


evaluationof theproarrhythmicpotentialof drugsviaªThoroughQT/QTc (heartrate-cor-
rectedQT) studiesº.

However,therearesometechnicalbarriersto theimplementationof suchstudies.Basic
ECGmanagementprogramssuppliedbyeachvendordo not provideamethodfor transfer-
ring completeECGparametersinto individual hospitalinformation systems.Additionally,
manyECGrecordsarestill storedasprinted documentsor imagefiles,from whichnumeric
valuescannotbesimplyextractedin digital form.

OtherexistingECGdatabases(theSTAFFIII, CardiacSafetyResearchConsortiumECG,
andPhysioBankdatabases)arelimited in that their dataareobtainedonly from patientswith
specificmedicalconditions,or from certainstudiesandtrials.TheSTAFFIII databaseincludes
ECGsthatwereacquiredfrom patientswith myocardialinfarction [5]. TheCardiacSafety
ResearchConsortiumECGandPhysioBankdatabasesincludeECGdatafrom clinical trials
anddrugsafetystudies,including thoroughQT/QTc studies[6±9].Becauseof their origin,
thesedatabasescannotincludeelectrophysiologicalchangesoutsideof specificcircumstances.

In contrastto theabove-mentioneddatabases,thepreviousECG-ViEWdatabasehasno
restrictions,exceptfor afewconstraintspertainingto meettheUSHealthInsurancePortabil-
ity andAccountabilityAct PrivacyRule[10]. ECG-ViEWcontainsall diagnoses,drugpre-
scriptions,andselectedlaboratorytestresultsthatcanaffectanECG.It alsocontainsECG
datafrom healthypeople,for possibleuseasareferencecohortof thegeneralSouthKorean
population.FromJuly2012to July2016,thereweremanydatarequests(approximately90)
from 13countriesin Asia,North America,andEurope(S1Table).In addition,two papers
werepublishedusingthepreviousECG-ViEWdatabase[11,12].However,ECG-ViEWcon-
tainsonly QT/QTc data;it doesnot providethePRinterval,QRSduration,andcardiacaxis
data.Thesecanbeusedto examineelectrophysiologicalchangesin morediverseclinicalcir-
cumstances.To compensatefor this limitation, were-extractedall of theECGparameters.

Theaimof thisstudywasto establishareal-worldECGdatabasethatcanbeusedto evalu-
atetheeffectsof drugsanddiseaseson ECGchanges,byupdatingandupgradingour previous
ECG-ViEWdatabase.Thisnewdatabasewill provideanopportunity to evaluatetheeffectsof
adrugor combinationof drugs,on electrophysiologicalchangesin patientswith manydis-
easesanddrug treatments.Thenewversionof our ECG-ViEWdatabaseis theECG-ViEWII.

Materials and methods

Database development

Data resources and patient characteristics. Thisstudywasperformedusingthestandard
12-leadsurfaceECGdataof oneSouthKoreantertiary teachinghospitalwith 1,103beds.The
studyprotocolwasapprovedby theAjou UniversityHospitalInstitutional ReviewBoard.All
ECGsperformedfrom 1 June1994to 31July2013wereincludedin thedatabase.All numeri-
calparameterswerecalculatedusingMarquette™12SLalgorithms(versions7,13,and22)
developedbyGEHealthcare.Therewereno restrictionswith respectto comorbiditiesor pre-
scribeddrugs.Thedatabasecontained979,273ECGsfrom 461,178patients(Table1).An aver-
ageof 2.1ECGsperpatientwererecordedin thedatabase(S2Table).A totalof 188,823
patientsreceivedsequentialECGs;of those,119,768underwentmorethantwo ECGsin 2
years(S1Fig).ThemedianandmeandurationsbetweentheECGrecordingswere340and
633days,respectively(S3Table).Amongthosepatients,119,768patientshadmorethan2
ECGrecordswithin 2years(S1Fig).Themedianandmeannumberof drugprescriptions
givento patientswhohadhadat leasttwo ECGsin a2-yearperiodwere9and20.18,respec-
tively(S4TableandS2Fig).Theaverageageof thepatientswas42.6± 19.2years,andmale
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patientscomprised50.1%of all patients.Theproportion of patientswith SouthKoreanethnic-
ity was98.8%.

ECG data extraction. TheRRinterval,QT/QTc interval,PRinterval,QRSduration,P
waveaxis,QRSaxis,andT waveaxisvalueswereextractedfrom eachECGdatasource.There
werethreesourcesfrom whichtheECGdatacouldbeextracted:paperECGs,digitalizedECG

Table 1. Demographic and clinical characteristics of the ECG-ViEW II database population.

Characteristics Value

Patients (n) 461,178

Healthy individuals 94,326

Number of patients according to department visited

Outpatient 276,036

Inpatient 93,036

Emergency room visit 109,090

Electrocardiogram, n 979,273

Age, years 42.6 �“ 19.2

Age categories in years, n (%) a 0–9 31,020 (6.7)

10–19 21,091 (4.6)

20–29 49,033 (10.6)

30–39 95,075 (20.6)

40–49 94,534 (20.5)

50–59 69,894 (15.2)

60–69 55,635 (12.1)

�! 70 40,084 (8.7)

Male sex, n (%) 231,058 (50.1)

Age-adjusted CCI, n (%) 0 37,894 (8.2)

1–2 32,403 (7.0)

3–4 7,819 (1.7)

5–6 156,614 (34.0)

7–8 119,624 (25.9)

�9 106,824 (23.2)

ECG parameters RR interval, ms 851.7 �“ 197.0

PR interval, ms 157.1 �“ 26.7

QRS duration, ms 91.1 �“ 15.2

QT interval, ms 390.0 �“ 43.5

QTc interval, ms 425.4 �“ 31.5

P axis (degrees) 48.4 �“ 24.8

QRS axis (degrees) 45.2 �“ 38.1

T axis (degrees) 46.2 �“ 38.4

Source, n (%) Electronic health records 48,083 (4.9)

ECG management system 865,590 (88.2)

Printouts 67,384 (6.9)

Department, n (%) Emergency 173,356 (17.7)

Health examination 177,972 (18.1)

Inpatient 193,851 (19.8)

Outpatients 435,878 (44.4)

Data are presented as means �“ standard deviation or frequencies.

CCI, Charlson comorbidity index; ECG, electrocardiography

a. Age at the time when the first ECG was performed, before changed to the birth year group.

https://doi.org/10.1371/journal.pone.0176222.t001
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recordsin theECGmanagementsystem(MUSE;GEMarquette,Milwaukee,WI), andthe
EHRsystem.First,numericECGvalueson printed ECGswerecopiedfrom theprevious
ECG-ViEWdatabase,whichwasoriginallyextractedusingopticalcharacterrecognition.Sec-
ond,weextractedPDFfilesfrom theECGmanagementsystemviatheweb-parsingsoftware
thatwasusedin our previouswork (but whichwasmodifiedto extractadditionalparameters
beyondthoseincludedin thepreviousversion)[10]. All filesin thesystemfrom 1June1994to
31July2013couldbeextractedautomatically.UsingtheJavaplatform,theECGparametersin
theextractedPDFfilesweresavedastext files.Finally,from 4 March2010to 31July2013,
ECGswererecordedin adigitalizedformat in theEHRsystemof thetargethospital.These
recordsweresimplytransferredto our database(Fig1).

TheECGdataextractedby thesethreemethodsweremergedinto asingledatabaseafter
removalof duplicatedata.ThepaperECGdatacontainedonly theRRintervalandQT/QTc
interval.ECGsfrom both theECGmanagementsystemandtheEHRcontainedtheRRinter-
val,QT/QTc interval,PRinterval,QRSduration,Pwaveaxis,QRSaxis,andT waveaxis.
Thus,whentheECGmanagementsystemdatawereduplicatedwith theEHRECGdataor
paperECGdata,theECGmanagementsystemdataremainedandtheotherdatawere
removed.Additionally,whentheEHRdatawereduplicatedwith thepaperECGdata,the
EHRdataremainedandthepaperECGdatawereremoved.

TheECGmeasuringdevicesin targethospitalusedBazett'sformula(QTc= QT / [RR0.5])
to calculatetheQTc interval.For this reason,thedatabasecontainsQTc intervalvaluescalcu-
latedwith Bazett'sformula.OtherQTcdata,basedon Fridericia'sformula(QTc= QT /
[RR0.33]) or Framingham'sformula[QTc = QT + 0.154(1− RR)],couldbeeasilycalculated
usingtheQT andRRintervalsprovidedin thedatabase.

Extraction of demographic characteristics and clinical information. UsingtheEHRof
thetargethospital,weintegratedthefollowingdemographicandclinicaldatainto theECG
database:age,sex,ethnicity(Koreanor non-Korean),prescribedmedications,diagnoses,and
selectedserumelectrolyteconcentrations(potassium,magnesium,andcalcium).Thecountof
diagnosisincludedin thedatabaseispresentedin theS5Table.Theobservationperiodof a
givenpatientwasdefinedastheperiodfrom 1 yearbeforethefirst ECGexaminationto 1
month afterthelastECGexamination.Theage-adjustedCharlsoncomorbidity indexwascal-
culatedwith ICD-10diagnosiscodes,datingfrom 1994to thedateof theECG.

De-identification. All uniqueidentifierswereexcludedto meettheUSHealthInsurance
PortabilityandAccountabilityAct privacyrule.Outliersin thelaboratorytestresultswere
replacedwith avalueat the99.5th percentile(top-coded).Highly stigmatizeddiagnoses(S6
Table),suchasinfertility, congenitalmalformation,sexuallytransmitteddiseases(including
HIV infection),andchromosomalabnormalities,wereremoved(215,725diagnoses[2.7%]
from 5,642patients[1.2%]).Specificdrugsthatcouldbeassociatedwith, andusedto identify,
aspecificperson(especiallyantiviralagentsfor AIDS/HIV) werealsoremoved.Theexamina-
tion date,drugprescriptiondate,anddiagnosisdatewereshiftedbyaddingrandomlyassigned
valuewithin specificrange(range:−90to 90days;mean,0.0;standarddeviation,51.9).Thus,
althoughanindividual patientwouldnot beidentifiableusingthis information, theintervals
betweenthedatesfor eachindividual patientwereconserved.Thebirth yearsweregrouped
accordingto 5-yearintervals(S7Table).

Software tools

WeusedEclipse(ver.3.2.2;IBM, Riverton,NJ)asaJavaprogrammingtool for theweb-pars-
ing andtext-parsingsoftware.MS-SQL2014(Microsoft,Redmond,WA) wasusedasthedata-
basemanagementsystem.

A freely accessible electrocardiogram database

PLOS ONE | https://doi.org/10.1371/journal.pone.0176222 April 24, 2017 4 / 12

https://doi.org/10.1371/journal.pone.0176222


Fig 1. Schematic illustration of ECG-ViEW II construction. An overview of the database development process. All numeric ECG

parameters were extracted from three ECG sources (ECG management system, EHR system, and ECG printouts) from the subject hospital.

After remove duplicated ECGs, the ECG data were integrated with clinical data, validated with QTc data and de-identified. EHR, electronic

health record; ECG, electrocardiogram; ECG-ViEW II, Electrocardiogram Vigilance with Electronic Data Warehouse II; QTc, heart-rate-

corrected QT

https://doi.org/10.1371/journal.pone.0176222.g001
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Code availability

Theweb-parsingsoftwareisavailablein our website:http://www.ecgview.org.Thecodeis
availableunderthetermsof theGNU Afferogeneralpublic licenseversion3 (https://www.
gnu.org/licenses/agpl-3.0.html). ThiscodewasdevelopedandtestedusingEclipse(ver.3.2.2;
IBM, Riverton,NJ).

Technical validation

Accuracyof thedatabasewasvalidatedaccordingto thecorrelationbetweenQT andQTc.The
QTccanbecalculatedaccordingto QT intervalsandRRintervalsusingBazett'sformula.
ExtractedQTcvalueswerecomparedwith calculatedQTcvalues.In total,99.82%of extracted
QTcvalueswerematchedto calculatedQTcvalues.Datafor whichQTcvalueswerenot
matchedwereexcluded.

Results and discussion

Data records

TheECG-ViEWII databaseincludesseveralECGparameters(QT interval,QTc interval,and
RRinterval)thatwerealreadypresentin thepreviousversionof thedatabase;it alsoincludes
severaladditionalparameters(PRinterval,QRSduration,Pwaveaxis,QRSaxis,andT wave
axis)thatwerenot includedin thepreviousdatabase.ECG-ViEWII containsall of these
parameters,whichcanbeusedto identify atrioventricularconductionabnormalities,diseases
associatedwith awideQRScomplex,anddiseasesassociatedwith cardiacaxisdeviation.

ECG-ViEWII containsabout20years'worth of data,whichisover2 yearsmorethanthat
of thepreviousECG-ViEWdatabase.It additionallycontainsabout270thousandECGs(total,
979,273),from 90thousandpatients(total,461,178).Themeanfollow-upperiodperperson
was554± 1,221days;in comparison,themeanfollow-upperiodin thefirst versionof the
databasewas502± 1,008days.

Data tables

Thedatabasecomprisesseventables(Person,Electrocardiogram,Drug,DrugcodeMaster,
Diagnosis,DiagnosisCodeMaster,andLaboratory).A descriptionof eachtableandits col-
umnsisprovidedin Table2.Eachtableisassociatedwith arandomlyassignedpatientidenti-
fier (ªpersonidº).

Usage notes

Beforedesigningastudy,researcherscandownloadsampledata,andanagreementform,
from theECG-ViEWII website(http://www.ecgview.org).Thisallowsaquickunderstanding
of our datastructure.Theagreementform containsbasicprovisions,statingfor examplethat
theresearcherwill not usethedatafor economicpurposes,will not identify thepatient,will
not releasethedatato otherpeople,etc.Proposalsfor theuseof datain researchandresearch-
er'svalidcertificationnumberof theCollaborativeInstitutional Training Initiative (CITI) Pro-
gramshouldbesubmittedto theDepartmentof BiomedicalInformaticsof Ajou University
Schoolof Medicine,byusingtheapplicationform on thewebsiteto obtainthecompleteraw
data.After examiningthesubmittedproposal,researcherscandownloadtherawdatafrom
theECG-ViEWII websitein commaseparatedvaluesfile or mdf (for MS-SQL)or sqlfile (for
MySQL).TheECG-ViEWII databaseis freelyavailableto public researchers,but weprohibit
our datafrom beingusedfor commercialpurposes.
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Collaborative research

Discovery of QT interval prolongation. Our previousECG-ViEWdatabasewasdevel-
opedto provideinformation on QT intervalprolongationandassociatedfactors[10]. The
databaseisalreadybeingusedto evaluateadversedrugreactionsthat resultin QT intervalpro-
longation.After examiningtheassociationof theQTc intervalwith certaindrugs,Yun etal.

Table 2. Overview of tables in the the ECG-ViEW II database.

Table name Column name Type, precision Description

Person personid Integer A randomly assigned patient identifier

sex Boolean Patient sex; 1 = male, 0 = female

birthyeargroup Integer Birthdates were grouped by 5-year intervals. The definition of each group is presented in S7

Table.

ethnicity Boolean The state of belonging to an ethnic group; 1 = Korean, 0 = non-Korean

Electrocardiogram personid Integer A randomly assigned patient identifier

ecgdate Date The date on which the electrocardiogram was recorded

ecgdept Character (1) Department in which the electrocardiogram was ordered

E = Emergency, H = Health examination, O = Outpatient, I = Inpatient

ecgsource Character (1) Origin of ECG data

M = ECG management system, P = scanned paper ECG, E = electronic health records

RR Integer RR interval, ms

PR Integer PR interval, ms

QRS Integer QRS duration, ms

QT Integer QT interval, ms

QTc Integer QTc interval, ms

P_wave_axis Integer Degree of P wave axis

QRS_axis Integer Degree of QRS axis

T_wave_axis Integer Degree of T wave axis

ACCI Integer Age-adjusted Charlson comorbidity index when ECG was performed

Drug personid Integer A randomly assigned patient identifier

drugdate Date Drug prescription date

druglocalcode Character (8) Hospital electronic health record drug code

atccode Character (7) Anatomical Therapeutic Chemical (ATC) drug code

duration Integer Duration of drug use

drugdept Character (1) Department that prescribed the drug

(E = emergency, H = health examination, O = outpatient, I = inpatient)

route Character (1) Route of drug administration (P = parenteral [injection], E = enteral)

DrugcodeMaster druglocalcode Character (8) Hospital electronic health records drug code

drugigrdname Character (50) Drug ingredient

Diagnosis personid Integer A randomly assigned patient identifier

diagdate Date The day on which the patient received a diagnosis code in the hospital

diagcode Character (100) Diagnosis code with International Classification of Diseases (ICD) codes within observation

period

diaglocalcode Character (8) Diagnosis code with local electronic health record codes within observation period

diagdept Character (1) Department in which diagnosis was made

DiagnosisCodeMaster diaglocalcode Character (8) Diagnosis code with local electronic health record codes within observation period

diagnosis Character (190) Diagnosis, full text

Laboratory personid Integer A randomly assigned patient identifier

labname Character (1) Name of laboratory test

labdate Date Laboratory test performed date

labvalue Number (7,2) Laboratory test value

https://doi.org/10.1371/journal.pone.0176222.t002
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[11] suggestedthat famotidineadministrationcanprolongtheQTcintervalandincreasethe
proarrhythmicpotential.Additionally,Parketal.[13] concludedthatselectiveserotoninreup-
takeinhibitors arelesslikely to beassociatedwith QTcintervalprolongation.TheECG-ViEW
II containspreviousECG-ViEWdataandanadditional270thousandECGs,allowingresearch-
ersto studytherelationshipbetweentheQT intervalanddrugadministration.Accordingto
Bazett'sformula,aQTcof> 450msin men,and> 470msin women,in consideredabnormal
[1]. Usingthesecriteria,QTcprolongationwasseenin 69,647ECGsin men(n = 33,551)and
39,478ECGsin women(n = 21,009)in thedatabase(Table3).

Discovery of conduction abnormality. ThePRintervalrepresentsthetime from the
onsetof atrialdepolarizationto theonsetof ventriculardepolarization.A shortenedPRinter-
val(< 120ms)maybeassociatedwith Wolff-Parkinson-Whitesyndromeor junctional
rhythms.A prolongedPRinterval(> 200ms)mayindicateafirst-degreeheartblock,whichis
associatedwith asignificantrisk of atrial fibrillation (relativerisk = 1.45),heartfailurewith left
ventriculardysfunction(relativerisk = 1.39),andmortality (relativerisk = 1.24)[12]. The
ECG-ViEWII containsdatafrom 28,798patientswith ashortenedPRintervaland21,381
patientswith aprolongedPRinterval(Table3).Thedatabasealsocontainsdataon serumelec-
trolytes,abnormalitiesof whichcandeterioratePRintervalprolongation.Analysisof PRinter-
valdatawith electrolytevaluesallowsresearchersto studyconductionabnormalities,heart
failure,etc.

Discovery of diseases associated with cardiac axis deviation. ECG-ViEWII contains
moreinformation on theaxisof Pwave,QRS,andT wavethandoesour previousdatabase.
QRSaxisdeviationis themostimportant axisinformation.A normalQRSaxisrangesfrom
−30to 90degrees.A QRSaxisof> 90degreesisdefinedasright axisdeviation.Rightventricu-
lar hypertrophy,chroniclungdisease,lateralwallmyocardialinfarction,dextrocardia,andleft
posteriorfascicularblockcanbeassociatedwith right axisdeviation.A QRSaxislessthan−30
degreesisdefinedasleft axisdeviation,whichcanbeassociatedwith left ventricularhypertro-
phy,left bundlebranchblock,inferior wallmyocardialinfarction,Wolff-Parkinson-White
syndrome,ventricularpacing/ectopy,andostiumprimum atrialseptaldefect.TheECG-ViEW
II databaseincludes39,637ECGsshowingright axisdeviation(25,528patients),and27,173
showingleft axisdeviation(12,222patients)(Table3).

ThenormalPwaveaxisrangesfrom 0 to 75degrees.VariousstudieshaveevaluatedPwave
axisdeviations.Rangeletal.[14] showedthatanabnormalPwaveaxisiscorrelatedwith atrial
fibrillation. In addition,Acaretal.[15] showedthat thePwaveaxiswassignificantlyincreased
in patientswith systemiclupuserythematosusandpositivelycorrelatedwith theSELENA--
SLEDAIscore.AnotherstudyshowedthatanabnormalPwaveaxiswasassociatedwith a55%
increasedrisk of all-causemortality [16]. TheECG-ViEWII contains88,819ECGswith an
abnormalPwaveaxis(61,467patients)(Table3).Thedatabasealsocontainsall diagnosesof

Table 3. Number of electrocardiograms and patients with abnormal ECG parameters.

Electrocardiogram Patients

Shortened PR interval 37,141 28,798

Prolonged PR interval 36,238 21,381

Wide QRS complex 27,680 12,096

Prolonged QTc interval 109,125 54,560

Abnormal P axis 88,819 61,467

Left axis deviation 27,173 12,222

Right axis deviation 39,637 25,528

Abnormal T axis 96,951 41,258

https://doi.org/10.1371/journal.pone.0176222.t003
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patientsduring theobservationperiod.Researcherscouldevaluatethecorrelationof theP
waveaxisanddiagnosishistory.

TheT waveaxiswascategorizedasnormal(15Êto 75Ê),borderline(> 75Êto 105Êor −15Ê
to< 15Ê),or abnormal(−180Êto< −15Êor> 105Êto 180Ê).Therewasanearlytwo-fold
increasedrisk of coronaryheartdiseasedeath,andanapproximately50%increasedrisk of
incidentcoronaryarterydiseaseandall-causemortality, for thosewith markedT waveaxis
deviation[17]. Moreover,T waveaxisdeviationiscorrelatedwith metabolicsyndrome,low-
gradesystemicinflammation,andleft ventricularhypertrophyin patientwith diabetesmellitus
or pregnancy[18±21].ECG-ViEWII contains41,258patientswith anabnormalT waveaxis
andprovidesanopportunity to evaluatethecorrelationof manydiseaseswith theT waveaxis
parameter.

Discovery of cardiac disease in patients with a wide QRS complex. TheQRScomplex
representsdepolarizationof theventricles.A normalQRScomplexduration is� 120ms
in adultsand� 80msin children.An abnormalQRScomplexmayresultfrom oneof the
following:an interventricularconductiondisturbance,aberrantventricularconduction,
ventricularpre-excitation,andventriculardysrhythmia.TheECG-ViEWII contains
27,680ECGswith awideQRScomplex,from 12,096patients(Table3), therebyproviding
valuableinformation for researchersto investigatediseasesassociatedwith awideQRS
complex.

Discovery of correlation of ECG parameters with echocardiography parameters. An
echocardiographydatabase(EchoDB)wasmadeafterthepreviousECG-ViEWdatabasewas
openedto thepublic.It includesapproximately100,000echocardiographydataparameters
from 72,399patients.Amongtheparametersincludedin theEchoDBaretheejectionfraction,
left ventricularenddiastolicandsystolicdimensions,left atrium size,interventricularseptalend
diastolicandendsystolicthicknesses,left ventricularmassindex,ratio of mitral velocityto early
diastolicvelocityof themitral annulus,andright ventriclesystolicpressure.TheECG-ViEWII
canbestudiedmorethoroughlywhencombinedwith theEchoDB.If anyresearcherswishto
evaluatetheECGdataalongwith echocardiographicparameters,theycancontacttheECG-
ViEW II teamin theDepartmentof BiomedicalInformaticsin Ajou University(abmi@ajou.ac.
kr). Researchersarerequiredto sendastudyproposal(containingthestudydesign)andcom-
pletetheapplicationform on theECG-ViEWII website(sendbyemail).After examiningthe
submittedproposalandobtainingpermissionfrom theinstitutional reviewboardof thetarget
hospital,membersof theECG-ViEWII teamanalyzethedataaccordingto theresearcher's
proposal.

Strengths of the ECG-ViEW II database

Onestrengthof theECG-ViEWII databaseis that it containsrealpracticedata.Compared
with otherECGdatabases[5±9]thatcomprisedatafrom clinical trialsandspecificmedicalcir-
cumstances,theECG-ViEWII consistsof real-worlddataof patientswhohavebeenpre-
scribeddrugsto treatmanydiseases.TheECG-ViEWII databaseallowsresearchersto
evaluatetheelectrophysiologicaleffectsof drugsin manycomplicatedandcomplexclinical
situations.

Anotherstrengthof theECG-ViEWII is that it consistsof long-termfollow-updata.The
meanfollow-upperiodwas554± 1,221days;this increasedfrom ameanof 502daysin the
previousdatabase.Theselong-termdataallowresearchersto evaluateboth theshort-and
long-termelectrophysiologicaleffectsof drugs.TheECGdatacanalsobelinkedwith theecho-
cardiographydata.Finally,thedatabaseis freeto use.Any researcherswhoagreewith our pol-
icy canuseour database.
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Limitations of the ECG-ViEW II database

Thedatabasealsohasseverallimitations.First,thenumericalparametersof theECGwerecal-
culatedusingdifferentalgorithms.TheECGsin our databasewerecollectedoveraperiodof
20years,during whichtime thealgorithmswereupgraded.However,all ECGsystemswere
obtainedfrom GEHealthcareandapprovedby theUnited StatesFoodandDrug Administra-
tion. Therefore,wearesatisfiedwith thequalitycontrol of thealgorithms.Second,it contains
datafrom only onelargehospital.Third, theage-adjustedCharlsoncomorbidity indexof the
databasewascalculatedonly within our observationperiod,andwith thediagnosticdatafrom
only onehospital;thus,researchersshouldtreatthisscoreasreferenceratherthanconfirma-
tivedata.Last,no waveformdataareprovided.However,wehavebeencollectingall biosignal
datafrom the30intensivecareunit (ICU) bedssinceAugust2016,includingECGwaveforms;
arterialbloodpressure;centralvenouspressure;andsaturation,end-tidalCO2,andrespiration
curves.Weplanto expandtheICU to 100bedsin 2017,andthesedatawill beavailableto the
publicafterwereceiveInstitutional ReviewBoardapproval.

Conclusion

TheECG-ViEWII database,describedin thisarticle,isafreelyaccessibleelectrocardiogram
database.Thisdatabasehasintegratedall numericparametersof electrocardiogram, patient
demographics,diagnosisdataanddrugprescriptiondata.Webelievethat theECG-ViEWII
databasewill beanexcellentdatasourcefor researchscientistswhostudyelectrophysiological
effectof diseasesor drugprescription.

Supporting information

S1 Dataset. A subset of ECG-ViEW II dataset.

(DOCX)

S1 Fig. Histogram of the duration between ECG recordings in the same patient.

(DOCX)

S2 Fig. Histogram of the number of drug prescriptions per patient between ECG record-

ings.

(DOCX)

S1 Table. Number of downloads sorted by country and continent.

(DOCX)

S2 Table. Distribution of patients according to number of ECG recordings.

(DOCX)

S3 Table. Descriptive statistics of the duration between ECG recordings in the same

patient.

(DOCX)

S4 Table. The number of drug prescriptions given to patients between ECG recordings.

(DOCX)

S5 Table. The number of times the diagnostic code was used in ECG-ViEW II database.

(XLSX)

S6 Table. Highly stigmatized diagnoses removed from the database.

(DOCX)

A freely accessible electrocardiogram database

PLOS ONE | https://doi.org/10.1371/journal.pone.0176222 April 24, 2017 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176222.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176222.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176222.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176222.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176222.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176222.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176222.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176222.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176222.s009
https://doi.org/10.1371/journal.pone.0176222


S7 Table. Birth year group code assignments.

(DOCX)

Author Contributions

Conceptualization: DY RWP.

Data curation: DSMYP MSJSL.

Funding acquisition: DY RWP.

Investigation: YGK DSMYP.

Methodology: MYP RWP.

Project administration: DSDY.

Resources: MYP RWP.

Software: DSMYP MSJSL.

Supervision: DY RWP.

Validation: YGK.

Visualization: YGKDS.

Writing – original draft: YGK.

Writing – review & editing: DSDY RWP.

References
1. Gupta A, Lawrence AT, Krishnan K, Kavinsky CJ, Trohman RG. Current concepts in the mechanisms

and management of drug-induced QT prolongation and torsade de pointes. American heart journal.

2007; 153(6):891–9. Epub 2007/06/02. https://doi.org/10.1016/j.ahj.2007.01.040 PMID: 17540188

2. Wysowski DK, Corken A, Gallo-Torres H, Talarico L, Rodriguez EM. Postmarketing reports of QT pro-

longation and ventricular arrhythmia in association with cisapride and Food and Drug Administration

regulatory actions. The American journal of gastroenterology. 2001; 96(6):1698–703. Epub 2001/06/23.

https://doi.org/10.1111/j.1572-0241.2001.03927.x PMID: 11419817

3. Ray WA, Murray KT, Meredith S, Narasimhulu SS, Hall K, Stein CM. Oral erythromycin and the risk of

sudden death from cardiac causes. The New England journal of medicine. 2004; 351(11):1089–96.

Epub 2004/09/10. https://doi.org/10.1056/NEJMoa040582 PMID: 15356306

4. Hagiwara T, Satoh S, Kasai Y, Takasuna K. A comparative study of the fluoroquinolone antibacterial

agents on the action potential duration in guinea pig ventricular myocardia. Japanese journal of pharma-

cology. 2001; 87(3):231–4. Epub 2002/03/12. PMID: 11885973

5. Laguna P, Sornmo L. The STAFF III ECG database and its significance for methodological develop-

ment and evaluation. Journal of electrocardiology. 2014; 47(4):408–17. Epub 2014/06/03. https://doi.

org/10.1016/j.jelectrocard.2014.04.018 PMID: 24881972

6. Kligfield P, Green CL. The Cardiac Safety Research Consortium ECG database. Journal of electrocar-

diology. 2012; 45(6):690–2. Epub 2012/09/25. https://doi.org/10.1016/j.jelectrocard.2012.07.012 PMID:

22999491

7. Kligfield P, Green CL, Mortara J, Sager P, Stockbridge N, Li M, et al. The Cardiac Safety Research Con-

sortium electrocardiogram warehouse: thorough QT database specifications and principles of use for

algorithm development and testing. American heart journal. 2010; 160(6):1023–8. Epub 2010/12/15.

https://doi.org/10.1016/j.ahj.2010.09.002 PMID: 21146653

8. Moody GB, Mark RG, Goldberger AL. PhysioNet: a research resource for studies of complex physio-

logic and biomedical signals. Computers in cardiology. 2000; 27:179–82. Epub 2003/11/25.\ PMID:

14632011

9. Moody GB, Mark RG, Goldberger AL. PhysioNet: physiologic signals, time series and related open

source software for basic, clinical, and applied research. Conference proceedings: Annual International

A freely accessible electrocardiogram database

PLOS ONE | https://doi.org/10.1371/journal.pone.0176222 April 24, 2017 11 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176222.s010
https://doi.org/10.1016/j.ahj.2007.01.040
http://www.ncbi.nlm.nih.gov/pubmed/17540188
https://doi.org/10.1111/j.1572-0241.2001.03927.x
http://www.ncbi.nlm.nih.gov/pubmed/11419817
https://doi.org/10.1056/NEJMoa040582
http://www.ncbi.nlm.nih.gov/pubmed/15356306
http://www.ncbi.nlm.nih.gov/pubmed/11885973
https://doi.org/10.1016/j.jelectrocard.2014.04.018
https://doi.org/10.1016/j.jelectrocard.2014.04.018
http://www.ncbi.nlm.nih.gov/pubmed/24881972
https://doi.org/10.1016/j.jelectrocard.2012.07.012
http://www.ncbi.nlm.nih.gov/pubmed/22999491
https://doi.org/10.1016/j.ahj.2010.09.002
http://www.ncbi.nlm.nih.gov/pubmed/21146653
http://www.ncbi.nlm.nih.gov/pubmed/14632011
https://doi.org/10.1371/journal.pone.0176222


Conference of the IEEE Engineering in Medicine and Biology Society IEEE Engineering in Medicine

and Biology Society Annual Conference. 2011;2011:8327–30. Epub 2012/01/19.

10. Park MY, Yoon D, Choi NK, Lee J, Lee K, Lim HS, et al. Construction of an open-access QT database

for detecting the proarrhythmia potential of marketed drugs: ECG-ViEW. Clinical pharmacology and

therapeutics. 2012; 92(3):393–6. Epub 2012/07/26. https://doi.org/10.1038/clpt.2012.93 PMID:

22828716

11. Yun J, Hwangbo E, Lee J, Chon CR, Kim PA, Jeong IH, et al. Analysis of an ECG record database

reveals QT interval prolongation potential of famotidine in a large Korean population. Cardiovascular

toxicology. 2015; 15(2):197–202. Epub 2014/09/26. https://doi.org/10.1007/s12012-014-9285-8 PMID:

25253561

12. Kwok CS, Rashid M, Beynon R, Barker D, Patwala A, Morley-Davies A, et al. Prolonged PR interval,

first-degree heart block and adverse cardiovascular outcomes: a systematic review and meta-analysis.

Heart (British Cardiac Society). 2016; 102(9):672–80.

13. Park SI, An H, Kim A, Jang IJ, Yu KS, Chung JY. An analysis of QTc prolongation with atypical antipsy-

chotic medications and selective serotonin reuptake inhibitors using a large ECG record database.

Expert opinion on drug safety. 2016. Epub 2016/06/09.

14. Rangel MO, O’Neal WT, Soliman EZ. Usefulness of the Electrocardiographic P-Wave Axis as a Predic-

tor of Atrial Fibrillation. The American journal of cardiology. 2016; 117(1):100–4. Epub 2015/11/11.

https://doi.org/10.1016/j.amjcard.2015.10.013 PMID: 26552511

15. Acar RD, Bulut M, Acar S, Izci S, Fidan S, Yesin M, et al. Evaluation of the P Wave Axis in Patients With

Systemic Lupus Erythematosus. Journal of cardiovascular and thoracic research. 2015; 7(4):154–7.

Epub 2015/12/25. PubMed Central PMCID: PMCPmc4685281. https://doi.org/10.15171/jcvtr.2015.33

PMID: 26702344

16. Li Y, Shah AJ, Soliman EZ. Effect of electrocardiographic P-wave axis on mortality. The American jour-

nal of cardiology. 2014; 113(2):372–6. Epub 2013/11/02. https://doi.org/10.1016/j.amjcard.2013.08.050

PMID: 24176072

17. Rautaharju PM, Nelson JC, Kronmal RA, Zhang ZM, Robbins J, Gottdiener JS, et al. Usefulness of T-

axis deviation as an independent risk indicator for incident cardiac events in older men and women free

from coronary heart disease (the Cardiovascular Health Study). The American journal of cardiology.

2001; 88(2):118–23. Epub 2001/07/13. PMID: 11448406

18. Rago L, Di Castelnuovo A, Assanelli D, Badilini F, Vaglio M, Gianfagna F, et al. T-wave axis deviation,

metabolic syndrome and estimated cardiovascular risk—in men and women of the MOLI-SANI study.

Atherosclerosis. 2013; 226(2):412–8. Epub 2013/01/08. https://doi.org/10.1016/j.atherosclerosis.2012.

11.010 PMID: 23290266

19. Assanelli D, Di Castelnuovo A, Rago L, Badilini F, Vinetti G, Gianfagna F, et al. T-wave axis deviation

and left ventricular hypertrophy interaction in diabetes and hypertension. Journal of electrocardiology.

2013; 46(6):487–91. Epub 2013/09/10. https://doi.org/10.1016/j.jelectrocard.2013.08.002 PMID:

24011993

20. M S, S C, Brid SV. Electrocradiographic Qrs Axis, Q Wave and T-wave Changes in 2nd and 3rd Trimes-

ter of Normal Pregnancy. Journal of clinical and diagnostic research: JCDR. 2014; 8(9):Bc17–21. Epub

2014/11/12. PubMed Central PMCID: PMCPmc4225877. https://doi.org/10.7860/JCDR/2014/10037.

4911 PMID: 25386425

21. Bonaccio M, Di Castelnuovo A, Rago L, de Curtis A, Assanelli D, Badilini F, et al. T-wave axis deviation

is associated with biomarkers of low-grade inflammation. Findings from the MOLI-SANI study. Throm-

bosis and haemostasis. 2015; 114(6):1199–206. Epub 2015/07/15. https://doi.org/10.1160/TH15-02-

0177 PMID: 26155907

A freely accessible electrocardiogram database

PLOS ONE | https://doi.org/10.1371/journal.pone.0176222 April 24, 2017 12 / 12

https://doi.org/10.1038/clpt.2012.93
http://www.ncbi.nlm.nih.gov/pubmed/22828716
https://doi.org/10.1007/s12012-014-9285-8
http://www.ncbi.nlm.nih.gov/pubmed/25253561
https://doi.org/10.1016/j.amjcard.2015.10.013
http://www.ncbi.nlm.nih.gov/pubmed/26552511
https://doi.org/10.15171/jcvtr.2015.33
http://www.ncbi.nlm.nih.gov/pubmed/26702344
https://doi.org/10.1016/j.amjcard.2013.08.050
http://www.ncbi.nlm.nih.gov/pubmed/24176072
http://www.ncbi.nlm.nih.gov/pubmed/11448406
https://doi.org/10.1016/j.atherosclerosis.2012.11.010
https://doi.org/10.1016/j.atherosclerosis.2012.11.010
http://www.ncbi.nlm.nih.gov/pubmed/23290266
https://doi.org/10.1016/j.jelectrocard.2013.08.002
http://www.ncbi.nlm.nih.gov/pubmed/24011993
https://doi.org/10.7860/JCDR/2014/10037.4911
https://doi.org/10.7860/JCDR/2014/10037.4911
http://www.ncbi.nlm.nih.gov/pubmed/25386425
https://doi.org/10.1160/TH15-02-0177
https://doi.org/10.1160/TH15-02-0177
http://www.ncbi.nlm.nih.gov/pubmed/26155907
https://doi.org/10.1371/journal.pone.0176222

