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Background: Prompt reperfusion has been shown to improve outcomes in patients with acute ST-segment
elevation myocardial infarction (STEMI) with a goal of culprit vessel patency in <90 minutes. This requires
a coordinated approach between the emergency medical services (EMS), emergency department (ED) and
interventional cardiology. The urgency of this process can contribute to inappropriate cardiac catheterization
laboratory (CCL) activations.

Objectives: One of the major determinants of inappropriate activations has been misinterpretation of the
electrocardiogram (ECG) in the patient with acute chest pain.

Methods: We report the ECG findings for all CCL activations over an 18-month period after the inception
of a STEMI program at our institution.

Results: There were a total of 139 activations with 77 having a STEMI diagnosis confirmed and
62 activations where there was no STEMI. The inappropriate activations resulted from a combination of
atypical symptoms and misinterpretation of the ECG (45% due to anterior ST-segment elevation) on patient
presentation. The electrocardiographic abnormalities were particularly problematic in African-Americans
with left ventricular hypertrophy.

Conclusions: In this single-center, prospective observational study, nearly half of the inappropriate
STEMI activations were due to the misinterpretation of anterior ST-segment elevation and this finding was

commonly seen in African-Americans with left ventricular hypertrophy.
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Introduction

Timely reperfusion is of prime importance in ST-segment
elevation myocardial infarction (STEMI) outcomes
and hence a door to balloon time (DBT) of <90 min is
recommended (1). In an effort to achieve this crucial metric,
many cardiac catheterization laboratories (CCL) are now
activated by either the emergency medical services (EMS)
or the emergency department (ED) for patients with
suspected STEMI (2,3). Studies have shown that pre-hospital
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electrocardiograms (ECG’s) with rapid STEMI activation by
EMS or the ED leads to a significant reduction in DBT (4,5).
This pattern of care has been proposed by the American
Heart Association as part of a system of care for STEMI
patients (6). Although this has led to a reduction in time to
reperfusion, it may lead to activation of the CCL for clinical
scenarios not consistent with STEMI (7). The American
Heart Association Mission Lifeline has recommended the
terms “appropriate” (APA-CCL) versus “inappropriate” (IPA-
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CCL) for the CCL activations (8). APA-CCL is based on the
ECG findings of STEMI as well as the appropriate clinical
findings for this diagnosis. However, there has not been a
standardized definition for IPA-CCL used in the literature (9).

The diagnosis of STEMI is a syndrome involving clinical
symptoms, electrocardiographic changes and occlusion of
a culprit artery. The vagaries of the clinical symptoms may
complicate the early diagnosis particularly in women, the
elderly and diabetic patients (10). Likewise, the ECG can also
be misleading as there are many imitators of STEMI (11,12).

Despite defined criteria, there continues to be
misinterpretation of the ECG resulting in either a failure
to activate in the setting of a STEMI or in IPA-CCL. In
addition the initial ECG may not be diagnostic which
further complicates making an early diagnosis (13). There
are a paucity of studies investigating the ECG findings
that result in IPA-CCL. There are even fewer studies
that examine both the clinical symptomatology and ECG
findings leading to IPA-CCL.

Several studies have examined the rates of IPA-CCL and
various descriptions of what constitutes an IPA-CCL have
been used (7,14-17). In this study, we describe the clinical
and ECG findings that led to CCL activation in the first
18 months after the inception of our primary percutaneous
coronary intervention (PCI) program.

Materials and methods
Study design

The data presented are from a tertiary care safety net hospital
that has been performing elective PCIs since September
2007 and initiated a primary PCI program in January 2011.
We performed a prospective observational analysis of all the
STEMI activations for the first 18 months of the program.
A data base of all STEMI activations was made which also
included the clinical information as well as the ECG and
angiographic findings when a catheterization was done. The
data base was used as part of a quality assurance program
for the cardiology section to assess CCL activation.

All the STEMI activations were made by either EMS or
the ED. In the activations done in the ED the attending ED
staff initiated the activation. There was a single call made
to the hospital operator who then activated the pagers of
the STEMI team. All ECGs were reviewed by a cardiology
fellow and staff when they arrived at the hospital either
in the ED or as the patient was being transferred to the
CCL. Clinical symptoms at presentation were obtained by
interview of the patients by the on-call cardiology fellow
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and the attending interventional cardiology staff member
prior to the planned catheterization procedure. All the
activations in this report were within the Truman Medical
Center system which has two campuses, 17 miles apart.
Twenty three of the total activations involved ambulance
transfer to the CCL located at the larger campus.

Serial troponin I measurements were done using the
Siemens Ultra I instrument on all patients with the upper
limits of normal being 0.06 pg/L with the lower limits of
detection being 0.006 pg/L and the 99" percentile reference
value of 0.040 pg/L (18).

Definitions

APA-CCL was defined as all activations with clinical and
ECG findings on presentation as well as the results of the
cardiac catheterization showing a culprit lesion in the same
distribution as the ECG changes consistent with a STEMI
diagnosis. No core laboratory was utilized for the ECG or
angiogram interpretation. There was internal agreement
in the ECG interpretation between the interventional
cardiologists on call and the authors (SS, JM and DB).

IPA-CCL was defined as all activations which were
not consistent with a STEMI diagnosis based on either
the angiographic results or the clinical/ECG findings at
presentation. All patients had serial troponin testing and
were followed by the cardiology staff to assure that the
appropriate clinical diagnosis had been made during the
hospitalization. The patient’s data was also reviewed prior
to hospital discharge to make certain there were no changes
in the activation classification.

Atypical symptoms in the patients deemed to have
IPA-CCL included any symptom but typical chest pain,
dyspnea, ventricular tachycardia or cardiac arrest (the later
four were considered as potential STEMI symptoms).

In those patients who underwent coronary angiography,
mild coronary artery disease (CAD) was defined as no
stenosis of greater than 50% diameter stenosis.

Coronary spasm was defined as a reversible stenosis
responsive to intracoronary nitroglycerin proven by cardiac
catheterization either in the acute hospitalization or on a
prior hospitalization.

After hours CCL activation was defined as occurring between
6 PM and 7 AM or on the weekend or hospital holidays.

ECG review criteria

The ECG diagnosis of STEMI was based on the Second
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Table 1 Clinical and ECG findings in APA-CCL vs. IPA-CCL

Parameter APA-CCL IPA-CCL P value
#77% #62%

Male gender 69 73 0.232
AA 36 55 0.0294
Anterior ST-Elevation 31 45 0.0901
Inferior ST-Elevation 47 11 0.0001
LVH 5 31 0.0001
*DBT (average minutes) 81 NA

AA, African-American; LVH, left ventricular hypertrophy;
DBT, door to balloon time; NA, not applicable; CCL, cardiac
catheterization laboratory. *, all patients with STEMI including
intubated and hemodynamically unstable as well as
transferred patients.

Table 2 Clinical findings in the patients with IPA-CCL

Finding Emergent No emergent %
cath cath of 62
No. of patients 26 36 100
Mean age (years) 55.8 54.2 -
Male gender 19 26 73
AA 12 22 55
Known coronary 8 15 37
artery disease
Potential STEMI 14 113 44
symptoms
Typical chest pain 8 5 21
Atypical symptoms 11 24 56
CCL activation by EMS 2 8 16
No. with elective cath 0 8 13
No. with cTnl =0.07 13 15 45
Non-STEMI diagnosis 5 0 8
Acute cardiac arrest 4 3 11
Coronary artery spasm 2 4 10
No. with acute 4 0 6
revascularization
Bypass referral 1 0 2
Death during 1 3

hospitalization

AA, African-American; CCL, cardiac catheterization
laboratory; EMS, emergency medical services; cTnl,
cardiac troponin I; STEMI, ST-segment elevation myocardial
infarction.
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Universal Definition of Myocardial Infarction (10). The
criteria for left bundle branch block (LBBB) and LBBB with
changes of infarction were made as described by Sgarbossa
et al. (19). The criteria for left ventricular hypertrophy
(LVH) utilized the Cornell and Sokolow-Lyon criteria
20,21).

Statistical analysis

The Chi Square test was used and two-tailed analysis was
performed. We created 2x2 table and analyzed the data
using the freely available online tool on graphpad.com
(http://graphpad.com/quickcalcs/contingencyl.cfm).

Results

There were a total of 139 STEMI activations over the
18 months period of the study. Seventy seven (55%) were
classified as APA-CCL. Sixty two (45%) were deemed IPA-
CCL as no STEMI diagnosis was confirmed during the
hospitalization.

APA-CCL: 77 patients (55 % of the total activations)

The mean age in this group was 54.3 years and 69% were
males. There were 36% African-Americans (AA), 52%
Caucasian and 12% Hispanic. There were significantly
more Caucasians in the APA-CCL as compared to those in
the IPA-CCL cohort (P=0.0198) and more AA in the TPA-
CCL group than with APA-CCL (P=0.0294). The DBT for
this cohort was 81 minutes as shown in 7zble 1. This was for
all APL-CCL patients including those with hemodynamic
instability, emergently intubated as well as those transferred.

IPA-CCL: 62 patients (45% of the total activations)

There were two groups of these patients: one group
(36 patients) did not undergo acute catheterization as the
CCL activation was cancelled before the catheterization.
The second group did undergo emergent catheterization
(26 patients). The clinical findings of both groups are
shown in Table 2 and are similar. Over half of the patients
with IPA-CCL had atypical symptoms (56%) and 21% of
the group had typical chest pain. Patients with potential
STEMI symptoms did account for 44% of the IPA-CCL
(Table 2). There was no correlation in the incidence of
IPA-CCL with the starting dates of the residents and
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Table 3 Statistical analysis of ECG findings with IPA-CCL

Shamim et al. Inappropriate STEMI activation

Emergent catheterization

No emergent catheterization P value between

ECG Finding (% of 26) (% of 36) two groups
Prior ECG 13 [50] 24 [67] 1.1
Anterior ST elevation 11 [42] 17 [47] 0.70
Anterior ST elevation with prior ECG 7/11 [64] 13/17 [76] 0.53
AA with anterior ST elevation 7 [27] 13 [36] 0.44
No. with LVH 8 [31] 11 [31] 0.98
No. AA with LVH 6 [23] 11 [31] 0.51
LVH with Anterior ST elevation 7 [27] 9 [25] 0.86
AA with LVH and Anterior ST elevation 5[19] 9 [25] 0.59

ECG, electrocardiogram; CCL, cardiac catheterization laboratory; AA, African-American; LVH, left ventricular hypertrophy.

fellows. Of the IPA-CCL activations 52 were made in the
ED and 10 by EMS (Table 2).

We did not observe any patients who had a final STEMI
diagnosis where there was a failure to activate the CCL on
presentation.

Emergent catheterization group (42% of the IPA-CCL):
(Table 2)

This group included five patients with non-STEMTI’s of
whom four had an emergent PCIL. The other non-STEMI
was stabilized and then referred for coronary artery bypass
surgery (CABG). Four patients presented with an out of
hospital cardiac arrest and none of these had significant
CAD. Two patients had coronary spasm. The remaining
15 patients in this group who underwent an emergent
catheterization had either no angiographic CAD, stable
disease from a prior catheterization or only mild CAD
(<50% diameter stenosis). Eight of the 26 were known to
have CAD.

No emergent catheterization group (58% of the IPA-CCL
(Tuble 2)

The activation was cancelled by the interventional
cardiologist either because the because of an atypical
presentation that did not favor a STEMI diagnosis and/
or the ECG did not meet STEMI criteria. None of these
patients had a STEMI during the hospitalization. Fifteen of
these patients were known to have CAD. Three patients had
experienced an acute cardiac arrest (none with a STEMI
ECQG) and four had previously documented coronary artery
spasm.
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In this group 8 ultimately underwent cardiac
catheterization during the index hospitalization and none
of these patients had revascularization. The findings of the
catheterizations showed either no angiographic CAD, no
change from a recent angiogram or mild CAD.

The 62 patients with IPA-CCL in this study were a
critically ill group of patients and nearly 50% of the entire
group had elevated troponin levels. The major causes for
the troponin elevation besides the non-STEMI group were
demand ischemia (including hypertension and hypotension),
heart failure, coronary artery spasm, and respiratory failure.
Four of 62 died during the hospitalization (one with
pulmonary embolism and three due to the out of hospital
cardiac arrest.

ECG analysis

An analysis of the ECG findings in the APA-CCL versus
IPA-CCL is shown in Table 1. In the APA-CCL inferior
STEMI was the most common at 47% (36 of 77), while
31% had anterior STEMI. The remainder of the STEMI
patients had either anterior-lateral, inferior-lateral or
inferior-posterior involvement. LVH was significantly
more common in the IPA-CCL group with 19 patients
having LVH as compared with 4 in the APA-CCL group
(P=0.0001).

The distribution of ECG findings with both groups
of IPA-CCL is seen in Table 3. Prior ECG’s were present
in 60% of the group at the time of activation. Anterior
ST-segment elevation was the most common ECG finding
in both groups. Twenty of the 28 patients with anterior
ST-elevation had prior ECG’s. Of the patients with anterior
ST-segment elevation 20 were AA. Nineteen (31%) had
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Table 4 Summary of the ECG Findings in the IPA-CCL

Total # AA [%] Non-AA [%] LVH [%] No LVH [%] P value
Anterior ST elevation 28 20 [71] 8 [29] - - 0.0091
LVH 19 17 [89] 2 [11] - - 0.0001
LVH with anterior ST 16 14 [87] 2[13] - - 0.0014
elevation
LVH affecting STEMI criteria 22 - - 16 [73] 6 [27] 0.0001
Race affecting STEMI criteria 22 18 [82] 41[18] - - 0.0002
Race and LVH affecting 16 14 [87] 2 [13] - - 0.0014

STEMI criteria

ECG, electrocardiogram; CCL, cardiac catheterization laboratory; STEMI, ST-segment elevation myocardial infarction; AA, African-

American; LVH, left ventricular hypertrophy.

ECG criteria for LVH and 17 of these were AA. Of the
LVH patients 16 of the 19 had anterior ST-Segment
elevation >0.2 mV and 14 of these were AA. Table 3 also
shows that there was no statistical difference in the ECG
findings between the two groups with IPA-CCL.

Table 4 shows additional ECG results in the IPA-CCL.
Anterior ST-segment elevation and the combination
of LVH plus anterior ST-elevation contributed to false
activations. Both of these findings were more common in
AA. There were 22 patients out of the 62 IPA-CCL whose
ECG fulfilled STEMI criteria and there was a strong
association of these criteria with LVH and with the AA race.

Of the 22 patients with a STEMI-ECG and IPA-CCL
21 had anterior ST-segment elevation. Of the five patients
who had a non-STEM]I, only one had a STEMI-ECG. This
patient had LVH and anterior ST-segment elevation. All of
his coronary arteries were patent at the time of the cardiac
catheterization but because of severe three vessel CAD he
was stabilized and then referred for coronary bypass.

Four patients with coronary spasm had dynamic
ST-segment elevation that met the STEMI criteria. None
of these patients had LVH. Three had anterior ST-segment
elevation and one had inferior ST-segment elevation. The
two who underwent emergent catheterization were first
time presentations while the two who did not undergo
emergent catheterization were known to have coronary
artery spasm.

Of these 22 patients with an ECG that fulfilled the
STEMI criteria, 77% had atypical symptoms. The five
patients with typical symptoms had either coronary spasm
or a non-STEMI. Figure 1 is a flow diagram showing the
clinical symptoms in the IPA-CCL cohort as they related to
the STEMI-ECG findings.
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As shown in Table 5 in the total activation cohort of
139 patients there were 99 patients (71%) whose ECG
fulfilled STEMI criteria and 40 (29%) who did not meet
these criteria. There were 104 patients with symptoms of
a potential STEMI (77 in the APA-CCL group and 27 in
the IPA-CCL group). This was 75% of the total activation
cohort. There were 103 patients (74%) of all activations
who actually had an emergent catheterization during the
study period.

Discussion

In an effort to make a rapid diagnosis of a STEMI and to
meet the 90 minutes DBT, IPA-CCL may result. We report
a high incidence of IPA-CCL in the first 18 months after
the initiation of a STEMI program at our institution. IPA-
CCL was defined as either a lack of a culprit vessel if the
patient underwent emergent catheterization or the lack
of clinical findings (ECG and/or clinical presentation) if
no catheterization was performed emergently. The most
common electrocardiographic reason for the IPA-CCL
was anterior ST-segment elevation. This was a particular
problem in AA with LVH. In addition, 56% of the patients
with IPA-CCL presented with atypical symptoms. There
has been a paucity of data on the ECG findings leading to
IPA-CCL and the results here underscore the diagnostic
conundrum that is presented by anterior ST-segment
elevation.

The definitions used in the literature for IPA-CCL have
been variable but most commonly have used the lack of
a culprit artery at the time of catheterization to indicate
an IPA-CCL. Table 5 summarizes the studies that have
evaluated IPA-CCL (7,14-17). Four different definitions are
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Symptoms symptoms
1
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pain tachycardia
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B% of IPA-CCL

17 with STEMI ECG but

atypical symptoms
27% IPA-CCL

22 with potential STEMI
symptoms but negative

ECG
36% IPA-CCL

1B with negative ECG and atypicl

symptoms
29% IPA-CCL

Figure 1 Clinical findings in the patients with IPA-CCL. CCL, cardiac catheterization laboratory.

Number with
reference

Definition used to

. - APA-CCL % IPA-CCL%
classify activation

ECG met STEMI 249 (14) 90 10
criteria 345 (16) 87 13
139* 71 29

Potential STEMI by
symptoms

139~ 75 25
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used to delineate IPA-CCL. These include: lack of a culprit
vessel, ECG not fulfilling STEMI criteria, activations
where no emergent catheterization is performed and lack of
symptoms consistent with a STEMI diagnosis. The variance
in the percentages of IPA-CCL based on the definition used
is illustrated in Table 5.

Mixon et al. proposed a two-step refinement in
the approach to IPA-CCL: the first is based on ECG
appropriateness and the second on the final diagnosis based
on the emergent angiography (16).

McCabe et al. defined the false positives as failure to
find a culprit vessel in those patients who underwent
angiography or by clinical variables in the patients without
angiograms (17). They did examine the ECG as well as the
clinical findings that lead to an IPA-CCL. The presence of
left ventricular hypertrophy was a common ECG finding
in the IPA-CCL patients. In addition. anterior ST-segment
elevation was seen in 60% of their false activations. These
authors found that 12% of the patients with APA-CCL
were AA and in contrast 27% of the IPA-CCL were AA.

The problem of ST-segment elevation in patients with
LVH was evaluated by Armstrong et al. (22) using the
ACTIVATE-SF data base used in the study of McCabe
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et al. (17). They proposed ECG criteria using a ratio of the
ST-segment elevation to the RS-magnitude in the lead with
the greatest ST-segment elevation. If the ratio was >25%
they felt this would support a diagnosis of STEMI in the
presence of LVH.

In our report on IPA-CCL activations the most
common ECG cause for these activations was ST-
segment elevation in the right precordium and this was
seen in 45% similar to the data of McCabe et al. (17).
Left ventricular hypertrophy occurred in 31% of the
false activations and was also frequently seen in the
McCabe report. LVH is a known cause of anterior ST-
segment elevation. We observed that anterior ST-
segment elevation was commonly seen in AA particularly
with LVH and commonly resulted in IPA-CCL. These
observations are consistent to those of McCabe et al. (17).
We applied the findings of Armstrong ez 4. (22) to the
16 patients in our study with LVH and anterior ST-segment
elevation and found that the ratio was <25% in all of them.

The clinical findings which produced the high rate of
IPA-CCL in this study are illustrated in Figure 1. Analysis
of this data shows that only five patients had both potential
STEMI symptoms and a STEMI ECG (8% of IPA-CCL)
while 18 had neither symptoms nor ECG suggestive of
STEMI (29% of IPA-CCL). The remaining approximately
60% had either a STEMI ECG and atypical symptoms
and or concerning symptoms and a negative ECG. This
data underscores the difficulty in the rapid evaluation and
triage of a patient who may be presenting with a STEMIL.
These patients are a heterogeneous and complicated group
of patients. They are also quite ill as illustrated by nearly
50% of the IPA-CCL having elevated troponins. This is
compounded by the urgency of rapid reperfusion and in this
case making sure that a DBT of <90 minutes is achieved.
The clinician has only the clinical history/examination
and the ECG on which to base the decision for CCL
activation. In this study there were problems both with the
interpretation of the history as well as the ECG and both
contributed to the IPA-CCL.

With respect to the history, this was a new program and
the clinicians were not experienced in initiating a STEMI
activation in an expeditious fashion. The attendant learning
curve for the fellows and residents may have further
contributed. Garvey et al. (15) noted that IPA-CCL was
more likely at a non-primary PCI hospital and our data
suggests this would apply to a new primary PCI program.

The patient population in this study likely contributed to
the ECG misinterpretation. As mentioned, this study had
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a high rate of AA patients with LVH and this complicated
the ECG interpretation. Perhaps the new criteria for leads
V2-V3 of 20.25 mV in men <40 years will help in the
interpretation of ST-elevation in the anterior leads (12).
With educational programs emphasizing the association of
LVH and anterior ST-segment elevation, and by applying
the criteria proposed by Armstrong et /. (22) the number
of IPA-CCL likely would be reduced. Sixty percent of the
patients with IPA-CCL had prior ECGs. Taking time to
carefully compare the old ECGs would likely improve the
ECG interpretation as well. Electronic transmission of the
ECG to the smart phone of the interventional cardiologist
may also improve the accuracy of the ECG interpretation.

The IPA-CCL comes at a cost most importantly for
the patient who is potentially subjected to an unneeded
procedure. Emergent procedures are known to increase
the patient risk. A recent meta-analysis showed poorer
outcomes in patients presenting during off-hours with
an acute myocardial infarction (23). In our series 69% of
these activations were after-hours. It has also been shown
that patients presenting after-hours were more likely to be
minority groups and have an increased comorbidities (24).
Our high percentage of after-hours activations may have
also contributed to the increased number of IPA-CCL.

There is also an added burden for the personnel and
the institution these activations. The catheterization
laboratory cost of an after-hours IPA-CCL activation was
approximately $350 if no catheterization was done and
about $865 if one was performed.

The STEMI process likely would be improved by taking
some extra time in the initial evaluation to make certain
that the clinical findings and ECG fit a potential STEMI
diagnosis. As John Wooden, the famous UCLA basketball
coach said “be quick but don’t hurry”.

It is apparent from the literature review and from our
data, that there is no perfect classification system for
IPA-CCL. We believe that each program should evaluate
their IPA-CCL results by adding a third tier (clinical
symptoms) to that proposed by Mixon et a/. (16). Ideally,
the rate of IPA-CCL would be nearly the same for all three

tiers and should approach 20% in an experienced center.

Limitation of this study

This is a single center study with a limited number of
patients studied. In addition, the initiation of a new STEMI
program in a teaching institution with the attendant
learning curve for all the physicians and staff involved
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in such an undertaking may have contributed to the rate
of IPA-CCL. However, the data of McCabe in a more
established center (17), was only slightly better in terms of
IPA-CCL than that reported here.

Conclusions

A high incidence of IPA-CCL was seen in this report
of STEMI activations in the first 18 months after the
commencement of a primary PCI program. A combination
of atypical symptoms and ECG misinterpretation
contributed. The most common electrocardiographic reason
for IPA-CCL was anterior ST-segment elevation accounting
for 45% of these activations. There was a strong association
of this finding with LVH in the AA population. Of the
35% of patients with IPA-CCL whose ECG which met the
STEMI criteria, 95% had anterior ST-segment elevation.
Here again LVH in the AA population contributed to this
finding. The majority of these patients had an atypical
presentation which made a STEMI diagnosis unlikely. The
factors potentially contributing to the IPA-CCL rate were:
initial experience in a new program, frequency of after-hours
activations, high percentage of AA in the population and
under appreciation of the contribution of LVH to anterior
ST-segment elevation.
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