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Abstract

Background—Achallenge for emergency medical service (EMS) is accurate identification of

acute coronary syndromes (ACS) and ST elevation myocardial infarction (STEMI) for immediate

treatment and transport. The electrocardiograph-based acute cardiac ischemia time-insensitive

predictive instrument (ACI-TIPI) and the thrombolytic predictive instrument (TPI) have been

shown to improve diagnosis and treatment in emergency departments (EDs), but their use by

paramedics in the community has been less studied.

Methods—Ambulances in study municipalities were outfitted with electrocardiographs with

ACI-TIPI and TPI software. Using a before-after quasi-experimental design, in Phase 1, for seven

months, paramedics were provided with the ACI-TIPI/TPI continuous 0–100% predictions

automatically printed on electrocardiogram (ECG) text headers to supplement their identification

of ACS; in Phase 2, for 11 months, paramedics were told to identify ACS based on an ACI-TIPI

cutoff probability of ACS ≥ 75% and/or TPI detection of STEMI. In Phase 3, this cutoff approach

was used in seven additional municipalities. Confirmed diagnoses of ACS, acute myocardial

infarction (AMI), and STEMI were made by blinded physician review for 100% of patients.
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Results—In Phase 1, paramedics identified 107 patients as having ACS; in Phase 2, 104. In

Phase 1, 45.8% (49) of patients so-identified had ACS confirmed, which increased to 76.0% (79)

in Phase 2 (p < 0.001). Of those with ACS, in Phase 1 59.2% (29) had AMI versus 84.8% (67)

with AMI in Phase 2 (p <0.01), and, STEMI was confirmed, respectively, in 40.8% (20), versus

68.4% (54) (p <0.01). In Phase 3, of 226 patients identified by paramedics as having ACS, 74.3%

(168) had ACS confirmed, of whom 81.0% (136) had AMI and 65.5% (110) had STEMI.

Conclusions—In a wide range of EMS systems, use of electrocardiographs with ACI-TIPI and

TPI decision support using a 75% ACI-TIPI cutoff improves paramedic diagnostic performance

for ACS, AMI, and STEMI.
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BACKGROUND

For patients in the community with symptoms suggestive of acute coronary syndromes

(ACS), rapid and accurate emergency medical service (EMS) evaluation, treatment, and

transport are critical, especially for patients with ST elevation myocardial infarction

(STEMI). These functions, and notification of receiving hospitals, have been shown to be

improved by paramedic use of prehospital 12-lead electrocardiographs.1–5 However, these

results may not apply to EMS systems without paramedics highly-trained in

electrocardiogram (ECG) interpretation. To optimize the impact of out-of-hospital ECGs, an

approach is needed to identify ACS and STEMI that is effective and applicable across a

wide range of communities and EMS systems.

Of patients calling 9-1-1 or arriving at an emergency department (ED) for chest pain or

related symptoms, only about 25% will prove to have ACS. Of those with ACS, about two-

thirds will prove to have unstable angina pectoris and one-third will prove to have acute

myocardial infarction (AMI), of whom, about 40% will have STEMI. Thus, about the task

of identifying STEMI is that this represents only 3–5% of all patients presenting with

potential cardiac symptoms.5–7 Even for a physician with the diagnostic facilities of the

hospital, it is challenging to promptly and accurately identify patients who truly have ACS;

it is even more challenging for the paramedic in an ambulance in the community. Yet the

opportunity for impact by EMS depends on early identification by paramedics of these

patients to expedite and improve treatment for ACS and coronary reperfusion for STEMI.

Reports from highly-effective EMS systems5–7 have shown prehospital ECG diagnostic

performance sufficient to allow two important improvements in care for STEMI: 1)

transport of patients directly to percutaneous coronary intervention (PCI)-capable facilities

with bypass of non-PCI facilities, and 2) activation of PCI lab teams prior to patient arrival,

to reduce delays to reperfusion. These directly link to improved patient outcomes and they

also help avoid potentially longer transport to PCI facilities unless necessary. However,

these reports do not reflect easily applied approaches that can immediately be used in the

thousands of EMS systems in this country. Augmenting out-of-hospital diagnosis by
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electronic transmission of ECGs from the field for medical supervision has been suggested,

but such systems are expensive, complex, subject to technical challenges, and their impact

has not yet been demonstrated. In the ED, decision support provided by the ECG-based

acute cardiac ischemia time-insensitive predictive instrument (ACI-TIPI) and thrombolytic

predictive instrument (TPI) has been shown to improve the speed and accuracy of the

diagnosis, triage, and treatment of ACS and STEMI.8,9 They have been proposed for EMS

use,9,10 but heretofore, they had not been directly tested in the EMS setting.

The IMMEDIATE (Immediate Myocardial Metabolic Enhancement During Initial

Assessment and Treatment in Emergency Care) Trial is a National Institutes of Health (NIH)

multi-center randomized placebo-controlled effectiveness trial evaluating use of EMS-

administered intravenous glucose, insulin and potassium (GIK) for patients with ACS

(www.immediatetrial.com). To optimally identify candidates for GIK in this trial, we

implemented and assessed EMS paramedic use of the ACI-TIPI and TPI in out-of-hospital

electrocardiographs, and evaluated its impact on paramedic on-site identification of ACS

and STEMI as a community-based approach to improving emergency cardiac care.

METHODS

Sites

Participating sites included, starting in Winter, 2006, Dallas, TX; Milwaukee, WI; and

Brockton and Concord, MA; then in Spring through Fall, 2008, included were Albuquerque,

NM; Anchorage, AK; Bellingham, WA; El Paso, TX; Macon, GA; New Haven, CT; and

Sioux Falls, SD. At each site, EMS and hospital institutional review board, and community-

based approvals were obtained for human subject research and all patients provided written

informed consent.

Enrollment criteria

Eligible for enrollment were all patients ≥ 30 years old with symptoms consistent with ACS

for which the paramedic performed a 12-lead ECG. Excluded were those who were

hemodynamically unstable, or with heart failure (Killip Classes 3 or 4) or end-stage renal

failure requiring dialysis.

Phases

The study was conducted in three phases. In the first phase, to identify patients with ACS,

paramedics received extensive training in ECG interpretation and the conventional use of

the ACI-TIPI and TPI predictions as printed on the ECG header. In the second phase,

paramedics were taught to identify patients with ACS based on a new approach to the use of

the ACI-TIPI and TPI, designed for EMS use. The third phase consisted of testing this same

approach in additional communities. Accordingly, paramedics were instructed to identify

patients with ACS and STEMI as follows:

In Phase 1—Following education and hands-on training in ECG interpretation and use of

ACI-TIPI and TPI, paramedics were instructed to use their judgment as to whether the

patient appeared to be having ACS based on the presenting clinical picture and ECG
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abnormalities, including use of ACI-TIPI and TPI predictions automatically printed on the

ECGs, looking for one of the following in two or more contiguous leads:

• ST elevation ≥ 1mm, and/or local STEMI criteria for EMS notification to receiving

hospitals for rapid access to a PCI laboratory

• ST depression ≥ 0.5mm

• T wave inversion or other T wave abnormalities (e.g., hyperacute T waves)

• Left bundle branch block not known to be old

In Phases 2 and 3—Paramedics were instructed, if associated with symptoms consistent

with ACS, to consider a patient as having ACS or STEMI if one of the following were

present:

• ACI-TIPI prediction of 75% or more, indicating a very high likelihood of ACS

• TPI predictions printed on the ECG, indicating the electrocardiograph detected

STEMI

• Neither of the above, but STEMI on the ECG as would be used in that EMS system

to notify receiving hospitals for rapid access to a PCI laboratory

Training

During Phase 1, paramedics underwent extensive training in ECG interpretation, designed

by the IMMEDIATE Trial’s Training Committee, comprised of investigators, EMS medical

directors, educators, and paramedics. Prior to the Trial, all participating EMS systems’

paramedics had been performing ECGs in the field for at least two years and all had

undergone various ECG interpretation training programs. The IMMEDIATE Trial program

started with a 20-question on-line ECG Interpretation Assessment Test to identify the 12-

lead ECG reading skill levels and general strengths and weaknesses. Training focused on the

accurate identification of ACS and STEMI based on clinical and ECG criteria, including

extensive hands-on training. Information from the ECG Assessment Test allowed EMS

systems to conduct targeted training on 12-lead ECG interpretation, and re-training, as

necessary. Each paramedic was required to complete two ECG modules (totaling four

hours): one focused on basic ECG changes (i.e., ST, T wave elevation and depression), and

the other focused on ST change “mimics” (i.e., bundle branch blocks, left ventricular

hypertrophy, early repolarization). Upon completion, paramedics were required to re-take

the ECG Assessment Test to determine improvement and identify new areas for focus. The

ECG assessment was comprised of several hundred ECGs, each categorized as having ST or

T wave elevation or depression, or having a specific mimic. The online system randomly

selected ECGs for a given test to help assure that the paramedics took different tests pre- and

post-training. Each paramedic also was required to complete other modules with review

tests, including Use of Predictive Instrument Technology (the ACI-TIPI and TPI decision

support software made available for Physio-Control Lifepak-12, Zoll M-Series, and Philips

MRx electrocardiographs). These also included a hands-on practicum requiring the

paramedics to demonstrate their use of the ACI-TIPI and TPI, and their ability to identify

patients with ACS or STEMI for eligibility for the Trial. In Phase 1, this included their
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clinical and ECG assessment and the use of the ACI-TIPI as a 0–100% scale and the TPI to

supplement, but not dictate, their decision.

During Phase 2, paramedics underwent additional training to reflect the change in

identification of ACS and STEMI to be based on the ACI-TIPI 75% cutoff requirement or

the presence of TPI detection of STEMI. This was conducted as part of refresher training

requiring only 15 minutes, and posters were placed in key places as a reminder.

In Phase 3, the training that took place at the seven new sites did not include any of the

training in ECG interpretation done in Phase 1. Paramedics were only trained in the Use of

Predictive Instrument Technology (the ACI-TIPI and TPI decision support software made)

that now included the ACI-TIPI 75% cutoff requirement and screening process. This

training took 1.5 hours.

In all phases, each paramedic’s performance was monitored using the IMMEDIATE Trial’s

real-time reporting system capability to provide ongoing feedback to the paramedics

regarding their overall performance.

Development of ACI-TIPI/TPI Threshold for EMS Use

As the basis for the new EMS approach to identifying ACS and STEMI, various ACI-TIPI

cutoff thresholds were explored by analyses of databases of EMS and ED patients and in

discussions among IMMEDIATE Trial investigators and sites. Specifically, data from the

ACI-TIPI Trial,8 TPI Trial,9 and IMMEDIATE Trial ECG database (then including over

3,000 screened subjects), were analyzed for ACI-TIPI and TPI enrollment criteria that could

achieve the Trial’s goal of enrolling a cohort of patients with no more than 25% who did not

have ACS (i.e., the false positive rate for ACS had to be no higher than 25%). Analyses of

the above databases suggested that this could be achieved by including only patients who

had ACI-TIPI probabilities of ACS ≥ 75% and/or had a STEMI detected, as evidenced by

TPI text being printed. Therefore these ACI-TIPI and TPI thresholds were applied in the

second phase of this study.

Study Design

The quasi-experimental before-after assessment of the use of the ACI-TIPI cutoff approach

was done in three phases. In Phase 1, in the four EMS systems that started in 2006 or 2007,

the paramedics used the ACI-TIPI conventionally, using its 0–100% prediction of ACS to

supplement their decision-making, and their correct identification of ACS, AMI, and STEMI

were measured. In Phase 2, starting July 1, 2008, the ACI-TIPI 75% with TPI cutoff

approach was implemented, and performance was assessed in the same four EMS systems.

In Phase 3, the same ACI-TIPI cutoff and TPI approach was implemented in seven new

EMS systems, to test performance in a yet wider variety of systems and municipalities. In all

cases, the diagnoses assigned by paramedics in the field were compared to “gold standard”

diagnoses assigned by physicians, based on clinical records, ECGs, and biomarkers (CK and

troponin), using previously validated methods.8

Selker et al. Page 5

Prehosp Emerg Care. Author manuscript; available in PMC 2014 July 21.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Data Collection

All subjects enrolled in the IMMEDIATE Trial from its onset December 1, 2006 through

July 31, 2009 were included in this analysis. Collected data included demographic and

clinical information from medical records, ACI-TIPI and TPI predictions from ECG text

headers (Fig. 1), and ECGs downloaded from out-of-hospital electrocardiographs.

Analysis

Subjects were classified by the study phase during which they were enrolled. Characteristics

were compared between subjects in Phases 1 and 2 using student t-tests (mean age, systolic

blood pressure, heart rate, ACI-TIPI score), chi-square tests (gender, ethnicity, medical

history, primary symptom of chest pain, TPI triggered on ECG), or Fisher’s exact tests

(race).

The ACI-TIPI cutoff was based on analyses of data from the ACI-TIPI Trial8 and the TPI

Trial9 and the IMMEDIATE Trial ECG database. Potential combinations of ACI-TIPI score

cutoffs and the TPI trigger were reviewed by the investigators in terms of their sensitivity,

specificity, and positive and negative predictive values. Based on review of these analyses

and performance characteristics of the published models, patients were considered

sufficiently likely to be having ACS to warrant treatment for ACS/STEMI if their ACI-TIPI

probability of ACS was at least 75% and/or the TPI print-out was triggered by the

electrocardiograph’s detection of STEMI.

Diagnoses were assigned by the site physicians (who were blinded to study group

assignment) on the basis of presentation, clinical course, and initial and follow-up

electrocardiograms and tests for creatine kinase-MB and troponin, using World Health

Organization and Canadian Cardiovascular Society criteria.11,12 ACS was defined as being

either AMI (including STEMI) or unstable angina.

Study outcomes included the percent of patients identified by paramedics as having ACS

who truly had ACS, i.e., patients who were “true positives,” and the proportions who had

AMI and STEMI. These proportions, and the proportion of patients identified by paramedics

as having ACS who proved not to have ACS, i.e., patients who were “false positives,” were

compared between Phases 1 and 2, adjusting for sites using the Cochran-Mantel-Haenzel

test. Phase 3 characteristics and outcomes, while also presented, were not compared

statistically with data from the other Phases because there was no pre-intervention group at

these sites to compare with the post-intervention group and thus site adjustment was not

possible.

All presented p-values are from two-sided tests, and considered statistically significant if ≤

0.05. Analyses were done using SAS for Windows version 9.2. (Cary, North Carolina)

RESULTS

Between December 1, 2006, and July 31, 2009, the 11 participating EMS systems (Table 1),

enrolled 437 subjects (Table 2). In Phase 1, 107 subjects were enrolled at four sites:

Brockton, MA; Concord, MA; Dallas, TX; and Milwaukee, WI. In Phase 2, 104 subjects
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were enrolled at these same sites. In Phase 3, 226 were enrolled at seven new sites:

Albuquerque, NM; Anchorage, AK; Bellingham, WA; El Paso, TX; Macon, GA; New

Haven, CT; and Sioux Falls, SD.

Subjects were similar across phases (Table 3), but consistent with the intended change to

have higher proportions with ACS, the mean ACI-TIPI probability of ACS significantly

increased from 48% in Phase 1 to 70% in Phase 2 (p<0.0001). Also, the proportion of

patients who met the ACI-TIPI/TPI cutoff criteria increased from 28% in Phase 1 to 73% in

Phase 2. This proportion increased to 81% in Phase 3. This also was reflected by the

enrollment of more males in Phase 2 than Phase 1 (82% vs. 56%, p<0.001) and more heart

failure in Phase 2 than Phase 1 (26% vs. 13%, p=0.02). As the intended outcome, the

proportion of subjects with confirmed ACS, was significantly higher in Phase 2 than Phase 1

(76% vs. 46%, p<0.001), and, shown in Table 4, among those with ACS, the percentages

with AMI and STEMI were significantly higher in Phase 2 than Phase 1. Using the same

intervention as in Phase 2, the proportion of subjects with confirmed ACS in Phase 3 (74%)

was similar to that seen in Phase 2, as were the proportions of those who had AMI and

STEMI.

To further explore the potential impact of the ACI-TIPI/TPI cutoff instructions,

retrospectively, among the patients so-identified by paramedics, the percentages of patients

with confirmed ACS, AMI, and STEMI were compared between subjects who actually met

the ACI-TIPI/TPI cutoff and those who did not. As shown in Table 5, the proportion of

subjects with ACS was significantly higher among those who met the ACI-TIPI/TPI cutoff

than those who did not (79.6% vs. 45.2%, p <0.0001), as were the proportions of those with

ACS who had AMI (85.8% vs. 53.0%, p<0.0001) and who had STEMI (73.0% vs. 25.8%,

p<0.0001).

DISCUSSION

When EMS is called to evaluate a patient for chest pain in the community, paramedics must

rapidly and accurately identify ACS to initiate appropriate on-site treatment. Moreover, for

STEMI, they must match the transport destination hospital with the patient’s potential need

for coronary reperfusion. For the IMMEDIATE Trial to test paramedic-administered acute

GIK treatment for ACS, the false positive diagnosis rate for ACS among those treated could

not exceed 25%. This level of performance also is needed for the effective field

implementation of EMS treatment, transport, and communication interventions for ACS,

AMI, and STEMI. Yet this is a challenge; this level of performance represents paramedics in

the field achieving a false positive rate substantially better than the 50% typical of ED

physicians.13

Electrocardiographs with built-in ACI-TIPI and TPI decision support have been shown to

improve ED physician diagnosis and treatment of ACS and STEMI, but they had not

previously been prospectively studied with paramedics in out-of-hospital settings. In testing,

the use of an ACI-TIPI cutoff probability of ACS of ≥ 75% along with the TPI in a wide

variety of EMS systems, this study demonstrated that this approach can achieve the needed

level of paramedic diagnostic performance for ACS and STEMI.
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This investigation also showed that the way ACI-TIPI is used by ED physicians to

supplement their clinical judgment, as a continuous 0–100% probability range for ACS, is

not optimal for the EMS setting. When in Phase 1, following extensive training in ECG

interpretation, ACI-TIPI, and TPI, paramedics used the 0–100% approach, their

performance was similar to that seen with ED physicians: 54.2% of their diagnoses for ACS

were false positives. While acceptable for the ED diagnosis of ACS/AMI, this is not

sufficient for use of treatments directed at ACS and STEMI in the field. Moreover, using the

0–100% continuous ACI-TIPI scale, among patients identified by paramedics as having

ACS, only 59.2% had AMI and 40.8% had STEMI, not sufficiently high proportions of AMI

and STEMI to justify EMS activating receiving hospital PCI laboratory teams. In contrast,

when the ACI-TIPI cutoff and TPI were used, these percentages increased to 85.8% and

73.0%, respectively, considered by the participating hospitals as sufficient for “STEMI

Alerts.”

With the 75% ACI-TIPI cutoff/TPI approach tested in Phase 2, the proportion of false

positives for ACS dropped to less than half, to 20.4%. Moreover, among those with ACS, in

Phase 2, a greater proportion of those identified as having ACS had AMI, 84.8%, and of

those with AMI, more had STEMI, 80.6% (68.4% of all those with ACS). This identification

of ACS, with a high proportion having AMI and STEMI, met the target of the IMMEDIATE

Trial, and would likely meet the needs for a large number of ACS-targeted treatments. From

the EMS systems’ perspectives, this met the requirements for EMS identification in the

community for treatment and transport of patients with ACS. Moreover, participating EMS

systems found the cutoff use of ACI-TIPI with TPI easy to apply in the community settings

in which paramedics must evaluate patients, and it required purchase of no additional

equipment. (To not disrupt local EMS practices for STEMI identification, including medical

control physician oversight, if in use, those patients who met local EMS “STEMI Alert”

criteria also were considered as designated by paramedics as having ACS/STEMI and

suitable for IMMEDIATE Trial enrollment and treatment.) Used in the wide range of the 11

communities’ EMS systems, and the approach had the same impact.

In this first application of this approach, paramedics did not completely adhere to the ACI-

TIPI cutoff and TPI for designation of ACS. Especially at first, in Phase 2 as they changed

from the use of the continuous ACI-TIPI score, they still included patients not meeting these

criteria. (In Phase 3, when training only included the cutoff use of ACI-TIPI, inclusion was

more selective.) Thus, to understand the potential of this approach, we retrospectively

classified all patients as if the ACI-TIPI/TPI cutoff approach had been strictly applied.

Therefore, the proportion of false positives for ACS was even lower than seen in use in the

field; 19.2%, and of patients identified as having ACS, 86.4% had AMI, of whom 84.3%

had STEMI identified (72.8% of ACS was STEMI). This suggests that although excellent

performance was achieved by just introducing to paramedics the use of the cutoff approach

with ACI-TIPI/TPI-capable electrocardiographs, it is possible that with feedback-based

improvement14 yet better performance could be achieved.

Of note, the approach used in this study’s diverse EMS systems required no special ECG

transmission equipment, systems, or staffing, caused no interference or delay in care, and

required no special training to identify STEMI. Indeed, as illustrated in Phase 3, training
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took only 1.5 hours. Deployment required only having standard ACI-TIPI and TPI software

on the EMS electrocardiographs. This approach could provide an attractive option for

communities desiring to improve EMS diagnosis of ACS and STEMI while minimizing

disruption and cost. This also could help EMS systems identify patients who should be

transported directly to PCI-capable centers, and also simultaneously identify patients for

whom such special transport for reperfusion is not warranted. This could facilitate

appropriate preparation at receiving hospitals, and could help a community use its PCI-

capable and community hospitals most effectively.

Currently, half of patients arriving at the ED with symptoms suggestive of ACS come by

EMS, and hopefully in the future, more. For these patients, emergency care starts before ED

arrival, and better recognition and treatment of ACS prehospital should lead to better

outcomes once at the hospital. Especially for seriously ill patients, the hand-off and

transition from EMS to ED and hospital care should be enhanced by having shared

information and decision support, especially for the time-sensitive treatments for ACS and

STEMI. Moreover, with better prehospital recognition of ACS and STEMI, personnel and

facilities at the receiving ED can be readied, reducing delays to treatment, including PCI.

STEMI Alert15 and Cardiac Point of Entry programs16–18 including EMS and community

hospitals in collaborative quality improvement programs have the opportunity to affect the

outcomes of STEMI care.19 The approach used in this study should support these programs

in realizing their potential.

There are several potential limitations to this study’s results. First, this trial used a before-

after quasi-experimental design, not a randomized approach. This was necessary because of

the nature of the experimental intervention and practical operations of EMS systems. Once

electrocardiographs were programmed to provide ACI-TIPI and TPI results for each patient,

and paramedics were trained to use the ACI-TIPI cutoff, it was not possible to expect them

to randomly use or not use the 75% cutoff. There was no practical other way we could

compare use of the cutoff approach to the continuous-scale approach used in EDs; the most

suitable study design was to get baseline performance measures using the usual ACI-TIPI

approach before the new approach, and then to institute the intervention. This also has the

advantage of having the same EMS systems use both approaches to allow direct assessment

of the impact of the intervention. That the impact of the intervention was seen across all sites

in Phases 1 and 2, and also when tested in yet more sites in Phase 3, supports the conclusion

that the experimental intervention was the cause for the observed change, and had a

reproducible impact.

A potential limitation is related to the fact that the prevalence of ACS and general features

of a population can vary by setting, which could limit generalizability. In this study, the

positive findings across the study’s range of towns’ and cities’ EMS systems, including

urban, suburban, and rural, provide evidence for the approach’s wide applicability. A related

potential limitation to generalizability in studies of EMS (and ED) triage and treatment can

result from limitations of inclusion criteria. For example, if only patients with chest pain are

included, the results may not apply to the 13–25% of patients with ACS/AMI who do not

have chest pain. Because the IMMEDIATE Trial considers for inclusion all patients with
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symptoms suggestive of ACS, these results should apply to community-based EMS patients

with a range of symptoms suggestive of ACS.

Another challenge of such studies related to the inclusion of all ACS, rather than only AMI

or STEMI, is that the diagnosis of ACS is harder to make definitively than the diagnoses of

AMI and STEMI. However, identifying unstable angina pectoris as part of ACS is clinically

important, not only because it has its own mortality rate, though lower than AMI, but also

because monitoring and treatment during the early high-risk period is intended to prevent

progression to AMI that may occur in about 9% of unstable angina cases. 20,21 Indeed, the

importance of addressing the care of all patients with ACS rather than only AMI and/or

STEMI led the NIH National Heart Attack Alert Program to change its initial focus on AMI

to all ACS.22 Accordingly, to maximize the clinical relevance of this study in community-

based EMS practice, we evaluated our approach for all patients with ACS.

CONCLUSIONS

This study’s results demonstrate that in a wide variety of settings, paramedic use of a cutoff-

based ACI-TIPI and TPI in out-of-hospital electrocardiographs can result in excellent

identification of ACS, including AMI and STEMI. This approach could facilitate rapid and

accurate identification of patients with ACS and AMI/STEMI in communities, and thereby

could have an important impact on care and thus clinical outcomes.
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Figure 1.
Example of Prehospital ACI-TIPI/TPI Electrocardiogram
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Table 2

Subject Enrollment by Site and Phase (N=437)

EMS Sites* Phase 1 (n=107) Phase 2 (n=104) Phase 3 (n=226)

A 36 50

B 29 30

C 33 12

D 9 12

E 61

F 35

G 34

H 25

I 26

J 23

K 22

*
Actual sites in Table 1; masked here for confidentiality
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Table 3

Subject Characteristics Stratified by Enrollment Phase (N=437)

Characteristic* Phase 1 (n=107) Phase 2 (n=104) P-value for Phases 1 vs. 2† Phase 3 (n=226)

Age (years) 60.9 ± 15.5 62.1 ± 13.5 0.54 63.5 ± 13.6

Male gender 56.1% (60) 81.7% (85) <0.0001 71.2% (161)

Hispanic ethnicity 3.7% (4) 4.8% (5) 0.70 17.0% (38)

Race 0.53

 White 72.0% (77) 68.3% (71) 77.4% (175)

 Black 20.6% (22) 22.1% (23) 8.4% (19)

 Other 3.7% (4) 1.9% (2) 4.4% (10)

 Unknown 3.7% (4) 7.7% (8) 9.7% (22)

Medical History

 Myocardial infarction 23.4% (25) 35.6% (37) 0.06 35.8% (81)

 Coronary artery bypass graft 15.9% (17) 15.4% (16) 0.92 17.3% (39)

 Congestive heart failure 13.1% (14) 26.0% (27) 0.02 15.0% (34)

 Percutaneous coronary intervention (PCI) 21.5% (23) 24.0% (25) 0.66 34.1% (77)

 Angina 21.5% (23) 14.4% (15) 0.18 8.8% (20)

 Arrhythmia 24.3% (26) 22.1% (23) 0.71 18.1% (41)

 Diabetes 29.0% (31) 28.8% (30) 0.99 26.5% (60)

 Hypertension 62.6% (67) 63.5% (66) 0.90 68.6% (155)

 Hypercholesterolemia 48.6% (52) 37.5% (39) 0.11 51.8% (117)

 Stroke 6.5% (7) 8.7% (9) 0.57 8.4% (19)

EMS Data

 Primary symptom chest pain 77.6% (83) 85.6% (89) 0.14 88.5% (200)

 Systolic blood pressure (mmHg) 145.2 ± 31.3 147.7± 35.2 0.59 142.2 ± 33.8

 Heart rate (bpm) 91.6 ± 24.9 86.1 ± 23.4 0.11 85.6 ± 25.3

 ACI-TIPI (% prediction of ACS) 48.0 ± 26.2 70.5 ± 22.7 <0.0001 79.4 ± 17.3

 TPI trigger 17.0% (18) 47.1% (49) <0.0001 37.2% (84)

 ACI-TIPI ≥ 75% or TPI triggered 27.6% (29) 72.5% (74) <0.0001 81.2% (181)

*
Data are presented as means ± standard deviations (age, blood pressure, heart rate, ACI-TIPI score) or percent (sample size) for all other

characteristics. There were missing data for some characteristics. Specifically, ethnicity data were missing for two subjects (Phase 3). Systolic
blood pressure, heart rate and the ACI-TIPI score data were missing for less than 3% of subjects. Data needed to determine if either TIPI ≥ 75 or
TPI trigger was true were missing for seven subjects (two in Phase 1, two in Phase 2, and three in Phase 3).

†
P-values are from chi-square test (gender, ethnicity, site), Fisher’s exact test (race), or t-test (age) used to compare characteristics between Phase 1

and Phase 2.
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Table 4

Diagnosis and Treatment Outcomes (N=437 total enrolled)

Confirmed Diagnosis Phase 1 Phase 2 P-value for Phases 1 vs. 2* Phase 3

All enrolled subjects N=107 N=104 N=226

 Diagnosis of ACS (True positives), % of total 45.8% (49) 76.0% (79) <0.0001 74.3% (168)

 Diagnosis of AMI, % of total 27.1% (29) 64.4% (67) <0.0001 60.2% (136)

 Diagnosis of STEMI, % of total 18.7% (20) 51.9% (54) <0.0001 48.7% (110)

Subset of Enrolled Subjects with ACS N=49 N=79 N=168

 Diagnosis of AMI, % of ACS 59.2% (29) 84.8% (67) 0.001 81.0% (136)

 Diagnosis of STEMI, % of subset 40.8% (20) 68.4% (54) 0.002 65.5% (110)

Subset of Enrolled Subjects with STEMI N=20 N=54 N=110

 PCI, % of subset 75.0% (15) 83.3% (45) 0.4 82.7% (91)

*
P-values come from the Cochran-Mantel-Haenzel test for general association controlling for site comparing confirmed diagnosis percentages

between Phase 1 and Phase 2. Phase by site interactions were tested using the Breslow-Day test for homogeneity of odds ratios for each confirmed
diagnosis outcome with none reaching significance (p>.10 for all outcomes).
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Table 5

Confirmed Diagnoses of Patients Based on Retrospective Classification of Meeting Cutoff-based Acute

Cardiac Ischemia Time-Insensitive Predictive Instrument (ACI-TIPI ≥ 75%) or Thrombolytic Predictive

Instrument (TPI) Trigger Detecting Presence of ST Elevation Myocardial Infarction (STEMI) (N=437)*

ACI-TIPI ≥75% or TPI
Triggered

ACI-TIPI ≤ 75% and TPI Did
Not Trigger p-value †

All patients with chest pain or symptoms suggesting ACS

 Proportion with ACS (True positives) 79.6% (226/284) 45.2% (66/146)
<0.0001

 Proportion not having ACS (False positives) 20.4% (58/284) 54.8% (80/146)

Patients who had ACS

 Proportion with AMI 85.8% (194/226) 53.0% (35/66) <0.0001

 Proportion with STEMI 73.0% (165/226) 25.8% (17/66) <0.0001

*
Data needed to determine if either ACI-TIPI ≥ 75% or TPI triggered were missing for seven subjects.

†
Percentages of confirmed diagnoses compared using a chi-square test.
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