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Abstract

In this paperwe presentan augmentationto the wear-
able computers typically used to determineif a patient
is a candidatefor surgery to correct problemsassociated
with Gastroesophageal Re�ux Disease(GERD). A wear-
ablecamera wasusedby the �r st authorwhile participat-
ing in a 24–hourstomach acid pH study. After thestudy's
conclusion,an examinationof the captured videoand pH
record revealedsomeresultsthatallowedthe�r stauthorto
avoidmanyof theactivitiesthat resultin symptomsrelated
to GERD.

1 GERD and Medical Testing
GastroesophagealRe�ux Diseaseis a medicalcondition

thataffects2%of theadultpopulationof theUnitedStates.
GERDrefersto there�ux of stomachacidinto theesopha-
gusandcanleadtocomplicationssuchasesophagealcancer
andlungdamage.Themostcommonsymptomof GERDis
heartburn. Typical treatmentsfor GERDincludediet mod-
i�cation andmedication;however, for somepatientsthese
treatmentsmay prove ineffective, and the patientmay be
evaluatedfor moredrasticmeasuressuchassurgery.

If surgeryto correctGERDis consideredanoption, the
patientusually undergoesa 24– or 48–hourpH study to
measurethepercentageof time that thepatientis in re�ux
duringnormaldaily activities. In the 24–hourstudy, a pH
probeis insertedinto thesubject'snoseandloweredthrough
the esophagusto a positionabove the stomach.Sincethe
probeis attachedto a line that is retainedin the patient's
noseandthroat,several pH sensorscanbe placedat vary-
ing locationsalong the patient's esophagus.The probeis
attachedto awearablecomputerwhichrecordsthepatient's
pH levelsfor 24hours.Thepatienttypically usesthewear-
ablecomputerto recordtimesof meals,periodsspentin a
supineposition (e.g. sleeping),andoccurrencesof symp-
toms.

The �rst authorsufferedfrom severeandrelatively un-

commonsymptomsof GERDin 1999.Symptomspersisted
for eightmonthsandincludeduncontrolledvomiting, sud-
denandsevereweightloss,hoarseness,coughing,diarrhea,
andanxietyafterwaking.Symptomsdisappearedaftercor-
rective surgery in 2000,but resumedin 2003 in the form
of uncontrolledretching. After a changein diet andtreat-
mentfor a bacterialstomachinfection,thesymptomsagain
disappeared,andapH studyshoweda low rateof re�ux.

Figure 1. Medtronic pH monitor and CharmITPro
wearablecomputerwith videocamera.

In 2004, the author's symptomsappearedagain to a
lesserdegree. A 24–hourpH studywasperformed. Two
pH sensorswereplacedin theesophagusandreadingswere
recordedby aMedtronicFunctionDiagnosticsPolygram98
(version2.01)wearablecomputer. In addition,thesubject
worea smallcameramountedon his chest,facingforward.
The subjectattemptedto work andperformnormalactivi-
tiesasmuchaspossibleduringthestudy.

The wearablecamera,a LogitechQuickCamPro 4000
(removed from its housing)was equippedwith a wide–
anglelens,and160x120imageswerecapturedandtimes-
tampedby the patient's CharmIT Pro wearablecomputer
onceper second. With JPEGcompression,160MB is re-
quiredto storethe 86,400imagescapturedduring the 24–



Figure 2. RecordedpH levelsin two locationsin theesophagus. Valuesbelow4 (horizontalmidline)are considered
re�ux episodes.Light shadedregions(yellow) indicatemealsanddark shadedregions(green)indicatesleeping. The
redboxesbelowthetimelinedrawattentionto re�ux episodes.

hourstudy. Figure1 shows animageof theapparatus.The
data from the Medtronicsand CharmIT computerswere
synchronizedafter thestudyby subtractingthedifferences
betweenthe systems'clocks. Figure2 shows tracesfrom
bothpH sensorsduringthestudy, anda sampleimagecap-
turedby thewearablecameraduringa re�ux episode.

2 Results
Theresultsof thestudyweresurprising.While thesub-

ject was in re�ux 4.3% of the time, almostall of this oc-
curredwhen he was in the upright position (7.3% of the
upright time). Re�ux often occurswhile sleeping,andthe
subjectwassleepingsitting upright to avoid the problem.
However, thepH studyindicatedthatback�ow of stomach
acidinto theesophagusdid notoccurevenwhenthepatient
slepthorizontally. Even so, the total percentageof re�ux
while usingacidstoppingmedicationwasabnormalandin-
dicatedthat repeatsurgery wasappropriate.However, re-
peatsurgeriesof this typehave a reducedsuccessrateand
mayleadto complications.

Examiningthe imagescapturedduring re�ux episodes
revealeduseful correlationsand helpedthe patientmake
an informedchoiceagainstthe surgery. For example,re-
�ux occurredduring every episodeof eating. While the
Medtronicwearablecomputerhasan interfacefor theuser
to indicatemeals,the imagerecordmay be moreaccurate
asthesubjectmay forget to indicatehis mealsandsnacks.
In addition,the video revealedthat re�ux occurredduring
episodesof physicalactivity, especiallywhen the subject
bentat thewaist. This correlationwould not have beenob-
servedby eitherof thetwo currentpH studymethodswith-
outvideoaugmentation.

Given this dataanda subsequentconsultationwith his
physician,thesubjectoptedfor a courseof medicationand

behavior modi�cation wherehe avoids puttingmechanical
stresson his stomach(suchaswhenbendingat the waist)
andis carefulduringmeals.Thesubjectis otherwiseliving
a normallife andhasreturnedto his usualdiet. Symptoms
havegoneinto remission,andsurgeryhasbeenaverted.

3 Future Work
Wearableimage captureprovided signi�cant informa-

tion during the pH studyandallowed the subjectto make
a more informedchoiceaboutsurgery. However, the sys-
tem could be improvedsigni�cantly. Given the resolution
andimagecapturefrequency needed,thesamefunctional-
ity couldbeobtainedfrom acombinationof asmallcamera
and�ash disk. Sucha designcouldbepinnedontothesub-
ject's clothesin the form of a broach,making the system
practicalfor many morepH studypatients.

Privacy of the subject's colleaguesremainsa concern.
However, Clarksonshowedthata hyper–�sheye lenscould
beaddedto a wearablecamerathatcausedindividual faces
to beunrecognizablein theimagedueto lack of resolution
anddetail [1], while still allowing the wearerto recognize
therecordedvideo. A similar designcouldbeusedin con-
junction with the pH study to preserve the privacy of the
subject's colleagueswhile still allowing the subjectto re-
constructhis activitiesduringre�ux episodes.
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