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CHEST PAIN HAS BEEN RE-
ported as the cardinal clini-
cal feature among patients
who present with acute myo-

cardial infarction (MI).1 The World
Health Organization requires the pres-
ence of chest pain as one of the corner-
stone features in its diagnosis of MI.2 The
Rapid Early Action for Coronary Treat-
ment study, a randomized controlled
clinical trial sponsored by the National
Institutes of Health, was designed in part
to test the effect of educating the pub-
lic about the symptoms of MI and the
benefits of early MI treatment.3 This me-
dia campaign used as its hallmark fea-
ture the presence of chest pain.

Although not all MI patients ex-
hibit the classic symptoms of chest
pain,4 the extent to which this phenom-
enon occurs is largely unknown. Bar-
ron et al5 reported that the absence of
chest pain at hospital presentation was
among the most significant factors
predicting lower use of thrombolytic
therapy among a subset of MI patients
eligible for such treatments in the Na-

tional Registry of Myocardial Infarc-
tion 2 (NRMI-2). Whether these pa-
tients are also less likely to receive other
important treatments in the manage-
ment of MI remains unclear.

The population of MI patients who
present without chest pain has not been
well characterized. Although it is widely
known that patients with diabetes melli-
tus may not have chest pain during MI
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Context Although chest pain is widely considered a key symptom in the diagnosis
of myocardial infarction (MI), not all patients with MI present with chest pain. The
extent to which this phenomenon occurs is largely unknown.

Objectives To determine the frequency with which patients with MI present with-
out chest pain and to examine their subsequent management and outcome.

Design Prospective observational study.

Setting and Patients A total of 434877 patients with confirmed MI enrolled June
1994 to March 1998 in the National Registry of Myocardial Infarction 2, which in-
cludes 1674 hospitals in the United States.

Main Outcome Measures Prevalence of presentation without chest pain; clinical
characteristics, treatment, and mortality among MI patients without chest pain vs those
with chest pain.

Results Of all patients diagnosed as having MI, 142445 (33%) did not have chest
pain on presentation to the hospital. This group of MI patients was, on average, 7
years older than those with chest pain (74.2 vs 66.9 years), with a higher proportion
of women (49.0% vs 38.0%) and patients with diabetes mellitus (32.6% vs 25.4%)
or prior heart failure (26.4% vs 12.3%). Also, MI patients without chest pain had a
longer delay before hospital presentation (mean, 7.9 vs 5.3 hours), were less likely to
be diagnosed as having confirmed MI at the time of admission (22.2% vs 50.3%),
and were less likely to receive thrombolysis or primary angioplasty (25.3% vs 74.0%),
aspirin (60.4% vs 84.5%), b-blockers (28.0% vs 48.0%), or heparin (53.4% vs 83.2%).
Myocardial infarction patients without chest pain had a 23.3% in-hospital mortality
rate compared with 9.3% among patients with chest pain (adjusted odds ratio for mor-
tality, 2.21 [95% confidence interval, 2.17-2.26]).

Conclusions Our results suggest that patients without chest pain on presentation
represent a large segment of the MI population and are at increased risk for delays in
seeking medical attention, less aggressive treatments, and in-hospital mortality.
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(possibly secondary to autonomic dys-
function),6 other clinical factors associ-
ated in patients who do not experience
chest pain remain largely undefined. Un-
derstanding the factors associated with
atypical presentations (ie, no chest pain)
may help in the earlier identification and
treatment of these patients with MI.

The primary objective of this study
was to determine the proportion of MI
patients in NRMI-2 who presented to the
hospital without chest pain, and to evalu-
ate clinical factors associated with this
type of presentation. We tested the hy-
potheses that MI patients without chest
pain compared with those with chest
pain would present later for medical
attention, would be less likely to be di-
agnosed as having acute MI on initial
evaluation, and would receive fewer ap-
propriate medical treatments within the
first 24 hours. We also evaluated the as-
sociation between the presence of atypi-
cal presenting symptoms and hospital
mortality related to MI.

METHODS
Patient Population
and Data Collection

The NRMI-2 is a national registry de-
signed to collect, analyze, and report hos-
pital data on patients admitted with con-
firmed MI at 1674 participating hospitals.
The list of hospitals and investigators par-
ticipating in the NRMI-2 can be ob-
tained from Stat Probe Inc (Lexington,
Ky). A total of 772586 patients were en-
rolled from June 1994 to March 1998.

Patients involved with interhospital
transfers were excluded from this analy-
sis due to the potential for incomplete
reporting of their presenting charac-
teristics at the hospital at which they
were evaluated initially and of their sub-
sequent outcome (41.0%). Patients also
were excluded if the variable chest pain
was present but was not listed in the
case report form (4.4%).

The majority of patients included in
this study presented with acute MI, and
few cases (,4%) were diagnosed sub-
sequentlyashavingMIduring thecourse
of hospitalization. Diagnosis of MI was
based on a clinical presentation consis-
tent with MI and at least 1 of the follow-

ing: (1) a total creatine kinase or cre-
atine kinase-MB level greater than or
equal to twice the upper limits of nor-
mal, (2) electrocardiographic evidence
indicative of acute MI, (3) alternative
enzymatic, scintigraphic, or autopsy evi-
dence indicativeof acuteMI,or (4) Inter-
national Classification of Diseases, Ninth
Revision, Clinical Modification diagnosis
code of 410.X1.

Data from each patient were entered
onto a 2-page case report form by trained
chart abstractors and forwarded to
ClinTrials Research (Lexington, Ky).
Double key data entry and 87 elec-
tronic data checks were routinely per-
formed by the data collection center to
help ensure the accuracy, consistency,
and completeness of the data. Inaccu-
rate and internally inconsistent case re-
port forms were excluded from analysis
and returned to the registry hospital for
additional review and correction. Hos-
pitals were strongly encouraged to en-
roll consecutive patients with acute MI.
This study is based on NRMI-2 data pro-
cessed as of March 1998.

Study Variables
Chest pain was defined as any symp-
tom of chest discomfort, sensation or
pressure, or arm, neck, or jaw pain oc-
curing at a period of time before hos-
pital arrival or preceding a diagnosis of
acute MI. The chest pain variable was
defined as the absence of chest pain be-
fore or during admission, and may have
included (but not limited to) dyspnea
(alone), nausea/vomiting, palpita-
tions, syncope, or cardiac arrest. How-
ever, the specific symptom (other than
chest pain) was not abstracted from the
medical record. Other variables in-
cluded in this study were age, sex, race,
diabetes, hypertension, stroke, prior in-
farction, prior heart failure, prior coro-
nary artery angioplasty, prior coro-
nary artery bypass graft (CABG)
surgery, hypercholesterolemia (his-
tory or current serum total cholesterol
.6.22 mmol/L [240 mg/dL]), family
history of coronary artery disease (im-
mediate relative diagnosed as having
coronary artery disease before age 60
years), first recorded blood pressure and

pulse, mode of transportation (self or
ambulance), Killip class at the initial
evaluation, characteristics of the ini-
tial electrocardiogram (ECG), MI type
(Q-wave infarction, non–Q-wave in-
farction), MI location (anterior, infe-
rior, posterior, lateral, right ventricle,
other), admission diagnosis (MI, rule-
out MI, other), time interval from symp-
tom onset to hospital arrival, time from
hospital arrival to first ECG, and time
from hospital arrival to receipt of
thrombolytic therapy or primary angi-
oplasty, medications within the first 24
hours (aspirin, heparin, b-blocker, ni-
trates, calcium channel blocker), inva-
sive cardiac procedures (coronary an-
giography, coronary artery angioplasty,
CABG surgery), hypotension requir-
ing intervention, heart failure requir-
ing drug treatment, cardiogenic shock,
recurrent ischemia (symptoms accom-
panied by ECG changes, new heart fail-
ure, or both), recurrent infarction (as
confirmed by new diagnostic ST-
segment changes or a second eleva-
tion of cardiac enzyme levels), left ven-
tricular ejection fraction, overall length
of stay, total days in the intensive care
unit, and in-hospital mortality. Pa-
tients eligible for reperfusion therapy
were defined as candidates who pre-
sented within 12 hours of symptom on-
set, with ST-segment elevation or left
bundle-branch block on the initial ECG,
and without contraindications to
thrombolytic therapy.

Statistical Methods
Differences between the 2 study groups
were assessed by x2 test for categorical
variables, by the t test for continuous
variables, and by the nonparametric me-
dian test for median comparisons. Lo-
gistic regression analysis was used to
determine the risk factor profile asso-
ciated with atypical presentation (de-
pendent variable). Only those preex-
isting variables that may have preceded
the development of presenting symp-
toms (such as demographic character-
istics, prior cardiac and medical histo-
ries, payer status, and region) were
included in the first model. In addi-
tion, delay in seeking medical atten-
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tion, defined as time interval from syp-
tom onset to hospital arrival of 6 or
more hours, was included in the model
as a binary field.

Logistic regression analysis was used
to identify independent predictors of
mortality,andthemainindependentvari-
able, chest pain, was forced into the
model. Other variables included in the
mortality model were age, race, sex,
region, payer status, time of MI symp-
tom onset, initial ECG findings (ST-
segment elevation, left bundle-branch
block), MI location, Killip class, MI type,
and medical history of hypercholester-
olemia, smoking status, diabetes, hyper-
tension,angina,priorMI,coronaryartery
angioplasty, CABG surgery, heart fail-
ure, and stroke. A separate model was
developed to include the additional in-
fluence of adjunctive medications ad-
ministered within the initial 24 hours:
aspirin, heparin, b-blockers, intrave-
nous nitroglycerin, and angiotensin-
converting enzyme inhibitors. Adjusted
mortality (odds ratios [ORs] and 95%
confidence intervals [CIs]) was deter-
mined for the overall study population.

RESULTS
Patient Characteristics

One third of MI patients in the study
population presented without chest
pain (ie, atypical symptoms) on initial
evaluation, and two thirds presented
with chest pain (TABLE 1). Patients ex-
periencing MI without chest pain
tended to be older (mean age, 74.2 vs
66.9 years), and were women (49.0%
vs 38.0% men). Patients who were 75
years or older were more likely to pre-
sent without chest pain, and those
younger than 65 years were more likely
to present with chest pain. Patients
without chest pain had a higher preva-
lence of diabetes, hypertension, prior
heart failure, and stroke, and a lower
prevalence of smoking history, hyper-
cholesterolemia, family history of coro-
nary artery disease, or prior revascu-
larization with either coronary artery
angioplasty or CABG surgery.

Patients experiencing MI without
chest pain were more likely to have de-
lays from the time of symptom onset un-

til presenting to the hospital (mean, 7.9
vs 5.3 hours), although they were more
likely to be transported to the hospital
via an ambulance (56.8% vs 46.5%). At
initial evaluation, MI patients without
chest pain tended to be in a higher Killip
class than patients who presented with

chest pain, had a higher proportion of
non–Q-wave infarction, andwere slightly
less likely to have an anterior infarc-
tion. The MI group without chest pain
at initial presentation was significantly
less likely to be admitted with an initial
diagnosis of MI.

Table 1. Characteristics of Patients Presenting Without and With Chest Pain and Diagnosed
With Myocardial Infarction During Same Hospitalization

Variable Without Chest Pain With Chest Pain

No. (%) of patients 142 445 (33) 292 432 (67)

Age, mean (median), y 74.2 (76.0) 66.9 (68.1)

Age, y
,65 20.9 42.4

65-74 25.8 25.7

75-84 33.9 22.8

$85 19.4 9.1

Women 49.0 38.0

Race
White 87.6 88.0

Black 8.4 7.5

Hispanic 2.4 3.1

Asian 1.2 1.0

Other 0.4 0.4

Diabetes mellitus 32.6 25.4

Hypertension 54.6 51.2

Prior event
Stroke 14.1 7.7

Myocardial infarction 26.4 26.8

Heart failure 26.4 12.3

Coronary angioplasty 5.2 9.2

Coronary artery bypass graft surgery 10.6 13.3

Current smoker 15.8 28.1

Hypercholesterolemia 16.4 27.1

Family history of coronary artery disease 17.8 30.0

First systolic blood pressure, mean, mm Hg 137.2 145.2

First pulse, mean, beats/min 92.8 84.2

Symptom onset to hospital arrival, mean
(median), h

7.9 (2.4) 5.4 (2.2)

Mode of transportation
Ambulance 56.8 46.5

Self 43.0 53.2

Killip class
I 56.7 78.2

II 25.7 15.1

III 15.1 5.4

IV 2.4 1.2

ST-segment elevation on initial electrocardiogram 23.3 47.3

Left bundle-branch block 9.7 5.4

Type of myocardial infarction
Q wave 36.2 51.7

Non-Q wave 63.7 48.3

Anterior myocardial infarction 24.0 27.2

Admission diagnosis of myocardial infarction 22.2 50.3

*Values are expressed as percentages unless otherwise indicated. P values are statistically significant ( P,.001) for all
values except for the variable other for race.
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Multivariate Predictors
of Atypical Symptoms
The risk factor profile of MI patients
without chest pain is presented in
TABLE 2. Six important variables asso-
ciated with atypical presentation (in de-
scending hierarchy) were prior heart fail-
ure, prior stroke, older age, diabetes,
female sex, and nonwhite racial/ethnic
group. Patients who smoked, had hy-
percholesterolemia, or had a prior his-
tory of ischemic heart disease (angina,
infarction, coronary angioplasty, or
CABG surgery) had a greater likelihood
of chest pain on initial hospital presen-
tation. The presence of a greater num-
ber of these 6 risk factors (as deter-
mined from Table 2) was associated with
an increased likelihood that an MI pa-
tient would not have chest pain
(TABLE 3). For example, if an MI pa-
tient did not have any of these 6 risk fac-
tors, only 17.5% of such patients would
not have chest pain. Conversely, if a pa-
tient had at least 3 risk factors, there was
almost a 50% or greater probability that
these patients would not have chest pain.

Process of Care
Among a subset of MI patients who
were eligible for acute reperfusion
therapy, those without chest pain were
significantly less likely to be treated with
thrombolysis, primary angioplasty, or

any reperfusion therapy (TABLE 4). Pa-
tients experiencing MI without chest
pain also had signficantly longer door-
to-treatment time intervals with ei-
ther thrombolytic therapy (mean, 2.3
vs 1.1 hours) or primary angioplasty
(mean, 4.7 vs 2.9 hours). The initial
ECG was obtained much later in the MI
group without chest pain (mean, 31.8
vs 15.6 minutes). Patients experienc-
ing MI without chest pain were less

likely to receive aspirin or other anti-
platelet agents, heparin, or b-blockers
within the initial 24 hours, and also re-
ceived significantly fewer coronary an-
giograms or subsequent coronary re-
vascularization with either angioplasty
or CABG surgery.

Outcome
Patients who experienced MI without
chest pain were significantly more likely

Table 2. Adjusted Odds Ratios for Clinical
Characteristics of Patients Without Chest
Pain Diagnosed With Myocardial Infarction*

Variable

Odds Ratio
(95% Confidence

Interval)

Prior angina 0.69 (0.68-0.71)
Prior coronary

angioplasty
0.73 (0.71-0.76)

Hypercholesterolemia 0.77 (0.75-0.78)
Family history of coronary

artery disease
0.74 (0.73-0.76)

Prior coronary artery
bypass graft surgery

0.82 (0.80-0.84)

Smoker 0.87 (0.85-0.88)
Prior myocardial infarction 0.93 (0.91-0.95)
Nonwhite 1.05 (1.03-1.07)
Women 1.06 (1.04-1.08)
Diabetes mellitus 1.21 (1.19-1.23)
Age (10-year interval) 1.28 (1.26-1.28)
Prior stroke 1.43 (1.40-1.47)
Prior heart failure 1.77 (1.74-1.81)

*Nine US census regions and payer status were in-
cluded in the model but values are not shown. P,.001
for all values listed.

Table 3. Six Major Risk Factors For Presentation Without and With Chest Pain for Patients
With Myocardial Infarction

Risk Factor
Total No.

of Patients
Without

Chest Pain, %
With

Chest Pain, %

Prior heart failure 73 737 51.0 49.0

Prior stroke 42 493 47.0 53.0

Age .75 y 168 937 44.9 55.1

Diabetes mellitus 120 878 38.5 61.5

Nonwhite 50 607 33.7 66.3

Women 181 065 38.6 61.4

Total No. of risk factors*
0 108 455 17.5 82.5

1 126 567 28.4 71.6

2 113 755 40.1 59.9

3 61 985 47.1 52.9

4 20 364 52.0 48.0

5 3505 56.1 43.9

6 246 63.4 36.6

*Refers to any combination of the above 6 risk factors.

Table 4. Process of Care for Myocardial Infarction Patients Without and With Chest Pain*

Variable
Without

Chest Pain
With

Chest Pain

Initial reperfusion therapy among ideal candidates†
Thrombolysis 18.7 56.4

Primary percutaneous coronary angioplasty 6.2 16.6

Immediate coronary artery bypass graft 0.4 1.2

Any reperfusion 25.3 74.0

Time interval (mean [median], min) from hospital arrival to
First electrocardiogram 31.8 (19.8) 15.6 (10.2)

Thrombolysis 139.8 (73.2) 65.4 (42.0)

Primary percutaneous coronary angioplasty 282.0 (169.9) 171.6 (120.0)

Medication within 24 h
Aspirin or other antiplatelet agent 60.4 84.5

Heparin 53.4 83.2

b-Blocker 28.0 48.0

Nitrates 31.4 68.8

Calcium channel blocker 19.1 17.1

Invasive cardiac procedures
Coronary angiography 26.9 59.0

Any catheter-based revascularization 9.4 28.8

Coronary artery bypass graft surgery 6.2 10.9

*Values are expressed as percentages unless otherwise indicated. P,.001 for all value comparisons.
†Ideal candidates for reperfusion therapy have ST-segment elevation or left bundle-branch block on the initial electro-

cardiogram, present within 12 hours of symptom onset, and have no contraindications to thrombolytic therapy.
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to die in the hospital compared with MI
patients with chest pain (23.3% vs 9.3%).
However, MI patients with chest pain, on
average, were more likely to die sooner
than MI patients without chest pain. Pa-
tients who experienced MI without chest
pain were more likely to develop stroke,
hypotension, or heart failure that re-
quired intervention and had a lower
mean ejection fraction when measured.
Overall length of stay was significantly
longer in MI patients without chest pain,
but there was little difference in the
total days in the intensive care unit
(TABLE 5).

In a multivariate logistic regression
analysis, presentation with the absence
of chest pain was among the most im-
portant independent predictors associ-
ated with mortality (.2-fold increased
risk of in-hospital death) compared with
MI patients with chest pain (OR, 2.21;
95% CI, 2.17-2.26)(TABLE 6). In a sepa-
rate logistic regression model that in-
cluded the additional influence of ad-
junctive medications administered
within the initial 24 hours (ie, use of as-
pirin, heparin, b-blockers, intravenous
nitroglycerin, and angiotensin-
converting enzyme inhibitors), the OR
of in-hospital death among MI patients
without chest pain was 1.59 (95% CI,
1.57-1.61) compared with MI patients
with chest pain. This differential (lower)
use of early pharmacological therapies in

patients with MI without chest pain ac-
counted for more than 28% of the higher
mortality observed in this high-risk pa-
tient population.

COMMENT

To our knowledge, this analysis repre-
sents the largest observational study
comparing the presenting characteris-
tics, treatments, and outcomes of MI pa-
tients with and without chest pain in
the United States. We found that 1 of
3 patients diagnosed as having MI on
the index admission did not have chest
pain on presentation, and contrary to
prior knowledge, patients with diabe-
tes comprised less than one third of this
group. Although diabetes was an im-
portant risk factor for atypical presen-
tation, other risk factors associated with
the absence of chest pain included older
age, female sex, nonwhite racial/
ethnic group, and a prior history of con-
gestive heart failure and stroke.

Importantly, presentation to the hos-
pital was delayed by more than 2 hours
for MI patients without chest pain in
comparison with delay times for pa-
tients with chest pain. Furthermore, af-
ter arriving at the hospital, patients with-
out chest pain were less likely to be
recognized as having an MI, and were
less likely to receive therapy known to
improve survival, such as thromboly-

sis or primary angioplasty (among eli-
gible candidates), aspirin, b-blocker
therapy, or heparin. Also, MI patients
without chest pain were significantly less
likely to receive a timely ECG or reper-
fusion strategies. Patients who experi-
enced MI without chest pain had more
than a 2-fold increased risk of in-
hospital death than MI patients who pre-
sented with chest pain, even after ad-
justing for differences in clinical
presentation characteristics. Twenty-
eight percent of the higher mortality ob-
served in MI patients without chest pain

Table 5. Outcomes of Myocardial Infarction Patients Presenting Without and With
Chest Pain*

Variable
Without

Chest Pain
With

Chest Pain

Hypotension requiring intervention 18.7 14.0

Recurrent ischemia 6.4 12.9

Recurrent infarction 2.1 2.4

Sudden cardiac arrest 8.5 4.3

Stroke (all patients) 2.0 1.2

Stroke (only patients who received thrombolysis) 3.9 2.2

Heart failure requiring drug treatment 29.3 15.0

Cardiogenic shock 8.1 5.0

Mean ejection fraction 42.4 47.2

Overall length of stay, mean, d† 8.8 7.0

Total days in intensive care unit, mean 3.1 3.0

In-hospital death 23.3 9.3

Hospital arrival to time to death, mean (median), d 6.0 (3.3) 5.1 (2.7)

*Values are expressed as percentages unless otherwise indicated. P,.001 for all value comparisons.
†Refers to patients discharged alive.

Table 6. Variables Predicting In-Hospital
Mortality for Myocardial Infarction Patients

Variable

Odds Ratio
(95% Confidence

Interval)

Hypercholesterolemia 0.61 (0.59-0.63)
Family history of

coronary artery
disease

0.77 (0.75-0.79)

Prior percutaneous
transluminal coronary
angioplasty

0.81 (0.78-0.85)

Smoker 0.84 (0.82-0.87)
Prehospital delay .6 h 0.86 (0.84-0.88)
Prior angina 1.05 (1.02-1.08)
Prior myocardial

infarction
1.05 (1.03-1.08)

Women 1.09 (1.06-1.11)
White 1.09 (1.06-1.12)
Prior heart failure 1.12 (1.09-1.14)
Health maintenance

organization vs
commercial
insurance

1.12 (1.06-1.17)

Pacific vs New England 1.13 (1.07-1.19)
West North Central vs

New England
1.14 (1.08-1.21)

Diabetes mellitus 1.16 (1.14-1.19)
Mountain vs New

England
1.16 (1.09-1.24)

ST-segment elevation 1.19 (1.17-1.22)
Anterior myocardial

infarction
1.20 (1.18-1.23)

Prior coronary artery
bypass graft

1.22 (1.18-1.26)

East North Central vs
New England

1.22 (1.16-1.28)

West South Central vs
New England

1.29 (1.22-1.37)

Middle Atlantic vs
New England

1.30 (1.23-1.36)

East South Central vs
New England

1.32 (1.24-1.40)

South Atlantic vs
New England

1.33 (1.26-1.39)

Age (10-year interval) 1.36 (1.34-1.37)
Medicare vs commercial 1.40 (1.34-1.45)
Self-pay vs commercial 1.44 (1.35-1.53)
Medicaid vs commercial 1.54 (1.44-1.65)
Killip class II 1.61 (1.57-1.65)
Presentation without

chest pain
2.21 (2.17-2.26)

Q wave 2.36 (2.30-2.41)
Killip class III, IV 2.63 (2.56-2.70)
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may be attributed to the lower use of
early pharmacological therapies.

In this analysis, we examined a na-
tional sample of patients who were ad-
mitted with MI. Thus, we can estimate
the sensitivity of the symptom of chest
pain (number of MI patients with chest
pain divided by the total number of MI
patients), and the false-negative rate
(number of MI patients without chest
pain divided by the total number of MI
patients). However, this observational
study did not include a cohort of pa-
tients without MI. Thus, we could not
determine the specificity or predictive
value of this symptom. Although this
may be the case, it is important to em-
phasize that our findings of a relatively
low sensitivity of chest pain (or rela-
tively high false-negative rate for the lack
of chest pain) among patients with docu-
mented MI should make physicians use
caution in considering the diagnosis of
MI unlikely in the absence of chest pain,
especially in view of the worse out-
comes for MI patients without chest pain.

Although it was possible to charac-
terize whether MI patients had chest pain
on initial presentation, additional de-
tails of the presenting complaints were
beyond the scope of the NRMI-2. In a
1977 report of atypical presentations of
MI, Bean4 described the following 10
“masquerades of MI” in likely rank or-
der of frequency: (1) congestive heart
failure, (2) classic angina pectoris with-
out a particularly severe or prolonged at-
tack, (3) cardiac arrhythmia, (4) atypi-
cal location of the pain, (5) central
nervous system manifestations, resem-
bling those of stroke, (6) apprehension
and nervousness, (7) sudden mania or
psychosis, (8) syncope, (9) overwhelm-
ing weakness, and (10) acute indiges-
tion. Although atypical presentations
have been reported, Bean acknowl-
edged that the true extent that MI pa-
tients lack chest pain remains largely un-
known. Almost 25 years later, even with
the development of better methods to
detect MI, the prevalence of atypical
presentations of patients with docu-
mented MI still remain unknown.

History of chest pain and other symp-
tomsmaybemoredifficult toobtain from

patientswithatypicalpresentationofMI.
We found that MI patients with chest
pain, on average, were more likely to die
sooner than MI patients without chest
pain. The NRMI-2 data suggest that
shortness of breath may have repre-
sented a major component of the pre-
senting complaints in MI patients with-
out chest pain. For example, MI patients
without chest pain were more likely to
present with pulmonary edema (Killip
class II and III), require drug treatment
for heart failure, and have a prior his-
tory of congestive heart failure than
patients who experienced MI with chest
pain. Furthermore, in this national reg-
istry,MIpatientswithoutchestpainwere
more likely to have cardiac arrest and
stroke. The inability to capture the
patient’s truechiefcomplaint inthisstudy
(in theabsenceofchestpain) isan impor-
tant limitation, but we believe it does not
compromise our findings. The extent of
this problem may be further underesti-
mated because a substantial number of
MI patients may present with atypical
chest pain, although their pain may be
pleuritic, positional, or reproducible on
chestwallpalpation.Moreover, someMI
patients are completely asymptomatic
and not hospitalized, and the diagnosis
is only recognized after the interpreta-
tion of a subsequent (routine) ECG.

Identifying the signs and symptoms
of acute MI is paramount for success-
ful management and early treatment. Pa-
tients must realize that their symptoms
may be consistent with a cardiac cause,
and numerous reports have shown that
patients may delay seeking care if they
do not know that their symptoms may
be consistent with an MI.3 This prob-
lem is further compounded if patients
believe that chest pain is a necessary hall-
mark feature of MI.

Even if an emergency response sys-
tem, such as 911, is activated early, emer-
gencymedical servicepersonnelmustde-
cide whether to transport a patient, and
subsequently nurses and physicians must
decide how to triage and treat these pa-
tients on arrival at the emergency de-
partment. Health care professionals need
information to alert them to recognize
atypical presentations in high-risk

groups, such as those with a prior his-
tory of heart failure, stroke, or diabetes,
age older than 75 years, female sex, and
nonwhite racial/ethnic group. The lat-
ter 3 groups (the elderly, women, and
ethnic minorities) represent especially
vulnerable populations, who have been
found in other studies to be at risk for
undertreatment in MI.5,7-11 Increasing
awareness of MI presentations without
chest pain may reduce disparities in the
treatment of these groups.

To our knowledge, outcome in
patients with MI without chest pain has
notbeenpreviously reported. In thisdata
set, MI patients without chest pain had
more than twice the in-hospital mortal-
ity of patients with chest pain. The mag-
nitude of these differences in mortality
were not expected, and persisted despite
adjusting for differences in age, comor-
bidities, andseverityofpresentation.We
cannot exclude the possibility that
residual confounding may have par-
tially accounted for the higher hospital
mortality inthegroupwithoutchestpain.
However, the degree of the differences
observed in patient delay and the lower
useof therapies forMIshownto improve
survival significantly contributed to the
worse outcome in MI patients without
chest pain.

A majority of the randomized clinical
trials of treatment for MI have required
the presence of chest pain, and few stud-
ies have addressed the clinical signifi-
cance and outcome of MI patients with-
outchestpain.Beller12 reportedthatchest
pain is often the last marker of ischemia
in the ischemic cascade, and often is pre-
ceded by perfusion abnormalities, wall-
motionabnormalities, andECGchanges.
Several studies have shown the discor-
dancebetweenchestpainandarterialpat-
ency. Califf et al13 have shown in the
Thrombolysis and Angioplasty in Myo-
cardial Infarction study that 16% of
patientswithcompletereliefofchestpain
after tissue-type plasminogen activator
hadanoccludedarteryat90minutes,and
29% with partial relief of chest pain still
had an occluded artery at 90 minutes.
Ohman et al14 showed that in this same
Thrombolysis and Angioplasty in Myo-
cardial Infarctioncohort,12%ofpatients
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had reocclusion after successful lytic
therapy, but 42% did not exhibit symp-
toms.Theseanalyses illustrate theuncer-
tainty and discordance that may exist
betweentheresolutionofapatient’schest
pain and patency of an infarct-related
coronary artery after reperfusion. More
recently, using data from the Throm-
bolysis in Myocardial Infarction regis-
try, Cox et al15 have shown that admin-
istration of thrombolytic therapy for
ST-segment elevation MI in a cohort
whose chest pain was resolved was safe,
and was not associated with excessive
complications. In that study, more than
90% of these patients without chest pain
went on to develop enzymatic evidence
of MI. The Thrombolysis in Myocardial
Infarction investigators suggest that it is
reasonable to administer reperfusion
therapy among otherwise eligible MI
patients, even if their symptoms have
abated.15

The major limitations of the NRMI-2
data have been described previous-
ly.16,17 Data from the NRMI-2 have been
externally validated, and were found to
becomparablewith theCooperativeCar-
diovascularProjectwith respect tomajor
process and outcome measures in retro-
spective chart review.18 The major limi-
tations of our study include the absence
of a cohort without MI and the absence
of additional details of the presenting
complaints in the absence of chest pain.

In addition, verification bias, intro-
duced as a result of a higher likelihood
that physicians will admit patients with
chest pain and send home those MI
patients without chest pain, may have
been possible. However, patients with
missed MIs who are inappropriately dis-
charged home from the emergency
departmenthavesignificantlyworseout-
comes.19-21 Thus, although verification
bias is possible, the effect of excluding
this cohort of patients with missed MI
would tend tobiasour results toward the
null, and the true impact (after includ-
ing this high-risk cohort of the missed
MI, which is more likely in patients with
atypical presentations) would be even
greater than we observed. Also, as in any
observational study, unmeasured con-
foundersmay, inpart,haveexplainedour
observations, though the magnitude of
the differences in patient delay and treat-
ments cannot be ignored.

The potential ramification of our find-
ings for clinical practice is to educate pa-
tients and clinicians on the extent of MI
presentations associated with atypical
features and to allow more rapid and ac-
curate identification of these MI pa-
tients by raising the index of suspicion
in certain patients without chest pain, but
not all patients without chest pain. If phy-
sicians were to misinterpret our find-
ings and indiscriminantly raise the in-
dex of suspicion for all patients, and

lower their threshold for subsequent hos-
pitalizations, the frequency of hospital
admissions may increase, at the ex-
pense of lower accuracy and greater eco-
nomic consequences.

CONCLUSION
A substantial number of patients with MI
present without chest pain on initial
evaluation. We found that these pa-
tients had considerable delay in seek-
ing care, were less likely to receive
important therapies, and had worse out-
comes. National health care initiatives
that educate the public and medical pro-
fessionals must emphasize that the pres-
ence of chest pain is not necessarily a
hallmark feature in MI, and should in-
corporate other features of MI to facili-
tate a more expedient recognition and
treatment of MI in the absence of chest
pain. Earlier recognition of this fact may
allow high-risk patient groups to con-
sider presenting earlier to the medical es-
tablishment and medical professionals to
identify such patients so that they may
receive timely diagnostic and therapeu-
tic interventions known to improve sur-
vival. Additional studies are needed to
prospectively and accurately identify MI
patients without chest pain.
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