1958; Nochimson &

Harwood-Nuss, 1993). Referred orofacial pain was also reported in

two cases of esophageal spasm (Brand, Martin, & Pope, 1977;

Schmidt, 1939) and a total of three cases of esophageal foreign body

(D'Costa, Bailey, McGavigan, George, & Todd, 2003; Nwaorgu,

Onakoya, Sogebi, Kokong, & Dosumu, 2004).

In the laryngopharynx, seven case reports (Jonas, Bertrand, Michel, &

Donckier, 2016; Omori, Omori, & Takano, 2008; Rohn & Rubio, 1980;

Seo et al., 2012; Shah, Tarasova, Davidian, & Anderson, 2015;

Stevenson, 1991; Tesfaye et al., 2009; C. J. Wang, Wu, Lee, &

Huang, 2012) show that subacute thyroiditis is capable of transmitting

pain to the jaw and ear. One report (Frazier & Erb, 1935) shows that jaw

and tooth pain were found post-thyroidectomy. Additionally, three case

reports (Cuzzourt, Pezold, & Dunn, 2002; King, Ko, & Miller, 2016;

Q. Wang, Chen, & Zhou, 2014) and a case–control study (Shephard,

Parkinson, & Hamilton, 2019—two cases) provide evidence that otalgia is

a not uncommon symptom of nonmetastatic laryngeal cancer. Referred

otalgia has also been included as a finding in epiglottal diseases (Cole

et al., 1987; Kasanzew, John, Newman, & Lesser, 1988; Nadol Jr., 1981).

4 | DISCUSSION

The results show that contrary to prevailing opinion, referred orofacial

pain is a consistent, if atypical, finding in the majority of

laryngopharyngeal and noncardiac thoracic organs shown to be inner-

vated by vagal nociceptors (Table 1). One large-scale study and a num-

ber of individual case reports indicate that craniofacial pain is also a

frequent atypical symptom of thoracic aortic dissection. In addition, a

persuasive number of case reports suggest that diseases of the thyroid

gland, the larynx/epiglottis, the esophagus and the lungs/mediastinum

are capable of referring pain orofacially. A small number of reports sug-

gest that pain can be referred orofacially from the pericardium.

In contrast, no reports of pain referred from the abdominal cavity

to the orofacial region could be found. This provides evidence that

the clinical pain receptive field of the vagus nerves closely mirrors its

laryngopharyngeal and thoracic nociceptive receptive fields but not its

abdominal nociceptive counterpart. At present, there is no explana-

tion for this. Additional large scale studies are needed to determine

the incidence of referred facial pain in laryngopharyngeal and thoracic

disorders.

Although efforts were made to confine reports to those condi-

tions where pain was referred neurally, it is not possible to eliminate

the possibility that in some cases, pain is transmitted to the head and

neck areas by non-neural means. Perhaps the best example of this is

the condition known as cardiac cephalgia. This is a headache found

especially in coronary artery disease and thoracic aortic dissection.

While it may be thought to be referred in some cases by the vagus

nerves (Ben-Menachem, Revesz, Simon, & Silberstein, 2015;

Evans, 2007; Grace, Horgan, Breathnach, & Staunton, 1997; Philip

et al., 2018), it may also occur as a result of cerebral ischemia and/or

noxious circulating cardiac metabolites (Philip et al., 2018).

In addition to referral of pain by the vagus, there are other possi-

ble neural mechanisms for referral of laryngopharyngeal and thoracic

pain to the orofacial region. As described above, White (1957) ruled

TABLE 1 Reports of noncoronary visceral pain referred to the
orofacial region

Visceral region Organ Number of case reports

Laryngopharynx Thyroid gland 9

Larynx/epiglottis 8

Total 17

Thorax Lung/mediastinum 18

Aorta 5a

Esophagus 7

Pericardium 5

Thymus 0

Total 35a

Abdomen Liver/portal veins 0

Gallbladder 0

Stomach 0

Intestines 0

Pancreas 0

Total 0

aAn additional 854 cases of referred head and neck pain in thoracic aortic

dissection were reported in Philip et al. (2018).
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out the necessity of sympathetic innervation for the head and neck

referral of cardiac pain. He also provided an anatomical explanation as

to why sympathetic referral is an unlikely to be a sufficient explana-

tion for this referral of pain. To quote White, “Because the

thoracolumbar sympathetic outflow extends only from the first tho-

racic to the second lumbar ganglia, there are no central connections

between the heart and spinal cord above the first thoracic level.

This means that all afferent cardiac impulses which pass through the

cervical cardiac nerves and their ganglia must pass downward in the

paravertebral chain of ganglia at least as far as the first thoracic

level….” There is no published evidence of sympathetic nociceptors

with cell bodies in the C1–C2 dorsal horn in humans. However, future

studies are needed to determine if there may be a role for cervical spi-

nal sympathetic afferents in orofacially referred visceral pain.

Another proposed neural mechanism of visceral pain referred to

the orofacial region is via the phrenic nerves. Studies in primates

found convergence of input from the phrenic nerves with trigeminal

neurons at the C1–C2 levels (Chandler, Qin, Yuan, & Foreman, 1999;

Matsumoto, Takeda, & Tanimoto, 1999). It has been established that

pain from abdominal diseases which cause irritation of the diaphragm

can be referred to the ipsilateral shoulder tip via the phrenic nerves.

The phrenic nerves reach the spinal cord at the C3–C5 level. The total

absence of reports of pain referred orofacially from abdominal dis-

eases all but eliminates any role of the phrenic nerve in mediating

referred orofacial pain. There may be a role for the phrenic nerve in

neuromodulation of orofacial pain.

The next question that naturally arises is why the pain of thoracic

disease mediated by the vagus nerve is felt in throat and the orofacial

region but not in the chest. The answer is simply that the somatotopic

organization of the subnucleus caudalis does not include the chest. A

related question is how can pain from diseases of the thorax and lar-

yngopharynx be perceived in the jaw and ear area?

Physiologically, noxious input to the laryngopharynx produces

activation of cells in the subnucleus caudalis in the cat (Sessle &

Greenwood, 1976) and the rat (Mørch, Hu, Arendt-Nielsen, &

Sessle, 2007). Similarly, noxious stimulation of the esophagus causes

activation of neurons at the C1–C2 level (Qin et al., 2004). No physio-

logical information about trigeminal convergence of nociceptive input

from other noncardiac thoracic or abdominal sources could be

found in the literature. A likely explanation for referral of pain

throughout the orofacial region is based on the somatotopic

organization of the (trigeminal) subnucleus caudalis. Unlike the

somatotopic organization of the parietal lobe homunculus or

the spinal cord dorsal horn (Bereiter, Hirata, & Hu, 2000), the sub-

nucleus caudalis (medullary dorsal horn) does not have discrete

locations for each organ (or dematome) in the receptive field.

Instead, the subnucleus caudalis has an “onion skin” laminar distri-

bution, at least for trigeminal nociceptive input (DaSilva

et al., 2002; Markman, 2014; Panneton, Pan, & Gan, 2017). This

contributes to referred pain within the trigeminal receptive field.

Additional work is needed to incorporate nociceptive input from

the vagus, other cranial nerves and cervical nerves into the

somatotopic organization of the subnucleus caudalis.

The role of neuromodulation at various levels in the neuroaxis

in the perception of referred pain must be considered (Foreman &

Qin, 2009; Jänig, 2014; Rosen, 2012). Of particular clinical rele-

vance is the ability of noninvasive (transcutaneous) stimulation of

the vagus nerves to inhibit trigeminal pain, especially with regard to

headache (Lendvai, Maier, Scheele, Hurlemann, & Kinfe, 2018;

Yuan & Silberstein, 2017).

The authors of virtually all of the individual case report papers felt

confident in saying that orofacial referral of pain from each specific

chest or throat disease is a rare event. However, when viewed glob-

ally, especially when case series and prospective studies are included,

this pain referral is clearly not nearly so rare. In some of these cases,

the orofacial pain may be the only painful symptom or even the only

symptom of the disease. Such neural confusion can cause the patient

and provider alike to misinterpret the source and therefore the signifi-

cance of the orofacial pain. Atypical symptoms can cause a delay in

treatment in emergency situations where minutes count (El-Menyar

et al., 2011; Grosmaitre et al., 2013; P. W. C. Li & Yu, 2017; Philip

et al., 2018) or in urgent situations where days or weeks may count

(Pembroke et al., 2013). This can lead to a poorer outcome when com-

pared to cases with typical symptoms.
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