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Triage and Diagnosis of Chest Pain in Rural 
Hospitals: Implementation of the ACI-TIPI 
in the High Plains Research Network

ABSTRACT
PURPOSE The Acute Cardiac Ischemia Time-Insensitive Predictive Instrument (ACI-
TIPI) has been shown to improve diagnostic accuracy of acute cardiac ischemia 
(ACI) and decrease coronary care unit admissions in urban emergency depart-
ments. The purpose of this study was to determine the impact of the ACI-TIPI on 
triage and diagnosis of patients with chest pain in rural hospitals. 

METHODS We undertook a controlled trial of the impact ACI-TIPI use in the High 
Plains Research Network (HPRN). Main outcome measures were the triage of 
patients in emergency departments (admission, transfer, or discharge home) and 
diagnostic accuracy.

RESULTS There were 1,861 patients seen during a 10-month period. Forty-fi ve 
percent of all patients complaining of chest pain were discharged home from 
the emergency department. Eight percent were transferred from the emergency 
department, and another 10% were transferred later after admission. Among 
patients with acute myocardial infarction or unstable angina, 22.2% were trans-
ferred directly from the emergency department and only 3% were discharged 
home when ACI-TIPI was available, compared with 18.7% transferred and 5.2% 
discharged home when not available (P = .4). Diagnostic accuracy was high and 
not statistically different with the addition of the ACI-TIPI score (86.8% ACI-TIPI 
off vs 89.0% ACI-TIPI on, P = .15), 

CONCLUSIONS Physicians in the HPRN provided appropriate diagnosis and triage 
to patients with chest pain. Routine addition of the ACI-TIPI score did not improve 
diagnostic accuracy or signifi cantly change triage. Further research on ACI-TIPI in 
rural hospitals is necessary before recommending routine use of the ACI-TIPI.

Ann Fam Med 2006;4:153-158. DOI: 10.1370/afm.403.

INTRODUCTION

Ischemic heart disease resulting in acute myocardial infarction leads to 
more than 1 million hospitalizations every year in the United States. 
Lack of clear diagnosis has been reported as one reason for inadequate 

use of proven treatments.1 The Acute Cardiac Ischemia Time-Insensitive 
Predictive Instrument (ACI-TIPI) assists in the diagnosis of acute cardiac 
ischemia by printing the probability (0% to 100%) on the electrocardio-
gram header that the patient is truly suffering acute cardiac ischemia). The 
ACI-TIPI has been shown to improve the diagnostic accuracy and the 
triage of patients with chest pain in urban and suburban emergency depart-
ments. Specifi cally, the ACI-TIPI has been shown to decrease unnecessary 
admissions to the hospital and coronary care unit among patients without 
true acute ischemia heart disease.2 

Because many rural and frontier hospitals have limited resources or no 
coronary care unit, patients requiring a coronary care unit admission are 
often transferred to another hospital. Unnecessary transfer from a rural 
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hospital to an urban hospital is disruptive and stressful 
for patients and their family and generates enormous 
costs. One study found that 30% to 50% of patients 
with acute cardiac ischemia are transferred at some 
point during their care.3 No data exist on the incidence 
of unnecessary interhospital transfer.

The purpose of this study was to evaluate the 
impact of the use of ACI-TIPI on triage decisions and 
diagnostic accuracy for patients coming to rural and 
frontier emergency departments with chest pain or 
other symptoms suggestive of acute cardiac ischemia. 
We hypothesized that the use of the ACI-TIPI score 
might decrease the rate of interhospital transfer for 
patients without acute ischemia while not affecting the 
admission and/or transfer decisions for patients truly 
suffering acute ischemia.

METHODS
Study Setting
Our study, a controlled trial, was conducted in the 
High Plains Research Network (HPRN) in rural north-
east Colorado. The HPRN is an integrated practice-
based research network consisting of the hospitals, 
emergency departments, ambulatory clinical practices, 
and clinicians in the northeast region of Colorado. 
The HPRN is largely rural and frontier, includes nearly 
15,000 square miles, and has a population of approxi-
mately 90,000. At the time of the study, the HPRN 
included approximately 60 family physicians, 5 inter-
nists, 12 nurse practitioners, and 15 physician’s assis-
tants. Ten hospitals participating in this study varied 
in size from 6 to 40 beds. We included 1 ambulatory 
clinic with emergency capabilities. Two hospitals had 
limited intensive care unit capabilities; however, there 
were no cardiologists whose practice was located in 
these regions, and no hospital had heart catheterization 
capabilities. All the hospitals provided thrombolytic 
therapy to appropriate patients. In the HPRN, 65% of 
patients with an acute myocardial infarction are trans-
ferred to an urban hospital.3 The closest tertiary care 
center was 50 to 180 miles away. 

Intervention
We obtained 16 electrocardiogram (ECG) machines 
on loan for the duration of the study from Agilent 
Technologies (Palo Alto, Calif; formerly Hewlett-Pack-
ard) and GE/Marquette of GE Healthcare (Waukesha, 
Wisc), the only electrocardiographic equipment with 
the ACI-TIPI software then available. Neither Agilent 
Technologies nor GE Healthcare had any input into 
research design, data analysis, reporting, or publication.

 The ACI-TIPI reporting mechanism can be turned 
on or off. When on, the ACI-TIPI software provides 

the printed probability report along with the standard 
ECG interpretation report. When off, only the stan-
dard ECG report is printed. 

We held educational sessions in each community 
during the fi rst 3 months to teach physicians, nurses, 
and emergency department staff how to operate the 
new electrocardiographic equipment and provided a 
notebook with educational materials and study pro-
tocols to each clinician and hospital. The trial was 
conducted during the next 10 months. According to 
the design of the ACI-TIPI trial, each month the hos-
pitals alternated between control (ACI-TIPI off) and 
intervention (ACI-TIPI on).2 Every ECG performed in 
the intervention months was intended to include the 
ACI-TIPI report along with the standard ECG report. 
Every ECG performed in the control months included 
only the standard ECG report. We randomly assigned 
hospitals to begin with the ACI-TIPI on or off. When 
fi nished, each site provided intervention data for 5 
months and control data for 5 months. 

Data Collected and Analysis
The following ACI-TIPI data were acquired when the 
patient had the ECG: patient age and sex; whether the 
patient had chest pain or left arm pain, and whether this 
pain was the primary complaint; and the electrocardio-
graphic computer analysis of the ECG waveforms. The 
ACI-TIPI then calculated the probability score. 

A list of patients was generated from the electro-
cardiograph memory log. Initial review was done on 
all patients who received an ECG. Approximately 70% 
of these ECGs were done for reasons other than acute 
chest pain, eg, preoperative evaluation, follow-up evalu-
ation for chronic heart disease, and so on. Thorough 
medical record review was undertaken only for those 
patients with symptoms suggestive of acute cardiac isch-
emia (eg, chest pain, pressure, tightness, radiating pain 
to the neck or jaw, unexplained shortness of breath, epi-
gastric pain, diaphoresis, weakness, or dizziness).

Data obtained included demographic variables, 
patient complaints, ECG, treatments, disposition, and 
the physician’s fi nal diagnosis using standard ICD-
9-CM? diagnostic codes. A trained medical record 
abstractor performed all record reviews at each hospi-
tal. Each patient case was reviewed, and diagnoses of 
acute cardiac ischemia were confi rmed on the basis of 
signs and symptoms, clinical course, ECGs, and serum 
cardiac biomarker tests.4 We used a modifi ed version 
of the World Health Organization criteria to confi rm 
acute myocardial infarction.4 Because many patients 
were transferred from the emergency department, we 
did not always have serial measurements of cardiac 
biomarkers and ECGs. We considered any elevated 
serum creatine kinase-MB fraction or troponin level 
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as a positive serum marker. An ECG with a report of 
ischemia or infarction was considered a positive ECG. 
A patient needed to have 2 of the 3 following indica-
tors for diagnosis of an acute myocardial infarction: 
clinical symptoms suggestive of acute cardiac ischemia, 
elevated serum cardiac biomarkers, and ECG showing 
ischemia or infarction. For unstable angina a patient 
required clinical symptoms suggestive of acute cardiac 
ischemia and a fi nal diagnosis of unstable angina by 
the attending physician. This study was approved by 
the Combined Multiple Institution Review Board at the 
University of Colorado Health Sciences Center.

We compared the rates of discharge, admission, and 
transfer between patients evaluated during intervention 
and control months. First, we dichotomized the triage 
into home from emergency department vs all other tri-
age decisions (admit, transfer, transfer after admit). Sec-
ond, we dichotomized the disposition into any transfer 
(transfer from emergency department and transfer after 
admit) vs not transferred. Based on work by Selker et 
al,2 we defi ned the following diagnostic groups and rec-
ommended triage decisions: (1) patients with acute car-
diac ischemia (acute myocardial infarction or unstable 
angina) should be admitted or transferred; (2) patients 
with stable angina could be discharged home; and (3) 
patients without cardiac ischemia could be discharged 
home. Comparison of patient characteristics between 
the control and intervention periods used t tests for con-
tinuous variables and �2 tests for categorical variables. 

We were interested in both the appropriateness of 
triage decisions among all patients and the accuracy of 
diagnosing an acute myocardial infarction. Accuracy 
was simply defi ned as the number of patients with a 
correct diagnosis or correct triage divided by the total 
sample. A formal description can be found in the Sup-
plemental Appendix, found online only at http://www.
annfammed.org/cgi/content/full/4/2/153/DC1. 
We used a Mantel-Haenszel test to compare diag-
nostic and triage accuracy between ACI-TIPI on 
and off months controlling for site of care. With 250 
patients in the intervention and control groups, this 
study has a power of 88% to detect an absolute dif-
ference in discharge rate of 10% (� = .1, 1-tailed test, 
change in discharge home rate from 25% to 35%).

RESULTS
Table 1 displays the patient demographics and com-
pares them between months when ACI-TIPI was on 
and months when ACI-TIPI was off. No differences in 
patient demographics were found. Eighty-one percent 
had chest pain as their chief complaint. Nearly 97% of 
all patients had serum cardiac markers obtained in the 
emergency department. Greater than 99% of patients 
had an ECG in the emergency department. Overall, 
45.4% of patients in this study were discharged home 
from the emergency department, 8% were transferred 
directly from the emergency department, 10% were 

admitted to the rural hospital then 
transferred in the subsequent days, 
and 36% were admitted to and cared 
for exclusively in the rural hospital.

Table 2 displays the triage and 
disposition for patients with various 
diagnoses. In patients with a fi nal 
diagnosis of no acute cardiac isch-
emia, there was no signifi cant change 
in the rate of discharge home from 
emergency department when ACI-
TIPI was available. For patients with 
acute cardiac ischemia (ICD-9-CM 
410, 411) there was a small, nonsig-
nifi cant decrease in the percentage of 
patients inappropriately discharged 
home (5.2% ACI-TIPI off vs 3.0% 
ACI-TIPI on, P = .4). Patients with 
acute ischemia were appropriately 
hospitalized 97% of the time. By far, 
the largest group of patients was the 
group who complained of chest pain 
but were not having acute ischemia. 
Nearly one half of these patients 
were admitted to the hospital. Most 

Table 1. Demographics and Diagnosis of Patients 
With Acute Cardiac Symptoms

Demographic 
Characteristics

2001-2002
Control

ACI-TIPI Off
(n = 994)

2001-2002
Intervention
ACI-TIPI On
(n = 867) P Value

Sex, %

Female

Male

51.1

48.9

53.4

46.6

.3

Age, mean y 62.3 61.4 .7

Race, %

White

Black

Hispanic

Other or unable to determine

81.8

 0.3

 9.7

 9.2

81.5

 0.1

10.8

 7.6

.4

Final diagnosis, %

Acute myocardial infarction 
(ICD-9-CM 410)

Acute cardiac ischemia 
( ICD-9-CM 410, 411)

Stable angina (ICD-9-CM 413)

Noncardiac or not acute ischemia

 

 7.8

13.8

 3.4

82.8

 5.8

11.7

 2.0

86.3

.1

ACI-TIPI score, mean 28.0 24.6 .5

ACI-TIPI = Acute Cardiac Ischemia Time-Insensitive Predictive Instrument; ICD-9-CM = International Classifi -
cation of Diseases, 9th edition, Clinical Modifi cation.
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patients with an acute myocardial infarction were 
transferred to a tertiary care hospital, and there was no 
difference in overall transfer rate associated with the 
availability of the ACI-TIPI score. 

In 8 of the 11 facilities the diagnostic accuracy for 
acute myocardial infarction improved during months 
when the ACI-TIPI was used (Table 4). For all hospitals, 
however, the average diagnostic accuracy was not statis-
tically different (86.8% ACI-TIPI off vs 89.0% ACI-TIPI 
on, P = .15). The true-positive rate remained essentially 
the same (3.9% ACI-TIPI off, 4.0% ACI-TIPI on). The 
true-negative rate increased from 82.9% to 85.0%. As 
expected from previous research, the false-positive rate 
decreased from 13.2% to 9.7%. Unfortunately, the 
false-negative rate increased from 0% to 1.3%. Only 3 
(2.3%) patients with an ICD-9-CM diagnosis of acute 
myocardial infarction (410) were discharged from the 
emergency department. One additional patient that met 
clinical criteria for an acute myocardial infarction was 
discharged home. Because there were only a few cases at 
each hospital, no change reached statistical signifi cance. 

DISCUSSION
The purpose of this study was to determine the impact 
of providing the ACI-TIPI score on triage and diag-
nostic accuracy for patients complaining of chest pain 
to rural and frontier hospitals. We found that the ACI-
TIPI score had no statistically signifi cant impact on tri-
age or diagnostic accuracy. The small changes in triage 
and diagnostic accuracy we noted were consistently in 
the same direction of improving clinical care. Because 
of the small sample size for each diagnostic category, 
however, these changes did not reach statistical signifi -
cance. Overall, diagnostic and triage accuracy were at 
or above that reported in previous studies.2,5

Unfortunately, there was no change in the triage 
among patients without acute ischemia. Although 
many patients with chest pain have other diagnoses 
that require hospitalization (pneumonia, heart fail-
ure, upper gastrointestinal bleeding), only a small 
proportion of patients without acute ischemia were 
transferred (11%), roughly equivalent to the rate of 
admission to the coronary care unit among patients 

Table 2. Triage and Disposition of Patients With Acute Cardiac Symptoms

Triage and Disposition Characteristics

2001-2002
Control

ACI-TIPI Off

2001-2002
Intervention
ACI-TIPI On

Home From 
Emergency 
Department 
vs All Others

P Value 

Any Transfer 
vs No Transfer 

P Value

No. of patients without acute cardiac ischemia 807 730 .4 .2

Transfer from emergency department, % 5.6 6.8

Transfer after admit, % 5.1 6.1

Admit, no transfer, % 36.1 35.9

Home from emergency department, no transfer, % 53.2 51.2

No. of patients with myocardial infarction 
(ICD-9-CM 410)

78 50 .8 .7

Transfer from emergency department, % 19.2 24.0

Transfer after admit, % 53.8 46.0

Admit, no transfer, % 24.4 28.0

Home from emergency department, no transfer, % 2.6 2.0

No. of patients with unstable angina (ICD-9-CM  411) 56 49 .3 .3

Transfer from emergency department, % 17.9 20.4

Transfer after admit, % 37.5 24.5

Admit, no transfer, % 35.7 51.0

Home from emergency department, no transfer, %  8.9 4.1

No. of patients with acute cardiac ischemia 
(ICD-9-CM 410, 411) 

134 99 .4 .2

Transfer from emergency department, % 18.7 22.2

Transfer after admit, % 47.0 35.4

Admit, no transfer, % 29.1 39.4

Home from emergency department, no transfer, %  5.2 3.0

No. of patients with stable angina (ICD-9-CM  413) 33 17 .2 .4

Transfer from emergency department, % 3.0 0.0

Transfer after admit, % 18.2 11.8

Admit, no transfer, % 54.6 47.0

Home from emergency department, no transfer, % 24.2 41.2

ACI-TIPI = Acute Cardiac Ischemia Time-Insensitive Predictive Instrument; ICD-9-CM = International Classifi cation of Disease, 9th Edition, Clinical Modifi cation.
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without acute ischemia in ACI-TIPI research in urban 
hospitals (7% to 15%).2 

The patients in our study were similar in age, sex, 
and chief complaint to patients in previous studies on 
ACI-TIPI.2 Nearly all patients had ECG and serum 
cardiac enzyme testing implying that these patients 
were indeed considered by the treating physician as 
potentially having acute ischemic heart disease. Only 
4 patients who met clinical criteria for acute myocardial 
infarction were discharged home from the emergency 
department, a rate similar to that found in previous 
research.2 Unfortunately, we have no follow-up data on 
this group of patients to determine fi nal diagnosis and 
outcome. 

In a rural hospital without 
advanced cardiac services, trans-
fer may be viewed as a treatment 
option, as is the use of aspirin, 
β-blockers, and thrombolytics. 
Although there are evidence-
based guidelines for the medical 
treatments of acute myocardial 
infarction, there are no guidelines 
aiding the decision of whether 
to transfer a patient suffering 
from acute cardiac ischemia. 
Transfer appears to be a complex 
decision and was not dramati-
cally altered by the additional 
diagnostic information obtained 
using the ACI-TIPI program. Fur-
ther research on the relationship 

of hospital, physician, and patients factors related to 
transfer may help identify patient groups most likely 
to benefi t from transfer. 

There were several limitations to this study. First, 
the newest version of the ACI-TIPI requires that the 
ECG machine print 2 complete 12-lead ECG reports, 
one with a traditional interpretation and a second with 
the ACI-TIPI score. We found several occasions in 
which the physician was not seeing the ECG report 
with the ACI-TIPI score. The ACI-TIPI score could be 
bypassed by a manual override, and we heard of several 
occasions where this was done and no score was gener-
ated. We suggest that the ACI-TIPI score be part of 
the standard ECG printout. Second, we have no way 
of knowing when the ACI-TIPI score was actually used 
by the physician to help with the diagnosis and triage. 
Comments about the ACI-TIPI score were not a rou-
tine part of the patient record. 

Third, because we had so few patients with any 
specifi c diagnosis, the changes we found in diagnostic 
accuracy and triage did not reach statistical signifi -
cance. We anticipated more patients with each diag-
nosis and a larger effect size. Our rate of acute cardiac 
ischemia (13%) was lower than previously reported 
(17.5%).2 For patients without acute ischemia (n = 
1,537), we had 90% power to detect a 7.5% abso-
lute change in triage, but we found only a 2% to 3% 
change in triage in this group. For patients with acute 
ischemia (n = 233) we needed a 20% absolute change 
in triage to have 90% power to detect a signifi cant 
change, but found only a 2% to 8% change in triage. 
Given the total sample, we had 90% power to detect 
a 4.4% change in diagnostic accuracy. A larger study 
or one with prospective data collection and determina-
tion on the actual use of the ACI-TIPI score is needed 
to determine whether ACI-TIPI improves outcomes 

Table 3. Rate of Triage Accuracy With and Without the Use of ACI-TIPI

Condition

2001-2002
Control

ACI-TIPI Off
(n = 974)

2001-2002
Intervention
ACI-TIPI On 
(n = 846)

% 
Change

P 
Value

Acute myocardial infarction 
(ICD-9-CM 410)

97.4 98.0 +0.6 .8

Unstable angina 
(ICD-9-CM 411)

91.1 95.9 +4.8 .3

Acute cardiac ischemia 
(ICD-9-CM 410, 411)

94.7 97.0 +2.3 .6

Stable angina (ICD-9-CM 413) 24.2 41.2 +17 .5

Not acute cardiac ischemia 52.1 50.8 -1.3 .6

ACI-TIPI = Acute Cardiac Ischemia Time-Insensitive Predictive Instrument. ICD-9-CM = International Classifi cation 
of Disease, 9th Edition, Clinical Modifi cation.

Note: Based on work by Selker et al2 we defi ned the following diagnostic groups and recommended triage deci-
sions: (1) patients with acute cardiac ischemia (acute MI or unstable angina) should be admitted or transferred, 
(2) patients with stable angina could be discharged home, and (3) patients without cardiac ischemia could be 
discharged home.

Table 4. Rate of Diagnostic Accuracy for 
Acute Myocardial Infarction With and Without 
the Use of ACI-TIPI 

Hospital

2001-2002
Control

ACI-TIPI Off
(n = 974)

2001-2002
Intervention
ACI-TIPI On 
(n = 846) % Change

Hospital 1 88.8 90.7 +1.9

Hospital 2 80.0 87.5 +7.5

Hospital 3 85.7 88.5 +2.8

Hospital 4 92.2 90.0 -2.2

Hospital 5 85.5 87.7 +2.2

Hospital 6 91.6 93.6 +2.0

Hospital 7 93.9 95.2 +1.3

Hospital 8 70.0 100.0 +30.0

Hospital 9 82.6 87.1 +4.5

Hospital 10 82.8 79.4 -3.4

Hospital 11 85.1 83.7 -1.4

All hospitals* 86.8 89.0 +2.2

ACI-TIPI = Acute Cardiac Ischemia Time-Insensitive Predictive Instrument.

* P = .15.
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in rural hospitals. Finally, because we did not abstract 
the charts at urban hospitals where patients were 
transferred, we were unable to confi rm acute myocar-
dial infarction in some patients. There may have been 
patients transferred with a diagnosis of acute myocar-
dial infarction who had a different fi nal diagnosis from 
the urban hospital. From a previous study we found 
that 83% of patients transferred with a diagnosis of 
acute myocardial infarction had a fi nal diagnosis of 
acute myocardial infarction or unstable angina.3 

The diagnostic accuracy of acute myocardial infarc-
tion has been a concern in previous research.6-8 We 
found that because so many patients who appear to 
have acute myocardial infarction get transferred, the 
rural hospital data are often insuffi cient to meet the 
standard WHO criteria for a formal diagnosis of acute 
myocardial infarction. We chose a conservative measure 
for the diagnosis of acute myocardial infarction and 
found excellent overall agreement between the ICD-9-
CM diagnosis of acute myocardial infarction and the 
clinical diagnosis of acute myocardial infarction. Most 
disagreement between ICD-9-CM diagnosis and clinical 
diagnosis was an error in overdiagnosing acute isch-
emia or infarction even when the patient did not meet 
clinical criteria. Defi ning an acute myocardial infarc-
tion among transferred patients will continue to be a 
research dilemma and deserves further investigation. 

The benefi t of this study is that it was a real-life 
implementation and effectiveness trial of the ACI-TIPI 
in rural hospitals. It included only the type and amount 
of education that would occur in a typical nonresearch 
setting, which may not be adequate to fully educate 
physicians about the interpretation and benefi t of the 
use of the ACI-TIPI score. This type of research points 
to the value of a practice-based research network that 
can collect and aggregate data on important medical 
conditions for rural primary care physicians. 

Physicians in the HPRN diagnosed acute cardiac 
ischemia and triaged patients accurately. The use of the 
ACI-TIPI did not appear to have a signifi cant impact 
on the triage and diagnosis for patients with chest pain. 
Inclusion of the ACI-TIPI score into the standard ECG 
interpretation report may make it easier to use. Con-
ducting this type of study in more rural sites may pro-
vide a sample suffi cient to detect statistically signifi cant 
changes in triage and diagnostic accuracy. 

To read or post commentaries in response to this article, see it 
online at http://www.annfammed.org/cgi/content/full/4/2/153.
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