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Summary regarding the reliability and value of current clinical tets.

) ) _ o ) However, recent progress has been substantial, with
Gastric dysriithmia continues to be a clinical enigmayechnical adances, theoretical insights, angperimental

of uncertain diagnostic and therapeutic = significanCgiscoeries offering nev translational opportunities in
However, recent progress has been substantial, Willxsyric electropisiology This update eduates seeral of

technical adances, theoretical insights aneperimental hese adances and addresses future horizons in the basic
discoveries offering nev translational opportunitiesThe 544 clinical science of gastric dysrhythmia.

discoveries that interstitial cells of Cajal (ICC) generate

slov waves and that ICC abnormalities are associated witfihe role of ICC

motility disorders hee reirvigorated gastric dysytthmia ) )

research. Increasingvidence nw suggests that ICC It is naw widely accepted that sl waves ae
depleton and damage, network disruption angenerated and propagated by interstitial cells of Cajal
channelopathies may seras auses of aberrant siovave (ICC). and this disogery has been accompanied by intense
initiation and conductionHistological and high-resolution INterest in what roles ICC defects may play in disédse.
(HR) electrical mapping studies\arecently redefined the These advances V& gitically informed nev directions in
normal human ‘gstric conduction system’, providing andysrtythmia research, and reigorate clinical interest in
improved baseline for dysithmia research. Furthethe €vauating gastric electrical activity. .

application of HR mapping to dysrthmia has generated In the stomach, the strongest evidence for a
important nev insights into the spatiotemporal dynamics oPathoplysiologic role for ICC is in gstroparesis.” While
dysrlythmia onset and maintenance, resulting in th@@troparesis is multifactorial, and also associated with
emepgence of ne provisional classification schemeghe —autonomic, smooth muscle, enteric r@rs system and
strong associations betweeastyic functional disorders and Immune  cellular changes and fibrosfsthe ICC loss -
electrogastrogragh (EGG) abnormalities e(g. in aPpears to be of particular significance. ICC abnormalities
gastroparesis, un@lained nausea and vomiting, and?'® the most common histological finding in both idiopathic
functional dyspepsia) continue to mate deeper inquiries @nd diabetic gstroparesi,and seerity of ICC loss has
into the nature and causes of Gl dyshimias. In future, been correlated with serity of gastric retention as well as
technical progress in EGG methodswnelR mapping €lectrogastrograph(EGG) abnormalitie$:° Animal model
devices and softare, wireless slo wave acquisition research supports a pathophysiologic role for ICC in
systems, and impved gastric pacing devices may acree gastropareSI§; for example, |nduct|o_n of heme oxygenase-1,
validated applications in clinical practicé\eurohormonal @ /toprotectve nolecule against oxidag dress, has been
factors in dysrhythmogenesis also continue to be elucidat&fiovn to both restore ICC and normalize gastric emptying
and a deepening understanding of these mechanisms rifhjon-obese diabetic micé. _
open opportunities for drug design for treating dytmia. ~Another emeging ICC  research area with
However, for such translational goals, it remains to be sedffiPlications for dysrjthmia is ion channel defects
whether dysrhythmia can be corrected in aywthat (channelopathiesy Early work in this area has lield

improves agan function and symptoms in patients. mutations in the mechanosensiti Na(v)1.5 so<_jium
channel, encoded by the SCN5A gene and found in human
Introduction ICC and smooth muscle cells, with irritable wed

) syndrome-® Channel defects of this type can substantially
~Almost a century has passed since the esteemgfyify whole cell slov wave activation, potentially
physiologist Alvarez made his “little prophesy” thatinqycing dysrhythmias in a manner analogous to defined
“gastroenterologists would come to rely upon electrlczﬂ,pes of cardiac dysythmial® Further research is needed

measures for the routine diagnosis 'Of stomach disordefs. getermine whether such mechanisms are also important
just as the heart specialist [doek]'Despite intensie in disorders such as functional dyspepSia.

investigations through the intervening years, #lez's ICC also serg ®vaal other functions beside sio
prophesy remai_ns unfulf_illed. '_I'here c_ontinues to be littlg 4 /e pacemaking, including mediating neurotransmission,
uptale of gastric electrical diagnostics beyond awfe mechanotransduction and establishing smooth muscle
specialist research centres, due to ongoing uncertaupgétmg membrane potential gradieh®simportantly 1CC
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pathologies will therefore impact on gastric motility byconnecting network, with a further anatomical subclass of

other pathways beyond just glevavedysrhythmiat’ ICC encasing and connecting bundles (ICC-SEPn
) ) animal models (but yet to be stiw in humans), a decrease
The gastric conduction system in ICC-MP within the glorus functions as an electrical
In the normal stomach, ICC generatewslwaves 23;|tesrzghelpmg to isolate gastric and duodenal electrical

synchronously at a common frequgnechieved by their

‘entrainment’ to the highest frequenexpressed in their
syng/tium - within  the @stric wall.’® Entrainment is
maintained by an underlying frequgrgradient intrinsic to
ICC, which declines in the aboral direction, as may

Extracellular recordings remain the primary tool for
evduatingin vivo gastric slav waveactivation patterns wver
large tissue are&8. Classically gastric slov wave

ropagtion was studied using sparse arrangements of

revealed by partitioning the stomach into isola’[ec?xtr"’lce".UIar electrodes, typically up to eight, placed at
segment$?20 It is helpful to consider the pathogenesis ofegular intervals along the GI tract. Wever, such results.
dysrhythmia mechanisms in terms of disruption to normajere incomplete due to the limitations of sparse sampling,

entrainment (‘disorders of conduction’) or to the intrinsi .”‘?' C_O""d be misleadin.g due tq spatial.aliaéﬁ@he_se
ICC frequencies (‘disorders of initiation’p.g. Figure 1), imitations therefore motated the introduction of Gl high-

and each of these abnormalities may in turn promo\{lgsgrlgggn d(:nz)e e;?f;ggalo;niﬁgggo dtc)eys Lvigrene:lspsli.(’a d to
secondary forms of dysrhythmie.g.Figure 2). L0 :
y ysthy ¢-Fig ) accurately track aatgtion in spatiotemporal det&i:?” The

analysis of gastric conduction patterns using HR mapping
has nw yielded a much more accurate description of the
normal origin and propagation of gastric vglavaves in
large animal models and in humaig®2 serving as a
reliable baseline for dysrhythmiavigstigations.

slow wave
dysrhythmia

aberrant aberrant
initiation conduction Velocity anisotroy has preen to be an mportant
finding from HR mapping studies for dygthmia
interpretation, whereby x&acellular slov waves in the
region of the normal gstric pacemaker shwoa much higher
velocity and amplitude activity than vents in the
surrounding corpus®.5x in humansf>28 The reason for
the high velocity and amplitude pacemaker pattern was only
recently resolgd in a combined theoreticatferimental
study3® aided by neel methods for analysing the spatial
properties of sy wave activation.31:3233 The high local
velocity is the consequence of thact that the impulse
propagites from the pacemaker area initially and
predominantly in the circumferential directighln human
stomach, propagion in the circumferential direction is
[2.5x faster than in the longitudinal direction (termed
‘anisotropic’ propagtion). The accompanying increase in
extracellular amplitudes is due to changes in current
Figure 1 An example of the classification schemesr f distribution associated with the higher impulselocity=°
gastric dysrhythmia that are emerginglrhese a& row By the time slov waves reach the mid to lower corpus,
being based on meanisms and spatial patterns of slowhowever, they haveformed into complete ring aweronts,
wave activation.Aberrant initiation relates to abnormali- such that the rapid circumferential conduction ceases, and
ties of intrinsic ICC fequencies, and example activitiesvavefronts propagte with slower antegrade aetion
include stable ectopic paceneak and unstable egons of towards the pylorug>3°

ectopic foci. Aberrant conduction imolves disruption of the Velocity anisotro is aitical to the interpretation of
normal slow wave entrainment, and examples includ#ysrhythmic actvity, because disorders of both initiation
abnormal velocities, conduction blocks, and-entrant and conduction disrupt normal gastric ringuafronts’-%
activities. This allovs ‘ectopic circumferential propagation’ to
emege, such that dysrhythmias are characterized by high-
velocity wavdronts and high-amplitude signals local to

L Iq human stomach, an anastomQSing nekvof ICC their source, which directly determines the patterns of
is distributed throughout the myenteric »pis (ICC-MP), dysrhythmic actvation. This anisotrop also plays a &y

and circular and longitudinal muscle layers (intramuscul@ le in the maintenance and stability of dysfimic

. _ 21,22 _ )
ICC; lC(.: IM). . ,ICC IM run parallel to the smooth atterns, such as slavavere-entry* (recently reiewed by
muscle fibres within the muscle layers, forming a Ioosel@

Gastric anisotropy

stable ectopic abnormal

pacemaker velocity

unstable conduction
ectopic foci block

— reentry
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Figure 2 Examples of secondary gastric dysrhythmia rhanisms. These wer dbserved during multi-eleaide (high-
resolution) mappingwhereby one class of dysrhythmia may induce secondary dysrhythmic events. (i) Conduction delay or
block may give rise to distal ‘escape’ events, due to the inherent automaticity of distdI®fEiQ; Conduction inhomo-

geneity, in the presence of unidirectional block, may give risestemtant slow wave activity*4256(iii) Ectopic events in

the distal stomatmay cause uncoupled areas of tiss@sulting in blok of the normal antegrade wavefrort$266

Chenget al, 2013%). to motion artifcts, necessitating use of bipolar electrodes,
It is not yet known which ICC netwk structures tight band-pass filteringe(g. 0.016 - 0.3 Hz), careful
underlie the anisotropic properties outlined \&oThere attention to noise discrimination, and idealbpncurrent
are likely to be tw complimentary gastric conduction motion sensing?®
pathways actve, supporting circumferential conduction at EGG recordings are typically taken before and after a
high velocity and longitudinal conduction ataelocity3®  test meal, and analysedriables include the dominant slo
For humans, it was recently proposed that within avave frequeng and its consistenc dominant paver
bidirectionally-coupled ICC system, the leading ratw (reflecting signal amplitude and regularityep time), the
might switch between ICC-MP (dominant duringfasting-fed pwer ratio’ (the dominant power increases
longitudinal conduction) and ICC-IM (dominant duringafter a test meal in normal subjects), as well as measures of
circumferential conduction), depending on the presence signal instability>3® Analysis of the EGG wavedorm
absence of complete gastric ringwdronts3 This theory morphology has no defined role, but EGG may also be
awats validation, but could &r mechanistic insights into applied to detect @stric uncoupling’ (where discrete areas
dysrtythmogenesis. For example, wlovave frequencies of the stomach are entrained to feliént sources and
are known to increase in ICC-IM at sites of sustaineflequenciesf? particularly using modern multichannel
cholinegic stimulation®” which could then act as sites ofapproachess(g.four bipolar electrodes).

dysrhythmic initiation within a bidirectionally-coupled The normal frequenc range defined by EGG is
system. around 2.4 — 3.7 cycles/min, with frequgrabnormalities

) outside this range classed as bradyda, tacigastria, or
Electrogastiography and dysrhythmia non-specific3 However, a Imitation of this approach is

that it is not yet certain ko and from where the aptric
slow wave potentials actually summate to form the EGG
signal, especially since it haswdeen shown that there
may be 3-5 sl waves propagting at ag time in the
stomacl?>28 This issue is wen more problematic during
dysrhythmias, when dferent frequencies may be

Much of what is known aboutagtric dysrigthmia,
particularly in human disease, continues to bevdérfirom
electrogastrograph(EGG). EGG is a non-imsive test and
is relatively simple to perforn¥® but the signals are
currently dificult to relate to the underlying slowaves. In
addition, EGG signals are ofviloamplitude and susceptible
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simultaneously aocte in multiple uncoupled gstric additional vork is needed to define validated roles for EGG

regions’ 2 in therapeutic algorithm&There is also considerable scope
Several decades of EGGyvestigations hae produced to further refine the principles and practice of EGG, through

an «tensie literature associating electrical abnormalitiebiophysical modelling, technical advances, and basic

with gastric disorders @ble 1). Multiple studies a dso  experimental studie®

demonstrated that ypeglycaemia is associated with o ) ) )

dysrhythmia, possibly contriting to dysrhythmia in New insights into dysrhythmia from HR mapping

diabetic gstroparesi&>4*leading to recommendations that The advent of HR mapping has been a majoaads

blood glucose _b.e tested and normahzgd prior to ‘egt'f‘% gastric dysrhythmia research. The first HR analyses of
EGG abnormalities va@ dso been associated with chromcSICW wave dysrhythmias were performed in dogs in 2008
; 45 ; )
re“f"" ff‘s"“re' anolexa nervosa (after a prolonged reporting neel abnormalities of both initiationeg(g. focal
period),”and chronic intestinal pseudo—obstruct’l‘é.n.. or ectopic actiities) and conduction e(g. re-entrant
In_ terms of symptoms, the st.ror?ges.t association W'ﬁ}opagations) as mechanisms of antral tagdstrias'?
EG(T;—.dlagsnosed frequgyn@bnormahty Is with nausea and These concepts werextended in a subsequent porcine
;(srrllltlng. Dysrlﬂy_thm|ah |s_common|vyhe(jr\ vomiting Is tudy demonstrating that compleslow waveabnormalities
! eYt{ afg 5fefrt] mh ¢ rciﬂ'c %l;?e?)(p alntg n_all;Iseagz aMfiso underlie taghyastria in the corpus, including re-entry
vomiting, arter chemother In motion SICKNEss, self-perpetuating conduction block, and ectopic initiation,

and in nausea of pgeang.*? Indeed, phsiological oy shwing ‘escape rhythms’ in bradggtria®® These two
evidence suggests that myoelectrical derangements may Sdies are representati d a new era for gastric
part of the normal physiological sequence o ysrhythmia, in which modern methods of cardiagthm

i 54,55,56 H
vohm|ttk|]ng. d hSt%m? cc_)ntr:aerlsy remains, hmfe/ er, & analysis are brought to bear to agkieccurate analyses of
whether:dysrhythmia 1S truly a cause ot nausea arag/srhythmic onset and maintenarfée.

vomiting, or m_erely an associated. epiphenomenon.. Mor Clinical translation of HR mapping was recently
resea_rch on th's point is neededt i is nqtable thatastric achieved in a gudy of patients with idiopathic and diabetic
electrical pacing thergpmay have potential t(.) both me_rt gastroparesis, providing the first spatially-detailed
dysrtythmia and_ reduce nausea, suggesting ‘93.‘3““"’" description of human dysrhythmic pattefndVhereas
does hee a o!e n Symptof‘“ ge.nes?é.A _pathogemc rple revious studies had focused almostlasively on human
for dysrhythmia in the motion sickness induced by circul bnormalities of sky waveinitiation (e.g. ectopic actiity),

i 58
vt(]actttl]on,d. Tai also begn fuzgggstcid bbB; taet fthatt the this study demonstrated that conduction abnormaliges (
royihm disturbances arse 1-2 minute betore symptoms, ag conduction and conduction blocks) were also

thelr” se/enty cqrrelate_s with nausea '”‘ens“%’_ revalent in gastroparesis. These conduction abnormalities
Additionally, in patients with gastroparesis, the resolutlorgOuld be a consequence of ICC loss, which results in
pf nausea "’?”d omiting has_.been associated Withnetv\x)rk remodelling and haphaza}d or delayed
improvements in EGG abnormalitié3. L conductiorf*%® The compl& dysrhythmic propagtion
Another documented EGG abnormality is the loss atterns described in this recent study alsoveha

nortmal pc;\_/ver |?cr?§sc1e_hafteErGg te;t Tgal otmi_adrv,n dpathoplysiologic implications, because diganised
gestroparetic patients. ihe signal 1S considere patterns such as competing pacemakers, colliding

su;nnlt_alvl/e d d/slow Wtavet_agt%n/_:_tf)]/ and srlnootr; mus(;lel wavefronts, retrograde propagation, and uncoupling, must
potentials andior contractions.ine normal post-prandial j,q highly disruptie © gastric mixing and motilityin a

plcwtter mc;:ea;el m% therg;ore re::ect 'nctr?aser(rinanner akin to cardiac fibrillation disrupting cardiac
electromechanica’ - agtly, —andior  perhaps  gptric contractility and output. This notion is supported by canine

distensiorf?% while its loss in gastroparesis may reflecly gies that shve Sow wave dysrhythmia impairs gstric
reduced electromechanical adty,®® potentially related to ontractions and induces hypomotifi?®

- : o
hypomotility or reduced current density output caused by With a range of abnormalities wcbeing discoered

ICC loss® Consistent with this latter hypothesis, a recer‘gnd &amined by HR mapping, early attempts are being
extralpteltljular. stu?y htas Str]m retducetizs.erosal stowave made to classify these dysrhythmias. In their canine $&udy
amp '[l; es.;n Ef 1en S;V' d.gas rr}opa.lr SLE tentiaii Lammerset al. proposed a first classification mostly based

espite the mansiudies showing the potent € on rate and rhythm, very similar to what is used in cardiac
of EGG, clinical adoption remains weak. In addition to thgrrhythmiagl In contrast, in the human agtroparesis

!imitations outlineq ."’?b“’e’ EGG is pe_r_cqjeq as ra_ving mapping study the changes in rate were less dramatic, and
mcom_plgte sensitivity —and  specifiGity |nconS|stenF dysrtythmias were classified in patterns of progémn, as
di s functional  sianifi q e i ERicidated by HR mappinge@. Figure 1). The limited
regading ts - unctional - signiicance — and _ 10l€  INyarations in shy waverate during human dysrhythmia is

3 o I
managemert® The positve pedictve \alue of EGG for important, because it means that snaach abnormalities

normal gastric emptying ranges from 65-100% in publishe uld be missed by tests relying predominantly on

studies (@erage 85%), and from 50-81% for predictingf Vsi h " laining the limited
abnormal gastric emptyingg@age 65%9. But it should be requECigtryir;aE)gg, perhaps partly explaining fhe timite

sensi
noted that EGG and gastric emptying tests likely reflect ang Gi ; ; -
. ; ) L that the HR I f dygtthm
characterize different patient subgroups. More significantly ven fhat the mapping analysis o as
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Table 1. Published associations between elegaistography measures and gastric disorders.

Disorder Refs  EGG Measure Pevdence of Comments
Abnormalities
59 Any abnormality 6/6 patients . . i
60 Any abnormality 7904 Dysrhythmlas_ variably reporfced to be fre
. e quent or rare in gastroparesis by serosal or
Gastroparesis 93 Dysrhythmia; Increased 05 06,97, 1k
. mucosal recording}°6-°"while HR map-
pooled analysis ing showed a high rafe
94 Any abnormality 75%s0% controls P9 9 '
. 98 Dysrhythmia by Undefined
Chronic unex- . : . .
lained nausea and cutaneous _EGG H.Igh dysrhythm|a_rate alsg described in
paine Dysrhythmia by 95% direct ogan recording studie$-%°
vomiting ;
serosal recording
100 Dysrhythmias 36%s 7% controls
101 Dysrhythmias; 33%s0% controls  Dysrhythmias increased
Functional dvspen- Any abnormality 66%vs0% controls  post-prandially:®® and higher in patients
sia yspep 102 Multichannel; any 83%; (tacly 36%; also having delayed gastric emptyi¥§.
abnormality brady 15%) Increased detection using multichannel
103 Post-prandial dys- 43%vs0% controls EGG!0°
rhythmias
100 Dysrhythmias 10%s 7% controls
106 Dysrhythmias 50% of GORD
patients with food
i regurgitation Dysrhythmia only significantly present in
Gastro _oesopr@eal 107 Dysrhythmias 22-24%s10% GORD patient subsets with
reflux disease tationlo0 ,
(GORD) _ controls _ regurg_ltatlo " delayed g_astrlc
108 Dysrhythmias 75% GORD with  emptyingi®” and dyspepsia symptohid
dyspepsia symp-
tomsvs11% GORD
alone
Cyclic vomiting syn- 109 Tachygastria 5/8 symptomatic High dysrhythmia rate observed when
drome children pre-prandi- patients symptomatic.
ally; 8/8 post-pran-
dially
Ischaemic gastropa- 110 Dysrhythmias 2/2 patients (case  Resolved after rascularisation

thy

report)

has only recently lgrn, there may well be additional typestechnical advances omld be required to achie multi-

of dysrhythmias to be diseered and analysed, and it electrode mapping in fechake subjects (discussed below).
therefore seems premature at present to suggest a complete ) )
or comprehense dassification system. Furthermore, futurd\eurohormonal influences and therapies

classifications could also be based directly on the
mechanisms of these dysrhythmias, as is starting to occurt('sn

the nascent field of small intestine dysrhythnifa@.

Despite its adantages, a major limitation of HR
mapping is that all studies to dateveédeen performed in
fasted anaesthetised subjects subjected to laparoto
While routine anaesthesia is substantially unlikely to alt
slov wave actiity (reviewed by O'Gradyet al, 20137),
this research context is limiting because mechanical angd
nutrient factors are lidy to be significant in sl wave
dysrhythmogenesis. ¢ example, balloon distension of the
antrum can pnmke dysrhythmias® as can duodenal
perfusion with lipid and protein rich solutioffssuggesting
that it would also be produgé © evaluate dysrhythmias in

Multiple neurohormonal factors Y& shown potential
induce gastric dysrhythmias, some of which are

discussed here. Hormonal factors that mafecaf slav

wave
fenta@strin,

the post-prandial period, as occurs with EGGlajor
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thythms

include insulin,  cholgstokinin,

and glucago®¥. Administration  of

Vogesterone and estrogen to non-pregnant women, in
dvels equvalent to that occurring in the gyeant state, can
also induce gstric dysrhythmia and naus&aand adrenalin
noradrenalin

dysrhythmogenic  in
animals*®7In general, havever, the clinical significance of
these associations remains quite uncertain. Kkample,
while female se steroids can induce dysrhythmias, and
dysrhythmias are associated with nausea aonhiting in

shon
indduals

to be
and

a dso been
susceptible
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pregnany,>® proof of causality within this chain of/ents is to apply similar methods in real-time, allimg live
lacking. mapping during experiments or clinical studiés.

Neural influences may also promote or suppress To progress the goal of HR mapping dysrhythmias in
dysrhythmia. As discussed abg cholinegic stimulation conscious fed patientsafajadvar et al. recently presented
may modulate intrinsic ICC frequencies, potentiallthe first telemetric platform for wireless wlovave data
inducing dysrigthmias3” Additionally, anticholinergic acquisition and transmissih. In future, wireless
agents, such as atropine and scopolamine, can inhitsdnsmission could be coupled with secure mucosal
tachyastria and reduce nausea during circulaction, recording methods e(g. Coleski & Hasler 2009%),
implying a cholinergic influence, which is &k to be allowing detailed clinical studies to be performedero
centrally-mediated? 7> Phentolamine has also beenwho several days and in thenake gate.
to blunt nausea and taaastria induced by circularetion Gastric pacing ife. low-frequeng stimulation to
and ephedrine infusion, implying thati-adrenergic entrain slav waves) has shown potential to vest
pathways are also irolved#852 Dysrhythmias induced by dysrhythmias, modulate symptoms, and acceleratstrip
gastric antral distension, by contrast, cannot be inhibited ®mptying®’ and continues to bexplored as a treatment
anticholinegic administratior? and other influences could modality In a recent porcine stugyHR mapping vas
also be actie in this context, such as mechanosewsiton applied to gauate the effects of agptric pacing on sko
channels within the ICC networR. wave entrainment in spatiotemporal det&land it would

Paacrine factors are also kmao to induce gstric be valuable to reproduce thisodk in humans. An
dysrtythmias, such as the endogenous prostaglandifi E2zndoscopically-implantable gastric stimulation devicasw
which may act through EP3 receptors with chronotropiecently proposed that could reducessiveness’®
responses mediated by IP3 generaffoimdomethacin has Another critical advance will be deopment of
been shown to reduce dygthmia in typerglycaemia, effective devices for endoscopic HR mapping, which holds
among other conditior'$,but the clinical applicability and the potential for a routinely deployable diagnostivice
safety of prostaglandin synthesis inhibitors in dyitmia This task is complicated by the high impedance of the
management currently remains uncertain. gastric mucosa, which attenuates signals that are already

Finally, dopamine and serotonin pathwaysidaso low in amplitude. Havever, past efforts at mucosal
been associated with gastric dysrhythmia pathogenesiscordings in humans shothat the approach is feasible
Domperidone, cisapride and ondansetron are alknm (e.g. Coleski & Hasler 200988 Monges & Salducci,
stabilize gastric rhythm; heever, it is unclear whether 1973%), and we anticipate that endoscopic prototypes will
these are simply associations or pharmacologic mechanisbes proposed within the coming years. Laparoscopic
of action®® Interestingly ginger has similar &cts, approaches are also beingveeped, which could be
mediated by unknown meaffs. usefully applied to ivestigate the consequences of

_ _ _ o _ operatve procedures on sk waveactivity.?2
Advances in gastric dysrhythmia monitoring devices

) ) ) _ Concluding remarks
Future advances in gastric dygtfmia research will

continue to be underpinned by technical atbes, and Despite  substantial recent progress,astgc
some of these opportunities are addressed heradafe, dysrhythmia remains a clinical enigma, with uncertain
human HR mapping studies Jea been &cilitated by a pathogenesis, pathogtiology, and therapeutic
flexible printed-circuit-board (PCB) electrode platfoft. implications. May lines of enquiry must be further
Besides being fldéble, these arrays are cheap to massleveloped before we will kne the full potential of
produce, are readily sterilized and potentially disposablélvarez’s “little prophesy” that “gastroenterologistoouid
However, their relatvely low SNR can mak dgnal come to rely upon electrical measures for the routine
interpretation problematic in the electrically-noisy clinicalliagnosis of stomach disordersHowever, like Alvarez,
ervironment, and further refinements to human serosake continue to see significant unmet potential in this field.
mapping arrays will be important. The ultimate test will be to shothat dysrhythmias can be
Data management remains a major technicadversed in a way that meaningfully immes agan
challenge in HR mapping research, withsv volumes of function and symptoms for the benefit of patients. In light
electrograms being recorded in each stuiyis problem of the may advances discussed here, such a goal may
has been partlyv@rcome through a recent series of signafiinally be within reach.
processing advances, whichveagenerated an fi€ient data
analysis package (‘GEMS’) that is ¢y automated when Acknowledgements
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