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Abstract

Introduction: Paramedics play a vital role in the diagnosis of acute myocardial infarction (AMI). Rapid bedside cardiac markers
(RBCMs) are an additional tool that may be used to identify patients with AMI and non-diagnostic ECGs.

Study Objectives: This study was performed to determine if paramedics can identify patients with AMI by using 12-lead ECG
and RBCMs.

Methods: In this multi-center trial, 12-lead ECGs and RBCMs were performed before arrival to the emergency department (ED).
AMI was identified if either pre-hospital 12-lead ECG or RBCM were positive.

Results: Of the 247 enrolled patients, 28 (11.3%) patients were identified with AMI in the pre-hospital setting. Of the 9 AMI
missed by EMS, all had initial pre-hospital negative RBCMs but subsequent positive RBCMs in the ED.

Conclusion: Paramedics can identify AMI in the pre-hospital setting using 12-lead ECG and RBCMs.
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INTRODUCTION

In the United States, more than one million people
experience acute myocardial infarctions (AMIs) each year.
Approximately half of these individuals die and about 30%
never even reach a hospital. 1 Many experimental and

clinical studies have shown that early mobilization of
hospital resources results in early reperfusion with
thrombolytic therapies and the ultimate salvage of
myocardium. 2,4 Pre-hospital detection of AMI using a 12-

lead electrocardiogram (ECG) reduces morbidity and
mortality associated with AMI. 2,3,4

To achieve early reperfusion, the goal is to make a pre-
hospital diagnosis of AMI and communicate this diagnosis
with the emergency physician. 5 Pre-hospital diagnosis of

AMI reduced the average 60 minute emergency department
(ED) wait time for thrombolytics to 22 minutes. 6 However,

it is well known that a 12-lead ECG indicates AMI only 50%
of the time. 7,8,9 Therefore, the use of point-of-care rapid

bedside cardiac markers (RBCMs) may be vital to detecting
additional patients who are experiencing an AMI.

Many studies have performed a 12-lead ECG in the pre-
hospital setting, 2,6,10,11 but the use of RBCMs in conjunction

with the 12-lead ECG has not been performed to the best of
our knowledge. The objective of this pilot study was to
determine if paramedics can identify patients with chest pain
who are experiencing AMI by using the combination of 12-
lead ECGs and RBCMs as diagnostic tools in the pre-
hospital setting.
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METHODS

With the approval of the St. Francis Hospital Institutional
Review Board and the Illinois Department of Public Health,
this multi-center study includes advanced life support (ALS)
providers from five fire departments and five area hospitals
in the St. Francis Emergency Medical Services (EMS)
System. The St. Francis EMS System is located in the
northern and northwestern suburbs of Chicago. In this
prospective observational study, we examined the ability of
paramedics to enroll patients with non-cardiac chest pain,
draw and read RBCMs, and obtain and fax a 12-lead ECG
after a training intervention. Extensive training was provided
to all paramedics involved in this study. Prior to this study,
the paramedics in the St. Francis EMS System have only
used the 3-lead ECG monitor system and have not used
RBCMs.

The objective and protocols were discussed with the
paramedics. The proper technique of obtaining an ECG and
RBCMs was demonstrated to the paramedics. They then
performed each procedure to demonstrate their proficiency
including send ECG recordings via cellular fax. Each
paramedic completed a competency exam. Continuing
education was performed every two months during the
study.

The RBCMs included a qualitative test with a platform of
myoglobin, troponin I, and CKMB. We followed the
guidelines per the package insert.

The paramedics enrolled all consecutive non-traumatic
patients complaining of chest pain over the age of 18. All
run sheets were reviewed by the EMS Medical Officers to
ensure all patients who met inclusion criteria were included.
Written consent was obtained. A 12-lead ECG was
performed, and once the paramedics established intravenous
access, blood was drawn and put into the well of a RBCM.
The paramedics interpreted the tests as positive if a purple
band appeared on either the myoglobin and CKMB areas
and/or myoglobin and troponin I areas. Each test must have
had a purple line appear at the internal control to validate the
positive and negative test results. These results were
interpreted within 15 minutes to avoid any false-positive
readings. The results of the RBCMs were communicated via
radio to the Emergency Physician, while the ECGs were
transmitted to the ED via a cellular fax system. AMI by ECG
was defined as ST-segment elevation >0.1 mm in two
consecutive precordial leads or >0.2 mm in two consecutive
limb leads, significant Q waves >0.4mm, which were

thought to be new, and a new left bundle branch block
(LBBB). With the paramedics reporting RBCM results and
the Emergency Physicians interpreting the ECG, a teamwork
approach led to pre-hospital identification of the patient with
an AMI.

The patient was considered to be positive for AMI with
positive myoglobin and CKMB or positive myoglobin and
troponin I even if the ECG was non-specific for ischemia
(non ST elevation myocardial infarction – NSTEMI).
Additionally, if the above RBCMs were negative but the
ECG had a positive finding, that patient would be considered
positive for AMI. All data was collected prospectively and
analyzed.

RESULTS

A total of 252 consecutive patients (114 female, 138 male)
were enrolled. Of these patients, complete follow-up was
achieved for 247 patients (Figure 1).

Figure 1

Figure 1

In the pre-hospital setting, of the 247 total patients, 17
(6.9%) showed positive ECGs. Of these 17 patients with
positive ECGs, 9 (3.6%) exhibited negative RBCMs. Of the
247 patients, 19 (7.7%) patients showed positive RBCMs.
Of these 19 patients with positive RBCMs, 11(4.5%)
displayed negative ECGs. Because 8 (3.2%) patients
revealed positive ECGs and positive RBCMs while 20
(8.1%) patients showed positive ECGs or positive RBCMs, a
total of 28 (11.3%) patients had positive ECGs and/or
positive RBCMs. As a result, these 28 patients were
identified with AMI in the pre-hospital setting.

In the ED, of the 247 total enrolled and followed patients, 37
(15%) had positive ECGs and/or positive cardiac markers.
The 19 patients with positive qualitative RBCMs in the field
were confirmed with positive quantitative cardiac markers in
the ED. The 9 patients with only positive ECGs in the field
were confirmed with positive ECGs and positive RBCMs in
the ED. In addition to those 28 patients who were identified
as AMI in the pre-hospital setting, 9 (3.6%) other patients
were diagnosed with AMI in the ED. Of these 9 AMIs with
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non-diagnostic ECGs and RBCMs in the field, all had
subsequent positive RBCMs in the ED. All 9 cases
additionally had non-diagnostic ECGs in the ED.

DISCUSSION

To decrease the morbidity and mortality of patients, time
must be decreased in four key areas commonly referred to as
the 4 Ds: arrival at the ED (Door), acquiring an ECG (Data),
decision to use thrombolytics or mechanical reperfusion
(Decision), and administration of appropriate drugs (Drugs).

10 In an effort to decrease the time in the areas of the 4 Ds,

pre-hospital ECGs and RBCMs are significant diagnostic
tools. With successful reduction of the four deadly Ds, it is
conceivable to diagnose a patient prior to reaching a
hospital, expedite treatment, and save precious time and
functional myocardium in this subset. 11

This pilot study has shown that it is feasible to diagnose
AMI with the use of 12-lead ECGs and RBCMs in the pre-
hospital setting. Unlike the previous pre-hospital 12-lead
investigations, 10,12 this study has targeted a population that

may have been missed by using the ECGs alone: the 11
patients (4.5%) with positive RBCMs and non-diagnostic
ECGs.

Another advantage of a pre-hospital and pre-treatment ECG
is to make the diagnosis of AMI before treatment begins as

treatment may cause improvement in the ECG. 12;13 If the 1st

ECG is not done until presentation to the ED, it is difficult to
know if the patient improved after treatment thus leading to
normalization of the ECG. Thus, with a pre-hospital ECG,
we can improve our accuracy by diagnosing AMI prior to
treatment. 12 Additionally, identifying more patients with

AMI can maximize treatment and decrease mortality. 10

By comparing the pre-hospital ECG with the ED ECG the
clinician can see if initial treatment in the field caused
improvement.

One potentially negative aspect of the use of RBCMs in the
field is that it may be too early in the patient's infarct to
exhibit positive findings. RBCMs are not useful if the onset
of chest pain is less than 2 hours. 14 This process can lead to

a theoretical false sense of security if the RBCMs are noted
to be negative by paramedics. As seen in these results, 9
patients showed negative RBCMs in the field, which
converted to positive when obtained in the ED.

Finally, with the combination of pre-hospital ECGs and

RBCMs we can improve the accuracy of the pre-hospital
diagnosis of AMI. If paramedics can consistently diagnose
AMI in the field, emergency physicians can move forward
with confidence in activating hospital protocols for rapid
reperfusion. 5,15

STUDY LIMITATIONS

This was a feasibility study to see if paramedics can use the
combination of 12-lead ECG and RBCMs for advanced
emergency physician diagnosis of AMI. As patients were not
treated in the field based on results of the 12-lead ECG and
RBCMs, no comment is offered on potential improvement of
outcomes.

Time was not observed; therefore conclusions regarding
time to assessment, diagnosis, and treatment cannot be
made.

Other chief complaints that may have included a final
diagnosis of AMI, such as difficulty breathing, heartburn,
nausea, or weakness, were not included in this study. As a
result, in the pre-hospital setting those patients with other
chief complaints who had an unrecognized AMI may have
been missed 16.

CONCLUSIONS

In this pilot study, paramedics with appropriate training can
identify AMI in the pre-hospital setting using 12-lead ECG
and RBCMs.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the hospitals and fire
departments of the St. Francis EMS System for their
collaboration. We attribute their motivation to the success of
this study.

Evanston F.D. - Evanston Hospital
Glenview F.D. - Glenbrook Hospital
Lincolnwood F.D. - Holy Family Hospital
Skokie F.D. - Rush North Shore Hospital
Wheeling F.D. - St. Francis Hospital

CORRESPONDENCE TO

Shahriar Dadkhah, M.D., M.B.A. St. Francis Hospital
Resurrection Healthcare 800 Austin Ave, Suite 304W
Evanston, IL 60202 (847)864-6666 (847)864-0088 fax
dadkhahsc@aol.com

References

1. Shriver K: Centers aim to cut MI misdiagnoses.



Now Evaluate Chest Pain with 12 Lead Electrocardiograms and Rapid Assays for Early Recognition of
Myocardial Infarction in the Ambulance (NEW ERA)

4 of 5

Mod.Healthc. 1996;%19;26:32-33.
2. Weaver WD, Cerqueira M, Hallstrom AP, et al:
Prehospital-initiated vs hospital-initiated thrombolytic
therapy. The Myocardial Infarction Triage and Intervention
Trial. JAMA 1993;270:1211-1216.
3. Anonymous Long-term effects of intravenous
thrombolysis in acute myocardial infarction: final report of
the GISSI study. Gruppo Italiano per lo Studio della
Streptochi-nasi nell'Infarto Miocardico (GISSI). Lancet
1987;2:871-874.
4. Anonymous Randomized trial of intravenous
streptokinase, oral aspirin, both, or neither among 17,187
cases of suspected acute myocardial infarction: ISIS-2.
ISIS-2 (Second International Study of Infarct Survival)
Collaborative Group. Lancet 1988;2:349-360.
5. Selker HP, Zalenski RJ, Antman EM, et al: An evaluation
of technologies for identifying acute cardiac ischemia in the
emergency department: a report from a National Heart
Attack Alert Program Working Group. Ann.Emerg.Med
1997;29:13-87.
6. Foster DB, Dufendach JH, Barkdoll CM, Mitchell BK:
Prehospital recognition of AMI using independent
nurse/paramedic 12-lead ECG evaluation: impact on in-
hospital times to thrombolysis in a rural community hospital.
Am.J.Emerg.Med 1994;12:25-31.
7. Keffer JH: The cardiac profile and proposed practice
guideline for acute ischemic heart disease. Am.J.Clin.Pathol.
1997;107:398-409.
8. Hamm CW, Goldmann BU, Heeschen C, Kreymann G,
Berger J, Meinertz T: Emergency room triage of patients
with acute chest pain by means of rapid testing for cardiac
troponin T or troponin I. N.Engl.J.Med
1997;337:1648-1653.
9. Goldman L, Cook EF, Brand DA, et al: A computer

protocol to predict myocardial infarction in emergency
department patients with chest pain. N.Engl.J.Med
1988;318:797-803.
10. Canto JG, Rogers WJ, Bowlby LJ, French WJ, Pearce
DJ, Weaver WD: The prehospital electrocardiogram in acute
myocardial infarction: is its full potential being realized?
National Registry of Myocardial Infarction 2 Investigators.
J.Am.Coll.Cardiol. 1997;29:498-505.
11. Kereiakes DJ, Gibler WB, Martin LH, Pieper KS,
Anderson LC: Relative importance of emergency medical
system transport and the prehospital electrocardiogram on
reducing hospital time delay to therapy for acute myocardial
infarction: a preliminary report from the Cincinnati Heart
Project. Am.Heart J. 1992;123:835-840.
12. Aufderheide TP, Hendley GE, Woo J, Lawrence S,
Valley V, Teichman SL: A prospective evaluation of
prehospital 12-lead ECG application in chest pain patients.
J.Electrocardiol. 1992;24 Suppl:8-13.:8-13.
13. Weaver WD, Eisenberg MS, Martin JS, et al: Myocardial
Infarction Triage and Intervention Project--phase I: patient
characteristics and feasibility of prehospital initiation of
thrombolytic therapy. J.Am.Coll.Cardiol. 1990;15:925-931.
14. Roth A, Malov N, Bloch Y, et al: Assessment of a
creatine kinase-MB/myoglobin kit in the prehospital setting
in patients presenting with acute nontraumatic chest pain: the
"Shahal" experience. Crit Care Med 1999;27:1085-1089.
15. Aufderheide TP, Kereiakes DJ, Weaver WD, Gibler WB,
Simoons ML: Planning, implementation, and process
monitoring for prehospital 12-lead ECG diagnostic
programs. Prehospital.Disaster.Med 1996;11:162-171.
16. Grimm RH, Jr., Tillinghast S, Daniels K, et al:
Unrecognized myocardial infarction: experience in the
Multiple Risk Factor Intervention Trial (MRFIT).
Circulation 1987;75:II6-II8



Now Evaluate Chest Pain with 12 Lead Electrocardiograms and Rapid Assays for Early Recognition of
Myocardial Infarction in the Ambulance (NEW ERA)

5 of 5

Author Information

Shahriar Dadkhah, M.D.
St. Francis Hospital, Resurrection Healthcare

Scott C. French, M.D.
St. Francis Hospital, Resurrection Emergency Medicine Residency Program, Resurrection Healthcare, Resurrection Medical
Center

Cynthia E. Fisch-Cook, R.N., M.B.A., M.P.H.
St. Francis Hospital, Resurrection Healthcare

Eric Cook, D.O.
St. Francis Hospital, Resurrection Healthcare

Mary Ann Miller, R.N.
St. Francis Hospital, Resurrection Healthcare

Stu B. Chan, M.D, M.S.
Resurrection Emergency Medicine Residency Program, Resurrection Medical Center

Glenn E. Aldinger, M.D.
St. Francis Hospital, Resurrection Emergency Medicine Residency Program, Resurrection Healthcare, Resurrection Medical
Center


