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Summary

Background: Lower admission heart rate (HR) isknown to
predict favorable outcome in ST-elevation acute myocardia
infarction. However, therearelimited short-term and no long-
term dataavailableregarding the prediction value of theinitia
HR in patientswith the full spectrum of acute coronary syn-
dromes(ACS). Inaddition, itisunknown whether the HR ob-
tained later during hospitdizationfor ACS(i.e., Day 2or 3) re-
mainsprognogticaly vauable.

Hypothesis: The aim of this study was to investigate the
utility of theinitial and delayed HR in predicting outcomein
patientswith ACS.

Methods. Weexamined mortality at 30 daysand 10 months
in 10,267 patientswith ACSenrolled inthe oral glycoprotein
[1b/l11a inhibition with Orofiban in Patients with Unstable
coronary Syndromes-ThrombolysisIn Myocardia Infarction
(OPUS-TIMI) 16trid. Patientswere stratified by HR and day
from onset of ACS into the following groups. (1) HR <60
beats/min, (2) HR 60-80 beats/min, (3) HR 80-100 beatsmin,
(4) HR > 100 beats/min; and HR obtained on (1) Day 1, (2)
Day 2,and (3) Day 3.

Results: By univariateanadysis, mortality at 30 daysand at
10 monthsincreased progressively with higher HR strata (1.4
vs. 1.6 vs. 2.3 vs. 5.6%, p<0.001, and 2.6 vs. 4.2 vs. 6.5 vs.
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11.8%, p<0.001, respectively). Elevated HR remained associ-
ated with mortdlity irrespective of timefrom onset of ACS.

Conclusions: Higher initial and delayed HR ishighly pre-
dictive of higher short- and long-term mortality in patients
with ACS. Thisisasimple marker that could beeasily usedin
risk assessment.

Key wor ds. acute coronary syndromes, heart rate, prognosis

Introduction

Effective management of acute coronary syndromes(ACS)
requires early identification of patientsat high risk for an un-
satisfactory outcome. It hasbeen reported that admission heart
rate (HR) valuesindependently predict mortality in patients
with ST-elevation acute myocardia infarction (STEMI).12
Recently, Boersmaet al. identified HR asasignificant predic-
tor of 30-day mortality in patientswith ACSwithout persistent
ST-segment elevation.l0 However, thereare no dataregarding
thelong-term predictivevalueof theinitial HRin patientswith
thefull spectrum of ACS. In addition, it isunknown whether
an elevated HR obtained | ater during hospitalization for ACS
(i.e.,on Days2, 3) isaso associated with adverse outcomes.

The primary objectives of our study wereasfollows: (1) to
quantify the short and long-term prognostic significance of
initial HR on mortality and other endpointsinalarge popula-
tion of patientshospitalized for ACS, and (2) to assessthepre-
diction vaelue of HR by day from onset of ACS. We hypothe-
sized that there would be a progressive increase in mortality
withincreasing HR irrespective of thetimeinterval from onset
of theindex event.

Methods
Data Sources

The oral glycoprotein ll1b/ll1ainhibition with Orofiban in
Patients with Unstable coronary Syndromes-Thrombolysis
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In Myocardia Infarction (OPUS-TIMI)-16 trial was a pro-
Spective, randomized, multicenter study of patientswith ACS
(unstable angina, non-ST-elevation myocardia infarction
[NSTEMI]) conducted in 888 hospital sin 29 countriesworld-
wide. Theprotocol and mainresultsof the OPUS-TIMI-16tri-
a have been reported previoudy.1! Briefly, the study was de-
signed to comparetwo doses of theoral glycoproteinlib/lila
platelet receptor blocker, orbofiban, with placebo for manage-
ment of patientswith ACS. In all, 10,302 patients were ran-
domized into the trial within 72 h of the onset of ACS from
October 10, 1997, to November 5, 1998. The exclusion crite-
riawere reported previoudy*! and included patientswith car-
diogenic shock. All patients received aspirin; other therapy
wasat thediscretion of the attending physician. Petientswere
seeninfollow-up at 14 and 30 days, and every 3 monthsthere-
after. Treatment and follow-up were planned to continue for
anaverage of 1 year. Because of higher mortdity in oneof the
dose groups treated with orbofiban, the Data and Safety
Monitoring Committeerecommended ending enrollment pre-
maturely on November 5, 1998. Follow-up wasterminated on
January 18, 1999.

Patients

We studied 10,267 patients with ACS. Twenty-one addi-
tional patientswere excluded from our analyses becausethey
had no basdine HR measurement recorded. Heart rate was
measured either by physical examination or by electrocardio-
gram (ECG) as close to randomization as possible. Patients
were divided into four groups based on their admission HR:
(1) HR <60 beatsmin, (2) HR 60-80 beatsmin, (3) HR
80100 beatgmin, and (4) HR > 100 beats/min. To evduate
whether devated HR obtained later during theinitial hospital
stay remainsapredictor of increased mortality, patientswere
gratified according to whether their admission HR was ob-
tained (1) within 24 hof ACS, (2) 24-48 h after onset of ACS,
and (3) 48—72 h after onset of ACS. Clinical eventswerecom-
pared between the groupsat 30 daysand 10 months.

Definitions

Acute coronary syndrome was defined as ischemic dis-
comfort at rest associated with positive cardiac markers, and/
or acute ECG changes, and/or evidence of coronary artery
disease

Statigtical Analysis

For each group in the general population and specific sub-
groupsof patientsincluding the el derly, diabetics, women, and
patientswith congestive heart failure (CHF), STEMI, NSTE-
M1, and unstable angina (UA), outcomeresultsare presented
with Kaplan-Meier event rates. Probability valueswere deter-
mined fromlog-rank testswith follow-up censored e timein-
dicated (i.e., 30 days or 10 months). Multivariate analyses

wereperformed to adjust for confounding variablesand to as-
sess the independent prognostic value of admission HR on
subsequent mortality and other endpoints. Thefollowing vari-
ableswere included in the multivariate models: age, gender,
history of hypertension, diabetes mellitus, hypercholesterol -
emia, prior M1, prior revascularization, history of heart failure,
smoking, ECG changes, €levated cardiac enzymes, and use of
heparin, aspirin, and nitrates. Patientswith unknown valuefor
any variable were excluded from multivariate analyses. All
satistica analyseswere performed using S-Plus2000.

Results
BasdineChar acteristics

Basedline characteristics of dl four HR groups are shown
inTablel. Patientswere, on average, about 60 yearsold. Pa-
tients with admission HR >100 beats/min were older and
morelikely to befemale and black compared with other HR
groups. Prevalence of hypertension, diabetes mellitus, pe-
ripheral vascular diseases, and heart failurewashigher in pa-
tientswith higher HRs. In contrast, patients with admission
HR < 60 beats/min had higher occurrence of previousMI, pri-
or angina, and prior percutaneoustrandumina coronary an-
gioplasty (PTCA) and coronary artery bypassgraft (CABG)
surgery. Patientswith higher HR stratawere morelikely to be
treated with diuretics and angiotensin-converting enzyme
(ACE) inhibitors. Elevated HR was associated with higher
frequency of CHF of any severity and lower g ection fraction.
Patientswith elevated HR also had higher mean systolic and
diastolic blood pressure on admission, increased troponin lev-
el, and longer duration of discomfort and hospitalization.
There were no significant differencesin frequency of revas-
cularization between groups.

Thirty-Day Results

At 30 days, mortdity increased progressively with higher
admission HR drata (1.4 vs. 1.6 vs. 2.3 vs. 5.6%, p<0.001)
(Fig. 1). Rate of recurrent M1 was significantly higher in pa-
tientswith HR > 100 beats/min than in patientswith HR <60
beatsmin (5.7 vs. 2.7%, p = 0.004). The rate of recurrent
ischemialeading to urgent revascularization was not signifi-
cantly different among thefour groups (p= 0.35). Cox propor-
tiona hazards multivariate analysis is shown in Table 1.
In patients with HR > 100 beatmin, relative risk (RR) for
mortality was morethan three-fold higher compared with the
group with HR <60 (RR 3.08, 95% confidenceinterval [Cl]
1.54-6.17). There was no significant difference in mortality
rate between patientswith HR 60-80 and 80-100 beats/min
compared with patients with HR <60 beatsmin (RR 1.09,
95% Cl 0.66-1.79 and RR 1.61, 95% CI 0.94-2.79, respec-
tively). Besides HR > 100 beats'min, other independent pre-
dictors of death at 30 dayswere ST-segment depression (RR
2.1, 95% CI 1.11-3.96), devated creatine kinase (RR 1.84,



82 Clin. Cardiol. Vol. 27, February 2004

TaBLE |  Basdinecharacteristics

<60 beatgmin 60-80 beatsmin 80-100 beatsmin > 100 beatgmin

Characterigics (n=2,214) (n=5,8%4) (n=1,893) (n=2306) p\Vaue
Age(mean, year) 61.1 60.2 60.1 62.0 0.001
Malesex (%) 76.9 716 69.6 62.7 <0.001
Whiterace (%) 915 90.9 89.6 88.6 0.003
Black race (%) 23 2.7 38 52 0.003
Medical history (%)
PreviousMI 30.1 274 236 289 <0.001
PreviousUA 217 236 20 243 <0.001
Prior PTCA 14 107 79 95 <0.001
Prior CABG 126 109 81 85 <0.001
Heartfailure 33 5 6.4 121 <0.001
PVD 6.7 6.7 7.2 105 <0.001
Prior nonhemorrhragic stroke 31 25 29 39 0.26
Risk factors (%)
Hypertension 39.8 431 457 487 <0.001
Hypercholesterolemia 29.9 282 259 26.8 0.03
Digbetesmellitus 146 208 271 35.6 <0.001
Family history of CAD 39.6 405 40.2 413 0.9
Current smoker 37.2 36.3 35.7 334 0.69
Drugsusedin 2 weeksbefore
randomization (% of patients)
Betablockers 20.7 15.8 121 131 <0.001
Nitrates 132 122 116 15.7 <0.001
Diltiazem 7.2 78 7.7 124 0.003
Amlodipine 47 43 46 52 <0.001
Nifedipine 52 54 49 5.6 0.89
Lipid-lowering therapy 16.1 149 114 137 <0.001
Aspirin 237 218 192 199 <0.001
ACE inhibitors 117 137 158 199 <0.001
Diuretics 76 10 118 12.1 <0.001
Drugsused for management of
event (% of patients)
Betablockers 36 415 43 386 <0.001
Nitrates 511 54.8 55.7 46.1 <0.001
Aspirin 475 52.7 579 52 <0.001
Unfractionated heparin 79.6 794 79.8 80 0.98
LMWH 177 171 17.3 16.3 091
Physica examination
Systolic BR, mean (mmHg) 125.16 128.76 133.23 138.61 <0.001
Diagtolic BR, mean (mmHg) 71.32 74.42 7753 80.57 <0.001
Heart rate, mean (bests/min) 56.04 7125 83.94 111.89 <0.001
Killipl (%) 95.3 92.8 86 68.8 <0.001
Killipll (%) 4 6.5 12.6 24.7 <0.001
Killiplll (%) 04 05 13 59 <0.001
KilliplV (%) 0.3 0.2 0.2 0.7 <0.001
Duration of discomfort, mean (min) 186.59 22357 24043 276.88 <0.001
Duration of hospitalization, mean (days) 8.8 8.87 9.46 10.57 <0.001
CK>ULN (%) 54 61 67.7 64.6 <0.001
CK-MB>ULN (%) 69.4 743 786 78.2 <0.001
Positivetroponin (%) 16 195 217 27 <0.001
LVEF (mean) 56.25 54.07 50.71 47.86 <0.001
Coronary arteriography (%) 171 18 20 131 0.01
Revascul arization attempted (%) 51.6 56.9 57.6 62.5 021

Abbreviations: ACE = angiotensin-converting enzyme, BP = blood pressure, CABG = coronary artery bypass graft, CAD = coronary artery
disease, CK = creatinekinase, LMWH =low molecular weight heparins, M1 = myocardia infarction, LV EF = | eft ventricular gjection fraction,
PTCA = percutaneoustrandumina coronary angioplasty, PV D = periphera vascular disease, UA = unstableangina, ULN = upper limit normdl.
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Fic.1 Thirty-day Kaplan-Meier mortality rates for patients with
different heart rates.

95% Cl 1.09-3.12), and advanced age (RR 1.06 per year, 95%
Cl 1.04-1.08).

Ten-Month Results

AsshowninFigure2, at 1 year therate of death remained
significantly higher inhigher HR groups (2.6 vs. 4.2vs. 6.5vs.
11.8%, p<0.001). Therewas no significant differencein the
rate of recurrent M| (p = 0.16) and recurrent ischemialeading
to urgent revascul ari zetion (p = 0.46) between thefour groups.
When adjusted for confounding variables, RRs of death for
patientswith HR > 100, HR 80-100, and HR 60-80 beatsmin
were 3.25 (95% Cl 1.88-5.6), 1.91 (1.24-2.94), and 1.39
(0.94-2.05), respectively (Tablell). At 20-month follow-up, in
additionto HR > 80 beats/min, other independent predictorsof
mortality werehistory of heart failure(RR 1.86, 95% Cl 1.28—
2.7), ST depression (RR 1.63, 95% CI 1.07-2.48), elevated
creatinekinase (RR 1.53, 95% Cl 1.06-2.21), digbetesmelli-
tus(RR 1.43, 95% Cl 1.09-1.88), and advanced age (RR 1.07
per year, 95% Cl 1.05-1.08).
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Fic.2 Ten-month Kaplan-Meier mortality rates for patients with
different heart rates.

TaBLEIl  Cox proportiona hazards multivariate analysiscomparing rel-
ativerisk for mortality anong heart rate groupsa 30 daysand 10 months

Relativerisk for mortality pVaue
30Days 10Months 30Days 10Months
HR60-802 109 139
(0.66-1.79) (0.94-2.05) 0.73 0.09
HR81-1002 161 191
(0.94-2.79) (1.24-2.94) 0.08 0.003
HR>1002 3.08 325
(154-6.17) (1.88-5.6) 0001  <0.001

ays. HR<60.
Abbreviation: HR =heart rate.

Relation between Heart Rateand Timefrom Onset of Acute
Coronary Syndrome

As demonstrated in Figure 3, increased short- and long-
term mortality was associated with €l evated HR not only dur-
ingtheinitiad presentation but aso onthesecond and third hos-

pita day.
Subgroup Analysis

Thereationship of increased risk of death with higher HR
strataat 30 daysand 10 months also applied to specific popu-
lation subgroups, including patients with and without dia-
betes (Fig. 4), patientswith and without history of CHF (Fig.
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Fic.3 Reation between heart rate and time from onset of acute
coronary syndromes; 30-day and 10-month data.
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5), older and younger patients (Fig. 6), men and women (Fig.
7), and patients with the full spectrum of ACS (Fig. 8) com-
prising STEMI (32.4% of al patients), NSTEMI (23.1%),
and UA (44.5%).
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Fic.4 Relation between heart rate and mortality in patients with
and without digbetesmellitus (DM).
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Fic.5 Relation between heart rate and mortality in patients with
and without history of congestive heart failure (CHF).
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Fic.6 Relation between heart rate and mortdlity in patientsaged <
70yearsand > 70 years.

Discussion

Our study demonstrates that higher initial HR (especially
HR > 100 bests/min) ishighly predictive of higher short- and
long-term mortdity in patientswith ACS. Patientswithinitial
HR >100 beatsmin have a greater than three-fold increased
risk of desth a both 30 days and 10 months compared with
patientswith HR < 60 beats/min. Theresults of our study are
very congstent, as demonstrated by progressive increase of
mortality with increasing HR stratain various patient popul a-
tions (i.e., diabetics vs. nondiabetics, CHF vs. no CHF, >70
years vs. <70 years old, women vs. men, and STEMI vs.
NSTEMI vs. UA).
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Fic.7 Relation between heart rate and mortdity in female and
male patients.
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Fic.8 Reation between heart rate and mortality in patients with
ST-elevation myocardial infarction (STEMI), non-ST-elevation my-
ocardia infarction (NSTEMI), and unstable angina (UA); 30-day
and 10-month data.
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Timing of Heart Rate Assessment

To estimatetherisk of deathin patientswith ACS, multiple
risk stratification scores have been developed recently.12-23
Themajority of theseincluded devated cardiac markers and
ECG changesasindependent predictorsof adverse outcomes.
Unfortunately, there are limited data on risk assessment of
“subacute” patients with ACS after initial presentation. Our
study isunique becauseit demongtratesthat HR isavery use-
ful mortdity predictor, not only during theinitia presentation
but also later during hospitalization (i.e., on hospital Days 2
and 3). Asmost patientswith ACS are being monitored con-
tinuoudy whileinthehhospital, asimplehemodynamic param-
eter such as HR might be used as an uninterrupted risk prog-
nosticator. We believe that patients with elevated HR might
have additional benefit from aggressivetherapy. Itisinterest-
ing that, in our study, HR > 100 bests/min wasthemost potent
predictor of 30-day and 10-month mortality.

The present study confirms and extends observations de-
rived from the analysis performed by Boersma et al.10 They
showed that elevated HR increases risk of death by 36% for
patients with NSTEMI and by 12% for patients with UA.
However, their study waslimited to a30-day follow-up.1° Our
study isthefirst to eval uate long-term prediction capability of
admission HR on mortdlity in patientswith thefull spectrum
of ACS, including STEMI and UA/NSTEMI. Our study is
uniquein evaluating the relation of HR to therate of recurrent
M1 and ischemiain patientswith ACS. Furthermore, we have
found similar resultsin different popul ation subgroups, which
strengthensthe generdization of thisfinding. Asour patients
were younger than the patientsin the study by Boersmaet al.
(averageage60vs. 64 years), with lower preval ence of associ-
ated comorbidities(i.e., hypertension, diabetes, hypercholes-
terolemia, history of M1, and heart failure), our study expands
the applicability of HR asapredictor of adverse outcomestoa
lessacutely ill population.

Increased mortality withincreased HR stratahas al so been
reported previoudy in patientswith STEMI.12 Hjalmarson
et al. showed that total 1-year mortality was 15%for patients
with admission HR between 50 and 60 beats/min, 41% for
HR > 90 beats/min, and 48% for HR > 110 beatsmin.®> The
Secondary Prevention Reinfarction Israeli Nifedipine Tria
(SPRINT) study group reported anincreaseinadmisson HR
of 15 beats/min to be associated with average estimated in-
creases of in-hospital and 1-year postdischarge mortality of
36 and 45%, respectively.® Findings in both studies were
specifically adjusted for presence of CHF. Analysesof Grup-
po Italiano per lo Studio della Sopravvivenza nell’ Infarto
Miocardico (GISSI-2) and Globa Utilization of Strepto-
kinase and Tissue Plasminogen Activator for Occluded Cor-
onary Arteries (GUSTO-I) studies showed aprogressivein-
crease in mortality with increasing HR in the STEMI pop-
ulation receiving thrombolytic therapy.” ® Furthermore, a
number of epidemiologic studies have reported a relation-
ship between ahigh resting HR and cardiovascular mortality
and morbidity inrelatively healthy subjects.2* 2> The Fram-
ingham study showed increased HRs in older patients and

progressively higher overall and cardiovascular mortality
in patients with increased resting HR.2* Similar findings
werereported by Dyer et al. in three Chicago epidemiolog-
icstudies.®®

Pathophysiologic M echanisms

Theexplanationfor the observed association betweenrapid
HR and increased mortality iscomplicated. Tachycardiamay
indicate subclinical loss of cardiac reserve as aresult of im-
paired myocardia function, leading to the observed higher
casefatality ratesin coronary attacksand propensity to sudden
deaths.2* Heart rateis one of the most important determinants
of theenergy requirementsof themyocardium. A highHRin-
creases myocardial oxygen requirements and may potentiate
myocardial ischemia?* High HRsmay indicate poor physical
fitness, which has been shown to be associated with increased
cardiovascular mortality rates, 6 and may aso reflect auto-
nomic imbalance, indicating excessive sympatho-adrenergic
activity, described to be associated with adverse outcome.? 27
Holtzman et al. reported that ahigher HR may derivefroman
increasein norepingphrineor hypersengtivity toit.28 Ewing et
al. described HR changes as a result of compromised para-
sympathetic activity in diabetes mellitus.2® It has dso been
suggested that severearteriosclerosisisassociated with elevat-
ed HR, with atheroscleratic thickening of the arterial treethe
possible cul prit in this phenomenon. 30 31

The beneficid effect of HR-lowering therapy (i.e., beta
blockers) supports the findings of our study. Three double-
blind, randomized trids have compared beta blockers with
placeboin UA 3234 Meta-analysis of the availabletrialsindi-
catesa 13% reductioninrisk of progression to acute M|.35.36

Study Limitations

Severa limitations of our study must be acknowledged.
Our study isasubstudy of amulticenter trid analyzing apres-
elected group of patients with specific entry criteria. There-
fore, our data may not apply to patients who were excluded
fromthe study (e.g., patientswith renal insufficiency or other
comorbiditiesthat were exclusion criteriafor thetria). Also,
retrospective analysismay haveled toinformation bias, even
though the high number of patientsfrom multiple sitesshould
minimizethistypeof error. In spiteof theinclusion of multiple
variablesinthemultivariateanadysis, itispossiblethat anele-
vated HR isaconsequence of another cause of increased mor-
tality that wedid not account for.

Conclusions

In patientswith acute coronary syndromes, elevated initial
as well as delayed heart rate is highly predictive of higher
short- andlong-term mortality. Heart rateisareadily available
variable and may be useful in the sdlection of high-risk pa
tientsfor more aggressivetreatment.
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