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Abstract

We have beyun to develop a new annotatedlong term
amhulatory SFT database The aim of the database
is to be a refeence set containing a number of well
documentedischemic ST episodes, axis-related non-
ischemic ST episodesgpisodesof slow ST level drift and
mixedepisodego supportdevelopmeniand evaluation of
detectos capableof accurate differentiation of ischemic
and non-ishhemic ST events, as well as basic reseach
into medianismsand dynamicsof ischemia. We discuss
selectiorcriteria, definethe eventsof interest,anddescribe
the annotationproceduke.

1. I ntroduction

Ambulatory electrocardiographiCAECG) monitoringis
widely usedfor analysisof transientST-segmentand T-
wave changescompatiblewith ischemia. Most AECG
instrumentsio notattemptto distinguishbetweerischemic
andnon-ischemicST and T changeshowever, becausef
a lack of standarddefinitionsof transientST-T eventsand
knowledgeabouttheir meaning.

In order to study these events, and to evaluate and
compare automated methods for their detection and
interpretation,the ICP group in Pisa defined diagnostic
criteriafor transientST and T changesanda protocolfor
annotatingthem [1]. This grouptook the leadingrole in
thedevelopmenbf theEuropearSocietyof CardiologyST
T DatabasgESC DB) [2], which was the first generally
available set of well-characterized,representatie ECG
recordingswith documentedschemic and non-ischemic
ST and T changes. The ESC DB has proven to be an
invaluabletool for designersand evaluatorsof automated
ischemiadetectorslts availability hasstimulatedextensive
researctandpublicationin thisfield duringthe pastseveral
years, including recognition algorithms basedon time-
domain analysis,the Karhunen-L&ve Transform (KLT),
neuralnetworks,andfuzzylogic.

The ESC DB contains 90 two-hour, two-channel
amhulatoryrecordswith 368documentedransienischemic
ST episodesbut only 11 non-ischemicST episodes Non-
ischemicST episodesyhich areof no clinical interestper
se, accountfor mary of the false positives of automated
ischemicST detectors. Thusit is particularly important
to understandheseeventsandto definetheir distinctive
characteristicsn order to improve detectorperformance.
The small numberof non-ischemicepisodesin the ESC
DB doesnot permit exhaustie study of thesedifferences,
however.

Furthermore, our previous study on characterization
of transient ST segment changesin the ESC DBJ3],
revealed two additional types of important ST events.
We found three casesof “mixed episodes’(non-ischemic
episodescontaining ischemic episodeswithin), and 17
casesof significant(>100uV) slow drift of ST deviation
level (15 of which also containischemicepisodes). We
also describedstriking and varied temporal patterns of
transienischemicST changesTheseobsenationsprovoke
questionsegardingtherelationshipdetweenthesepatterns
and the underlying mechanismghat are responsiblefor
ischemia. We cannotanswerthesequestionsdefinitively,
however, since we are not able to obsene more than
a handful of repetitionsof eachpatternin the two-hour
segmentsof the ESCDB.

We have therefore begun to preparea new, long-
term, amhulatory ST database,in order to supportthe
developmentand evaluation of detectorscapableof more
accuratedifferentiationof ischemicand non-ischemicST
changesand to provide more examplesof non-ischemic
episodes, episodesof slowv ST level drift and mixed
episodes.

2. M ethods

The Long Term ST Database(LTST DB) is being
developedby the joint efforts of our researchgroupsin
Ljubljana, Pisa,and Cambridge. It is plannedto contain



up to 70 annotated2-channelrecords,each24 hoursin

duration, obtainedfrom AECG recordings. Thesewill

includeapproximateh\80of the9024-hourrecordingsrom
which thetwo-hourexcerptsin the ESCDB wereobtained.
The recordshave beenselectedto representreal world”

data as much as possible,while documentingsignificant
numbersof ischemicand non-ischemicST events. The
annotationprotocol is compatiblewith that developedfor
the MIT-BIH ArrhythmiaandESCDatabasedyut we have
extendedit to permit more detaileddescriptionsof non-
ischemicST events.

We obtain accuratehuman annotationsof ST events
usingspecial-purposmteractive editingsoftwaredeveloped
by the FCIS group in Ljubljana, and using the general-
purposeWAVE software systemdevelopedby the second
author[4. Eachrecordalso includesa compactclinical
summary with technicalinformation aboutthe recording
aswell asrelevant clinical information (e.g., electrolytes,
medicationsandpathology).Whencomplete the database
and associateditility software will be publishedon CD-
ROMsin thestandardVIT-BIH format,asalsousedfor the
ESCDB.

The recordingschosenfor the original ESC DB were
selectedo include examplesof baselineST displacement
resultingfrom conditionssuchashypertensionyentricular
dyskinesia, and effects of medication. From these
recordingsyvewill includein theLTST DB thoseoriginally
recordecby the ICP group.

In addition, we are selectingnev AECG recordings
from thoseobtainedin routineclinical practiceat Bostons
Beth Israel Hospital (BIH) and at the ICP. Eachselected
recordingmustcontainsignificant(>100uV) transientST
segment episodescorrespondingto known or suspected
ischemiasignificantnon-ischemicST episodessignificant
slow ST level drift, or mixed episodes. Recordings
containingcombinationof theseaventsarepreferred.

Both setsof analogrecordingshave beenmade using
standardAECG recorders(the model of recorderusedis
documentedin eachcase). The analog outputs of the
playbackunits are passedhrough antialiasingfilters and
digitized. Since none of the AECG recorderspreseres
frequeng contentin the signalsabove about45 Hz in the
bestcasesandcloserto 30 Hz in typical caseswe digitize
therecordsat125samplegpersecondperchannel.Thereis
simply no additionalinformationto be gainedfrom using
a higher samplingfrequeng for theserecordings. The
resolutionis 12 bits, and the amplitudescaleis 200 ADC
units/mVfor all signals.

As for the ESC DB, we defined ST deviation as a
changein ST level relative to a referencelevel. Since
somerecordingsexhibit fixed ST depressionrelative to
the isoelectriclevel (due to prior infarcts, for example),
it is not meaningfulto definethe significanceof transient
ischemicchangan termsof STamplitude(ST level relative

to theisoelectriclevel) in theserecordings We identify the
referenceST level by searchingfor a five-minuteinterval
without significantvariationin ST level asnearaspossible
to the beginning of the record. Within this interval, a
referencebeatis selectecandannotatedor eachECGlead.
TheST levelsof thesebeatdbecomehereferencesT levels.

We define and annotateevents independentlyon each
channelyetainingthe ESCDB’s definitionof significantST
episodes
« An episode beggins when the magnitude of the ST
deviation first exceed50uV.

« The deviation mustreach100uV or more throughouta
continuousnterval of atleast30 seconds.

« The episodeendswhen the deviation becomessmaller
than 50uV, providedthat it doesnot exceed50uV in the
following 30 seconds.

Any significanteventin the LTST DB mustmeetthese
criteria. The eventsof interestareischemicepisodesnon-
ischemic episodesand episodesof slow ST level drift.
Ischemicepisodedypically exhibit a distinctive triangular
patternof ST deviation overtime.

Basedon our previousstudieswe definedcharacteristics
for non-isthhemicepisodesresulting from position-related
(postural)changesn the cardiacelectricalaxis:

« A non-ischemic episode must exhibit a stable ST
deviation level of lessthan200 .V throughout.

« Theepisodamustbegin or end(or both)with asignificant
concurrentxisshift.

Axis shifts are best obsened in time seriesof QRS
morphologyfeatures.

Slov ST level drift is the most difficult event to
recognize, especiallyif no other ischemic episodesare
presentDrift may resultfrom slow (non-posturalhanges
in the cardiac electrical axis, effects of medicationon
repolarization, or effects of changesin heart rate on
repolarization. Since the cumulative effect of drift over
periods ranging from 10 minutesto several hours may
amounto asignificantchangeof STlevel (100uV or more),
it cannotbeignored.Drift episodesrebestidentifiedfrom
ST trend plots. Basedon our previous studies,and the
dataat hand,we identify a drift episodeasa significantST
episodehatmeetsary of thefollowing criteria:

« It containsone or more significant ischemic or non-
ischemicepisodesvithin.

« Itislongerthantheischemicepisodedn its neighborhood,
and neither the temporalpatternof ST deviation nor the
changesn ST morphologyresemblehoseof theischemic
episodes.

« It appearsiueto rate-relatedsT-T changes.

In clinical practice thereis usuallyevidenceindependent
of the ECG to supporta diagnosisof ischemia. Hence
it is likely that criteria such as those describedabove
will miss events of borderline significance that would
be consideredischemicin light of additional non-ECG
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Figure 1. Schematiaepresentatiomf a mixed episode(a
non-ischemicepisodecontainingan ischemicone). The
shortenedannotationsshavn here[R, LR, IR, (N, AN, (,
A, ), andN)] aredefinedin tablel.

evidence. To accountfor theseevents, we also annotate
episodesfor which the maximum ST deviation is nearly
100uV, andwhichmeetall of theothercriteriafor ischemic
episodes.Theseareannotatedasborderlineplus or minus
(respectiely, with or without ST morphology change).
Another catggory of events of borderline significance
(borderlineminus)is that satisfyingthe criteria described
above but without ST morphologychange.

Various significantmixed (compound)episodesequire
specialtreatment. This category includes non-ischemic
episodescontaining ischemic “sub-episodes, and drift
episodes containing ischemic or non-ischemic sub-
episodes. Figure 1 schematicallyshavs such a mixed
episode.Thegeneraltrendof ST deviation during a mixed
episodeis more or lessstable(typically between100 and
200uV). While the boundarieof the mixed episodeitself
are determinedby ST deviationsrelative to the reference
ST level from the beginning of therecord,thoseof the sub-
episodesiredefinedwithin thecontext of themixedepisode
by local ST deviations relative to a local referencebeat.
This local references selectecandannotatedmmediately
after the beginning of each mixed episode. Each ST
annotationcontainsboth the ST deviation relative to the
initial (or local) referenceandthe ST amplitude(deviation
relative to the isoelectriclevel). Exceptfor referencebeat
annotationseachST annotationalso containsinformation
aboutthetypeof episodgo whichit belongs.

ST annotationsare mademanuallywith referenceo the
ECGsand to trend plots of heartrate and QRS and ST
morphologic features. The trend plots[3 are produced
using ARISTOTLE[5] for QRS complex detectionand
classification, followed by removal of baselinewander
using a cubic spline approximation and subtraction
techniqueJow-passfiltering by a 6-pole Butterworth filter
(with a cut-off frequeng of 55 Hz), and extraction of
ST and QRS morphologyfeatureswith heartrate. Next,
the Ljubljana group’s software for interactve ST analysis
is usedfor rejectingabnormalbeatsand their neighbors,
filtering of the featuretime series(seefigure 2, center
trace) resamplingandsmoothingfigure2, toptrace).This
approachmakesuseof therepresentatiopowerof theKLT

Code Meaning
( [D|N] STx +50,aaaa Beginning
A [D|N] STx + dddd,aaad, s] Extremum

[D|IN] STx £ 50,aaaa ) End
R STx, aaaa Refeence
LR STx, dddd,aaaa Local refeence
IR STx, aaaa Initial refeence

Table 1. ST annotatiorcodesusedfor the database[D|N]:
typeof episodgD: drift, N: non-ischemicpone:ischemic);
X: lead number(0 or 1); dddd, aaaa: ST deviation and
amplitude in pV; s: subtype(+: borderline plus, —:
borderlineminus)

serieswhile compacttrendplots assureaccuratedetection
of important as well as subtle eventsin the series[3].
Eventsare visually detectedafter the final preprocessing
step.Annotationsaremadedirectly onthetrenddisplay(at
userselectedscalefrom 2 minutesto 24 hours)afternoise
detectionin the KLT spacewith referenceto the original
ECG signalsin the region of interestdisplayedusing the
WAVE system.

In the final phaseof annotating,the exact locationsof
the ST annotationsare determinedby visual comparison
of each clean beat of the original ECG signalsin the
region of an ST event with the referencebeat at high
resolution(seefigure 2 at bottom). This requiresmanual
determinatiorof the isoelectriclevel and J point for each
beat under consideration. As for the ESC DB, the ST
segmentamplitudeandST deviation level (accordingo the
referencéeat)aremeasure@0msaftertheJpoint(or 60ms
after the J point if the heartrate exceeds120 bpm). The
databaswill alsoincludesemi-automatetheasurementsf
ST amplitudeat both J+60msandJ+80mdor eachbeat.

As of August, 1996, we had collectedand digitized 50
24-hourrecords:30atBIH, 20 atthe ICP. These50records
have beenpreprocessednd 15 of them annotatecby the
FCIS group, and subsequentlyerified and correctedby a
cardiologist. Thesel5 recordscontain 179 ischemic,40
non-ischemicy drift, and10 mixedepisodes.

TheLjubljanagroup’sinteractive ST analysissoftwareis
being developedin parallel with the database.Although
the current version has been usedin the annotationof
15 records, plannedimprovementsshould permit greater
efficiencgy in theremainingwork.

3. Discussion and conclusions

Analysis of transientST eventsis considerablymore
complex than was believed before the development of
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Figure 2. Exampleof a mixed episode(record20612). The centerandtop tracesshov ST deviation over 24 hours,before
andafter smoothing.The sequenc®f beatsbelow, shovn asdisplayedby the FCIS annotatiorediting software, illustrates
the evolution of the ST segment.Fromeft to right: the referencebeat,the beginning of the drift episodethelocalreference
beat,the extremumof the drift episode the beginning of the ischemicepisode andthe extremumof the ischemicepisode.

Dottedlinesmark+100uV.

the ESC DB. The publication of the ESC DB hasgiven
researchers tantalizingview of temporalpatternsin ST
changethat are asyet poorly understoodout arelikely to
be of future clinical interest. At the sametime, the ESC
DB shaws us examplesof ST changeghat confoundmost
automatednalysigechniquesThesesventsappeato have
theprincipalcharacteristicsf ischemicST episodesyeton
closerexaminationareclearly non-ischemign nature.

We are developing a new long-term ST databaseas a
complemento the ESCDB. It is importantto obsene that
the LTST DB is notintendedasa replacementor the ESC
DB; its goalsare different,and (becauseof its far greater
size)it is not practicalto annotatethe LTST DB beat-by-
beat as was done with the ESC DB. What we hope to
accomplishis to betterrepresenthe wide variety of “real-
world” data,including mary more examplesof mixedand
non-ischemicepisodesandto permitresearcherto study
lengthy examples of quasi-periodicand other temporal
patternsin ST change[3]. The LTST DB is intended
to supportthe developmentof improved algorithms to
differentiateischemicfrom non-ischemicST events, and
(by its size)to permit morereliable predictionof clinical
performancdrom first-orderperformancestatistics.
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