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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
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Sahil Agrawala,e, Abdullah Quddusa,f, Kevin Branchg,  
Melinda Shoemakera and Jill Stoltzfush       

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)].

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 

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 
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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 

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 
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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 PCI-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 CCLA, 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 (≥65 vs. <65 years), sex, ethnicity 
(Caucasian vs. non-Caucasian), the presence of CP, ECG 
STE, LBBB, initial GFR (≥60  ml/min/M2 vs. <60  ml/
min/M2), 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 t-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 
LBBB (AOR 23.74, 20.42, and 14.58 for AMI, CL, and 
AR, respectively; P < 0.0001 for each). Age ≥65 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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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/+LBBB 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 

Table 1   Adjusted odds ratios of the outcomes of acute myocardial infarction, culprit lesion, and acute revascularization for demographic 
and clinical covariates

Covariate (reference)

Myocardial infarction Culprit lesion identified Acute revascularization

Adjusted odds ratio (95% CI) P-value Adjusted odds ratio (95% CI) P-value Adjusted odds ratio (95% CI) 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 (1.30–2.59) 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) 0.03 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.
CI, 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.
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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 

Fig. 1

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 (83.1) 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)a 163 (82.7) 157 (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.
aP = 0.004 vs. Caucasians.
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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 
without a culprit who presented with VF, three had normal 
coronary arteries and four had known cardiomyopathies 
without a new CL. There was no significant difference 

Fig. 2

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 57 of 427 patients (13.3%) died
50 of 54 (92.6%) died due to AMI, including 41 of 42 

(97.6%) who did not present in cardiac arrest
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 
myopathy, aortic dissection, metastatic lung cancer, 
and pneumonia with sepsis (1 each).

31 of 57 (54.4%) died of non-coronary causes: primary arrhythmia with normal coronaries and normal LV 
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.
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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 et al. [15]. The benefit of early 
reperfusion by thrombolysis [16] or PCI [17] was subse-
quently established. CCLA 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 et al. [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 et al. [8] demon-
strated an AOR of 18.2 for the absence of a CL among 
patients having STE without CP. Kim et al. [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.

Acknowledgements
Conflicts of interest
There are no conflicts of interest.

References
1	 The Global Use of Strategies to Open Occluded Coronary Arteries 

in Acute Coronary Syndromes (GUSTO IIb) Angioplasty Substudy 
Investigators. A clinical trial comparing primary coronary angioplasty with 
tissue plasminogen activator for acute myocardial infarction. N Engl J Med 
1997; 336:1621–1628.

2	 Zijlstra F, Hoorntje JC, de Boer MJ, Reiffers S, Miedema K, Ottervanger 
JP, et al. Long-term benefit of primary angioplasty as compared with 
thrombolytic therapy for acute myocardial infarction. N Engl J Med 1999; 
341:1413–1419.

3	 O’Gara PT, Kushner FG, Ascheim DD, Casey DE Jr, Chung MK, de Lemos 
JA, et al. 2013 ACCF/AHA guideline for the management of ST-elevation 
myocardial infarction: executive summary: a report of the American College 
of Cardiology Foundation/American Heart Association Task Force on 
Practice Guidelines. J Am Coll Cardiol 2013; 61:485–510.

4	 Kontos MC, Kurz MC, Roberts CS, Joyner SE, Kreisa L, Ornato JP, 
Vetrovec GW. An evaluation of the accuracy of emergency physician 
activation of the cardiac catheterization laboratory for patients with 



Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

204  Coronary Artery Disease  2021, Vol 32 No 3

suspected ST-segment elevation myocardial infarction. Ann Emerg Med 
2010; 55:423–430.

5	 McCabe JM, Armstrong EJ, Kulkarni A, Hoffmayer KS, Bhave PD, Garg S, 
et al. Prevalence and Factors Associated With False-Positive ST-Segment 
Elevation Myocardial Infarction Diagnoses at Primary Percutaneous 
Coronary Intervention-Capable Centers. Arch Int Med 2012;172: 
864–871.

6	 Garvey JL, Monk L, Granger CB, Studnek JR, Roettig ML, Corbett CC, 
Jollis JG. Rates of cardiac catheterization cancelation for ST-segment 
elevation myocardial infarction after activation by emergency medical 
services or emergency physicians: results from the North Carolina 
catheterization laboratory activation registry. Circulation 2012; 
125:308–313.

7	 Heckle MR, Efeovbokhan N, Thomas F, Blumer M, Chumpia M, Ibebuogu 
U, et al. Accurate prediction of false ST-segment elevation myocardial 
infarction: ready for prime time? Curr Probl Cardiol 2018; 43:400–412.

8	 Nfor T, Kostopoulos L, Hashim H, Jan MF, Gupta A, Bajwa T, Allaqaband 
S. Identifying false-positive ST-elevation myocardial infarction in emergency 
department patients. J Emerg Med 2012; 43:561–567.

9	 Regueiro A, Fernández-Rodríguez D, Freixa X, Bosch X, Martín-Yuste V, 
Brugaletta S, et al. False positive STEMI activations in a regional network. 
Rev Esp Cardiol 2018;71:243–249.

10	 Zhu T, Huitema A, Alemayehu M, Allegretti M, Chomicki C, Yadegari A, Lavi 
S. Clinical presentation and outcome of patients with ST-segment elevation 
myocardial infarction without culprit angiographic lesions. Cardiovasc 
Revasc Med 2015; 16:217–220.

11	 Fanari Z, Abraham N, Kolm P, Doorey J, Herman A, Hoban A, et al. 
Aggressive measures to decrease “door to balloon” time and incidence 
of unnecessary cardiac catheterization: potential risks and role of quality 
improvement. Mayo Clin Proc 2015; 90:1614–1622.

12	 Rokos IC, French WJ, Mattu A, Nichol G, Farkouh ME, Reiffel J, Stone 
GW. Appropriate cardiac cath lab activation: optimizing electrocardiogram 
interpretation and clinical decision-making for acute ST-elevation myocardial 
infarction. Am Heart J 2010; 160:995–1003, 1003.e1.

13	 Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, White 
HD; Executive Group on behalf of the Joint European Society of Cardiology 
(ESC)/American College of Cardiology (ACC)/American Heart Association 
(AHA)/World Heart Federation (WHF) Task Force for the Universal 
Definition of Myocardial Infarction. Fourth Universal Definition of Myocardial 
Infarction (2018). J Am Coll Cardiol 2018; 72:2231–2264.

14	 Greenland S. Modeling and variable selection in epidemiologic analysis. Am 
J Public Health 1989; 79:340–349.

15	 DeWood MA, Spores J, Notske R, Mouser LT, Burroughs R, Golden MS, 
Lang HT. Prevalence of total coronary occlusion during the early hours of 
transmural myocardial infarction. N Engl J Med 1980; 303:897–902.

16	 The TIMI Study Group. The Thrombolysis in Myocardial Infarction (TIMI) trial 
phase I findings. N Engl J Med 1985; 312:932–936.

17	 Huynh T, Perron S, O’Loughlin J, Joseph L, Labrecque M, Tu JV, Théroux P. 
Comparison of primary percutaneous coronary intervention and fibrinolytic 
therapy in ST-segment-elevation myocardial infarction: Bayesian hierarchical 
meta-analyses of randomized controlled trials and observational studies. 
Circulation 2009; 119:3101–3109.

18	 Larson DM, Menssen KM, Sharkey SW, Duval S, Schwartz RS, Harris J, 
et al. “False-positive” cardiac catheterization laboratory activation among 

patients with suspected ST-segment elevation myocardial infarction. JAMA 
2007; 298:2754–2760.

19	 Youngquist ST, Shah AP, Niemann JT, Kaji AH, French WJ. A comparison 
of door-to-balloon times and false-positive activations between emergency 
department and out-of-hospital activation of the coronary catheterization 
team. Acad Emerg Med 2008; 15:784–787.

20	 Lu J, Bagai A, Buller C, Cheema A, Graham J, Kutryk M, et al. Incidence and 
characteristics of inappropriate and false-positive cardiac catheterization 
laboratory activations in a regional primary percutaneous coronary 
intervention program. Am Heart J 2016; 173:126–133.

21	 Kim JH, Roh YH, Park YS, Park JM, Joung BY, Park IC, et al. Risk score 
to predict false-positive ST-segment elevation myocardial infarction in the 
emergency department: a retrospective analysis. Scand J Trauma Resusc 
Emerg Med 2017; 25:61.

22	 Kurz MC, Babcock C, Sinha S, Tupesis JP, Allegretti J. The impact of 
emergency physician-initiated primary percutaneous coronary intervention 
on mean door-to-balloon time in patients with ST-segment-elevation 
myocardial infarction. Ann Emerg Med 2007; 50:527–534.

23	 Wang K, Asinger RW, Marriott HJ. ST-segment elevation in conditions other 
than acute myocardial infarction. N Engl J Med 2003; 349:2128–2135.

24	 Gu YL, Svilaas T, van der Horst IC, Zijlstra F. Conditions mimicking acute 
ST-segment elevation myocardial infarction in patients referred for primary 
percutaneous coronary intervention. Neth Heart J 2008; 16:325–331.

25	 Zipes DP, Libby P, Bonow RO, Mann DL, Tomaselli GF, eds. Braunwald’s 
Heart Disease. 11th ed. Philadelphia, Pa: Elsevier; 2019. p. 1059.

26	 Alonzo AA, Simon AB, Feinleib M. Prodromata of myocardial infarction and 
sudden death. Circulation 1975; 52:1056–1062.

27	 Canto JG, Shlipak MG, Rogers WJ, Malmgren JA, Frederick PD, Lambrew 
CT, et al. Prevalence, clinical characteristics, and mortality among patients 
with myocardial infarction presenting without chest pain. JAMA 2000; 
283:3223–3229.

28	 Amsterdam EA, Wenger NK, Brindis RG, Casey DE Jr, Ganiats TG, Holmes 
DR Jr, et al. 2014 AHA/ACC guideline for the management of patients 
with non-ST-elevation acute coronary syndromes: a report of the American 
College of Cardiology/American Heart Association Task Force on Practice 
Guidelines. J Am Coll Cardiol 2014; 64:e139–e228.

29	 Callaway CW, Donnino MW, Fink EL, Geocadin RG, Golan E, Kern KB, 
et al. Part 8: post-cardiac arrest care: 2015 American heart association 
guidelines update for cardiopulmonary resuscitation and emergency 
cardiovascular care. Circulation 2015; 132:S465–S482.

30	 Lemkes JS, Janssens GN, van der Hoeven NW, Jewbali LSD, Dubois EA, 
Meuwissen M, et al. Coronary angiography after cardiac arrest without 
ST-segment elevation. N Engl J Med 2019; 380:1397–1407.

31	 Menees DS, Peterson ED, Wang Y, Curtis JP, Messenger JC, Rumsfeld JS, 
Gurm HS. Door-to-balloon time and mortality among patients undergoing 
primary PCI. N Engl J Med 2013; 369:901–909.

32	 Flynn A, Moscucci M, Share D, Smith D, LaLonde T, Changezi H, et al. 
Trends in door-to-balloon time and mortality in patients with ST-elevation 
myocardial infarction undergoing primary percutaneous coronary 
intervention. Arch Intern Med 2010; 170:1842–1849.

33	 Rathore SS, Curtis JP, Chen J, Wang Y, Nallamothu BK, Epstein AJ, 
Krumholz HM; National Cardiovascular Data Registry. Association of door-to-
balloon time and mortality in patients admitted to hospital with ST elevation 
myocardial infarction: national cohort study. BMJ 2009; 338:b1807.


