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Likelihood of myocardial infarction, revascularization and
death following catheterization laboratory activation in
patients with vs. without both chest pain and ST elevation
Peter Puleo?, Philip Salen®, Yugandhar Manda*®, Huseng Vefali®?,

Sahil Agrawal®®, Abdullah Quddus®', Kevin Branch?,

Melinda Shoemaker? and Jill Stoltzfus"

Background Emergent cardiac catheterization
laboratory activation (CCLA) for patients with suspected
ST-elevation myocardial infarction (STEMI) is employed
to expedite acute revascularization (AR). The incidence

of false-positive CCLA, in which AR is not performed,
remains high. The combination of chest pain (CP) and
electrocardiographic ST elevation (STE) are the hallmarks
of STEMI. However, CCLA is sometimes initiated for
patients lacking this combination. The study objective was
to quantify the difference in likelihood of AR and mortality
in patients with vs. without both CP and STE.

Methods Retrospective analysis of 1621 consecutive
patients for whom CCLA was initiated in a six-hospital
network. We assessed the likelihood of acute myocardial
infarction (AMI), presence of a culprit lesion (CL),
performance of AR, and hospital mortality among patients
with both CP and STE (+CP/+STE) compared with
patients lacking one or both [non(CP/STE)l.

Results 87.0% of patients presented with CP, 82.4%
with STE, and 73.7% with both. Among +CP/+STE
patients, AMI was confirmed in 90.4%, a CL in 88.9%,

and AR performed in 83.1%. The corresponding values
among non(CP/STE) patients were 35.8, 31.9, and 28.1%,
respectively (P < 0.0001 for each). Nevertheless, mortality

Introduction

The benefit of acute revascularization (AR) by per-
cutaneous coronary intervention (PCI) in patients
with ST-elevation myocardial infarction (STEMI) is
well-established [1,2]. Cardiac catheterization labora-
tory activation (CCLA) by an emergency department
(ED) physician or paramedic prior to ED arrival has
become routine for patients with ischemic symptoms
and electrocardiographic ST-segment elevation (STE)
[3]. However, false-positive (FP) CCLA, with no cul-
prit lesion (CL) evident at angiography, continues to
be reported in up to one-third of contemporary series
[4-7]. Urgent catheterization of patients without a CL.
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among non(CP/STE) patients was three-fold higher than
in +CP/+STE patients (13.3% vs. 4.5%; P < 0.0001), with
non-coronary deaths 24-fold more likely.

Conclusion Patients lacking the combination of CP
and STE have a markedly lower likelihood of AMI and AR
than +CP/+STE patients, but significantly higher mortality.
Protocols aimed at rapid, focused evaluation of non(CP/
STE) patients prior to CCLA are needed. Coron Artery Dis
32: 197-204 Copyright © 2020 The Author(s). Published by
Wolters Kluwer Health, Inc.
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confers risk without corresponding likelihood of ben-
efit. Such FP CCLA patients have a prognosis similar
to, or worse than, those with occluded vessels [5,8-11].
Consequently, accurate identification and triage of
patients with suspected STEMI remains an important
goal. The presence of both chest pain (CP) and STE
represents a simple and rapid triage tool for CCLA.
Nevertheless, some patients present with non-CP
symptoms, such as dyspnea or syncope, that could be
consistent with acute myocardial ischemia. Similarly,
presenting symptoms are sometimes sufficiently con-
cerning to trigger CCLA despite the absence of STE.
The impact of these deviations from a strict ‘CP and
STE’ protocol on the likelihood of identifying a CL
requiring AR is unknown. We identified the likelihood
of acute myocardial infarction (AMI), the presence of a
CL, and the performance of AR among patients with CP
vs. non-CP presenting symptoms, and among those with
DOI: 10.1097/MCA.0000000000000920
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vs. without STE, in whom CCLA was initiated in our
hospital network. We also examined the occurrence and
causes of in-hospital mortality in both groups.

Methods

‘This is a retrospective, observational, consecutive patient
single network study. The study was approved by the
network institutional review board, with a waiver of con-
sent for the retrospective review of patient data. The St.
Luke’s University Hospital Health Network MI Alert
Registry has been maintained prospectively and includes
all patients for whom CCLA was initiated since 2009. We
reviewed clinical and angiographic data among all reg-
istry patients admitted to the six St. Luke’s University
Network Hospitals from 1 January 2009 to 30 September
2016. Three of the hospitals have PCI-capable laborato-
ries available on a 24-h basis 7 days per week basis. The
remaining three hospitals transferred ED patients with
possible STEMI to one of the PCl-capable facilities.
CCLA was initiated by a single call to an operator who
notified the laboratory staff. It was network policy to ini-
tiate CCLA for patients exhibiting CP and either STE or
new left bundle branch block (LBBB) [3,12]; however,
rigid adherence to predefined parameters was not man-
dated, and the invasive team was sometimes summoned
under conditions outside strict protocol parameters. Data
from the medical record of all registry patients were
abstracted independently by two of the authors (data
abstraction was shared equally by the first six authors).
The paramedic record, ED physician and nursing notes,
and admitting physician notes were carefully reviewed
for the presence of CP. Shoulder, epigastric, and jaw pain
were included in the +CP category. Other potentially
ischemic symptoms, including dyspnea, palpitations,
syncope, lightheadedness, fatigue, weakness, nausea, dia-
phoresis, or arrhythmia, in the absence of CP, constituted
the non-CP category. The ECG that resulted in CCLA,
including tracings obtained prior to ED arrival, was
reviewed for the presence of at least 1 mm STE in two or
more anatomically contiguous leads. LBBB constituted a
separate ECG category. Angiographic results were cate-
gorized based on the report in the medical record. Other
covariates included age, gender, ethnicity, chronic kidney
disease [CKD, defined as estimated glomerular filtration
rate (eGFR) <60 mL. per minute per square meter], and
prolonged cardiac arrest (defined as more than two epi-
sodes of cardiac defibrillation or more than 2 minutes of
chest compressions). CCLA was defined as FP for AMI
when AMI was not present in accordance with the Fourth
Universal Definition of Myocardial Infarction [13]; FP for
CL when no lesion >90%, or >50% showing definite angi-
ographic evidence of thrombus, was present; and FP for
AR if PCI was not performed at the time of catheteriza-
tion, or surgical coronary artery bypass grafting (CABG)
within 12 h of catheterization. Causes of death were as
listed in the medical record.

To determine independent risk factors for the endpoints
of AMI, identification of a CL,, and performance of AR, we
constructed three separate multivariate logistic regres-
sion models using SAS version 9.4 (Cary, North Carolina,
USA). Since the unit of analysis was CCLLA, we used gen-
eralized estimating equations with an independent corre-
lation structure, given the small number of patients with
multiple visits. We included the following categorical
covariates: patient age (265 vs. <65 years), sex, ethnicity
(Caucasian vs. non-Caucasian), the presence of CP, ECG
STE, LBBB, initial GFR (=60 ml/min/M? vs. <60 ml/
min/M?), and prolonged cardiac arrest. Prior to model
construction, diagnostic assessment revealed possible
confounding for initial eGFR in the AMI and CL. models
(based on >10% change in subsequent model parameter
estimates); however, given its clinical importance, we
retained initial eGFR as a covariate [14]. We reported
adjusted odds ratios (AORs) and 95% confidence inter-
vals with P < 0.05 denoting statistical significance, and no
adjustment for multiple comparisons. We also conducted
separate 7-tests for proportions to compare groups with
and without CP, STE, and LBBB for the co-primary out-
comes of AMI, CL, and AR.

Results

There were 1684 CCLAs between 1 January 2009 and 30
September 2016. Sixty-three CCLAs occurred for hospi-
tal in-patients and were excluded from further analysis.
Of the remaining 1621 patients, the mean age was 63.2
+ 13.8 (1 SD) years, and 1095 (67.6%) were male. AMI
was confirmed in 1232 (76.0%); 1190 (73.4%) had a CL
identified, and 1112 (68.6%) underwent AR. CP was pres-
ent in 1410 (87.0%); 1335 (82.4%) presented with STE
of at least 1 mm in two contiguous leads, 58 (3.6%) pre-
sented with LBBB, and 228 (14.1%) had neither STE nor
LBBB. The AOR for the outcomes of AMI, CL, and AR
are shown in Table 1. The likelihood of each of the three
outcomes was far greater among patients with vs. those
without CP (AOR 9.05, 9.71, and 7.79 for AMI, CL, and
AR, respectively; P < 0.0001 for each). Similarly, patients
with STE were much more likely to have each of the
three outcomes compared to patients without STE or
LLBBB (AOR 23.74, 20.42, and 14.58 for AMI, CL, and
AR, respectively; P < 0.0001 for each). Age 265 was asso-
ciated with an increased likelihood of AMI (AOR 1.55),
but not of CL. or AR. Cardiac arrest and LBBB were asso-
ciated with modest increases in the outcome AORs.

The outcomes among patients with CP and STE, CP
alone, STE alone, and neither are shown in Table 2. The
outcomes in patients presenting with LBBB with and
without CP are shown in Table 3. The combination of
CP and STE were present in 1194 (73.7%) patients. CP
and LBBB, CP without STE or LBBB, STE without CP,
LBBB without CP, and neither CP, STE, nor LBBB were
present in 36 (2.2%), 180 (11.1%), 141 (8.7%), 22 (1.4%),
and 48 (3.0%), respectively. Among +CP/+STE patients,
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Table 1
and clinical covariates

199

Adjusted odds ratios of the outcomes of acute myocardial infarction, culprit lesion, and acute revascularization for demographic

Myocardial infarction

Culprit lesion identified

Acute revascularization

Covariate (reference) Adjusted odds ratio (95% ClI) P-value Adjusted odds ratio (95% ClI) P-value Adjusted odds ratio (95% ClI) P-value
Age >65 (<65) 1.55 (1.22-2.13) 0.008 1.29 (0.95-1.75) 0.10 1.13 (0.86-1.49) 0.37
Male sex (F) 1.31 (0.96-1.80) 0.09 1.21 (0.89-1.64) 0.22 1.17 (0.89-1.55) 0.26
Caucasian race (NC) 1.98 (1.39-2.82) 0.001 1.83 (1.80-2.59) 0.0006 1.52 (1.12-2.07) 0.008
Chest pain (non-CP) 9.05 (6.02-13.62) <0.0001 9.71 (6.52-14.47) <0.0001 7.79 (5.33-11.41) <0.0001
>1 mm STE (<1 mm) 23.74 (16.27-34.64) <0.0001 20.42 (14.15-29.46) <0.0001 14.58 (10.15-20.93) <0.0001
LBBB (—LBBB) 3.39 (1.62-7.09) 0.001 2.61 (1.27-5.35) 0.009 2.20 (1.08-4.49) 0.03
Cardiac arrest 1.85 (1.12-3.04) 0.02 1.71 (1.04-2.80) 0.08 1.51 (0.98-2.31) 0.06
eGFR >60 (<60) 0.88 (0.64-1.20) 0.41 0.84 (0.62-1.14) 0.27 0.84 (0.63-1.10) 0.21

Comparator groups: age <65; female sex; non-Caucasian; no chest pain; <1 mm STE and absence of LBBB; <1 mm STE and absence of LBBB; no prolonged cardiac

arrest; eGFR <60.

Cl, confidence interval; eGFR, estimated glomerular filtration rate; LBBB, left bundle branch block.

Table 2 Acute myocardial infarction, culprit lesion, and acute revascularization, among combinations of chest pain and ST elevation
+CP/+STE +CP/—STE —CP/+STE —CP/-STE

Number of patients 1194 180 141 48

AMI (% of category) 1079 (90.4) 49 (27.2) 73 (51.8) 6 (12.5)

Culprit lesion (% of category) 1062 (88.9) 49 (27.2) 65 (46.1) 3(6.3)

Acute revasc (% of category) 992 (83.1) 44 (24.4) 56 (39.7) 3 (6.3)

+CP/+STE: both CP and STE on presentation; +CP/—STE: CP but not STE; —CP/+STE: CP not present, STE present; —CP/—STE: both CP and STE absent on

presentation.
CP, chest pain; STE, ST elevation.

Table 3 Acute myocardial infarction, culprit lesion, and acute

revascularization, among patients with left bundle branch block
+CP/+LBBB —CP/+LBBB

Number of patients 36 22

AMI (% of category) 18 (50) 7 (31.8)

Culprit Lesion (% of category) 16 (44.4) 4(18.2)

Acute Revasc (% of category) 14 (38.9) 3(13.6)

+CP/+LBBB: both CP and LBBB; —CP/LBBB: CP not present, LBBB present.
LBBB, left bundle branch block.

90.4% had AMI, 88.9% had a CL, and 83.1% underwent
AR. In contrast, among all other combinations of CP and
ECG findings, the occurrence of these outcomes was
markedly lower. Although there was an independent
interaction of LBBB with all three outcomes (Table 1),
the outcomes were lower (and in all cases <50%) for
+CP/+LLBBB than for +CP/+STE (Table 3), conse-
quently, in subsequent analysis, patients with LBBB
were grouped with the non(CP/STE) patients.

When the combination of CP and STE was compared
with all other combinations (Fig. 1), 427 patients (26.3%)
were in the non(CP/STE) group; only 153 of these
(35.8%) had AMI, 137 (32.1%) had a CL,, and 120 (28.1%)
underwent AR (P < 0.0001 compared to +CP/+STE for
all three outcomes).

Because there was an interaction of ethnicity with
outcome, the results were assessed separately among
Caucasians vs. non-Caucasians, as well as among
Hispanic patients, who made up 78.7% of the non-Cau-
casian population (Table 4). The likelihood of AMI was
lower among non-Caucasians than Caucasians in both

the +CP/+STE and non(CP/STE) groups (P = 0.004
for +CP/+STE). Regardless of ethnicity, there was a
marked difference in the likelihood of AMI between
the +CP/+STE and non(CP/STE) groups, with an abso-
lute difference of 53.2% for Caucasians and 64.5% for
non-Caucasians. There was a trend toward a lower like-
lihood of AR among non-Caucasians in the +CP/+STE
group as compared with Caucasians, but the difference
was NS (P = 0.17).

The registry included ‘all comers’ for whom CCLA was
initiated. However, catheterization was not performed
after system activation for 29 patients in the +CP/+STE
group and 120 patients in the non(CP/STE) group. In
most cases, cancelation was due to a perceived low likeli-
hood of a CL. by the cardiologist. In addition, 14 patients
(3 with +CP/+STE) died before angiography could be
performed, and another 11 (8 with +CP/+STE) were
found to have a ‘no code’ status, refused catheterization,
or had a terminal illness making aggressive therapy inap-
propriate. Because the option of revascularization had
been removed in these patients, the outcomes were rea-
nalyzed with patients who did not undergo catheteriza-
tion excluded. As shown in Fig. 2, the likelihood of AMI,
CL, and AR remained below 45% in the non(CP/STE)
group even after exclusion of patients perceived as being
at low likelihood of having STEMI.

There were 111 in-hospital deaths (6.8%). While
+CP/+STE patients were much more likely to have
AMI, mortality was lower in the +CP/+STE group (54 of
1194; 4.5%) than among the non(CP/STE) patients (57
of 427; 13.3%), P < 0.0001. Among in-hospital deaths in
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Fig. 1

AMI, Culprit Lesion and Acute Revascularization in
+CP/+STE vs. non(CP/STE) Patients
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AMI, culprit lesion and acute revascularization in +CP/+STE vs. non(CP/STE) patients. +CP/+STE, patients presenting with both CP and STE;
AMI, acute myocardial infarction; AR, acute revascularization performed; CL, culprit Leson identified; CP, chest pain; non(CP/STE), patients who

did not present with both CP and STE; STE, ST elevation.

Table 4 Outcomes in +CP/+STE vs. non(CP/STE) patients by ethnicity
+CP/+STE non(CP/STE)
N AMI (%) CL (%) AR (%) N AMI (%) CL (%) AR (%)
Entire cohort 1194 1079 (90.4) 1054 (88.3) 992 (883.1) 427 153 (35.8) 136 (31.9) 120 (28.1)
Caucasian 995 910 (91.5) 889 (89.3) 833 (83.7) 368 141 (38.3) 125 (34.0) 112 (30.4)
Non-Caucasian 197 167 (84.8)* 163 (82.7) (79.7) 59 12 (20.3) 11 (18.6) 8(13.6)
Hispanic 155 134 (86.5) 131 (84.5) 123 (79.4) 34 5(14.7) 5(14.7) 4(11.8)

+CP/+STE: patients presenting with both CP and STE; non(CP/STE): patients who did not present with both CP and STE.
AMI, acute myocardial infarction; AR, acute revascularization; CL, culprit lesion; CP, chest pain; STE, ST elevation.

2P =0.004 vs. Caucasians.

the +CP/+STE group, 50 (92.6%) occurred due to AMI
(Table 5). Among 57 deaths in non(CP/STE) patients, 26
(45.6%) were due to AMI, with 18 of 26 (69.2%) of AMI
deaths occurring in patients who had sustained out of hos-
pital (n = 14) or prolonged ED (n = 4) arrests. Deaths due
to non-coronary causes were 24-fold more likely among
non(CP/STE) than among +CP/+STE patients: 31 (7.3%)
vs. 4 (0.3%), respectively. Deaths due to non-cardiovascu-
lar causes were 22-fold more likely among non(CP/STE)
than among +CP/+STE patients: 19 (4.4%) vs. 2 (0.2%),
respectively. Only eight non(CP/STE) patients (1.8%)
presented without cardiac arrest and died due to coro-
nary disease. The mean age of these eight patients was
84.5 years. Dementia was present in four; non-CP symp-
toms, including weakness or altered mental status, were
present in five; one patient had CP, rapid atrial fibrillation

and LBBB, one had CP and a non-diagnostic ECG with
circumflex occlusion, and one had dyspnea, LBBB, and
cardiogenic shock.

Because 31.9% of the non(CP/STE) group did have an
identified CL. and might potentially benefit from AR, we
attempted to assess any characteristics that distinguish
these patients from those in the non(CP/STE) group who
did not have a CL. Among the non(CP/STE) patients
who had CP without ST elevation, 29.6% had a culprit
identified; 12.0% had a totally occluded culprit artery
(Thrombolysis in Myocardial Infarction grade 0 or 1).
There was no significant difference between those with
a culprit vs. those without a culprit on angiography in the
prevalence of known prior coronary disease (including
prior MI, PCI, or CABG), which was present in 25% of
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Fig. 2

AMI, Culprit Lesion and Revascularization in +CP/+STE
vs. non(CP/STE) Patients Undergoing Angiography
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AMI, culprit lesion and revascularization in +CP/+STE vs. non(CP/STE) patients undergoing angiography. +CP/+STE, patients presenting with
both CP and STE; AMI, acute myocardial infarction; AR, acute revascularization performed; CL, culprit Lesion identified; CP, chest pain; non(CP/
STE), patients who did not present with both CP and STE; STE, ST elevation.

Table 5 In-patient deaths in +CP/+STE vs. non(CP/STE) patients

+CP/+STE

non(CP/STE)

54 of 1194 patients (4.5%) died
50 of 54 (92.6%) died due to AMI, including 41 of 42
(97.6%) who did not present in cardiac arrest

57 of 427 patients (13.3%) died
26 of 57 (45.6%) died due to AMI, including 8 of 20 (40%) who did not present in cardiac arrest

4 of 54 (7.4%) died of non-coronary causes: takotsubo 31 of 57 (64.4%) died of non-coronary causes: primary arrhythmia with normal coronaries and normal LV

myopathy, aortic dissection, metastatic lung cancer,
and pneumonia with sepsis (1 each).

function (9), congestive heart failure (4), cardiomyopathy with arrhythmia (4), gastrointestinal hemorrhage
(3), septic shock (3), aortic dissection (2), pulmonary embolus (2), renal failure (1), lung disease/respiratory

failure (1), metastatic cancer (1), cardiopulmonary arrest 24 h after liver biopsy (1)

+CP/+STE: patients presenting with both CP and STE; non(CP/STE): patients who did not present with both CP and STE.

AMI, acute myocardial infarction; CP, chest pain; STE, ST elevation.

those demonstrated to have a culprit vs. 32% of those with-
out a culprit. However, the group without a CL was signif-
icantly more likely to have dyspnea on presentation than
the group in whom a culprit was present (69% vs. 48%;
P < 0.01). Because circumflex occlusions are sometimes
‘electrically silent’, failing to produce STE on the ECG,
we assessed the frequency of circumflex occlusion in this
subpopulation. The proportion of totally occluded circum-
flex culprit arteries was not significantly different among
the patients with CP but without STE who were found to
have a culprit (12.5%) than among the patients with both
CP and STE who had a culprit (8.4%; P = 0.26). Although
the group with CP but without STE was dominated by
patients without a clear culprit, they were not uniformly
free of coronary disease. 11.5% of patients in this group
had multivessel disease with no clear culprit artery and
underwent non-urgent surgical revascularization a mean

of 4.2 + 1.8 days after catheterization. Non-ischemic diag-
noses other than non-cardiac CP among patients in this
group who did not have a culprit were congestive heart
failure due to cardiomyopathy (7%; 5% non-ischemic),
stress cardiomyopathy (6%), LVH (4%), aortic dissection
(2%), and drug-seeking behavior (2%).

Among the non(CP/STE)patients undergoing catheter-
ization who had STE without CP, a culprit was present
in 62%; a totally occluded culprit was present in 34%.
Compared to those who did not have a culprit evident
on angiography, patients having a culprit more often pre-
sented after having sustained a ventricular fibrillation
(VF) arrest (36.9% vs. 17.5%; P = 0.03). Of the patients
withouta culprit who presented with VE, three had normal
coronary arteries and four had known cardiomyopathies
without a new CL. There was no significant difference
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between those with a culprit and those without a culprit
in the frequency of dyspnea as a presenting symptom
(24.6% vs. 20.0%, respectively) or in other non-CP symp-
toms, including nausea/vomiting, diaphoresis, or light-
headedness/syncope. A distinct subset among -CP/+STE
patients found to have a culprit were elderly patients who
presented with weakness, altered mental status, or confu-
sion without CP, all were octogenarians or nonagenarians;
this accounted for 10.7% of the -CP/+STE patients with
a CL. This clinical presentation appeared to be highly
specific; all patients in this group were found to have a
culprit. Among non(CP/STE)patients who had STE
without a culprit, 75% had normal coronaries or mini-
mal plaque, including 17.5% with stress cardiomyopathy,
7.5% with early repolarization syndrome, and 5% with
pulmonary embolus. A chronic total occlusion was pres-
ent in 12.5% of patients with no clear culprit, and was felt
to be responsible for transient or chronic ST elevation in
most of these patients. Ten percent of patients with no
definite culprit had multivessel disease without evidence
of acute thrombosis or occlusion and underwent bypass
surgery from 3 to 7 days after admission.

Discussion

The association of acute thrombotic occlusion of an epi-
cardial vessel as the pathogenic event in STEMI was
demonstrated by DeWood ez /. [15]. The benefit of early
reperfusion by thrombolysis [16] or PCI [17] was subse-
quently established. CCLLA by an ED physician or para-
medic is a widely employed strategy for shortening the
time to reperfusion. However, this approach is associated
with FP rates ranging from 10 to 36% [4,5,8,18-20].

Some of the heterogeneity in reported rates of FP CCLA
reflects varying criteria for study inclusion or the defini-
tion of ‘false-positive’. Several reports excluded patients
who were retrospectively identified as not having STE
[11,21], or distinguished between ‘inappropriate’ and
‘appropriate’ false activations [4,6,9,20,22]. We selected
a strict definition of FP CCLA, since, in the absence of
a culprit artery, urgent catheterization is likely to carry
limited benefit and potential harm.

Misinterpretation of ECG findings is a common cause of
FP CCLA [12,21]. Some FP CCLAs may be unavoida-
ble, including patients having takotsubo cardiomyopathy,
pericarditis, or early repolarization syndrome [8,10,23,24].
In the study of Larson ¢z «/. [18], in which only 1.8% of
patients did not have STE, 85.3% had a definite CL,, sug-
gesting that more rigid adherence to an STE criteria can
yield a low FP rate.

While the ECG has been well-studied as a criterion for
CCLA, relatively little attention has been directed to
CP. Other associated symptoms are sometimes encoun-
tered in patients suffering AMI, including dyspnea, nau-
sea, vomiting, diaphoresis, lightheadedness, or syncope
[25,26]. In patients without CP, these are sometimes

regarded as ‘anginal equivalents’. Nfor ez a/. [8] demon-
strated an AOR of 18.2 for the absence of a CL. among
patients having STE without CP. Kim ez «/. [21] reported
an AOR of 12.0 for FP CCLA among nonCP patients;
17.6% of patients in that cohort presented without CP,
similar to the 13.0% in our cohort. In the Activate-SF
Registry, CP was associated with an AOR of 0.28 for
FP CCLA [5]. Among 484 877 patients in the National
Registry of Myocardial Infarction 2, MI presentation
without CP was twice as common among patients with
NSTEMI as among patients with STEMI, suggesting
that the absence of CP may reflect vessel patency [27].
Although patients with STEMI benefit from AR, emer-
gent catheterization is not necessary for patients with
non-STE ACS [28]. Consequently, the 28.1% rate of AR
in our non(CP/STE) patients probably represents an
overestimate of the need for AR in this group.

In our cohort, Caucasian ethnicity was associated with
higher rates of AMI, CL, and AR, both in the +CP/+STE
and the non(CP/STE) groups. The reason for the differ-
ence is uncertain. A higher incidence of FP CCLA among
non-whites has been reported by others [5,6]. Because
Hispanics constituted more than three-quarters of the
non-Caucasian population in our cohort, it is possible that
some of the difference was the result of a language bar-
rier. Although a telephonic translation service is available
in our facilities, its use can be cumbersome, and its appli-
cation in the setting of STEMI, with the attendant time
pressure, is not routine. Often, bilingual family members
or hospital staff provided translation.

The patients presenting without both CP and STE con-
stituted a heterogeneous group. The significantly higher
prevalence of dyspnea among the non(CP/STE)patients
who had CP without STE and had no culprit artery iden-
tified at angiography suggests that this non-CP symptom,
which could be the result of numerous potential mech-
anisms, might trigger CCLA for a patient at low risk of
having an occluded vessel. 88% of non(CP/STE )patients
who presented with CP but without STE had either no
culprit or an NSTEMI with an incomplete occlusion.
Among the patients who presented with STE but not
CP, presentation with cardiac arrest suggested the pres-
ence of a CL, and early angiography is recommended in
such cases. Very elderly patients presenting with altered
mental status or confusion uniformly had CLs. Outside
of these clinical circumstances, a substantial variety of
diagnoses were encountered, including stress cardiomy-
opathy, early repolarization syndrome, and pulmonary
embolus.

There are numerous drawbacks to FP CCLA.
Unnecessary catheterization is wasteful of limited
resources. However, the most serious concern is the
potential for harm to patients having a serious acute
illness other than AMI that is not identified because of an
initial approach that is too narrowly focused. In addition
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to the risks inherent in invasive angiography, CCLA in a
patient seriously ill with a non-coronary illness may delay
appropriately directed diagnostic modalities. Patients for
whom CCLA is initiated may receive only an abbrevi-
ated review of their history and presenting symptoms in
the catheterization laboratory. The physical examination
may be cursory in a patient covered with sterile drapes
when first encountered. Mortality rates as high as 16%
[26] and 21.6% [11] have been reported among patients
with FP CCLA, similar to our findings. Diagnoses in
these patients included aortic dissection and subarach-
noid hemorrhage [26], which could be complicated by
the anticoagulation employed in the course of CCLA.
CKD may be exacerbated by contrast administration
without preparatory hydration. In our study, the in-hospi-
tal mortality was nearly three-fold higher in the non(CP/
STE) patients than those who were +CP/+STE. Among
+CP/+STE patients, 92.6% of deaths were due to AMI;
non-coronary deaths occurred in four patients (0.3%), as
compared with 31 (7.3%) of those without both CP and
STE. Non-cardiovascular deaths occurred in 0.2% of
+CP/+STE patients vs. 4.9% of the non(CP/STE) group.

Patients presenting after cardiac arrest constitute a special
subgroup of CCLAs. A history of CP is often not available
in these patients. Current guidelines recommend urgent
catheterization if STE is present [29]. A recent study
indicated that patients presenting with cardiac arrest
without STE do not benefit from revascularization [30].
In our registry, 20 patients in the non(CP/STE) group
who presented without cardiac arrest subsequently died,
the majority of a non-coronary etiology. Among the eight
deaths due to coronary disease, all but one were very
elderly, most presenting with nonCP symptoms includ-
ing weakness or altered mental status.

"To our knowledge, this is the first study to quantify the
substantial degradation in the likelihood of identifying a
CL and performing AR associated with deviation from a
CCLA protocol limited to patients having both CP and
STE. These outcome differences, and the high non-cor-
onary mortality among non(CP/STE) patients, suggests
the need for modified CCLA protocols. One algorithm
might be a staged, or tiered, triage protocol, in which
CCLA is initiated in +CP/+STE patients, with an urgent
focused consultation for patients not meeting these cri-
teria. Such a consultation would include a quick assess-
ment for alternative etiologies in patients for whom the
diagnosis of STEMI appears equivocal. Although this
might incur a short delay, there is evidence that modest
differences in door to balloon times have limited effect
on outcome [31-33].

Our study has several limitations. It was observational, and
therefore useful for hypothesis-generation. Confirmation
of these findings at other institutions, including a broader
geographic distribution, is warranted. A randomized trial
of alternative protocols, including the tiered approach

described above, would appear to be appropriate. The
patients included were those in whom CCLA was ini-
tiated; patients in whom the diagnosis of STEMI was
missed and were admitted to the hospital with another
diagnosis, including non-STE ACS, or who were not
admitted to the hospital, would not be included in this
registry. Chest discomfort is a subjective phenomenon;
its inclusion depended on the reliability of the patient
in reporting symptoms and the thoroughness of the indi-
viduals documenting the history. Our data, as well as that
of other investigators, probably overestimates the need
for AR in patients who do not have STE, since patients
with NSTEMI, who do not require emergent PCI but
typically have flow-significant stenoses, will commonly
undergo revascularization if CCLA occurs. The extent to
which the higher mortality in the non(CP/STE) group was
related to an initial diagnostic approach that was focused
on a coronary etiology rather than the actual non-coronary
cause of death cannot be determined from our data. Our
non-Caucasian population was predominantly Hispanic;
representation of African-American patients and patients
of other ethnicities was too low to permit meaningful
conclusions.

We conclude that presence of both CP and STE repre-
sents a simple, rapid, and accurate screening tool for the
identification of ED patients having a high likelihood of
AMI and need for AR. Patients presenting with symp-
toms other than CP, or an ECG that does not exhibit at
least 1 mm STE in two anatomically contiguous leads,
have a markedly lower likelihood of having AMI and
requiring AR. Such patients constitute a heterogene-
ous group with a high risk of in-hospital mortality, with
most deaths being non-cardiac in etiology. The need for
routine CCLA in such patients is not established, may
increase risk, and delay appropriately directed diagnos-
tic modalities. Alternative protocols may be warranted in
such patients.
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