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We presenta study of the information transferred
amongcaregiversin thecontext of cardiacsurgeryand
usethe studyto evaluatea system,MAGIC, that we
are developingfor automatedgeneration of briefings.
Our framework integratescognitiveand quantitative
evaluation methodsand featuresthreestandards that
reflect current practice in the Cardiothoracic Inten-
sive Care Unit (CTICU). Using experimentaldesign
to compare human-generatedand machine-generated
briefings,weshowthat MAGIC’s current level of per-
formanceis useful.Moreover, MAGIC couldhelp im-
prove information flow in the CTICU by providing a
consistentset of information earlier than in current
practice. Theseparate standards are also consistent
in suggestingspecificmodificationsthat maybe nec-
essaryfor iterativedesignandfurther systemdevelop-
ment.

INTR ODUCTION

Whenresponsibilityfor a patientis handedoff from
onecaregiver or teamto another, specificinformation
mustbecommunicatedto ensurecontinuedquality of
medical care. Exactly what information should be
transferredand the level of detail at which it should
be provided is an important question. In this pa-
per, we addressthis problemin thecontext of cardiac
surgery. We presenta studyof informationtransferred
amongcaregivers from the point at which a patient’s
surgery has been completedin the OR (Operating
Room)throughthepatient’s admissionto theCTICU
(CardiothoracicIntensiveCareUnit). Weareusingthis
studyto inform furtherdevelopmentof MAGIC (Mul-
timedia Abstract Generationof Intensive Care data)
[1], anexperimentalsystemthatwehavebeendevelop-
ing to producebriefingsautomaticallyof patientstatus
afterCABG (coronaryarterybypassgraft).

When a cardiacpatientreachesthe CTICU, a va-
riety of informationaboutthe patient’s conditionand
statusmust be summarizedfor the CTICU medical
team, including existing medications,ventilation pa-
rameters,laboratoryresults,demographics,and past
medicalhistory. This summaryis usuallygivenorally
by a physician, the anesthesiaresident, to another
physicianandnursein the CTICU. Becausethe par-
ticipating caregiversareextremelybusy, the informa-
tion is provided only onceandonly after the patient

arrives. The report’s quality varieswith the experi-
enceand preferencesof the reportingphysicianand
the questionsaskedby the recipient. Personnelcur-
rently provide somecritical informationaboutthepa-
tient by telephoneduringtheoperation,but this infor-
mationis cursoryandthey arerushed.We believe that
communicatingan interim postoperative statusreport
to the CTICU personnelprior to the patient’s arrival
couldhave a beneficialeffect onpatientcareby giving
CTICU personnelmoreleadtime to addressotherwise
unanticipatedpatientneeds,improving the quality of
informationtransmission,andminimizingdrugadmin-
istrationerrors. Our goal in developingMAGIC is to
produceafull interimreportautomatically, eliminating
theneedfor theinterim telephonecall.

While MAGIC’s languagegenerationcomponent
[2] is robust, the componentsfor graphicsgeneration
[3], speechgeneration[4] andcoordinationamongme-
dia [5] are not yet ready for productionuse. Since
MAGIC is designedto spreadits information across
complementarymedia,we decidedthat evaluationof
thelanguagealonein apurelytextual reportwouldnot
beparticularlyusefulfor informingourdesign.There-
fore,we developedthestudydescribedin thispaperto
allow us to evaluatethecontentproducedby MAGIC,
to determinebothwhetherinformationselectedfor the
briefingshouldbe includedandwhetherany informa-
tion wasmissed.

Given the difficulties in subjectparticipationand
identifying goodgold standardsfor communicationin
the busyCTICU environment,part of our focusis on
the developmentof an evaluationframework that can
provide uswith multiple standardsfor comparison,re-
flectingbestpractice.Previouswork on evaluationfor
naturallanguagesystemswithin clinical environments
[6] alsosuggeststheuseof multiple standards,among
othercriteria. Most evaluationsto datefocuson sys-
temsthat extract information for later medicalappli-
cationsfrom free text (e.g., [7, 8, 9]). In contrast,in
MAGIC, our focus is on evaluatingthe provision of
essentialinformationto subsequentcaregivers.

METHODS
Experimental Setup
We selectedthreestandardsthat capturenormalprac-
tice at the New York PresbyterianHospital CTICU



againstwhich to comparethe contentof MAGIC’s
briefing: theverbalbriefingfor CTICU personnel,the
opinionof theattendingOR physician,andtheadmis-
sionnote.

The verbal briefing given by a residentwhen the
patient arrives in the CTICU provides a model for
MAGIC’stargetoutput.Thisbriefingis standardprac-
tice and, in combinationwith the chart, is the best
sourceof informationthatCTICU caregiverscurrently
have. However, thesebriefingsvary greatly in length
andcontent,dependingon time demands,patientcare
demands,questionsaskedby the CTICU caregivers,
andresidentexperience.Oursecondstandardprovides
a checkagainstthe residents’briefings. The attend-
ing anesthesiologistin the OR is the physicianmost
knowledgeableaboutpatientstatus,but sincehe is re-
sponsiblefor multiple casesin theoperatingroom,he
cannotgive the briefing in the CTICU. The attend-
ing normallyprovidesahandwrittensupplementto the
electronicrecordandthis is placedin thechartthatac-
companiesthepatientto theCTICU.

To encouragesubjectparticipation,wecollectedthe
standardsin asunobtrusive a manneraspossible.We
taperecordedfor later transcriptionresidentbriefings
asthey weregiven in the normalday to day environ-
ment, thus capturingbriefing contentas it was nat-
urally provided. To encourageattendingphysician’s
participationin capturingwhat areotherwisehard to
readhandwrittennotes,we providedanonline textual
versionof MAGIC’s output for the patientjust com-
pleted and askedthem to edit the text. This edited
text could be printed and serve as the postoperative
noteto beplacedin thepatient’s chart. This provides
a serviceto the attendingand thushelps,ratherthan
hinders,normalpractice. Given the extremetime de-
mandsplacedonthesephysicians,any timetakenfrom
normal practicewould have madetheir participation
impossible.

Thesetwo standardsallow us to model the auto-
matedbriefing after the physicianbriefing. To deter-
minewhetherwecouldimproveonthephysicianbrief-
ing, we turned to a third standard: the OpenHeart
AdmissionNote, a form designedby a teamof physi-
ciansfrom cardiacsurgery, cardiacanesthesiaandcar-
diology [10] whoidentifiedimportantinformationthat
should be available when the patient arrives in the
CTICU.Theadmissionnoteis filled outby theCTICU
residentwhenthe oral briefing is given at patientad-
mission. It is placedin the patient’s chart and con-
sultedby CTICU caregivers. The setof information
representedby the admissionnote constitutesan es-
tablishedsetof criteriathatshouldserve asa yardstick
for measuringbriefingcontent.Weusedtheadmission
noteasa checkfor casesin which therewerediscrep-
anciesbetweenMAGIC andtheotherstandards.

Modification of MAGIC for the Experiment
MAGIC had previously been tested offline on a
databaseof historicalcases.To performthis study, we
movedit to theliveenvironment,andmodifiedits gen-
erationfacilitiesto producetext only. At theendof the

JohnDoeis a 71year-old malepatientof Dr. Ozundergoing
CABG. His weightis 89kg andhis height165cm. His infu-
sionlinesincludeaSwanGanzin theright IJ, anarterialline
in theright radialandanIV in eacharm.
...
He hadan easyintubation. Beforestartof bypass,he had
bradycardiaandreceived Heparin,Albumin hung,Midazo-
lam,Fentanyl, CisatracuriumandNitroglycerine.At startof
bypass,hehadalkalosisandrelative anemia....

Figure1: A segmentfrom aMAGIC briefing.

� One liter of albumen; cat=colloid-total� , � six units of
platelets; cat=plts-total� , � 2 units of exogenousblood;
cat=prbc-bypass� onpump.And two, that’s it. Urineoutput
wasabout � 2 liters; cat=uo-total� . Uhm, � 8.5 mg of Fen-
tanyl; cat=med-total� , � 10 mgof Versed;cat=med-total� .

Figure2: A segmentfrom anannotatedresidentbrief-
ing.

case,whentheattendingphysicianprintsarecordfrom
the LifeLog dataacquisitionsystem(Modular Instru-
mentsInc.) in theOR,ascriptis automaticallyrun that
initiatesgenerationof the briefing. We alsoprovided
user interfacefacilities to allow editing of a briefing
to createa postoperativenote,to accesspastbriefings,
and to createautomaticallya checklist of generated
contentthatcouldbeusedto compareMAGIC’sbrief-
ings with our standards.The attendingcan edit the
MAGIC briefing usinga subsetof MS Word editing
commands.An exampleof MAGIC’s outputis shown
in Figure1.

Collection and annotation of data
We collected24 recordingsof briefings over a two
month-period,including one briefing doneby an at-
tending physician and the rest by 10 different res-
idents. We transcribedthe briefings verbatim and
taggedeachphrasethat conveyed contentfrom a set
of 223tagsdevelopedby oneof thephysicianson our
teamto characterizeinformation that shouldbe con-
veyed, which we categorized into 39 different cate-
gories(e.g., the category cardiac-outputincludesthe
tags c.o.-postbypassand c.o.-prebypass). We mea-
suredtaggingagreementbetweenannotatorson four
transcripts,whichyieldedanaveragekappaagreement
that was significantat 0.81. A portion of an anno-
tatedbriefing is shown in Figure 2. This sametag
setwasusedin the automaticallyproducedchecklist
of MAGIC’s output, to allow comparison. We col-
lectedeighteditedbriefingsof MAGIC’s outputfrom
the 24 operationsstudied. Six attendinganesthesiol-
ogistswho regularly work in theNew York Presbyte-
rian HospitalcardiacORsparticipated.It is typical for
cognitivestudiesto focuson in-depthqualitativeanal-
ysesof few subjects,in orderto obtaindetaileddataon
underlyingprocessesinvolvedin informationprocess-
ing [11]. Eachphysicianwasaskedto sit in front of
a computerscreenafter the operationwascompleted
and(1) edit theMAGIC briefing for their caseso that
it provided an accurateandunderstandablesummary
and(2) “think-aloud” [12], or verbalizetheir thoughts,



while they editedthebriefing. Thesethink-aloudpro-
tocolswereaudiorecordedfor lateranalysis.

Dataanalysisof the think-aloudprotocolsinvolved
annotatingthe transcriptswith coding categories to
characterizethe physicians’reactionto thecomputer-
generatedreportsfor their cases.We usedcategories
modifiedfrom our previous work in assessingtheus-
ability of awide rangeof medicalinformationsystems
[13], including categories for identifying problems
aboutthecomputersummary, areaswherea physician
wouldchangesystemoutput,aswell assuggestionsfor
improving systemoutput.Wethencodedthetranscrip-
tionsof physicianverbalizationsfor thepresenceof the
categoriesandsummarizedtheresults.

Analysisof content
We evaluatedthecontentof MAGIC briefingsusinga
two-phasecomparison:

1. MAGIC briefings vs. briefing transcripts. This
tells us information reportedby the residentsbut
not includedin MAGIC, andinformation included
in MAGIC but not reportedby theresidents.

2. Omissionsor extra information from the previous
phasevs. theadmissionnote. This tells uswhether
errorsfoundin thefirst phaseareconsistentwith the
admissionnote.

We measuredhow well MAGIC did in compar-
ison with the transcriptsby computing recall and
precision[14]. Recall measuresthe amountof infor-
mationin thestandardthatMAGIC alsoincluded(i.e.,
how much of the information communicatedby the
residentswasalsoincludedby MAGIC), while preci-
sion measureshow muchof the informationincluded
by MAGIC wasalsosaidby theresidents.Weusedthe
following formulae:
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whereT is thesetof categoriesin the transcript,M is
thesetof categoriesin MAGIC briefings,andM � T is
thesetof categoriesthatoccurredin both.

We then filtered theseresultsusing the admission
note. WhereMAGIC andtheresidentsdisagreed,we
usedtheadmissionnoteastheultimategold standard.
If the residents( � ) includedinformationthatMAGIC
did not( � ), andthatinformationdid notappearin the
admissionnote( ( ), it wasdiscounted.Thesetof such
casesis �)� �$� ( , where( is thesetof categoriesin
theadmissionnote.If MAGIC ( � ) includedinforma-
tion thattheresidentsdid not( � ), andthatinformation
did appearin theadmissionnote( ( ), theerrorwasalso
discounted.Thesetof suchcasesis �%� ( � � .
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Recall Precision
MAGIC vs. filteredtranscript 78% 100%
MAGIC vs. transcript 60% 45%

Table1: Comparisonof MAGIC vs. transcript

RESULTS

In this section,we first report on resultsof the two-
phasecomparison,andthenpresenttheresultsof ana-
lyzing thecritiques.Finally, we look at theagreement
betweenthesetwo analyses,which suggestschanges
thatweshouldmakein MAGIC.

Comparison

Table1 showsrecallandprecisionfor MAGIC in com-
parisonwith theresidentsandafterfiltering by thead-
missionnote.Theseresultsshow thatMAGIC’sbrief-
ing includes78%(misses22%)of theinformationthat
shouldbe conveyed for a specificpatient, basedon
the two-phasecomparison. Furthermore,the results
show that all the information in MAGIC’s briefing is
indicatedasnecessaryby eithertheresidentor thead-
missionnote. In contrast,the residentmisses55% of
the information includedin MAGIC’s briefing, all of
which theadmissionnoteindicatesis important.

It is not surprisingthat MAGIC includesno infor-
mation that is not presenton the admissionnote. In
designingMAGIC, we reliedon theexpertiseof expe-
riencedattendingphysiciansin determiningwhat in-
formation to convey [1]. While we did not consult
thenoteat thatpoint,theattendingphysicianswecon-
sultedwereawareof theguidelinesit suggests.

Looking at the discrepancy betweenthe residents
and MAGIC, a major causefor MAGIC’s omission
of information is lack of online availability. We de-
terminedthat34% of the missinginformation(out of
22% of what residentspresent,Table 1) is not avail-
ableonline. This includeschartingerrorsfor informa-
tion thatwasnot recordedfor a specificpatient,infor-
mation that is not representedonline for any patient,
informationthat is difficult to extractandnegative re-
sults. For example,for somepatients,the laboratory
resultsof glucose(missing in 2 out of 241), hemat-
ocrit (19),or potassiumtakenafterbypass(5) werenot
availablein thedatabase,while for otherpatientsthey
werepresent.However, informationsuchascreatinine
(2) is not storedonline. Furthermore,someinforma-
tion (e.g.,medicalhistory(21),allergies(20) or social
history (8)) is only presentin the free-formtext notes
madeby the attendingat the startof the case. To in-
cludesuchinformationin MAGIC’s briefing, thesys-
temmustbeableto “understand”thenaturallanguage
text notes,extracting the neededinformation, a hard
researchproblemthatwearecurrentlyworkingon. Fi-
nally, negative results(e.g., “no problemsduring induc-
tion”) arenot representedin thedatabaseandit could

1Includedin parenthesesfollowing eachattribute is the
numberof occurrencesout of a total of 24 in which the in-
formation was presentin residentbriefingsbut missing in
MAGIC’s.



bedifficult for thesystemto infer which negativesare
importantto mention.

A secondcausefor information omissionsoccurs
becauseMAGIC reportsinformationat a finer level of
granularitythan the residents. The residentsusually
mentionedtotals acrossthe operationof fluids (e.g.,
crystalloids(17), colloids(14), urineoutput(17)), ex-
ogenousredbloodcells(13),cell savers(6) andmedi-
cations(9). In contrast,MAGIC gave incrementalval-
uesasthey weregivenat differenttime pointsduring
the operation.This discrepancy causederrorsin both
recall (missingtotals)andprecision(incrementalval-
ues)in comparisonwith thetranscripts.

An examinationof informationincludedby MAGIC
(and the admissionforms) but omitted by the resi-
dentsshowsthreemaincategoriesof problems:demo-
graphics,laboratories,andidentifiedproblems.Demo-
graphicinformation (e.g., MRN (242), surgeon(24),
weight(19),height(19),name(18),dateof birth (11))
is often omittedby the resident;this may be because
informationappearsonawrittenform availableto peo-
ple in the room and thus, does not needto be re-
peatedverbally. MAGIC includesan inferencecom-
ponentthat can infer abnormalintraoperative events
from informationsuchaslabs(19) or hemodynamics
(8). It identifiesproblemssuchas hypertension,hy-
potension,bradycardia,tachycardia,or any of a num-
ber of problemsindicatedby laboratories(e.g., ane-
mia, hypercalcemia,hypocalcemia).Residentsocca-
sionally mentionsuchproblemsin their briefing but
rarelyat thesamelevel of granularityasMAGIC. For
example,MAGIC may indicatethat a patienthashy-
pertensionbeforeandafter startof bypass,while res-
identstend to summarizesucheventswithout repeti-
tion, referringto overall changesandindicatinglonger
termtrends.Furthermore,in caseswhereMAGIC indi-
catedproblems,the residentsoften specificallystated
that therewere no problems(e.g., sayingthe patient
was“stable”,“no problemwith bloodpressure”,“pres-
surestable”).Otherspecificpiecesof informationthat
MAGIC includeswhich theresidentsoftendo not, in-
cludecrossclamptime (15), informationaboutplace-
mentof lines(17),andmedicationsgivenon induction
(15).

Attending Critiques

Using methodsfrom cognitive science,we identified
potentialsourcesof problemsin the generatedbrief-
ingsaswell asopportunitiesfor improving thecontent
of MAGIC’s briefings. Theobjective is to usethere-
sultsof theanalysisto improve thedesignof MAGIC.

Our analysisrevealedproblemswith MAGIC’s in-
ferencing,apparentin threecodingcategories: word-
ing, relevancy of information, and redundancy of in-
formation. While the wordingproblemscategory (18
occurrences,7 =2.25,8 =2.33)3 includedcommentsthat

2Thesenumbersreferto occurrencesincludedin MAGIC
but missingin thetranscripts.

3 9 = averagenumberof occurrencesacrosstheeightses-
sions; : = standarddeviation.

referredto the actual phrasing,it also included ref-
erencesto statementsthe physicianwould not have
included(i.e., extra information). Thesewere often
statementsgeneratedby MAGIC’s inferenceengine
(e.g.,in responseto thestatement,“the patienthadbrady-
cardia”, in onecomputer-generatedreport,a physician
indicated“I would not have saidthat”). Commentssuch
as theseindicateMAGIC usesa moresensitive mea-
surementto detectincidentsthando physicians.This
surfacedunderthe category of relevancealso, where
anotherphysicianstated: “In termsof thesethings with
the bradycardiathat’s not useful. If this patientwas very
proneto developingverysignificantbradycardia,thatwould
besomethingI’d wanttoknow post-operatively.” In anum-
berof protocols,subjectsindicatedthatthefine granu-
larity of theinferencingdata(i.e.,heartrateandblood
pressure)wasunnaturalandtoo detailed.They found
repeatedreferencesto problemswereproblematicand
thesewerecapturedunderthecategory of redundancy.

The category accuracy (16 occurrences, 7 =2,
8 =1.32) included commentsabout discrepanciesbe-
tweenMAGIC’sbriefingandothersourcesof informa-
tion (e.g.differencesin theageof a patientmentioned
in the briefing and in MAGIC’s summary). In some
cases,thephysiciansstatedthatdosageof drugsspeci-
fied in MAGIC’sbriefingwasincorrect,but physicians
may have interpretedas totals dosesprovided on an
ongoingbasisby MAGIC.

The category relevancy of information (12 occur-
rences, 7 =1.5, 8 =3.28) included indicationsby sub-
jectsthatinformationthey consideredvery relevant to
thecasewasmissingfrom MAGIC’sbriefings.For ex-
ample,anumberof subjectsindicatedthatthey wanted
to know the total amountsof anestheticsgiven dur-
ing the operation. Redundancy of information (10
occurrences,7 =1.25, 8 =0.97) alsorelatedto medica-
tions. Subjectsdid not understandthat MAGIC pro-
videsmedicationsincrementallywith eachinference,
asonesubjectincorrectlyinferredthat thesamemed-
icationswererepeated:“OK, I seewhat its doing, every
timewe hangalbumen,or every timewechangethemedica-
tion, it writes it down. Soit keepsgiving thesamemedica-
tionsover andover again.”

In addition to reportingproblems,physiciansalso
madesuggestionsduring the recordedsessions.The
majority of suggestionsdealt with information that
physicianswantedin thecomputer-generatedsummary
(57 occurrences,7 =7.13, 8 =3.48). In particular, spe-
cific aspectsof the patient’s medicalhistory were in-
dicatedas being relevant and useful to have in the
computerreports(e.g. informationaboutthepatient’s
allergies). The other categories of information most
requestedwere thosecorrespondingto items on the
CTICU admissionnotewhich werenot includedin the
MAGIC briefings(e.g. total urineoutput,last hemat-
ocrit value).Othersuggestionsdealtwith rephrasingof
specificstatementsgeneratedfrom MAGIC inferences
(4 occurrences).

Discussion
Our two-phaseanalysisof contentandtheattendings’
critiquesof MAGIC consistentlysupportstwo prob-



lemsin MAGIC’soutput: detailedinferencingandin-
crementalreportingof drugs,blood productsandflu-
ids. Both analysesfoundthat thephysicianspreferred
to have totalsratherthanindividual dosesasthey are
given. For inferencing,the contentanalysisshowed
that residentsdo not oftenreportdetailsof inferences,
suchas problemsthat occur repeatedlyat eachcriti-
cal timepointduringtheoperation.Suchproblemsare
typically only reportedonceby the residents.It also
showedthat residentssometimesexplicitly statethere
wereno problemswhenMAGIC identifiesproblems.
The attendingsalso tendedto remove referencesto
problemsthat they did not feel weresignificant.They
alsoremovedrepeatedreferencesto inferencesandre-
placedthem with summaryphrases. Thesefindings
suggestthatwe shouldfurther evaluatethe thresholds
usedin MAGIC for detectinginferences,lookingatthe
effect on patientoutcome,anddevelop techniquesto
further generalizerepeatedreferencesto events(e.g.,
generating“blood pressurewaslabile” in placeof re-
ferringto alternatingincidentsof hypertensionandhy-
potension).

CONCLUSIONS
We provide an integration of cognitive andquantita-
tiveevaluationmethodsin a framework for analysisof
communicationandautomatedbriefing in theCTICU
environment. Our analysisof MAGIC demonstrates
that it functionsas a useful tool in its current state.
Its briefingincludesthemajorityof information(78%)
that residentscurrentlyprovide in theirsandprovides
informationbeyond the residentwhich the admission
note indicatesis relevant. Given that MAGIC is in-
tendedto supplement, asopposedto replace,the cur-
rent residentbriefing in the CTICU, providing infor-
mationbeforethepatientarrives,webelieveMAGIC’s
currentlevel of performanceshouldhelp in improving
informationflow in theCTICU by providing a consis-
tentsetof additionalinformationearlyon.

Findingagoodstandardfor comparisonis challeng-
ing. Human-humancommunicationis variable and
conditionsin theCTICU makeit difficult to find mul-
tiple expert standards.Our studiesraisethe possibil-
ity that in somecasesthe computermay be able to
do betterthanexisting communication.For example,
a computercan identify problemsat finer granularity
duringan operationandremembermoredetailsafter-
wardsthanpeoplecan.If it couldbeshown thatabnor-
mal eventsidentifiedat fine granularityaffect patient
outcome,thatwouldarguefor retaininginformationin
MAGIC that residentscurrently omit. When the lit-
eraturedoesnot provide informationon adverseout-
comes,personalpreferenceplays a large role in the
contentof the briefings. This suggeststhat further
study may be neededto demonstratepossibilitiesfor
improvementover current information flow through
evaluationof patientoutcomes;thatis our next step.
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