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Abstract

In this paperwe presentan augmentatiorto the wear
able computes typically usedto determineif a patient
is a candidatefor sumgery to correct problemsassociated
with Gastoesophgeal Re ux Disease(GERD). A wear
able camen wasusedby the r st authorwhile participat-
ing in a 24—hourstomat acid pH study After the studys
conclusion,an examinationof the captured video and pH
recod revealedsomeresultsthatallowedthe r stauthorto
avoid manyof theactivitiesthat resultin symptomselated
to GERD.

1 GERD and Medical Testing

GastroesophageRle ux Diseasds a medicalcondition
thataffects2% of theadultpopulationof the United States.
GERDrefersto there ux of stomachacidinto theesopha-
gusandcanleadto complicationsuchasesophagealancer
andlung damageThemostcommonsymptomof GERDis
heartlurn. Typical treatmentgor GERDincludediet mod-
i cation andmedication;however, for somepatientsthese
treatmentanay prove ineffective, and the patientmay be
evaluatedior moredrasticmeasuresuchassugery.

If sugeryto correctGERD is consideredan option, the
patientusually undegoesa 24— or 48—hourpH study to
measurghe percentagef time thatthe patientis in re ux
during normaldaily actiities. In the 24—hourstudy a pH
probeis insertednto thesubjects noseandloweredthrough
the esophaguso a positionabove the stomach. Sincethe
probeis attachedo a line thatis retainedin the patients
noseandthroat,several pH sensorganbe placedat vary-
ing locationsalong the patients esophagus.The probeis
attachedo awearablecomputemwhichrecordshe patients
pH levelsfor 24 hours.The patienttypically useshewear
ablecomputerto recordtimesof meals,periodsspentin a
supineposition (e.g. sleeping),and occurrence®f symp-
toms.

The rst authorsufferedfrom severeandrelatively un-

commonsymptomsof GERDin 1999. Symptomspersisted
for eight monthsandincludeduncontrolledvomiting, sud-
denandsevereweightloss,hoarsenesgoughingdiarrhea,
andanxietyafterwaking. Symptomdisappearedftercor-
rective sumgeryin 2000, but resumedn 2003in the form
of uncontrolledretching. After a changein diet andtreat-
mentfor a bacterialstomachnfection,the symptomsagain
disappearechnda pH studyshavedalow rateof re ux.

Figure 1. Medtonic pH monitor and CharmIT Pro
wealable computemwith videocamea.

In 2004, the authors symptomsappearedagainto a
lesserdegree. A 24—hourpH studywas performed. Two
pH sensorsvereplacedin theesophaguandreadingsvere
recordedby aMedtronicFunctionDiagnosticdPolygram98
(version2.01) wearablecomputer In addition, the subject
wore a smallcameramountedon his chest facingforward.
The subjectattemptedo work and perform normal activi-
tiesasmuchaspossibleduringthe study

The wearablecamera,a Logitech QuickCamPro 4000
(removed from its housing)was equippedwith a wide—
anglelens,and 160x120imageswere capturedandtimes-
tampedby the patients CharmIT Pro wearablecomputer
onceper second. With JPEGcompressionL60MB is re-
quiredto storethe 86,400imagescapturedduring the 24—



Figure 2. RecodedpH levelsin two locationsin the esophgus. Valuesbelow4 (horizontalmidline) are consideed
re ux episodesLight shadedegions(yellow)indicatemealsand dark shadedegions(green)indicatesleeping The
redboxeshelowthetimelinedraw attentionto re ux episodes.

hourstudy Figurel shavs animageof theapparatusThe
datafrom the Medtronicsand CharmIT computerswere
synchronizedafter the studyby subtractingthe differences
betweenthe systems'clocks. Figure 2 shavs tracesfrom
both pH sensorgluringthe study anda sampleimagecap-
turedby thewearablecameraduringare ux episode.

2 Results

Theresultsof the studyweresurprising.While the sub-
jectwasin re ux 4.3% of the time, almostall of this oc-
curredwhen he wasin the upright position (7.3% of the
uprighttime). Re ux often occurswhile sleeping,andthe
subjectwas sleepingsitting uprightto avoid the problem.
However, the pH studyindicatedthatback ow of stomach
acidinto theesophagusid not occurevenwhenthe patient
slepthorizontally Even so, the total percentagef re ux
while usingacidstoppingmedicationvasabnormakndin-
dicatedthat repeatsumgery was appropriate. However, re-
peatsumgeriesof this type have a reducedsuccessateand
mayleadto complications.

Examiningthe imagescapturedduring re ux episodes
revealeduseful correlationsand helpedthe patient make
an informed choiceagainstthe suigery. For example,re-
ux occurredduring every episodeof eating. While the
Medtronicwearablecomputerhasaninterfacefor the user
to indicatemeals,the imagerecordmay be more accurate
asthe subjectmay forgetto indicatehis mealsandsnacks.
In addition, the video revealedthat re ux occurredduring
episodeof physicalactvity, especiallywhen the subject
bentat thewaist. This correlationwould not have beenob-
senedby eitherof thetwo currentpH studymethodswith-
outvideoaugmentation.

Given this dataand a subsequentonsultationwith his
physician the subjectoptedfor a courseof medicationand

behaior modi cation wherehe avoids putting mechanical
stresson his stomach(suchaswhenbendingat the waist)
andis carefulduringmeals.The subjectis otherwisdiving
anormallife andhasreturnecto his usualdiet. Symptoms
have goneinto remissionandsumgeryhasbeenaverted.

3 Future Work

Wearableimage captureprovided signi cant informa-
tion during the pH study and allowed the subjectto make
a moreinformed choiceaboutsumgery However, the sys-
tem could be improved signi cantly. Giventhe resolution
andimagecapturefrequeny neededthe samefunctional-
ity couldbeobtainedrom acombinatiornof asmallcamera
and ash disk. Sucha designcould be pinnedontothesub-
ject's clothesin the form of a broach,makingthe system
practicalfor mary morepH studypatients.

Privacy of the subjects colleaguesemainsa concern.
However, Clarksonshavedthata hyper- sheyelenscould
beaddedo awearablecamerahatcausedndividual faces
to be unrecognizablén theimagedueto lack of resolution
anddetail[1], while still allowing the wearerto recognize
therecordedvideo. A similar designcould be usedin con-
junction with the pH studyto presere the privacy of the
subjects colleagueswhile still allowing the subjectto re-
constructhis actiities duringre ux episodes.
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