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HEART Pathway for Early Discharge in
Acute Chest Pain i~

Identifies emergency department patients with acute chest pain for early discharge.
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WHAT IS KNOWN

* Current care patterns for low-rsk patients with acute
chestpain are ineflicient and expensive; they result in
highhospitalization and stress westing rates while xlen-

exexise stress echocurdiogram, dobatamine staess echocardiogram,
coronary competed tamagraphx angx graphy, seress muclear mag-
mg, swess card e Magnetic resanance IMAZIE, oF MV asIve caramary
angiography. Serum wop weme perfi d wsing
the ADVIA Centaur platform Tnl-l.'ln'“ assay (Siemens, Munich,
Germany), which has a 9 pacentile of the upper meference hmit
and 10% coefficrent of vananon at 004 mg/l.

ufymg few patientss with acuke y synd.

* Prospective observational and retrospective slndms
suggest that the HEART Pathway can safely iden-
ufy low-rsk patients with acute chest pain for early
discharge from the emergency department without
stress kesling or coronary angiography.

WHAT THE STUDY ADDS

* This is the first clinical trial to examine the real-time
use of the HEART Pathway to guide chest pain nsk
stratification and dsposition decisions.

* Use of the HEART Pathway at the Wake Forest Bap-
st Medical Center compared with usual care among
patients with acute chest pain produced signiticant
reductions in objective cardiac westing during 30 days,
hospitalzations, and index hospital length of stay.

* Nome of the patients identified for early discharge
from the emergency department with the HEART
Pathway had an sdverse cardiac event at 30 days.

event (MACE) rate of >99% a1 30 days.'""'* However, the real
tme use of the HEART Pathway has yet 1o be compared with
usual care. Therefore, we have designed a randomized con-
trolled wial © evaluate the efficacy of the HEART Pathway 10
gukle providers' testing and disposition decisions for patints
with acute chest pain. We seek to determine whether the
HEART Pathway can efully reduce obj e cardiac
testing, incremse early discharges, and reduce index hospital
length of stay (LOS) compared with usual care while maintain-
ing lugh sensitvity and NPV (399%) for MACE.

Methods
Study Design

We conduaed a randomuzed conmralked smgle-cemter dmcal wal
(md:d by the Amencan Heant Assocuson fram 9201222014, All
P provaded d wrmen m d consent and wes: ran -
dmruedh the HEART Pagway or usal case swasegies. In e HEART
Patway arm, ED aeending physicans used the HEART Pathway s
guxk wsting and dispostion deasions. In the uswal care amm, provad -
ers were encowraged %o falkow Amercan Calkge of Cardiodogy guide
Tmes ' U08 This erial was approved by the Intermal Review Board of
the spanscrmg orgami zation and was mgisterad wah chmcakraks gov
{chimcal sl sumber, NCTO 16655 21) before enm liment.

Setting

Partiapants were meruted from ghe ED (of msotuton name widhekd
for review). The stady mstmunon & a eeruary care academic medical
center boated in the Piadmont Triad area of Nosh Caralma, serving
urban, subwban, and rural populasons. The ED is saffed by board
certified or board-ehigible emergency physkcuans 24 hours per day,
7 days a week who dwealy provade care and oversee care provaded
by residents, physican assistants, and muse pracetoness. ED patem
volame 1in X013 cansisted of = 104000 patient encounters. Cardiac
testing modalties muinely avalible o stdy patxcpans meluded

Participants

Patients 221 yeass okd presenting with sympeams sug gestive of ACS
were sceenad durmg enrallment hours (6 days exchadng Saturday,
80 howrs per week ). Ehgibalny crsern inchuded the provider ordermg
an ECG and wopamin for dhe evakiason of ACS. Patients were deter-
mined incligh ke for the folkowing masons: new STsegment devaon
=1 mm, hyposension, life expectancy <1 year, a noncardiac medical,
surgxal, or psychueric illness desermined by the provider to require
admission, prevaious enrallment, non English speaking, and mcapac.
2y ar unwillmgness %0 comsent.

—
Randomization

Trial particgunts were stratified by the presence of known coronary
dhiscase (uhdmg;tenmure\.\aﬂmmn) and randamized within
stmtato lofthe 2treament amms with equal probab ihity wsm grandom
permuned block randomzzation. The randomzation sequence was
senerated wang rQueary Advisor 6.0 (Stasacal Soloons, Sagas,
MA) and imegmted mio 2 secum chkowonx danbase, Rescarch
Electmonic Data Caprare ® which was used by the smdy coordinasors
W regnter patxpants and obtam stady goup assignments. Seady
mvestigases and saff were blinded %0 the randomzation sequence

Randomization Arms

HEART Pathway

Participamts were randomuzed 00 the HEART Padway or usal cre
amns. Wehm the HEART Pathway am, participants were ask stati.
fied by ®eending ED provaders using a validated clmical decision axd,
the HEART score,* ' and serial sopomin measumes at 0 and 3 hours
afier ED presestation. The HEART score comsists of 5 companents:
hessory, ECG, age, rsk facsors, and troponmn (Appendix 1). To cal
culate a HEART score, fisst cach component 15 assessed (om a scake
af 0-2), and then component scores are summed 0 procuce e final
score. A HEART scare of Oto 3is consistent with a low.resk assess
ment, whereas a scare of 24 1 consistent with 2 high rek assessment
To facihtase HEART scom comple stady staff p Jad the phy-
sigan wath the parocipant’s ECG and a worksheet (Appendix 1) to
complete & the bedsxde for cach patient. On dhe basis of the HEART
score and senal troponm results, the atendmg physcuns recaved
care meommendations according to the HEART pahway (Fgure 1)
For patients wth low-ask HEART scares (HEART score of 0-3) and

Figure 1. HEART Patway dgoritfim.
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WHAT IS KNOWN

* Current care patterns for low-rsk patients with acute
chestpain are ineflicient and expensive; they result in
highhospitalization and stress westing rates while xlen-

exexise stress echocardiogram, dobatamine steess echocardiogram,
coronary competed tamagraphx angx graphy, seress muclear mag-
mg, swess card e Magnetic resanance IMAZIE, oF MV asIve caramry
angiography. Serum wop weme perfi d wsing
the ADVIA Centaur platform Tl’ll~l.'lll‘“ assay (Siemens, Munich,
Germany), which has a 9 pacentile of the upper meference hmit
and 10% coefficrent of vananon at 004 mg/l.

ufymg few patienss with acuke coronary synd:

* Prospective observational and retrospective uudm
suggest that the HEART Pathway can safely iden-
ufy low-rsk patients with acute chest pain for early
discharge from the emergency department without
stress kesting of coronary angiography.

WHAT THE STUDY ADDS

* This is the first clinical trial to examine the real-time
use of the HEART Pathway 1o guide chest pain risk
stratification and dsposition decisions.

* Use of the HEART Pathway at the Wake Forest Bap-
st Medical Center compared with usual care among
patients with acuke chest pain produced significant
reductions in objective cardiac westing during 30 days,
hospitalzations, and index hospital length of stay.

* Nome of the patients identified for early discharge
from the emergency department with the HEART
Pathway had an sdverse cardiac event at 30 days.

event (MACE) rate of >99% at 30 days.'"""* However, the real-
time use of the HEART Pathway has yet 1o be compared with
usual care. Therefore, we have designed a randomized con-
trolled wial © evaluate the efficacy of the HEART Pathway 10
gukle providers' testing and disposition decisions for patints
with acute chest pain. We seek 1o determine whether the
HEART Pathway can meanmngfully reduce objective cardiac
testing, incremse early discharges, and reduce index hospital
length of stay (LOS) compared with usual care while maintain-
ing lugh sensitvity and NPV (399%) for MACE.

Methods
Study Design

We conduaed a randomuzed conmralked smgle-cemter dmcal wal
funded by the Amenican Heart Assocuson fram 9201222014 All
paruapans provided wanes sed wrmen m fmed consent and wes: ran-
domized 0o the HEART Paday or usil case srasegies. In the HEART
Pagway arm, ED geending phy sicans used the HEART Pathway o
guxk wsting and dispostion deasions. In the uswal care amm, provad -
ers were encowraged %o falkow Amercan Calkge of Cardiodogy guide
Tmes ' U08 This erial was approved by the Intermal Review Board of
the spanscrmg orgami zation and was mgisterad wah chmcakraks gov
{chimcal wnal sumber, NCTO 16655 21) before enmliment

Setting

Partiapants were meruted from ghe ED (of msotuton name widhekd
for review). The stady mstmunon & a eeruary care academic medical
center boated in the Piadmont Triad area of Nosh Caralma, serving
urban, subwban, and rural populasons. The ED is saffed by board
certified or board-ehigible emergency physkcuans 24 hours per day,
7 days a week who dwealy provade care and oversee care provaded
by residents, physican assistants, and muse pracetoness. ED patem
volame 1in X013 cansisted of = 104000 patient encounters. Cardiac
testing modalties muinely avalible o stdy patxcpans meluded

Participants

Patients 221 yeass okd presenting with sympeams sug gestive of ACS
were sceenad durmg enrallment hours (6 days exchadng Saturday,
80 howrs per week ). Ehgibalny crsern inchuded the provider ordermg
an ECG and wopamin for the evaluason of ACS. Patients were deter-
mined incligh ke for the folkowing masons: new STsegment devaon
=1 mm, hyposension, life expectancy <1 year, a noncardiac medical,
surgxal, or psychueric illness desermined by the provider to require
admission, prevaious enrallment, non English speaking, and mcapac.
2y ar unwillmgness %0 comsent.

—
Randomization

Trial particgunts were stratified by the presence of known coronary
disease (nchiding previous revascularizagon) and randamized within
stmtato lofthe 2treament amms with equal probab ihity wsm grandom
permuned block randomzzation. The randomzation sequence was
senerated wang rQueary Advisor 6.0 (Stasacal Soloons, Sagas,
MA) and imegmted mo 2 secum ckewonx dambase, Rescarch
Electmonic Data Caprare ® which was used by the smdy coordinasors
W regnter patxpants and obtam stady goup assignments. Seady
mvestigases and saff were blinded %0 the randomzation sequence

Randomization Arms

HEART Pathway

Participamts were randomuzed 00 the HEART Padway or usal cre
amns. Wehm the HEART Pathway am, participants were ask stati.
fied by ®eending ED provaders using a validated clmical decision axd,
e HEART scare,* " and serul wopomin measames at 0 and 3 hours
afier ED presestation. The HEART score comsists of 5 companents:
hessory, ECG, age, rsk facswors, and troponn (Appendix 1). To cal
culate a HEART score, fisst cach component 15 assessed (om a scake
af 0-2), and then component scores are summed 0 procuce the final
score. A HEART scare of Oto 3is consistent with a low.resk assess
ment, whereas a scare of 24 1 consistent with 2 high rek assessment
To facihase HEART scom complkton, stady staff provaded the phy.
sigan wath the parocipant’s ECG and a worksheet (Appendix 1) to
comphese & the bedsxde for cach patient. On the basis of the HEART
score and senal troponm results, the atendmg physcuns recaved
care meammendations accordmg to the HEART pahway (Fgure 1)
For patients wth low-ask HEART scares (HEART score of 0-3) and

Figure 1. HEART Patway dgoritfim.
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WHAT IS KNOWN

* Current care patterns for low-r sk patienss with acute
chestpain are ine flicient and expensive; they resultn
highhospitalization and swess wsting rates while den-
ufying few patients with acutke coronary syndrome.
Prospective observational and retrospective studies
suggest that the HEART Pathway can safely iden-
ufy low-rsk patients with acute chest pain for early
dicharge from the emergency departiment withouwt
siress kesting or coronary angiography.

WHAT THE STUDY ADDS

This 13 the first clinical tnal to examine the real-time
use of the HEART Pathway 1o guide chest pain risk
sratification and dsposition decisions.

Use of the HEART Pathway at the Wake Forest Bap-
st Medical Center compared with usual care among
patients with acuke chest pain produced significant
reductions in objective cardiae wsting during 30days,
hospitalzations, and index hospital length of stay.
None of the patients identified for early discharge
from the emergency department with the HEART
Pathway had an adverse cardiac event at 3 days.

t?

exexise stress echocardiogram, dobatamine stess echocardiogram,
coronary competed tamagraphx angx graphy, seress muclear mag
Mg, swess card e MAgNetic resanance IMAZIE, OF MV IV COronary
angiography. Serum woponim measurements wese performed wsing
the ADVIA Centaur platform Tal-Ulera™ assay (Siemens, Munich,
Germany), which has a 99 parcentile of the upper mference hmat
and 10% coefficent of vanason at 004 mp/l.

Participants

Patients 221 yeass okd presenting with sympeams sug gestive of ACS
were scxenad during enrallment hours (6 days exchading Saturday,
80 hours per week ). Eigibalay crseria inchided the provider ardering
an ECG and wopamin for the evaluason of ACS. Patients were deter
mined inchighb ke for the folkowing masons: new STsegment devaon
=1 mm, hyposension, life expectancy <1 year, a noncardiac medical,
surgxal, or psychueric dliness desermined by the provider to require
admission, previous enrallment, non English speaking, and mcapac
2y or unwillmgness ©0 comsent.

Randomization

Trial particgunts were stratified by the presence of known coronary
disease (nchding previous revascularzason) and randamzed within
stmtato lofthe 2treament amms with equal probab ihity wsm grandom
permuned block randomzzation. The randomzation sequence was
generased wang nQuery Advisor 6.0 (Stasocal Sokisons, Sagas,
MA) and imegmted mo 2 secum ckewonx dambase, Rescarch
Electmomc Data Capeure ™ which was wsad by the sady coordinasors
W regnter patxpants and obtam stady goup assignments. Seady
mvestgases and saff were blinded 00 he randomzation sequence

event (MACE) rate of >99% at 30 days.'"""* However, the real-
time use of the HEART Pathway has yet 1o be compared with
usual care. Therefore, we have designed a randomized con-
trolled wial w0 evaluate the efficacy of the HEART Pathway 1o
guile providers' testing and disposition decisions for patients
with acute chest pain. We seek 1o determine whether the
HEART Pathway can meanmngfully reduce objective cardiac
testing, incremse early discharges, and reduce index hospital
length of stay (LOS) compared with wsual care while maintain-
ing high sensinvity and NPV (>99%) for MACE.

Methods

Study Design

We conduaed a randomuzed conmralked smgle-cemter dmcal wal
funded by the Amencan Heant Assocuson fram 9201222014, All
paruapans provided wanes sed wrmen m fmed consent and wese ran

domized 00 the HEART Paday or usil case srasegies. In the HEART
Pagway arm, ED xeending phy sicians used the HEART Puthway w0
guxk westung and disposmion deasions. In the uswal care amm, provad

ers were encowraged w0 falkow Amercan Calkge of Cardiodogy guide

lmes. ! VO3 This erial was gpproved by the Intermal Review Board of
the spanscrmg orgami zation and was mgisterad wah chmcakraks gov
(chmcal sl sumber, NCTO 1665521) before enm liment

Setting

Partiapants were mcruited fram ghe ED (of msstutaon name widhekd
for review). The stady mstmuton & a tertary care academic medical
center boated in the Piadmont Triad area of Nosh Caralma, serving
urban, subwban, and rural populasons. The ED is saffed by board
certified or board-ehigible emergency physkcuans 24 hours per day,
7 days a week who dwealy provide care and oversee care provaded
by residents, physician assistants, and muse pracetoners. ED patem
volame in 2013 cansisted of = 104000 patent encounters. Cardiac
testing modalties mutinely avalible o stdy patxcpanss mcluded

Randomization Arms

HEART Puthway

Participants were randomuzed w0 ghe HEART Paday or usual cre
ams. Wehm the HEART Pathway arm, partcipants were nsk stat
fied by ®eending ED provaders using a validated clmical decision axd,
e HEART score, ™ '* and sernal wopomin measumes at 0 and 3 hours
afier ED presentation. The HEART score consists of 5 campanents:
hswory, ECG, age, rsk facwors, and tropomn (Appendix 1). To cal
culae 2 HEART scare, fisst cach companent 15 assessed (on a scak
af 0-2), and then component scores are summed o produce e final
score. A HEART score of Oto 3is consistent with a low-risk assess
ment, whereas a score of 24 i consistent with a high rsk assessment
To facihase HEART scom complkton, stady staff provaded the phy.
siaan wath the paracipant’s ECG and a worksheet (Appendix 1) to
comphese & the bedsxde for cach patient. On the basis of the HEART
score and senal troponm results, the atendmg physcans recaved
care meammendations accordmg to the HEART pahway (Fgure 1)
For patients wth low-ask HEART scares (HEART score of 0-3) and
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Figure 1. HEART Patiway dgoritfim.
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Appendix 1. HEART Pathway Assessment Form

"HEART Scome: Patent IO
’ O ntal Assesament
Mistory O Seconc Assessyment
Hgh Rk Features Low Rk Foatures
o Made or ke -aded o Wel locatzed
o Meavy chest pan *  Shappan
Daphoress Non-esertonal
Racaton Ne caproress
L No NV
Exertonal
Rotet of symptoms Dy wdingual nrates
0O  Hory Suspoous 2 pownts Mostly haghrish features
O  Moderstely Suspoous 1 point Mature of high ek and low-rk features.
0 Sigrey Suspcious 0 pownts Mostly low risk features
ECG:
O New schemc changes 2 ponts sy
New achemc T-aave mversons
O Nonspecfic changes 1 pownt Repoar 2200n a0rormastes
Non-spechc T mave changes
Non spechc ST seyr Sepr o
Bundie branch biocks
Pacermaker hythens
iw
Eanty repoianzaton
Dwgomn efect
0 Neew 0 pownts Completely norma!
288 2 pownts
4564 1 point
a8 0 posnts
Risk Factors:
EM-:”,
Cusrent or recent (550 days) smoker
Currenty vested Sadetes meltus
Famiy hatory of CAD (1% degree relatve <S5 y 0 )
Dagnosed andior trested Mypenenson
Hypercholesterciema
O Lecmeons ok facion inted sbove OR 2 pownts
Known CAD2 ponts 1) Prior strokes2 points
Perphersl anenal dseate * 2 ports
1.2 msk factors 1 point
No sk factors 0 points
Troponin
>0 120 ngemi 2 points
00410 120 ngimi 1 point
0-0 040 ngime 0 points
HEART Score (1otal points) — AS ponts rom each category sbove
Serial 3 Mour Troponn Measurement
8 Normal 0-0 040 ng'mi
Postive. >0 040 ng'mi
HEART Pathway:
O  Mgh Risk = MEART score 4 or more, O any positive
O  Low Risk = MEART score 0-3 and negative troponins at 0 and 3 hours
% Sor Date

Intervention : HEART pathway form

[HEART pathway DR E 3]
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negative troponin results, the HEART pathway recommends discharge
from the ED without further testing. These patients were encouraged
to follow up with their primary care provider In patients with a high-
risk HEART score (HEART score of 24) of troponin above the 9%9th
percentile threshokd, the HEART Pathway recommends further evalu-
ation (objective cardiac testing) in the hospital or observation unit
(OU). For patients with an clevated troponin measurement of induc -
ibke ischemia on obpctive cardiac kesting, the HEART pathway rec-
ommended cardiology | and adm to the hospital

Usual Care
Care delivery in the usual care arm was ot the discretion of the ca|
providers and not determined by the trial protocol. However, provi
were encouraged to follow American College of Cardiology/Amer k:
Heart Association guidelines," ™' which recommend serial car
biomarkers and obgctive cardiac testing be fore dise harge from the
or ward for p with symp suggestive of ACS. *

"

HEART Pathway Adherence

Care delivered in both randomization arms was ultimately determined
by provider di and not dated by the trial prowxcol. The
HEART Pathway was used by providers, in a manner consistent with
its intent, as a decision aid rather than a substitute for ¢clinical judg-
ment. Therefore, some dh to the care delivery described
in Figure | was anticipated. To quantify and examine the effect of
nonadherence on our outcomes, the number of patients in the HEART
Pathway arm receiving adherent or nonadherent care was determined.

HEART Score Interobserver Agreement

Patients randomized © the HEART Pathway received a second
HEART score assessment by an attending physician study mvestiga-
tor blinded to the initial assesment by the patient’s attending physi-
cian. Based on our Institutional Review Board recommendations, if a
disagreement occurmed in which the atiending provider determined the
patient to be low-risk, but the study investigator found the patient to be
high-risk, the atending provider was made aware of this discrepancy.

Data Collection and Processing

Our wial waconnhuwd in accordance with standards of good clinkal
standardized reporting guidel * and key data clements

nnl dclimm A detailed source of data map was created before

study Ek dical records were used as the source
for data clements reliably contained in the medical record. Research
Ekctronk Data Capture data collection templates were used to pro-
spectively collect and store data from patients and care providers for
data clements not reliably present in the ¢kectronic medical reconds.
Follow-up was conducied during the index visit using structured
record review. At 30 days, a structured record review was followed by
a xlephone interview using a validated scripied follow -up dialogue™
© further clarify events since discharge, ientify events occurring
at other care facilities, and to dewermine heakheare utilization since
discharge. Outcome events reported ot other healtheare facilities
were confirmed using a structured review of those medical records.
Inmmplac follow-up at 30 days was handled using the following
P with ong vmh in the ¢lectronic medical
revords were dered to have P formation and were clas-
sified on the basis of data available in the medical recond; participants
with no ongoing visits were dered lost to follow up at the point
of last contact. The Social Security Death Master File was used to
scarch for participants unablke © be contacted. In the event of dis-
pancy between a p pant's self-reported event and the medical
record, the medical record was considered comect.

Outcomes

Healtheare Utilization

Our primary outcome was the rate of objective cardiac testing within
3O days of presentation, defined as the proportion of pncm‘ receiv-

ing any stress westing modality,
agiography, of mvasive coronary an;wgmpﬁy d the index visk of
within 30 days. S & luded carly discharge rate,

ndex LOS, andumluuchml recurrent ED visits and nonindex hos-

prahzation at 30 days. Exly discharge was defined as discharge from
the ED without objective cardiac testing. Hospitalization was de fined
as bedding a patient © an OU or mpatient ward in observation of in-
patient status. LOS was recorded from the electronk medical records
and represented the time from patient placement into an ED bed to
hospital discharge. A cardiac-related recurrent ED visit was defined
as any patient revisiting the ED with chest pain or other symptoms
suggestive of ACS within the 30-day follow-up period. Thinty-day
nonindex hospitalization was defined as an inpatient or OU evalua-
tion for ACS within 30 days.

Comparison
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Assessment completed (n=141) Assessment Completed (n=141)
. * ]
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Analysed (n=141) Analysed (n=141)

Exciuded from analyss (n=0) Exciuded om analyss (n=0)

negative troponin results, the HEART pathway recommends discharge
from the ED without further testing. These patients were encouraged
to follow up with their primary care provider. In patients with a high
nisk HEART score (HEART score of 24) or troponin above the 9%9th
percentile threshokd, the HEART Pathway recommends further evale

ation (objective cardiac testing) in the hospital or observation uni
(OU). For patients with an clevated troponin measurement of induc

ibke ischemia on obpctive cardiae westing, the HEART pathway nec

ommended cardiology consultation and admission to the hospital

Usual Care

Care delivery in the usual care arm was ot the discretion of the care
providers and not determined by the trial protocol. However, providers
were encouraged to follow American College of Cardiology/Amer kan
Heant Association guidelines, ! which recommend serial cardiae
biomarkers and objctive cardiac testing be fore dise harge from the OL
or mpatient ward for patients with symptoms suggestive of ACS.*

HEART Pathway Adherence

Care delivered in both randomization arms was ultimately determined
by provider discretion and not mandated by the tnal prowcol. The
HEART Pathway was used by providers, in a manner consistent with
it intent, a8 a decision aid rather than a substrute for ¢linical judg
ment. Therefore, some nonadherence to the care delivery described
in Figure | was anticipated. To quantify and examine the effect of
nonadhe rence on our outcomes, the number of patients in the HEART
Pathway amm receiving adherent or nonadherent care was determined

HEART Score Interobserver Agreement

Patiens randomized © the HEART Pathway received a second
HEART score assessment by an attending physician study mvestiga
tor blinded to the initial assesment by the patient’s atending physi
cian. Based on our Instistional Review Board recommendations, if a
disagreement oocurmed in which the atiending provider determined the
patient to be low-risk, but the study investigator found the patient to be
high-risk, the anending provider was made aware of this discrepanc y

Data Collection and Processing

Our wial was conducted in accordance with standards of good clinkal
practice, standardued reporting guidelines, ™ and key data clements
and definitions. ™ A detailed source of data map was created before

study initiation. Ekctronic medical records were used as the source
for data clements reliably contained in the medical record. Research
Ekctronk Data Capture data colkection templates were used to pro
spectively collect and store data from patients and care providers for
data clements not reliably present in the ¢kectronic medical reconds

Follow-up was conducied during the index visit using structured
record review. At 30 days, a structured record review was followed by
a klephone interview using a validated scnpied follow -up dialogue
© further clanify events since discharge, dentify events occurnng
at other care facilities, and to dewermine heakhcare utilization since
dicharge. Outcome events reported ot other healtheare facilities
were contirmed using a structured review of those medical reconds
Incomplete follow-up at 30 days was handled using the following
algonthm: participants with ongoing visits in the ¢lectronic medical
records were considered to have complete information and were clas
sified on the basis of data available in the medical recond; participants
with no ongoing visits were considered lost to follow up at the point
of last contact. The Social Securty Death Masker File was used to
swarch for participants unabk © be contacted. In the event of dis
crepanc y between a participant's self-reported event and the medical
record, the medical recond was considered comrect

Outcomes

Healthcare Utilization

Our primary outcome was the rate of objective cardiac testing within
JO days of presentation, defined as the proportion of patients recery

mng any stress esting modality, coronary compuied tomographi
angiography, or mvasive coronary angiography ot the index vist or
within 30 days. Secondary outcomes included carly discharge rate,
ndex LOS, and cardiac related recurrent ED visits and nonindex hos

prahzation at 30 days. Ealy discharge was defined as discharge from
the ED without objective cardiac testing. Hospitalization was de fined
as bodding a patient © an OU or inpatient ward in observation of in

patient status. LOS was recorded from the ekectronk medical records
and represented the tme from patient placement inko an ED bed to
hospital dscharge. A cardine-related recurrent ED visit was defined
as any patient revisiting the ED with chest pain or other symptoms
suggestive of ACS within the 30-day follow-up penod. Thirty-day
noninde x hospitalizaton was defined as an inpatient or OU evalua

tion for ACS within 30 days

Outcome

Primary outcome
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WHAT IS KNOWN

.

Current care patterns for low-rsk patienss with acute
chestpain are ine flicient and expensive; they resultn
highhospitalization and swess wsting rates while den-
ufying few patients with acutke coronary syndrome.
Prospective observational and retrospective studies
suggest that the HEART Pathway can safely iden-
ufy low-rsk patients with acute chest pain for early
dicharge from the emergency departiment withouwt
siress kesting or coronary angiography.

WHAT THE STUDY ADDS

This 13 the first clinical tnal to examine the real-time
use of the HEART Pathway 1o guide chest pain risk
sratification and dsposition decisions.

Use of the HEART Pathway at the Wake Forest Bap-
st Medical Center compared with usual care among
patients with acuke chest pain produced significant
reductions in objective cardiae wsting during 30days,
hospitalzations, and index hospital length of stay.
None of the patients identified for early discharge
from the emergency department with the HEART
Pathway had an adverse cardiac event at 3 days.

exexise stress echocardiogram, dobatamine stess echocardiogram,
coronary competed tamagraphx angx graphy, seress muclear mag
Mg, swess card e MAgNetic resanance IMAZIE, OF MV IV COronary
angiography. Serum woponim measurements wese performed wsing
the ADVIA Centaur platform Tal-Ulera™ assay (Siemens, Munich,
Germany), which has a 99 parcentile of the upper mference hmat
and 10% coefficent of vanason at 004 mp/l.

Participants

Patients 221 yeass okd presenting with sympeams sug gestive of ACS
were scxenad during enrallment hours (6 days exchading Saturday,
80 hours per week ). Eigibalay crseria inchided the provider ardering
an ECG and wopamin for the evaluason of ACS. Patients were deter
mined inchighb ke for the folkowing masons: new STsegment devaon
=1 mm, hyposension, life expectancy <1 year, a noncardiac medical,
surgxal, or psychueric dliness desermined by the provider to require
admission, previous enrallment, non English speaking, and mcapac
2y or unwillmgness ©0 comsent.

event (MACE) rate of >99% at 30 days.'"""* However, the real-
time use of the HEART Pathway has yet 1o be compared with
usual care. Therefore, we have designed a randomized con-
trolled wial w0 evaluate the efficacy of the HEART Pathway 1o
guile providers' testing and disposition decisions for patients
with acute chest pain. We seek 1o determine whether the
HEART Pathway can meanmngfully reduce objective cardiac
testing, incremse early discharges, and reduce index hospital
length of stay (LOS) compared with wsual care while maintain-
ing high sensinvity and NPV (>99%) for MACE.

Methods

Study Design

We conduaed a randomuzed conmralked smgle-cemter dmcal wal
funded by the Amencan Heant Assocuson fram 9201222014, All
paruapans provided wanes sed wrmen m fmed consent and wese ran

domized 00 the HEART Paday or usil case srasegies. In the HEART
Pagway arm, ED xeending phy sicians used the HEART Puthway w0
guxk westung and disposmion deasions. In the uswal care amm, provad

ers were encowraged w0 falkow Amercan Calkge of Cardiodogy guide

lmes. ! VO3 This erial was gpproved by the Intermal Review Board of
the spanscrmg orgami zation and was mgisterad wah chmcakraks gov
(chmcal sl sumber, NCTO 1665521) before enm liment

Setting

Partiapants were mcruited fram ghe ED (of msstutaon name widhekd
for review). The stady mstmuton & a tertary care academic medical
center boated in the Piadmont Triad area of Nosh Caralma, serving
urban, subwban, and rural populasons. The ED is saffed by board
certified or board-ehigible emergency physkcuans 24 hours per day,
7 days a week who dwealy provide care and oversee care provaded
by residents, physician assistants, and muse pracetoners. ED patem
volame in 2013 cansisted of = 104000 patent encounters. Cardiac
testing modalties mutinely avalible o stdy patxcpanss mcluded

Randomization

Tral parucyants were stratified by the presence of known coronary
disease (mchding previous revascularzason) and randomzed wthin
stmtato lofthe 2treament amms with equal probab ihity wsm grandom
permuned block randomzzation. The randomzation sequence was
generased wang nQuery Advisor 6.0 (Stasocal Sokisons, Sagas,
MA) and imegmted mo 2 secum ckewonx dambase, Rescarch
Electmomc Data Capeure ™ which was wsad by the sady coordinasors
W regnter patxpants and obtam stady goup assignments. Seady
mvestgases and saff were blinded 00 he randomzation sequence

Randomization Arms

HEART Puthway

Participants were randomuzed w0 ghe HEART Paday or usual cre
ams. Wehm the HEART Pathway arm, partcipants were nsk stat
fied by ®eending ED provaders using a validated clmical decision axd,
e HEART score, ™ '* and sernal wopomin measumes at 0 and 3 hours
afier ED presentation. The HEART score consists of 5 campanents:
hswory, ECG, age, rsk facwors, and tropomn (Appendix 1). To cal
culae 2 HEART scare, fisst cach companent 15 assessed (on a scak
af 0-2), and then component scores are summed o produce e final
score. A HEART score of Oto 3is consistent with a low-risk assess
ment, whereas a score of 24 i consistent with a high rsk assessment
To facihase HEART scom complkton, stady staff provaded the phy.
siaan wath the paracipant’s ECG and a worksheet (Appendix 1) to
comphese & the bedsxde for cach patient. On the basis of the HEART
score and senal troponm results, the atendmg physcans recaved
care meammendations accordmg to the HEART pahway (Fgure 1)
For patients wth low-ask HEART scares (HEART score of 0-3) and

HEART Pathway
)
(| (|
B0 =0

BEE

Figure 1. HEART Patiway dgoritfim.
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Table 1. HEART Pathway Randomized Controlled Trial Patient Characteristics

3.Base Line([A|FH 7 HEART Paliey Usual Co
Patient Characteristics Number, n=141 Percent Number, n=141 Percent
Age, y, mean+SD 53.4+12.0 53.1+12.2
Sex
Female 81 574 81 574
Race
White 90 638 a3 66.0
Black 48 340 46 326
Asian 1 0.7 0 0
Native American 1 0.7 1 0.7
Others 1 0.7 1 0.7
Ethnicity
Hispanic 1 0.7 4 2.8
Non-Hispanic 140 993 137 972
Risk factors
Current smoking 42 298 KT 241
Recent cocaine (last 90 days) 3 21 3 21
Hypertension 75 532 82 58.2
Hyperlipidemia 61 433 60 426
Diabetes mellitus 31 220 27 192
Family history of coronary disease 44 314 58 414
BMI, >30 kg/m? n 504 81 57.5
TIMI risk score, >1 60 426 63 4.7
Previous coronary disease 28 199 29 206
Previous MI 21 149 24 17
Previous PCI 14 99 19 135
Previous CABG 7 5.0 3 21
Previous cerebral vascular disease 3 21 9 64
Previous peripheral vascular disease 4 28 4 28
Insurance status
Insured 105 745 106 76.3
Private n 504 68 48.9
Medicare 21 149 21 15.1
Medicaid 13 9.2 17 122
Uninsured 36 255 33 237

BMI indicates body mass index; CABG, coronary ariery bypass graft; MI, myocardial infarction; PCI, percutaneous coronary intervention; and TIMI, thrombolysis in
myocardial infarction.
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T LoD HEART Pathway Usud Care
Pasent oAxnlcaITTﬁﬁF 7l§ JT /oo foran Puoirt Number, ne1di Parosnt
Age, y. mean+ SO 5344120 5312122
Sex
Femde # 574 # 574
Race
White W0 6s « 660
Black 43 M0 46 26
A 1 o7 0 0
Nawe Amedcan 1 07 1 07
Others 1 07 1 07
Emnicity
Hipanic 1 07 4 28
NonHispanic 140 93 137 972
Rk factors
Current smoking 42 298 M 241
Recent cocane Jast 90 dags) 3 21 3 21
Hyperension 7% 532 82 542
Hypedipicemia 61 433 0 426
Didbetes malitus n 20 n 192
Famdy history of coronary dissse 44 N4 58 414
BM. >0 kg’ n 504 81 575
TIMIrisk score, >1 0 426 63 7
Pravious coronary diseass n 199 2 2086
Pravious MI Fal 149 u w
Previous PQ " 9 19 135
Pravious CABG 7 50 3 21
Previous oarebral vasculyr dsease 3 21 9 64
Pravious peripheral vascular disease 4 28 4 28
Insurance status
Insured 106 745 106 763
Privase Ll 504 (2] 439
Medicae 2 149 2 151
Madicad 13 92 17w 122
Urinsured % 255 1 07

BM indicates body mass index. CABG. comnary arery bypass gt ML myocardial infarciion: PCL percutmecus coronary interventon: and TIML hrontiolyss in

myocadalinky cion

Safety Evenns

All particgpunts were montared for MACE, defined by a campasste
end paint of allcause mosality, myocardial mfarction, or caronary
revasculanzason wigun the ¥.day folkwap peniod. Myocasdal
infardion was defined on the basis of Universal Defimson of
Myoaurdial Infarction ' Caronary revascularization was defined as
ang o plasty with or without stent placement or comnary artery bypass
surgery. MACE occuming i patents dischagad withom ob pective
cardia westing was consxlerad a missed MACE. All safay events
ware reviewed by ghe Instiantxonal Data Safety Momsoring Board

End Polnt Adjudication
A consenss of 2 reviewers (CD M. and B.CH), blinded to taeat
ment arm assignment, adpdicated the o ] 1 to measure

the occurrence of MACE and to determine carduc relasedness of

and stucly definm Any disagr were sattled by consensus
between the 2 reviewers or the imualvement of a durd reviewer

Statistical Analysis

The propomtion of patents receving objpective candiac testing withun 3
days, early discharge, and candiac relatad ED vasas and nonndex hosp
talwzations were estimated for the HEART Paghway and usaalcase gooup s
and a 95% confidence 1marval for the differences between the 2 gooup
wias cakulated using exact cakulatons. Unadjusted dif ferences betwee
groups m these oucomes at mdex and Y0 days were assessed using
Fisher exact test. LOS was cakulated for each pastiapant and summa
naed using mechan and 1merquartike ranges for each sreament asm. LOS
had a nonocrmal (aghtskewed) distabatxon, so sesment anms W

recurrent ED vists and nonindex hospsal wations. To make these as
sessments, reviewers were provaded paticpant’s mdex and dischagge
reconds, fallow.up call mk reconds ob d foom fo llow up,

pand using Mann- Whtney U/ tests. Wth an expected mte of §35
the usial care arm, s sty wias powered 0 desect a 15% redoction
obpective cardiac testmg withn X0 cays with €% power at the 5% 2.5
od level of significance with an expectad lass o follow.up rate of 10%

&
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raste ). proquayori ek dategn ) $KJ‘$'“
mﬁﬁ%%%% IS

Sightly suspicious (0 pants)

Moder ely suspicdass (1 pond) 4 B3

Highly suspicous @ points) s 248
Age

<45 (0 pants) 3 ral

45-65 (1 pang &0 87

»65 (2 pants) 2 163
ECG

Nomsd (0 pants) 7 56

Nomspecific changes (1pong &0 426

Changes cons st with ACS (2 pants) 2 14
Nunter of sk facthors

0 (0 points) 16 14

1-2 (1 paing 58 411

23 (2 pants) &7 475
Tropenin (nisal)

Negaiwe (Opoints) 133 M43

1=3x nomsd limit (1 pang 4 28

>3x normal limit (2 points) 4 28
Totd HEART score

0 3 21

1 9 64

2 zn 199

3 i 191

4 n n

5 2 149

26 2 156
Sadal woponin at 3h

Negative 1 @9

Positive 9 64

Missing 1 o7
HEART Pathwaay

Low gk (HEART stare <3 and negative (23] 468

troponing at0 and 3 )

High risk (HEART scare >3 or postve reponin 75 532

atdordh)

ACS ndicates acute caranary syndrome.

Sensitivay, specificity, pasitive predictive value and NPV, and
ther exact 95% confidence mtervals for MACE duning dhe 30.day
follow -up perad were calauhted for cach sreatment arm. In addh-
txmn, 0 determine the incremental vakie of the HEART Padway w0
semal toponm westing, the senatvry, spectficay, posanve predic
tive vake, and NPV of serial traponm resuks ® 0 and 3 hours used
alome (withowm the HEART scare) were cakulged. Missed MACE
rates were estimaed for the HEART Pabway and usual care groups,
and an exact 95% confidence imerval for the diffexences between the
2 groups was cakulaeed. Unadpsted diffessnces between goups m
these oatcomes at mdex and 30 days were ssessedusing the Frher
exact test. Pasenss with incomplete follow.up were considered %o
be free of 30.day MACE. Interobserver agreement for the HEART
Pathway rsk assessment was tested wsmg 2 xsttistic. Acaepuble
agreement was defined, apron, 2 ax of 060 To assess differences
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&k HEART Pagrway groups)
mcl’u\i was uvcd :\ll RRCOMES Wem .uul\udunng uncnmn
2. Sausucal analyss was pafommed usmg SAS 9 3 (Cary, NC)

Results
From 9/2012-2/2014, 282 patients with symplons sugges-
live of ACS were enrolkd, with 141 randomized 10 each arm.
No participants were removed from the sudy after random-
zation. Assessment for 30-day events was comphte on 96%
272/282) of participants (Figure 2), with their characteris-
ics summarized in Table 1. Of the 10 patients lost to follow
ip, none appeared in the Social Security Death Master File.

Among the 14] patienss randomized to the HEART Pathway,
6.8% (66/141) were risk stratified in%o a low-rsk group and
3.2% (75/141) in%o a high-risk group. Interobserver agree-
e was acceptable (k=063). The frequency of HEART
Pathway determinants s summur zed in Table 2
[=n o1t ay A y
objective cardiac testing rate o( 56.7%(80V141) compared with a
rateof 68 8% (97/141 ) inthe usual care group: an absolute reduc-
tion of 12.1% (P=0.(M8). Exrly discharge occurred in 39.7%
(5&/141) of patiemts in the HEART Pathway arm compared
with 184% (26/141): an absolute increase of 21 3% (P<0.001).
Patrenss in the HEART Pathway group had a median LOS of
9.9 howrs compared with 219 houss in the usual care group
(Figure 3): a median reduction in LOS of 12 houss (P=0.013).

Within the HEART Pathway arm, 28% (4/141) had car-
diac-relared repeat ED visits compared with 4.3% (6/141) in
the usual care arm ( P=0.75). Cardiac-related nonindex haspi-
talizations occurred in 3.6% (5/141) of patents in the HEART
Pathway arm compared with 2.8% (4/141) in the usual care
arm (P>0999).

MACE occurred in 17 of 282 patienss, with all events occur-
ring during their index visit.

No patients identified for early discharge had missed
MACE in either group during the 30-day follow-up period
No patients identified & low-risk by the HEART Pathway had
an index or nonindex MACE. Index MACE occurred i §.7%
(8/141) patients in the HEART Pathway arm compared with
6.A4% (9/141) inthe usual care arm (P=1). Primary and second-
ary outcomes are summarizad in Tables 3 and 4, respectively.
The test characterstics of the HEART Pathway and serial
tropanins alone are summarized in Table 5. Nomadherence
to the HEART Pathway occurred in 29% ( 19/66) of ow-rsk
patents and 13% of (975) high-risk patents. None of the
19 low-risk patients had MACE at index or 30 days. Perfect
adherence among high- and low-nsk patients woukl have
increased the early discharge rawe 10 46 8% (66/141).

Discussion
Resubis of this tnal demonswate that the HEART Pathway
substantively reduces healthcare wilization (objective cardiac
westing, hospitalization, and haspital LOS) among patients with
symptoms related o ACS. Among patients with acute chest
pain, the HEART Pathway produced a meaningful reduction in
objective cardiac westing, doubled the ED rateof early dischasge,
and reduced the hospital LOS by half a day. Futhermare, these
reductions in utilzation oukcomes were accomplished without

« Total 282 A (141 AT DE| V) £F(F)
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HEART Pathway RCT Flow Diagram

[ Enroliment ] Assessed for eligibility
(n=5003)
Excluded (n=4721)
Not meeting inclusion criteria (n=4284)
= Dechined to participate (n=137)
Attending survey not completed (n=74)
No study Investigator avaiable (n=171)
Other (n=55)
Randomized
(n=282)
Allocated to HEART Path (n=141) Allocated to Usual Care (n=141)
Assessmentcompleted (n=141) Assessment Completed (n=141)
‘l Follow-Up ,I
Lostto follow-up (n=4) Lostto follow-up (n=6)
Discontinued intervention (n=0) Discontinued intervention (n=0)
1 | Analysis ,|
Analysed (n=141) Analysed (n=141)
Excluded from analysis (n=0) Excluded from analysis (n=0)
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WHAT IS KNOWN

Current care patterns for low-rsk patienss with acute
chestpain are ine flicient and expensive; they resultin
highhospitalization and swress westing rates while ken-
ufying few patients with acutke coronary syndrome.
Prospective observational and retrospective studies
suggest that the HEART Pathway can safely iden-
tfy low-rsk patients with acute chest pain for early
discharge from the emergency department without
siress kesting or coronary angiography.

WHAT THE STUDY ADDS

This 13 the first clinical tnal to examine the real-time
use of the HEART Pathway 1o guide chest pain risk
sratification and dsposition decisions.

Use of the HEART Pathway at the Wake Forest Bap-
st Medical Center compared with usual care among
patients with acuke chest pain produced significant
reductions in objective cardiac wsting during 30days,
hospitalzations, and index hospital length of stay.
None of the patients identified for early discharge
from the emergency department with the HEART
Pathway had an adverse cardiac event a1 30 days.

exexise stress echocardiogram, dobatamine steess echocardiogram,
coronary competed tamagraphx angx graphy, seress muclear mag
Mg, swess card e MAgNetic resanance IMAZIE, OF MV IV COronary
angiography. Serum woponim measurements wese performed wsing
the ADVIA Centaur platform Tal-Ulera™ assay (Siemens, Munich,
Germany), which has a 99 parcentile of the upper mference hmat
and 10% coefficent of vanason at 004 mp/l.

Participants

Patients 221 yeass okd presenting with sympeams sug gestive of ACS
were scxenad durmg enrallment hours (6 days exchadng Saturday,
80 howrs per week ). Ehgibalny crsern inchuded the provider ordermg
an ECG and wopamin for the evaluason of ACS. Patients were deter-
mined inchighb ke for the folkowing masons: new STsegment devaon
21 mm, hyposension, life expectancy <1 year, a noncardiac medical,
surgxal, or psychuric dllness desermmned by the provider to require
admission, previous enrollment, non English speaking, and mcapac
ny ar unwilling ness %0 consent.

Randomization

Tral parucyants were stratified by the presence of known coronary
disease (mchding previous revascularzason) and randomzed wthin
stmtato lofthe 2treament amms with equal probab ihity wsm grandom
permuned block randomzzation. The randomzation sequence was
generased wang nQuery Advisor 6.0 (Stasocal Sokisons, Sagas,
MA) and imegmted mio a secum ckeowonx daubase, Rescarch
Electmonic Data Caprare ® which was used by the smdy coordinasors
W regnter patxpants and obtam stady goup assignments. Seady
nvestigasors and saff were blinded 0 the randomzation sequence

event (MACE) rate of >99% a1 30 days.""" However, the real-
time use of the HEART Pathway has yet 1o be compared with
usual care. Therefore, we have designed a randomized con-
trolled wial w0 evaluate the efficacy of the HEART Pathway 1o
guile providers' testing and disposition decisions for patients
with acute chest pain. We seek 1o determine whether the
HEART Pathway can meanmngfully reduce objective cardiac
testing, incremse early discharges, and reduce index hospital
length of stay (LOS) compared with wsual care while maintain-
ing lugh sensitvity and NPV (399%) for MACE.

Methods
Study Design

We conduaed a randomuzed conmralked smgle-cemter dmcal wal
funded by the Amencan Heant Assocuson fram 9201222014, All
paruapans provided wanes sed wrmen m fmed consent and wese ran

domized 00 the HEART Paday or usil case srasegies. In the HEART
Pagway arm, ED xeending phy sicians used the HEART Puthway w0
guxk westung and disposmion deasions. In the uswal care amm, provad

ers were encowraged %o falkow Amercan Calkge of Cardiodogy guide

Tmes ' U08 This erial was approved by the Intermal Review Board of
the spanscrmg orgami zation and was mgisterad wah chmcakraks gov
(chmcal sl sumber, NCTO 1665521) before enm liment

Setting

Partiapants were meruted from ghe ED (of msotuton name widhekd
for review). The study mstmuton s a sertary care academic medical
center boated in the Piadmont Triad area of Nosh Caralma, serving
urban, subwban, and rural populasons. The ED is saffed by board
certified or board-ehigible emergency physkcuans 24 hours per day,
7 days a week who dwealy provade care and oversee care provaded
by residents, physician assistants, and muse pracetoners. ED patem
volame in 2013 cansisted of = 104000 patent encounters. Cardiac
testing modalties muinely avalible o stdy patxcpans meluded

Randomization Arms

HEART Pathway

Participants were randomuzed w0 ghe HEART Paday or usual cre
ams. Wrhm the HEART Pathway am, partcipants were nsk st
fied by ®eending ED provaders usng a vahidated clmical decision axd,
e HEART score, ™ '* and sernal wopomin measumes at 0 and 3 hours
afier ED presentation. The HEART score consists of 5 campanents:
hessory, EQG, age, rsk facsors, and troponn (Appendix 1). To cal
culate 2 HEART score, fisst cach component 15 assessed (on a scak
af 0-2), and then component scores are summed 0 procuce e final
score. A HEART score of Oto 3is consistent with a low-risk assess
ment, whereas a score of 24 i consistent with a high rsk assessment
To facihase HEART scom complkton, stady staff provaded the phy.
sigan wath the parocipant’s ECG and a worksheet (Appendix 1) to
comphese & the bedsxde for cach patient. On the basis of the HEART
score and senal troponm results, the atendmg physcans recaved
care meammendations accordmg to the HEART pahway (Fgure 1)
For patients wth low-ask HEART scares (HEART score of 0-3) and

o
HEART Pathway
()

s E=
B0 =20

BEE

Figure 1. HEART Patway dgoritfim.
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0% o) ﬁ@gé&n‘;ﬂ"ﬁéy\ TiPatint Characteristics

HEMRT Pathway Usud Care
Pasent Charachdstics Number, ne141 Paroant Number, ne141 Paroant
Age, y. means SO 844120 5314122
Sex
Femde L1 574 81 574
Race
White @0 638 « 680
Bk 13 Mo 46 26
A 1 07 0 0
Natve Amercan 1 07 1 07
Others 1 07 1 07
Emnicity
Hispanic 1 07 4 28
Non-Hispanic 140 «3l 137 972
Risk factors
Current smoking 42 23 u“ 241
Recent cocane Jast 90 dags) 3 21 3 21
Hyperension 7% 532 82 582
Hypedipidemia 61 433 (3] 426
Didbats maitus n 20 il 192
Famdy hishory of coronary dissise 4“4 N4 58 414
BM. >0 k' m 504 81 575
TIMIrigk scom, »1 (] 426 (3] a7
Pravious coronary diseass n 199 2 2086
Pravious MI 2 149 2] 7
Previous PO " a9 19 135
Pravious CABG 50 3 21
Previous oarebral vasculyr dsease 3 21 9 64
Previous peripheral vasculir distase 4 28 4 28
Insurance status
Insured 106 745 106 763
Private m 504 62 439
Medcae 2 149 2 151
Medicad 13 a2 17 122
Urinsured % 255 1 07

BM indicates body mass index. CABG. coronary amery bypass gt ML myocardial infarcion. PCL prroutmecus coronary indewenlion: and TIML hrontiolysis in

myocadalinky cion

Safety Events

All particgpunts were montared for MACE, defined by a campasste
end paimt of allcause mostahty, myocardial mfarction, or caranary
revasculanzason wigun the ¥.day folkwap peniod. Myocasdal
infardion was defined on the basis of Universal Defimson of
Myoardul Infarction” Caronary revascularzation was defined as
angoplasty with or without stent plicement arcomnary anery bypass
surgery. MACE occuming i patents dischagad withomt ob pective
cardia westing was consxlerad a missed MACE. All safay events
ware reviewed by the Instiastaonal Data Safety Mamsoning Board

End Polnt Adjudication

A consenss of 2 reviewers (CD M. and B.CH), blinded to taeat
ment arm assignment, adpdicatad the dements requuned to measure
the occurrence of MACE and to determine cardiac-relatedness of

and sty defi Any disagr ms were sattled by consensus
between the 2 reviewers or the imvalverment of a durd reviewer

Statistical Analysis

The propomtion of patents receving objpective candiac testing withun 3
days, early discharge, and candiac relatad ED vasas and nonndex hosp
talwzations were estimated for the HEART Paghway and usaalcase gooup s
and a 95% confidence 1marval for the differences between the 2 gooup
wias cakulated using exact cakulatons. Unadjusted dif ferences betwee
groups m these oucomes at mdex and Y0 days were assessed using
Fisher exact test. LOS was cakulated for each pastiapant and summa
naed using mechan and 1merquartike ranges for each sreament asm. LOS
had a nonocrmal (aghtskewed) distabatxon, so sesment anms W

recurrent ED vists and nonindex hospstal wations. To make these as
sessments, reviewers were provaded paticpant’s mdex and dischagge
reconds, fallow.ap call mbormation, records obtamed fom follow up,

pand using Mann- Whtney U/ tests. Wth an expected mte of §35
the weual care arm, ghes sty was powered o desact a 15% reductaon
obpective cardiac sesting within 30 clays with 0% power at the 5% 25|
o level of sigmificance with an expectad loss s falknwup rate of 105

o a2 - 282\
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Table 3. Objective Cardiac Testing at 30 Days

HEART Pathway
Low-Risk Patients High-Risk Patients Total Usual Care
Outcomes Number, n=66 Percent Number,n=75 Percent Number, n=141 Percent Number,n=141 Percent P Value*
Objective cardiac testing at 30 days 21 31.8 59 78.7 80 56.7 97 68.0 0.048
Positive 2 30 n 147 13 92 10 71 0.66
Negatve 19 28.8 48 64.0 67 475 87 61.7 0.023
Type of objective cardiac testing
CCTA 1 15 1 13 2 14 5 35 0.45
250% coronary stenosis 0 0 0 0 0 0 0 0 >0.999
<50% coronary stencsis 0 0 1 13 1 0.7 0 0 >0.999
No coronary stencsis 1 15 0 0 1 0.7 5 35 021
Indeterminate 0 0 0 0 0 0 0 0
Nuclear imaging 0 0 2 27 2 14 2 14 >0.999
Positive 0 0 2 27 2 14 1 0.7 >0.999
Negative 0 0 0 0 2 14 1 0.7 >0.999
Exercise stress echocardiogram 18 273 25 333 43 305 56 397 0.13
Positive 2 3.0 2 27 4 28 2 14 0.68
Negative 16 242 22 293 38 270 54 383 0.057
Nondiagnostic 0 0 1 13 1 0.7 0 0 >0.999
Dobutamine stress echocardiogram 2 30 13 173 15 106 23 16.3 0.22
Positive 0 0 0 0 0 0 1 0.7 >0.999
Negative 2 30 13 173 15 106 21 149 0.37
Nondiagnostic 0 0 0 0 0 0 1 07 >0.99
CMR 0 0 7 93 7 93 2 14 0.17
Positive 0 0 1 13 1 13 0 0 >0.999
Negative 0 0 6 8.0 6 8.0 2 14 0.28
Angiography 0 0 15 200 15 107 1 78 0.54
Coronary stenosis present, 270% 0 0 9 120 9 64 7 50 0.80
Coronary stenosis present, <70% 0 0 4 53 4 28 3 21 >0.999
No coronary stenosis 0 0 2 27 2 14 1 07 >0.999

CCTA indicates coronary computed tomographic angiography; and CMR, cardiac magnetic resonance.

*Pvalue for comparison of the HEART Pathway total vs usual care.

Table 2. Frequency of HEART Pathway Determinants

Risk Stratification Measure Number, n=141 Percent
HEART score history

Slightly suspicious (0 points) 52 36.9

Moderately suspicious (1 point) 54 383

Highly suspicious (2 points) 35 248
Age

<45 (0 points) 38 27

45-65 (1 point) 80 56.7

>65 (2 points) 23 16.3
ECG

Normal (0 points) 79 56

Nonspecific changes (1 point) 60 426

Changes consistent with ACS (2 points) 2 14
Number of risk factors

0 (0 points) 16 14

1-2 (1 point) 58 411

23 (2 points) 67 475
Troponin (initial)

Negative (0 points) 133 94.3

1-3x normal imit (1 point) 4 28

>3x normal limit (2 points) 4 28
Total HEART score

0 2.1

1 6.4

2 28 19.9

3 27 19.1

4 K} 22

5 21 149

26 22 156
Serial troponinat 3 h

Negative 131 929

Positive 9 6.4

Missing 1 0.7
HEART Pathway

Low risk (HEART score <3 and negative 66 46.8

troponins at O and 3 h)

High risk (HEART score >3 or positive troponin 75 53.2

at0or3h)

ACS indicates acute coronary syndrome.
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- BHIBEPFE 1 39.7% (56/141.A) vs18.4% (26/141.N) P<0.001

e LOS : 9.9FFM vs 21.90FH  P=0.013

« EDEE :2.8% (4/141N) vs43% (6/141N) P=0.75

* Nonindex hospitalization : 3.6% (5/141) vs2.8% (4/141)  P>0.999

Table 4. Safety Events and Healthcare Utilization Outcomes

HEART Pathway
Low-Risk Patients High-Risk Patients Total Usual Care
Outcomes Number, n=66 Percent Numbern=75 Percent Number, n=141 Percent Number, n=141 Percent PValue*
Index length of stay, h; median (I0R) 6.4(5.6-8.8) 25.9(11.446.7) 9.9(6.3-26.4) .. 219(84-282 ... 0.013
Index visit disposition
Hospitalization 19 28.8 66 88.0 85 60.3 110 78.1 0.002
Observation unit 18 273 25 333 43 305 62 440 0.31
Inpatient ward (admission) 1 15 41 54.7 42 298 48 340 0.52
Discharge 47 71.2 8 107 55 39.0 3 220 0.003
AMA 0 0 1 13 1 0.7 0 0 >0.999
Early discharge 47 7.2 9 120 56 397 26 184 0.0001
Recurrent hospital care at 30 days
Repeat ED visit 2 30 8 107 10 71 18 128 0.16
Cardiac related 0 0 < 5.3 < 2.8 6 43 0.75
Nonindex hospitalization 1 15 8 10.7 9 6.4 9 64 >0999
Cardiac related 0 0 5 6.7 5 36 4 28 >0999
MACE at 30 days
Cardiovascular death 0 0 0 0 0 0 0 0
Mi 0 0 7 93 7 5.0 9 64 0.80
With revascularization 0 0 1 13 1 0.7 5 36 021
PCI 0 0 1 13 1 0.7 < 28 0.37
CABG 0 0 0 0 0 0 1 07 >0999
Without revascularization 0 0 1 13 1 0.7 0 0 >0.999
PCI 0 0 1 13 1 0.7 0 0 >0.999
CABG 0 0 0 0 0 0 0 0

AMA indicates against medical advice; CABG, coronary artery bypass graft; ED, emergency department; IQR, interquartile range; MACE, major adverse cardiac event;
ML, myocardial infarction; and PCl, percutaneous coronary intervention.
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Table 5. Test Characteristics of the HEART Pathway and Serial Troponins

Risk Stratification Strategy Early Discharge (95% C)) Sensitivity (95% Q) Specfiicity (95% Q) PPV (95% C) NPV (95% CI)
Serial froponins 92.2% (87.8-96.6) 87.5% (47.4-99.6) 97.0% (92.5-99.2 63.6% (30.8-89.1) 99.2% (95.8-100)
HEART Pathway 39.7% (31.6-48.3) 100% (63.1-100) 49 6% (40.8-58 .4) 10.7% (4.7-19.9) 100% (94.6-100)

NPV indicates negative predictive values; and PPV, negative predictive values.
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