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Abstract:			Visceral	pain	is	one	of	the	most	common	and	challenging	symptoms	encountered	in	gastroenterology	due	to	

its	heterogeneity	in	clinical	presentation,	etiology,	and	underlying	mechanisms.	These	features	also	make	it	
dif9icult	to	treat.	Quantitative	Sensory	Testing	(QST)	offers	a	unique	approach	that	can	help	identify	sensory	
patterns	that	shed	light	on	underlying	mechanistic	features	of	patients’	visceral	pain	experience	by	probing	
static	and	dynamic	pain	processing	(e.g.	pain	thresholds/tolerance,	temporal	summation,	and	conditioned	
pain	modulation)	using	somatic	and	visceral	stimuli.	Though	largely	utilized	in	research	and	laboratory	set-
tings	to	date,	this	technique	carries	promise	in	identifying	not	only	relevant	subgroups	of	patients,	such	as	
those	with	segmental	versus	widespread	hyperalgesia	or	those	with	impaired	endogenous	descending	inhi-
bition,	but	also	potential	treatment	targets	that	could	facilitate	a	more	personalized	and	successful	approach	
to	the	treatment	of	visceral	pain	in	the	future.	Notably,	 in	chronic	pancreatitis,	QST	can	help	link	sensory	
phenotypes	to	clinical	pain	burden	and	may	predict	who	will	respond	to	speci9ic	analgesics	or	anticipate	the	
success	of	invasive	therapies,	thereby	allowing	for	a	more	targeted	approach	to	care.	In	this	review,	we	focus	
on	the	speci9ic	QST	modalities	most	commonly	applied	across	the	gastrointestinal	pain	disorders,	including	
pressure	algometry,	thermal,	chemical	and	electrical	testing,	mechanical	distension	(e.g.,	barostat-based	par-
adigms),	and	multimodal	stimulation,	and	discuss	the	rationale	for	these	approaches,	summarize	key	insights	
gained	from	studies	to	date,	and	highlight	potential	future	treatment	targets.	

	
Key	words:			Quantitative	Sensory	Testing	(QST),	Visceral	Pain,	Gastrointestinal	Pain,	Chronic	Pancreatitis,	Functional	Dys-

pepsia,	Irritable	Bowel	Syndrome,	In9lammatory	Bowel	Disease	
	
	
	
Outline:  

1. Introduction	
2. QST	Methodologies	
3. QST	in	Pancreatic	Disorders	
4. QST	in	Disorders	of	Brain-Gut	Interactions	and	Luminal	GI	Disorders	
5. Advanced	Technologies	and	Multimodal	Phenotyping	
6. Limitations	and	Challenges	
7. Conclusions	

	

 
     Abbreviations used in this paper: QST, quantitative sensory test-
ing; GI, gastrointestinal; DFNS, German Research Network on Neu-
ropathic Pain; TS, temporal summation; CPM, conditioned pain mod-
ulation; CP, chronic pancreatitis; TPIAT, total pancreatectomy with 
auto-islet transplant; P-QST, pancreatic quantitative sensory testing; 
DGBI, Disorder of Gut and Brain Interaction; IBS, irritable bowel syn-
drome; FD, functional dyspepsia; IBS-C, irritable bowel syndrome, 
constipation predominant; NCCP, non-cardiac chest pain; IBD, in-
flammatory bowel disease; UC, ulcerative colitis; MRI, magnetic res-
onance imaging; SAT, Sensory Adaptation Training 

 
© 2026 by SMART- MD Publishing, Pittsburgh PA 
This article may not be reproduced in any form without written 
consent of SMART-MD Publishing LLC. 
ISSN 2997-2876 (online) 
ISSN 2997-2868 (print) 
DOI: http://doi.org/10.69734/r6f3bz85 
Website: www.SMART-MD.org 



Winter 2026                                                                                               QST in Gastrointestinal Pain 
 

e220 

1. Introduction 
	
					Visceral	pain	is	one	of	the	most	common	and	challenging	
symptoms	 encountered	 in	 gastroenterology,	 owing	 to	 its	
marked	 heterogeneity	 in	 etiology,	 clinical	 presentation,	
and	 underlying	 mechanisms.	 Chronic	 visceral	 pain	 is	
strongly	 associated	with	 impaired	 quality	 of	 life	 and	 im-
poses	a	substantial	9inancial	and	socioeconomic	burden	on	
patients	and	healthcare	systems.(1)	As	clinical	practice	in-
creasingly	shifts	from	symptom-based	diagnostic	and	ther-
apeutic	strategies	toward	a	pathophysiology-based	frame-
work,	 there	 is	 a	 growing	need	 for	mechanistic	 classi9ica-
tions	that	support	precision-medicine	approaches	 in	gas-
trointestinal	(GI)	disorders.(2)	
					Given	 the	 profound	 heterogeneity	 in	 sensory	 pro9iles	
among	patients	with	GI	pain,	quantitative	sensory	testing	
(QST)	offers	a	valuable	approach	for	identifying	mechanis-
tically	relevant	subgroups.(3,4)	Contemporary	QST	method-
ology	was	constructed	on	earlier	psychophysical	 sensory	
testing	 paradigms,	 and	was	 rigorously	 standardized	 and	
validated	through	the	nationwide	multicenter	trials	of	the	
German	Research	Network	on	Neuropathic	Pain	(DFNS).(5)	
Importantly,	while	the	DFNS	protocol	was	originally	devel-
oped	and	validated	for	somatic	neuropathic	pain	disorders,	
with	 extensive	 normative	 data	 derived	 from	 cutaneous	
sensory	testing,	researchers	have	since	adapted	these	core	
principles	to	the	unique	challenges	of	visceral	pain,	includ-
ing	 pancreatic	 disorders,	 where	 they	 have	 been	 used	 to	
characterize	altered	nociceptive	processing.		
					QST	 is	a	method	that	can	evaluate	patterns	of	sensory	
loss	 and	 gain	 through	 the	 testing	 of	 both	 cutaneous	 and	
deep	tissue	sensitivity	to	reveal	evidence	of	abnormal	no-
ciception	 or	 pain	 signal	 processing.(6)	 As	 a	 non-invasive	
translational	tool,	QST	enables	consistent	characterization	
of	sensory	abnormalities	across	functional	and	in9lamma-
tory	GI	conditions,	providing	insights	into	pain-processing	
pathways	and	facilitating	sensory	phenotyping	relevant	to	
individualized	treatment	strategies.(7,8)	As	such,	QST	offers	
a	 rare	 opportunity	 to	 characterize	 GI	 neurosensory	 phe-
nomena	 both	within	 and	 across	 the	 spectrum	 of	 GI	 dis-
eases.	While	this	technique	has	been	widely	applied	in	GI	
pain,	there	remains	much	to	explore	and	discover.	In	this	
review,	we	focus	on	the	speci9ic	QST	modalities	most	com-
monly	applied	across	GI	disorders	that	cause	visceral	pain,	
as	well	as	interpretation	of	results	to	date,	and	future	ap-
plications	for	use	in	the	treatment	of	GI	pain.	
	
2. QST Methodologies 
	
					QST	has	been	applied	in	many	environments	including	
laboratory-based	experimental	pain	evaluation	(requiring	
specialized	 equipment	 and	 highly	 standardized	 stimulus	
delivery)	and	bedside	or	clinic-based	streamlined	evalua-
tions	 (in	 attempts	 to	 optimize	 feasibility	 and	 dissem-

ination).(9)	 Previously	 published	 QST	 protocols	 in	 disor-
ders	 of	 GI	 pain	 involve	 multiple	 testing	 modalities	 and	
stimuli	that	include	both	static	and	dynamic	measures	that	
probe	a	range	of	nerve	9iber	subtypes,	afferent	pathways,	
and	central	pain-processing	mechanisms.	(Table	1).(7)		
					A	key	neurophysiologic	concept	underpinning	QST	in	GI	
pain	is	viscerosomatic	convergence,	in	which	visceral	affer-
ents	synapse	on	spinal	dorsal	horn	neurons	 that	also	re-
ceive	 somatic	 input	 from	 the	 same	 spinal	 segment.	With	
ongoing	visceral	nociceptive	drive,	these	shared	spinal	cir-
cuits	can	become	sensitized,	leading	to	receptive	9ield	ex-
pansion	and	secondary	hyperalgesia	in	segmentally	related	
somatic	areas.	This	 framework	provides	the	rationale	 for	
dermatomally	 guided	 somatic	 testing—probing	 referred	
pain	areas—as	a	practical,	indirect	measure	of	altered	vis-
ceral	nociceptive	processing	and	central	sensitization,	and	
can	 help	 distinguish	 patterns	 of	 localized	 versus	 wide-
spread	hyperalgesia	across	GI	pain	disorders.(4,10)	
					The	common	aim	of	these	measures	is	to	reveal	evidence	
of	altered	pain	processing	or	perception	such	as	hyperalge-
sia,	hypoesthesia,	allodynia,	or	hyperpathia.	Measures	are	
both	static,	assessing	pain	threshold	(the	lowest	stimulus	
intensity	 perceived	 as	 painful)	 and	 pain	 tolerance	 (the	
maximum	tolerable	stimulus),	and	dynamic,	including	tem-
poral	 summation	 (TS)	 and	 conditioned	 pain	modulation	
(CPM).	 TS	 re9lects	 increased	 pain	 responses	 to	 repeated	
noxious	 stimulation,	 indicating	 sensitization	 through	 a	
‘wind-up’	type	of	phenomenon,	while	CPM	re9lects	the	(po-
tentially	impaired)	integrity	of	descending	inhibitory	path-
ways	by	assessing	how	a	second	noxious	stimulus	modu-
lates	the	perception	of	an	initial	one.(11)	
	
3.	QST in Pancreatic Disorders	
	
					QST	has	been	widely	used	 to	describe	 sensory	 abnor-
malities	and	characterize	pain	phenotypes	 in	 the	disease	
process	of	chronic	pancreatitis	(CP),	a	disease	with	no	cure	
in	which	 up	 to	 80%	of	 patients	 experience	 visceral	 pain	
that	is	challenging	to	treat.(12)	Although	much	of	this	pain	
may	stem	from	inflammation	of	the	pancreatic	gland,	ob-
struction	of	the	pancreatic	duct,	peripancreatic	or	pancre-
atic	 nerve	 damage	 or	 nerve	 inflammation,	 there	 remain	
factors	that	are	more	difficult	to	identify	and	treat,	includ-
ing	central	sensitization.	Central	sensitization	refers	to	an	
activity-dependent	increase	in	the	excitability	and	synaptic	
efficacy	of	neurons	within	the	central	nervous	system,	such	
that	 normal	 or	 previously	 subthreshold	 inputs	 begin	 to	
generate	amplified	pain	responses.(10)	Repeated	or	persis-
tent	nociceptive	input	can	lead	to	sustained	amplification	
of	pain	signaling,	lowered	pain	thresholds,	and	allow	pain	
to	persist	even	when	peripheral	drivers	are	reduced	or	re-
moved.	QST	has	been	used	as	a	proxy	test	for	identification	
of	characteristics	of	supraspinal	central	sensitization	in	CP,	
a	 phenomenon	 of	 neuropathic	 and	 neuroplastic	 remod-
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eling	 thought	 to	 result	 from	persistent	pain	 stimuli.(13-19)		
Multiple	 studies	 have	 shown	 that	 relief	 from	 pancreatic	
duct	obstruction	alone	(a	common	target	for	treatment	of	
CP	pain	performed	via	endoscopic	or	surgical	approach),	

unfortunately	does	not	relieve	or	resolve	pain	in	a	durable	
fashion	for	many	CP	patients,	leaving	them	with	an	incom-
plete	 explanation	 for	 their	 symptoms.(20-22)	 Even	 in	 pa-
tients	who	 have	 undergone	 a	 complete	 removal	 of	 their	

 

   Table 1.  Categories of Sensi3vity Tes3ng Used in Quan3ta3ve Sensory Tes3ng for Gastrointes3nal Pain 

S"mulus Modality Mechanism Types of GI disease in which this tes"ng has been 
u"lized 

Mechanical Distension 
Balloon/Barostat 

Intraluminal balloon infla"on stretches gut 
walls and ac"vates mechanoreceptors, 
thresholds for discomfort/pain are measured. 
Barostat methods assess gut tone, compli-
ance, and sensi"vity during distension.(31,83) 

IBS (visceral hypersensi"vity to rectal/colonic dis-
tension)(46-49) 

FD (gastric sensi"vity)(56) 

IBD (rectal sensi"vity and rectal compliance)(63-65) 

Esophagus, non-cardiac chest pain (esophagus hy-
persensi"vity)(60) 

Pressure Algometry Applica"on of pressure to soma"c regions 
(dermatomes or muscles) sharing spinal seg-
ments with visceral organs, to detect second-
ary hyperalgesia. Measures pressure-pain de-
tec"on and tolerance thresholds.(31,83) 

Chronic pancrea""s (segmental or central sensi"-
za"on)(34) 

Thermal S"mula"on 
(Heat/Cold) 

Temperature-controlled s"muli (e.g. hot or 
cold water perfused intraluminally via a bal-
loon) ac"vate thermosensi"ve visceral affer-
ents. Pain threshold and tolerance to intralu-
minal heat/cold are recorded.(31,83) 

IBS (rectal hypersensi"vity to thermal s"muli)(84)  
IBS (rectal sensi"vity to cold water s"muli)(85)  

Electrical S"mula"on Intraluminal or transmucosal electrical cur-
rent ac"vate visceral afferent fibers directly 
and assess central or spinal processing of vis-
ceral sensa"ons.(31,83,86) 

IBS (altered spinal transmission of nocicep"ve sig-
nals)(87)  
Chronic Pancrea""s (skin electrical s"muli over 
the pancrea"c dermatome to measure electric 
pain detec"on thresholds)(30) 

Chemical S"mula"on Chemical irritants are delivered to visceral 
sites to ac"vate chemosensory path-
ways.(31,83) 

Non-cardiac chest pain (esophagus acid provoca-
"on or acid perfusion test)(59,88)  
IBS (capsaicin rectal s"mula"on)(89)   

Mul"modal s"mula"on A mul"modal technique of visceral sensory 
assessment integra"ng electrical, mechanical 
and thermal s"mula"on into the same de-
vice.(31,83)  

GI disorders involve esophagus, rectum and rec-
tosigmoid(62,90) 

 

Dynamic paradigms Temporal summa"on (TS; wind-up): In-
creased pain ra"ngs across repeated iden"cal 
noxious s"muli delivered at a fixed inten-
sity/frequency, reflec"ng facilitated central 
pain processing/central sensi"za"on.(11) 

Esophagus (electrical s"muli showed perceptual 
wind-up and is enhanced aUer acid induced cen-
tral sensi"za"on)(79) 

Chronic pancrea""s (repe""ve pin-prick s"muli 
assess TS)(32) 

 

 Condi"oned pain modula"on (CPM; ‘pain in-
hibits pain’): Assesses endogenous descend-
ing inhibitory control by measuring the 
change in perceived intensity of a test s"mu-
lus during/aUer a spa"ally remote condi"on-
ing s"mulus.(11) 

Chronic pancrea""s (cold pressor/ice-water hand 
immersion is applied to engaging descending in-
hibitory pathways, and changes in pressure pain 
detec"on/tolerance are compared before and af-
ter the condi"oning s"mulus to quan"fy CPM)(32) 

IBS (heat pain combined with noxious cold-water 
immersion, liXle to no inhibi"on of heat pain ob-
served in IBS pa"ents)(91) 
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pancreas	 via	 total	 pancreatectomy	with	 auto-islet	 trans-
plant	(TPIAT),	a	substantial	proportion	of	adults	continue	
to	 experience	 ongoing	 pain	 and/or	 opioid	 require-
ments.(23,24)	 In	 an	adult	 cohort	undergoing	TPIAT,	opioid	
independence	was	achieved	in	only	46%,	and	83%	devel-
oped	a	new	characteristic	abdominal	pain.(25)	QST	is	meant	
to	address	the	possibility	that	central	sensitization	may	ac-
count	 for	a	portion	of	 this	persistent,	difficult-to-manage	
pain.(26)	
					Experimental	 QST	 protocols	 performed	 in	 a	 research	
setting	have	previously	demonstrated	 correlation	of	 cen-
tral	sensitization	with	severe	CP(14,27),	and	 identi9ied	cen-
tral	sensitization	as	a	predictor	of	poor	surgical	outcome	
after	treatment	with	thoracoscopic	splanchnic	denervation	
in	CP.(28,29)	The	presence	of	sensitization	at	the	pancreatic	
viscerotome	 (corresponding	 to	 T10	 or	 the	 10th	 thoracic	
dermatome	and	as	detected	by	electrical	 tetanic	stimula-
tion)	 has	 predicted	 a	 positive	 therapeutic	 response	 to	
pregabalin.(30)	 Early	 QST	 investigations	 were	 limited	 by	
protocols	 requiring	 particular	 experimental	 settings	 and	
extensive	 training.	 Direct	 visceral	 stimulation	 ap-
proaches—commonly	used	 in	esophageal	 and	 rectal	QST	
studies—are	not	easily	translated	to	the	pancreas.(31)	As	a	
result,	most	early	pancreatic	QST	work	has	relied	on	indi-
rect	 somatic	 stimulation	 paradigms	 performed	 in	 con-
trolled	 experimental	 settings,	 which	 has	 constrained	
broader	participation	and	dissemination.	
					More	recently,	a	clinically-feasible	pancreas-speci9ic	QST	
protocol	designed	for	bedside	use,	pancreatic	QST	(P-QST),	
has	been	developed	through	the	work	of	a	collaborative	re-
search	consortium.(32)	P-QST	preserves	the	core	mechanis-
tic	constructs	(segmental	vs	widespread	sensitization	and	
impaired	descending	inhibition)	while	omitting	technically	
demanding	components	such	as	electrical	stimulation	and	
emphasizing	standardized,	noninvasive	measures	suitable	
for	clinical	implementation.	This	protocol	has	been	widely	
disseminated	through	15	major	pancreas	research	centers	
in	multiple	continents,	and	has	the	potential	for	adoption	
into	routine	clinical	practice.(3,33)		
					P-QST	evaluates	both	static	and	dynamic	components	of	
CP	pain.	Aspects	of	this	testing	protocol	include	the	use	of	
pressure	testing	(via	digital	algometer)	of	the	T10	derma-
tome	as	a	pancreatic	viscerotome	proxy.	This	site	is	chosen	
because	pancreatic	visceral	afferents	and	somatic	afferents	
from	 the	T10	 segment	 converge	 on	 shared	 spinal	 dorsal	
horn	circuitry	(Figure	1).	Pancreatic	nociceptive	input	can	
therefore	produce	segmentally	distributed	secondary	hy-
peralgesia	 in	 the	corresponding	T10	dermatome,	making	
T10	pressure	sensitivity	a	practical	somatic	surrogate	for	
pancreas-linked	 sensitization.	 The	 P-QST	 protocol	 uses	
comparison	of	pressure	pain	detection	and	tolerance	be-
tween	pancreatic	versus	non-pancreatic	(control)	derma-
tomes	to	evaluate	systemic	changes	in	sensory	processing	
suggestive	 of	 hyperalgesia.	 The	 protocol	 also	 uses	 non-

invasive	 pin-prick	 testing	 to	 evaluate	 for	 abnormal	 TS.	
Hand	immersion	in	ice-water	for	two	minutes	serves	as	a	
noxious	stimulus	to	activate	the	central	descending	inhibi-
tion	pathway,	and	subsequent	comparison	of	pressure	al-
gometer	 testing	 before	 and	 after	 the	 stimulus	 allows	 for	
detection	 of	 appropriate	 elevation	 in	 the	 pain	 detection	
threshold	following	pathway	activation	(CPM	paradigm).			
					Since	 its	 establishment,	 the	 P-QST	 protocol	 has	 suc-
ceeded	in	specifying	precisely	pain	profiles	among	patients	
with	painful	CP.	In	particular,	patients	with	widespread	hy-
peralgesia	 report	 significantly	 higher	 pain	 intensity	 and	
rates	of	constant	pain,	as	well	as	decreased	quality	of	life	
and	 physical	 functioning	 compared	 to	 those	 with	 either	
pancreatic	segmental	hyperalgesia	or	no	hyperalgesia.(34)		
There	is	significant	overlap	in	the	contribution	of	hyperal-
gesia,	 pancreatic	 ductal	 obstruction,	 and	 psychiatric	
comorbidity	 in	 the	 population	 of	 patients	 with	 painful	
CP.(26)	In	those	CP	patients	who	do	have	resolution	of	their	
pain	with	treatment,	hyperalgesia	may	persist	but	there	is	
significantly	 less	psychiatric	comorbidity	present	 than	 in	
their	counterparts	who	have	never	had	pain	(and	who	ex-
perience	neither	hyperalgesia	or	psychiatric	distress)	and	
their	counterparts	who	have	ongoing	pain	(and	significant	
psychiatric	 comorbidity).(35)	 P-QST	 has	 also	 shown	 in	 a	
preliminary	study	the	ability	to	predict	response	to	treat-
ment	in	patients	with	widespread	hyperalgesia.(36)	An	ap-
propriately-powered	observational	clinical	trial	is	ongoing	
to	assess	the	ability	of	P-QST	to	predict	response	to	relief	
of	ductal	obstruction	in	painful	chronic	pancreatitis.(37)	
					Use	of	P-QST	 in	other	diseases	of	 the	pancreas	–	both	
acute	pancreatitis	and	pancreatic	cancer	–	has	been	rare	
but	carries	potential	promise.	A	cross-sectional	study	uti-
lizing	 P-QST	 in	 patients	 with	 pancreatic	 cancer	 has	 re-
vealed	 that	 there	 is	 abnormal	 central	 pain	 processing	 in	
pancreatic	 cancer	 patients,	with	 19%	 each	 having	wide-
spread	and	segmental	hyperalgesia.(38)	A	single	small	study	
looking	at	multiple	QST	somatosensory	parameters	in	pa-
tients	with	AP	(n	=	23),	CP	(n	=	20),	autoimmune	pancrea-
titis	(n	=	10),	and	pancreatic	cancer	(n	=	17),	slight	differ-
ences	in	profiles	across	disease	states	were	found,	but	im-
portantly	found	that	patients	with	AP	compared	to	CP	have	
evidence	 of	 blunt	 pressure	 hyperalgesia	 and	 more	 pro-
found	somatosensory	losses.(39)	Notably,	the	CP	cohort	in	
this	study	largely	represented	early-stage	disease	with	low	
opioid	use,	which	may	account	for	the	limited	hyperalgesia	
observed	 and	 the	 apparent	 differences	 from	 prior	 QST	
studies	 in	 more	 advanced	 painful	 CP,	 where	 segmental	
and/or	widespread	hypersensitivity	 is	more	consistently	
reported.	
					P-QST	shows	promise	in	helping	to	understand	mecha-
nisms	 underlying	 pancreatic	 pain	 in	 multiple	 pancreatic	
disease	 processes.	 In	 other	 painful	 conditions,	 QST	 has	
been	used	to	guide	treatment	decisions	by	identifying	pa-
tients	 with	 central	 sensitization,	 and	 guiding	 therapy	
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according	to	likelihood	of	response.(40-42)	The	hope	is	that	
QST	(and	speci9ically	P-QST)	may	offer	this	opportunity	for	
pancreatic	disease	and	be	successfully	used	as	both	a	pre-
dictor	of	 treatment	outcome	and	potentially	a	method	 to	
track	response	for	future	treatment	trials.	
	
4.	QST in Disorders of Brain-Gut Interactions and Lu-
minal GI Disorders	
	
					Disorders	 of	 gut–brain	 interaction	 (DGBI)	 comprise	 a	
group	of	gastrointestinal	conditions	in	which	the	most	fre-
quently	 encountered	 diagnoses	 include	 irritable	 bowel	
syndrome	(IBS)	and	functional	dyspepsia	(FD).(43)	Visceral	
hypersensitivity	and	alterations	in	central	nervous	system	
processing	 are	 key	 mechanisms	 underlying	 their	 patho-
physiology.(44,45)	 Given	 the	 breadth	 of	 this	 literature,	 the	

studies	highlighted	below	represent	selected	examples	of	
how	QST	has	been	applied	to	elucidate	pain	mechanisms	
across	 DGBI	 and	 other	 luminal	 GI	 disorders.	 QST	 (using	
multiple	 testing	 modalities)	 has	 provided	 important	 in-
sights	into	the	mechanisms	contributing	to	pain	experience	
in	these	conditions.			
					Rectal	barostat	testing	has	previously	been	used	to	as-
sess	 symptoms	 associated	with	 rectal	 compliance	 in	 pa-
tients	with	IBS.(46)	For	example,	in	a	Rome	II	cohort	of	109	
IBS	patients	and	29	healthy	controls,	39%	of	IBS	patients	
had	lowered	discomfort	and/or	pain	thresholds,	and	61%	
met	criteria	for	“altered	rectal	perception”	when	combin-
ing	thresholds,	unpleasantness	ratings,	and	viscerosomatic	
referral	area;	this	subgroup	also	reported	greater	symptom	
severity	 (notably	 pain	 and	 bloating)	 and	 the	 association	
was	 not	 simply	 explained	 by	 anxiety/depression	 in	

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  
This figure represents an illustra0on of the endogenous neural circuitry that is central to the technique of Pancrea0c Quan0ta0ve Sensory 
Tes0ng (P-QST). By extension, this is also a demonstra0on of poten0al points of pathophysiology evaluated by this method. The T10 level 
of the spinal cord is of central import as this is the level from which innerva0on of the pancreas occurs. Convergence between pancrea0c 
afferent and skin afferent nerves in the T10 dermatome (the laJer in the skin of the upper abdomen and back) allows for detec0on of 
sensi0za0on of the nerves in the pancrea0c viscerotome. The nerves at this level may be sensi0zed by persistent afferent pain signals 
beginning at the pancreas in the seLng of pancrea0c inflamma0on or underlying pancrea0c pathology. This sensi0za0on may result in the 
lowering of the pain threshold to pressure tes0ng of the skin and deep 0ssue. Not pictured here are extra-pancrea0c dermatomes also 
tested: spreading of the sensi0za0on along the neuroaxis may then result in lowering of pain thresholds in other dermatomes such as L4 
(also assessed in P-QST). The bulbospinal pathway in pa0ents with normal processing can effec0vely gate visceral pain signals and inhibit 
the pain pathway; this may be altered in the seLng of neuropathic or neuroplas0c changes. Pain experienced by the pa0ent may result 
from a combina0on of nocicep0ve processing and the ac0va0on of other brain centers that manage affec0ve, cogni0ve, and evalua0ve 
informa0on. The pain experience may be dominated over 0me by one or more of these factors as pain chronifica0on takes place. 
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multivariable	 analyses.(47)	 Increased	 sensitivity	 to	 con-
trolled	 rectal	 distension	 has	 also	 been	 consistently	 re-
ported	across	multiple	investigations,	reinforcing	visceral	
hypersensitivity	as	a	 central	 feature	of	 IBS	pathophysiol-
ogy.(48,49)		
					Patients	with	functional	gastrointestinal	disorders	have	
also	 demonstrated	 altered	 somatic	 pain	 processing.	 In	 a	
different	 Rome	 II-based	 cohort	 study	 (33	 patients	 with	
functional	GI	disorders	including	24	IBS,	8	FD,	1	functional	
chest	pain	vs.	33	healthy	controls),	a	standardized	cold-wa-
ter	hand	immersion	test	showed	earlier	somatic	pain	per-
ception	in	patients	and	reduced	pain	tolerance,	with	~33%	
of	 patients	 falling	 below	 the	 lower	 limit	 of	 the	 control	
range.(50)	 In	 another	 study(51),	 female	 diarrhea-predomi-
nant	IBS	participants	(n=27)	and	healthy	controls	(n=25)	
underwent	somatic	sensitivity	test	at	the	forearm	and	calf	
using	a	contact	 thermode,	while	 central	pain	modulation	
was	assessed	through	counterirritation	paradigms	involv-
ing	sustained	cold	stimulus	applied	to	the	hand	and	electric	
shocks	delivered	to	the	ankle.	Individuals	with	IBS	exhib-
ited	lower	pain	thresholds	to	both	rectal	and	calf	stimuli,	as	
well	as	increased	heat-induced	pain	at	the	calf	and	forearm.	
Importantly,	 cold-induced	 pain	 inhibited	 shock-induced	
pain	in	healthy	controls	but	failed	to	do	so	in	patients	with	
IBS,	indicating	impaired	endogenous	pain	inhibitory	mech-
anisms.	These	9indings	support	the	presence	of	widespread	
hypersensitivity	 and	 altered	 pain	 inhibition	 processes	 in	
IBS,	a	pattern	further	corroborated	by	other	studies	report-
ing	increased	sensitivity	to	heat	stimuli,	impaired	CPM,	and	
lower	 pressure	 pain	 detection	 threshold	 at	 distal	 body	
sites.(49,52,53)	Further	evidence	for	altered	central	pain	mod-
ulation	 in	 IBS	 comes	 from	 studies	 employing	 CPM	 para-
digms.	 Two	 systematic	 reviews	with	meta-analyses	 have	
shown	that	CPM	responses	are	signi9icantly	reduced	in	IBS	
compared	 with	 healthy	 controls,	 supporting	 the	 role	 of	
central	sensitization	in	symptom	generation.(54,55)	
					In	patients	with	FD,	both	mechanical	and	chemical	hy-
persensitivity	have	been	well	documented.	Balloon	disten-
sion	 and	 chemical	 infusion	 studies	 demonstrate	 height-
ened	sensitivity	of	the	stomach	to	mechanical	stretch	and	
chemical	 stimuli.(56)	 QST	 paradigms	 that	 activate	 TRPV1	
(e.g.,	gastric	pain	modeling	via	oral	capsaicin	capsule	titra-
tion)	have	demonstrated	visceral/upper-GI	chemosensory	
hypersensitivity	 in	 FD.	 In	 a	 randomized,	 double-blind,	
nocebo-controlled,	 cross-over	 design,	 patients	 with	 FD	
reached	 the	 pain	 endpoint	 at	 lower	 doses	 and	 reported	
greater	symptom	intensity	than	healthy	controls,	support-
ing	enhanced	chemosensory	responsiveness.(57)	Similarly,	
intraduodenal	long-chain	triglyceride	infusion	induces	dis-
proportionately	 greater	 fullness/nausea/bloating	 in	 FD	
and	can	augment	symptom	responses	to	gastric	distension,	
consistent	with	nutrient-speci9ic	chemosensory	hypersen-
sitivity.(58)	

					The	 esophagus	 has	 been	 one	 of	 the	 most	 extensively	
studied	areas	for	visceral	QST	paradigms.	Sarkar	et	al	con-
ducted	distal	esophageal	acid	infusion	studies	in	19	healthy	
volunteers	 and	 7	 patients	 with	 non-cardiac	 chest	 pain	
(NCCP),	 and	 found	 NCCP	 patients	 demonstrated	 lower	
baseline	pain	thresholds	and	developed	more	pronounced	
and	prolonged	hypersensitivity	after	short	acid	exposure,	
suggesting	the	role	of	central	sensitization.(59)	Balloon	dis-
tension	studies	further	con9irmed	that	a	substantial	subset	
of	NCCP	patients	exhibit	esophageal	hypersensitivity	inde-
pendent	of	overt	mucosal	injury.(60)	Olesen	et	al.	designed	a	
randomized,	 double-blind,	 placebo-controlled	 crossover	
model	to	 induce	reproducible	esophageal	hyperalgesia	 in	
healthy	volunteers	using	 combined	acid	 (0.1	M	HCl)	 and	
capsaicin	perfusion.	Fifteen	participants	underwent	multi-
modal	sensory	testing	(heat,	mechanical	distension,	elec-
trical	stimulation)	before	and	after	chemical	sensitization.	
All	 volunteers	 developed	 persistent	 sensitization	 (for	 at	
least	 60	minutes)	 in	 at	 least	 one	modality,	with	 reduced	
heat	 and	 electrical	 pain	 thresholds	 and	 expansion	 of	 re-
ferred	pain	areas,	consistent	with	both	peripheral	TRPV1-
mediated	sensitization	and	centrally	mediated	hyperalge-
sia,	as	 inferred	 from	expansion	of	 referred	pain	areas.(61)	
Drewes	 et	 al.	 developed	 a	 multimodal	 esophageal	 QST	
model	in	11	healthy	volunteers	integrating	electrical	stim-
ulation,	 impedance	 planimetry-based	mechanical	 disten-
sion	and	controlled	cold/heat	stimulation	via	intra-bag	wa-
ter	recirculation.	Across	modalities,	subjects	showed	clear	
stimulus–response	relationships,	 reported	both	 local	and	
viscerosomatic	referred	pain,	and	the	referred	pain	area	ex-
panded	with	increasing	stimulus	intensity.	Repeated	elec-
trical	bursts	lowered	detection	thresholds,	consistent	with	
TS-like	central	facilitation.(62)		
					QST	has	also	been	applied	in	patients	with	in9lammatory	
bowel	disease	(IBD).	In	ulcerative	colitis	(UC),	altered	rec-
tal	sensitivity(63,64)	and	reduced	compliance(65)	during	bal-
loon	distension	have	been	associated	with	hallmark	symp-
toms	of	active	disease,	such	as	urgency	and	frequent	defe-
cation.	Studies	using	controlled	rectal	distension	(with	im-
pedance	planimetry)	have	demonstrated	hypersensitivity	
in	active	ulcerative	colitis	despite	preserved	rectal	compli-
ance	and	stiffness.(66)	Notably,	pharmacologic	smooth	mus-
cle	 relaxation	 abolished	 this	 hypersensitivity,	 indicating	
that	 increased	rectal	 smooth	muscle	 tone	rather	 than	 in-
trinsic	wall	 stiffness	 contributes	 substantially	 to	 sensory	
abnormalities.	These	data	highlight	the	value	of	controlled	
biomechanical	 QST	 paradigms	 that	 directly	 characterize	
wall	 deformation	when	 interpreting	 visceral	 hypersensi-
tivity.	Notably,	UC	patients	in	remission	who	report	IBS-like	
symptoms	exhibit	 greater	 rectal	 sensitivity	 than	 those	 in	
remission	without	 such	 symptoms,	 suggesting	persistent	
sensory	 abnormalities	 beyond	 mucosal	 in9lammation.(67)	
Incorporating	QST	into	IBD	phenotyping	may	help	identify	
patients	 with	 IBS-like	 features	 and	 guide	 the	 use	 of	
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neuromodulators	or	centrally	acting	analgesics	alongside	
standard	anti-in9lammatory	therapy.	
	
5.	Advanced Technologies and Multimodal 
Phenotyping	
	
					Functional	neuroimaging	studies	have	provided	comple-
mentary	evidence	for	altered	central	pain	processing	in	vis-
ceral	pain	disorders.	A	quantitative	meta-analysis	demon-
strated	that	although	both	IBS	patients	and	controls	show	
activation	in	brain	regions	involved	in	visceral	afferent	pro-
cessing	(i.e.	the	thalamus,	insula,	and	anterior	midcingulate	
cortex),	IBS	patients	more	consistently	recruit	areas	linked	
to	emotional	arousal	(pregenual	anterior	cingulate	cortex,	
amygdala)	as	well	as	a	midbrain	cluster	implicated	in	en-
dogenous	pain	modulation.(68)	Other	neuroimaging	studies	
have	similarly	shown	heightened	activation	of	the	insular	
cortex,	 prefrontal	 cortex(69),	 and	 anterior	 cingulate	 cor-
tex(70)	 during	 rectal	distension	 in	 IBS,	 further	 supporting	
central	 ampli9ication	 of	 visceral	 signals.	 These	 imaging	
9indings	enrich	the	interpretation	of	QST	by	providing	con-
crete	neural	correlates	of	altered	sensory	processing.	Im-
portantly,	 convergent	evidence	 for	central	 reorganization	
has	also	been	demonstrated	in	pancreatic	pain,	particularly	
in	painful	CP.	Structural	magnetic	resonance	imaging	(MRI)	
studies	 show	reduced	 cortical	 thickness	 in	key	pain-pro-
cessing	 regions	 (including	 the	 insula,	 secondary	 soma-
tosensory	cortex,	prefrontal/frontal	cortices,	and	midcin-
gulate	cortex)	with	regional	thinning	correlating	with	clin-
ical	pain	intensity.(71)	Diffusion	tensor	imaging	studies	in-
dicate	 microstructural	 alterations	 across	 gray	 matter	
within	 the	 amygdala,	 cingulate	 cortex,	 insula,	 prefrontal	
cortex,	and	in	white	matter	within	the	insula	and	prefrontal	
cortex,	with	 additional	 alterations	 in	 the	 secondary	 sen-
sory	 cortex.	 Microstructural	 metrics	 correlate	 with	 pain	
scores	and	vary	by	pain	pattern.(72)	More	recently,	resting-
state	functional	MRI	work	has	extended	this	framework	by	
demonstrating	 altered	 intrinsic	 network	 coupling	 in	 CP	
(hyperconnectivity	within	default	mode	and	salience	net-
works	 and	 reduced	 anticorrelation	 between	 them),	 with	
default	mode	connectivity	associated	with	anterior	cingu-
late	 glutamatergic	measures,	 highlighting	 a	 link	 between	
network-level	dysfunction	and	central	neurochemistry	 in	
CP	pain.(73)	
					Building	on	these	insights,	precision	medicine	is	increas-
ingly	recognized	as	an	important	future	direction	for	man-
agement	of	GI	pain	of	multiple	 etiologies.(74)	 Visceral	hy-
persensitivity	may	serve	as	both	a	biological	 and	clinical	
marker,	 and	 IBS	QST	 9indings	 are	 now	being	 interpreted	
alongside	 cytokine	 pro9iles,	 microbiome	 signatures,	 and	
mucosal	 biopsy	 data	 to	 generate	 more	 detailed	 patient	
phenotypes.(4,75)	A	similar	precision	framework	is	emerg-
ing	in	painful	CP,	where	P-QST	phenotyping	is	being	inte-
grated	with	key	clinical	and	treatment	covariates	(such	as	

baseline	pain	burden,	 intervention	type,	and	measures	of	
technical	 ductal	 clearance)	 and	 neuroin9lammatory	 bi-
omarker	 pro9iles	 to	 build	 models	 that	 predict	 pain	 out-
comes	after	 invasive	ductal	decompression	and	may	help	
re9ine	patient	selection	for	invasive	therapy.(37)		
					Recent	work	has	also	incorporated	QST	into	randomized	
controlled	trial	designs,	 including	studies	using	machine-
learning–based	models	to	predict	individual	responses	to	
self-management	 interventions	 before	 treatment	 be-
gins.(76)	 Beyond	 traditional	 applications,	 emerging	 work	
highlights	how	computational	modeling	and	arti9icial	intel-
ligence	may	substantially	enhance	the	clinical	utility	of	QST	
by	 individualizing	 reference	 values,	 identifying	 patient-
speci9ic	protocols,	integrating	QST	with	immersive	virtual-
reality-based	pain	therapies	and	informing	arti9icial	intel-
ligence-assisted	treatment	recommendations.(77)	Integrat-
ing	QST	into	the	clinical	assessment	of	GI	pain	offers	insight	
into	central	versus	peripheral	mechanisms	and	pain	mod-
ulatory	 capacity,	 thereby	 supporting	 individualized	 and	
mechanism-based	therapeutic	strategies.(78)	
	
6.	Limitations and Challenges	
	
					QST	 has	 several	 major	 limitations	 that	 should	 be	
acknowledged.	 There	 is	 a	 subjective	 component	 to	 pa-
tients’	responses	to	sensory	stimuli	(i.e.	reporting	a	certain	
threshold	 or	 sensation).	 The	 stimuli	 are	 standardized,	
which	offers	a	relative	comparison	between	the	individual	
and	appropriate	reference	population.	However,	QST	relies	
on	phasic,	time-limited	experimental	stimuli,	which	can	be	
hard	to	extrapolate	to	more	complex	clinical	pain	or	to	fully	
re9lect	the	“real-world”	pain	experience,	where	multiple	af-
ferent	 inputs,	 in9lammation,	 tissue	 pressure	 or	 ischemia,	
and	 central	 sensitization	 may	 occur	 simultaneously	 and	
9luctuate	with	 time.	 To	 improve	 ecological	 validity,	 some	
paradigms	 incorporate	 multimodal	 stimulation	 models	
(for	example,	assessing	TS	using	repetitive	pinprick	stimuli	
and	engaging	CPM	using	cold	pressor/cold-water	immer-
sion	 paradigms	 in	 CP)(32)	 and/or	 chemical	 sensitization	
models	(for	example,	multimodal	esophageal	protocols	in	
which	 repeated	 electrical	 stimulation	 demonstrates	 per-
ceptual	wind-up	and	can	be	enhanced	following	acid	per-
fusion–induced	sensitization)	that	may	better	approximate	
clinically	relevant	symptom	provocation,	though	they	still	
do	 not	 capture	 the	 full	 complexity	 of	 chronic	 visceral	
pain.(79)	Beyond	these,	an	important	aspect	of	QST	is	that	
testers	themselves	must	be	rigorously	trained	in	order	to	
administer	 the	 stimuli	 in	 a	 standardized	 fashion,	 and	
equipment/protocols	must	be	calibrated	and	applied	con-
sistently	 to	minimize	 inter-rater	 and	 site-to-site	 variabil-
ity.(80)	In	addition,	QST	does	not	account	for	other	factors	
that	may	in9luence	the	pain	experience	including	anxiety,	
depression,	or	other	psychiatric	comorbidities.	
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7.	Conclusions	
	
					QST	 is	a	promising	methodology	 for	advancing	 the	ex-
ploration	of	GI	pain.	Despite	its	limitations,	QST	has	the	po-
tential	to	offer	phenotyping	strategies	for	multiple	GI	dis-
eases	 that	 cause	 visceral	 pain,	 to	 both	 characterize	 pain	
and	 offer	 insight	 into	 personalized	 treatment	 options	
based	 on	 those	 characteristics	 for	 optimization	 of	 out-
comes.	To	emphasize	this	translational	goal,	we	provide	a	
concise	 summary	 (Table	2)	 linking	 common	QST-de9ined	
sensory	phenotypes	with	potential	mechanism-based	ther-
apeutic	approaches	and	supporting	evidence.	In	addition,	
emerging	 therapies	 targeting	 speci9ic	 sensory	

mechanisms,	 including	 sodium	 channel–directed	 ap-
proaches	for	peripheral	hyperexcitability	or	“irritable	no-
ciceptor”–type	 phenotypes,	 may	 represent	 an	 important	
future	direction.(81)	Although	current	support	for	these	ap-
proaches	is	derived	largely	from	non-GI	pain	literature	ra-
ther	than	GI-speci9ic	QST-guided	studies,	growing	interest	
in	selective	sodium	channel	modulators,	 such	as	NaV1.8-
targeted	 therapies(82),	 highlights	 the	broader	potential	 of	
phenotype-informed	 treatment	 development	 in	 visceral	
pain	disorders.	Such	strategies	of	phenotyping	will	be	cru-
cial	to	any	future	ability	to	provide	an	individualized	pre-
diction	of	treatment	response	to	planned	interventions	in	
multiple	disease	entities.	

 

Table 2.  QST-defined Sensory Phenotypes and Poten3al Mechanism-Based Therapeu3c Approaches in Gastroin-
tes3nal Pain 

QST-defined  
phenotype 

Gastrointes"nal disease 
context 

Poten"al targeted 
therapy 

Proposed mechanism for efficacy 

Segmental pancrea"c 
hyperalgesia  

Chronic pancrea""s(30) Pregabalin Reduces neuronal excitability via α2δ Ca2+ chan-
nel modula"on, may be most effec"ve when 
segmental sensi"za"on is present. 

Widespread  
hyperalgesia 

Chronic pancrea""s(92)  Pregabalin Reduces neuronal excitability via α2δ Ca2+ chan-
nel modula"on, may aXenuate central hyperex-
citability and spreading hyperalgesia 

Impaired descending 
inhibi"on 

Chronic pancrea""s(93,94) Ketamine  NMDA-receptor antagonism may interrupt cen-
tral sensi"za"on, poten"ally improve pain mod-
ula"on, and reduce amplified pain processing 

Rectal visceral  
hypersensi"vity 

IBS/DGBI(95) Pregabalin Reduces neuronal excitability via α2δ Ca2+ chan-
nel modula"on, may reduce excitatory neuro-
transmiXer release and rectal hyperalgesia in 
hypersensi"ve IBS pa"ents. 

Rectal visceral  
hypersensi"vity 

IBS/DGBI(96) Keto"fen Mast cell–related mechanisms may contribute 
to peripheral sensi"za"on, and keto"fen may 
secondarily dampen visceral hyperalgesia 

Rectal visceral  
hypersensi"vity 

IBS-C/DGBI(97) SAT Repeated barostat-guided distension may pro-
mote sensory adapta"on and improve rectal hy-
persensi"vity. 

Esophageal  
hypersensi"vity 

Esophageal hypersensi-
"vity model (in healthy 

volunteers)(98) 

Citalopram May reduce mechanical and chemical esopha-
geal hypersensi"vity, likely through serotonergic 
modula"on of pain processing. 

Secondary esophageal 
hyperalgesia 

Acid-sensi"za"on model 
(in healthy  

volunteers)(99) 

Pregabalin May aXenuate the development of acid-in-
duced secondary esophageal hypersensi"vity, 
likely via reduc"on of centrally mediated sensi"-
za"on. 

Gastric sensorimotor 
dysfunc"on 

Func"onal dyspepsia(100) Buspirone Enhances proximal gastric relaxa"on and ac-
commoda"on, which may improve postprandial 
distress symptoms. 

IBS, irritable bowel syndrome; IBS-C, irritable bowel syndrome, cons0pa0on predominant; DGBI, disorder of gut and brain interac0on; SAT, 
sensory adapta0on training 
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