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Gastro-oesophageal	reflux	disease	

•  Gastro-oesophageal	reflux	disease	is	a	common	and	chronic	
condi=on	

•  At	least	20%	of	adults	in	the	United	States	report	having	
heartburn	once	a	week	or	more	-	Drossman	et	al,	Dig	Dis	Sci	1993			

•  The	symptoms	of	gastro-oesophageal	reflux	disease	are	
variable	but	include	heartburn	and	chest	pain	



Background	1	–	Pain	–	the	Ubiquitous	Human	Experience	



Background	2	–	One	man’s	pain	is	another’s...	



Background	3	–	Pain	in	the	absence	of	injury...	



Chest	Pain	–	As	a	Visceral	Pain	

•  The	experience	of	oesophageal	pain	is	highly	individual,	with	
a	mul=tude	of	factors	accoun=ng	for	this	variability	-	Farmer	et	
al,	Pain	2013			

•  Amongst	these	is	dysfunc=on	of	the	autonomic	nervous	
system	(ANS)	–	Tougas	et	al,	Gut	2007			

•  ANS	has	a	cri=cal	role	in	visceral	pain	percep=on	through	it	
mul=ple	interac=ons	at	many	levels	of	the	brain	gut	axis	Farmer	
&	Aziz,	in	Yamada’s	Textbook	of	Gastroenterology,	7th	ediMon,	ed.	Podolsky	et	al.	

•  Accumula=ng	evidence	that	the	parasympathe=c	nervous	
system	(PNS)	is	an=-nocicep=ve	–	Craig,	Nat	Rev	Neuroscience	2002	



The	Enteric	Nervous	System	



The	Peripheral	Afferent	Pathways…		

644 Gastrointestinal

ATP is released from damaged cells, making it a prime
candidate for signalling of nociceptive events. It is also
released from sympathetic and myenteric nerve terminals,
and from mechanically deformed epithelia and endothelia.
Both ionotropic (P2X) and metabotropic (P2Y) receptors
have been found on neurons, although P2X receptors are
more important in sensory pathways. Each type has seven
subtypes. P2X receptors may have two types of effect on
vagal and spinal GI primary afferents: direct activation or
sensitisation to other stimuli [12,22]. Responses to ATP
and its analogues may be prolonged or may desensitise
rapidly, depending possibly on the subunit composition of
the receptor. Thus a homodimeric receptor composed of
two P2X2 subunits desensitises rapidly, whereas a heterodimer
of P2X2 and P2X3 does not. Burnstock [23•] has suggested
that ATP may be involved in visceral mechanosensory
transduction and a recent report by Rong et al. [24] 
documented that P2X3 receptors modulate sensitivity of
pelvic afferents to urinary bladder distension.

BK is formed during tissue damage and is well recognised
as a stimulant of somatic nociceptors. In the GI tract, BK
activates fibres with high (nociceptive) as well as those
with low (non-nociceptive) thresholds to distension. In
spinal afferents, the receptor subtype involved in direct
activation is the B2 subtype, whereas indirect activation
could occur through the B1 subtype following smooth
muscle contraction [25]. Blackshaw and Grundy [6]
showed an action on vagal mucosal afferents, which 
suggests that BK in the gut may activate emetic as well as
nociceptive pathways. B2 antagonists have been devel-
oped for somatic pain indications, and these data would
indicate their potential efficacy additionally in visceral
pain. B1 receptors have been reported to upregulate
(increase) following tissue injury and thus have also been
targeted for development of potential analgesics. Because
BK receptors activate phospholipase A2, they induce 
sensitisation of responses by production of PGs, which
themselves are potent algogens.
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The	Peripheral	Afferent	Pathways…		
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The	Autonomic	Nervous	System	
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The	Autonomic	Nervous	System	
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The	Autonomic	Nervous	System	
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The	Vagus	and	the	Lower	Oesophageal	Sphincter	
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Current'Widely'U.lised'Measures'
of'Autonomic'"Tone"
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Func=onal	Chest	Pain	

Soma=c	Pain		
	

	

Visceral	Pain		
	

	

•  Case	control	study	of	pa=ents	with	func=onal	chest	pain	–	Farmer	
et	al,	Neurogastro	and	MoMlity	2014	

	



Behavioural	Responses	to	Pain	in	FCP	
	



Baseline	“Autonomic	Tone”	in	FCP	
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Other	Evidence	for	Autonomic	Dysfunc=on		

•  NCCP	–	higher	baseline	HR	and	lower	vagal	ac=vity	&	in	
response	to	acid	infusion	vagal	ouelow	increases	in	acid	
sensi=ve	pa=ents	–	Tougas	et	al,	Gut	2001	

•  GORD	-	heightened	sensi=vity	to	oesophageal	acid	infusion	
associated	with	reduced	vagal	tone	during	the	infusion	–	Chen	&	
Orr,	J	Gastro	Hep	2004	

•  EE	vs.	NERD	-	lower	res=ng	vagal	tone	in	pa=ents	with	EE	vs.	
NERD	–	Cunningham	et	al,	Gut	1999	

	



Modula=ng	Vagal	Tone…	

•  Vagal	nerve	ac=vity	can	be	enhanced:-	
–  Physiologically	-	through	slow	deep	breathing	
–  Electrically	–	using	vagal	nerve	s=mula=on	

•  Deep	slow	breathing	is	common	to	many	complimentary	
therapies	which	have	been	shown	to	efficacious	in	trea=ng	
chronic	visceral	pain	syndromes	–	Palsson	&	Whitehead,	CGH	2013	

•  The	biological	mechanism	of	ac=on	of	these	therapies	is	
largely	unexplored	–	MaZeoli	et	al,	Gut	2013	



Oesophageal	Pain	Hypersensi=vity	Model	
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FIGURE 3 - A schematic representation of the esophageal pain hypersensitivity model. From left to right:- A - a catheter is 
placed in the esophagus which has a proximal pH probe & silver bipolar electrical stimulation electrodes to measure 
esophageal pain sensitivity and a distal pH probe & infusion port. B - subjects are randomised to received either a saline or 
acid infusion. As expected when saline is infused there is no change in pH in either the proximal or distal esophagus, 
whereas there is a demonstrable drop in pH in the distal, but not in the proximal, esophagus during acid infusion. C - Pain 
thresholds in the proximal esophagus, which has not been exposed to acid, show decreased pain sensitivity (shaded green 
area) due to habituation following saline infusion but following acid infusion there is increased pain sensitivity (shaded red 
area) due to central sensitisation. Adapted from Sarkar, Aziz et al. Lancet 2000.
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Oesophageal	Pain	Hypersensi=vity	Model	
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Autonomic	Effect	of	Distal	Oesophageal	Acidifica=on	

HABITUATION	

SENSITIZATION	

•  This	model	does	not	induce	
oesophageal	hyperalgesia	in	all	
subjects	–	i.e.	there	is	considerable	
inter-individual	variability	

•  Using	this	model	cardiac	vagal	tone	
was	measured	and	compared	to	
the	change	in	pain	tolerance	
thresholds	(sensi=za=on)	

•  Rela=onship	demonstrated	
between	the	change	in	vagal	tone	
and	the	degree	of	sensi=za=on	

Sharma	et	al,	NGM	2012	



Studies	Exploring	the	Effect	of	Vagal	Modula=on	
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Hypothesis	&	Aims	

•  We	hypothesized	that	physiologically	eleva=ng	vagal	tone	
may	have	an=-hyperalgesic	and	analgesic	proper=es	in	the	
human	oesophagus	

•  We	aimed	to	test	this	hypothesis	by	performing	physiological	
and	pharmacological	modula=on	of	vagal	tone	in	the	
oesophageal	pain	hypersensi=vity	model	

•  Encompassed	two	studies:-	
–  Physiological	ModulaMon	-	Study	1	–	evaluaMng	the	effect	of	a	deep	

breathing	protocol	vs.	sham	breathing	–	London,	UK	
–  Pharmacological	ModulaMon	Study	2	–	evaluaMng	the	effect	of	

atropine	vs.	placebo	during	deep	breathing	–	Aalborg,	Denmark	Ph
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Methods	–Effect	of	Deep	Breathing	
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Randomised	

IV	infusion	of	
	atropine	

IV	infusion	of		
saline	

Electrical	
thresholds	
in	the	

proximal	
oesophagus	
measured	
at	30,	60	&	
90	minutes	

During	30	minute	
distal	oesophageal	
acid	infusion	with		
deep	breathing	

Subjects	crossed	over	to	
alternate	interven=on	
>6	weeks	to	prevent	any	

carryover	effect	

Methods	–	Effect	of	Atropine	

!

NB:	Atropine	is	an	an=-cholingeric	(thus	blocks	PNS	tone)		
and	0.5mg	was	administered	as	an	infusion	over	30	minutes		
vs.	placebo	infusion	of	saline	 
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Results	–Effects	of	Deep	Breathing	

•  55	healthy	subjects	(31	men,	mean	age	26	years,	range	18–48	
years)	
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Results	–Effects	of	Deep	Breathing	
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Mixed	effects	regression	-	coefficient	for	
deep	breathing	of	9.94	(CI	8.3	to	11),	

p=0.0001.	

Ph
ys
io
lo
gi
ca
l	M

od
ul
a=

on
	o
f	V

ag
al
	T
on

e	



Deep	
Breathing		
&	atropine	

Deep	
Breathing	
&	placebo	

Results	––	Effects	of	Atropine/Placebo	
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Conclusions	–	Physiological	ModulaMon	
•  Physiologically	 eleva=ng	 parasympathe=c	 nervous	 system	

tone,	 using	 deep	 breathing,	 prevents	 the	 development	 of	
oesophageal	 pain	 hypersensi=vity	 in	 a	 validated	 human	
model	

•  Pharmacologically	 this	 an=-hyperalgesic	 effect	 of	 deep	
breathing	is	ameliorated	by	antagonizing	the	rise	in	PNS	tone	
with	atropine	
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Hypothesis,	Aims	&	Design	

•  We	hypothesized	that	the	an=-hyperalgesic	proper=es	of	the	
vagus	in	the	oesophagus	could	be	exploited	using	
transcutaneous	s=mula=on	of	the	auricular	branch	of	the	
vagus	nerve	

•  We	aimed	to	test	this	hypothesis	by	performing	electrical	
modula=on	of	PNS	tone	in	a	validated	model	of	oesophageal	
pain	hypersensi=vity	

•  Double	blind,	randomized,	placebo	controlled	crossover	
study	in	healthy	subjects	El
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Methods	

Invasive	 Non-invasive	

5kHz	sine	waveform,	1ms	pulse	
dura=on,	repeated	at	25Hz  
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Results	1		

•  15	healthy	subjects	(11	male,	mean	age	30	years,	range	
21-42)	
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Results	2	–	Effect	of	Vagal	SMmulaMon	on	Pain	
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Conclusions	–	Electrical	ModulaMon	

•  Electrically	 eleva=ng	 vagal	 tone,	 using	 transcutaneous	
s=mula=on,	 prevents	 the	 development	 of	 oesophageal	 pain	
hypersensi=vity	in	a	validated	human	model	

•  These	findings	may	facilitate	the	development	of	a	novel	area	
of	 therapeu=cs	 in	 chronic	 oesophageal	 and	 visceral	 pain	
syndromes	

•  Further	 work	 is	 warranted	 in	 pa=ents	 groups	 to	 ascertain	
whether	a	similar	effect	is	demonstrable	–	such	as	those	with	
gastro-oesophageal	reflux	disease	El
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Autonomic	Effects	of	Sleep	Depriva=on	
•  Cardiovascular	 events,	 especially	 sudden	 cardiac	 death,	 are	

affected	 by	 prolonged	 mental	 stress	 and	 chronic	 fa=gue	 –	
Rozanski	et	al.	CirculaMon	2003	

•  It	 is	 postulated	 that	 altera=ons	 in	 the	 stress	 responsive	
physiological	systems	may	account	for	this	change	

•  In	 a	 study	 of	 30	 male	 college	 students,	 chronic	 sleep	
depriva=on	was	associated	with	a	reduc=on	in	vagal	ac=vity	–	
Takase	et	al.	Biomedicine	and	Pharmacotherapy	2004	



The	Vagus	–	The	Missing	Link?	
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Conclusions	

•  Vagal	nerve	ac=vity	can	be	enhanced:-	
–  Physiologically	-	through	slow	deep	breathing	
–  Electrically	–	using	vagal	nerve	s=mula=on	

•  Vagus	nerve	s=mula=on	has	the	poten=al	to	treat	acid	
induced	pain	

•  This	warrants	further	explora=on	in	pa=ent	groups	

•  May	facilitate	improved	sleep	in	GORD	pa=ents	




