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summary 

Background: Accurate and cost-effective evaluation of 
acute chest pain has been problematic for years. The high 
prevalence of missed myocardial infarctions (MI) has led to 
conservative triage behavior on the part of physicians, leading 
to expensive admissions to coronary care units. New algo- 
rithms are sorely needed for more rapid and accurate triage of 
patients with chest pain to appropriate treatment settings. 

Hypothesis: We sought to test an algorithm for rapid diag- 
nosis of MI and acute coronary syndromes using cardiac tro- 
ponin I (cTnI) and myoglobin as adjuncts to creatine kinase 
(CK)-MB. We hypothesized our algorithm would be both 
sensitive and specific at early time points, and would allow 
safe stratification of patients not ruling in by conventional 
CK-MB criteria. 

Methods: This was a 6-month prospective study of 505 
consecutive patients who presented with chest pain at a uni- 
versity-affiliated veteran's hospital. The percentage of MIS 
at various time points was identified using combinations of 
markers. Safety outcomes were assessed by follow-up of pa- 
tients discharged home. Cost savings analysis was assessed by 
surveying the physicians as to whether the use of the algo- 
rithm affected their disposition of patients. Forty-nine patients 
ruled in for MI. Using the combination of cTnI, 2-h doubling 
of myoglobin, and CK-MB, 37 (76%) ruled in at the time of 
presentation, 43 (88%) at 2 h, and 100% by 6 h. 
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Results: Cardiac troponin I plus a 2-h myoglobin was as ac- 
curate as the combination of all three markers and performed 
better than CK-MB in detecting patients presenting late and as 
a predictor for complications when CK-MB was normal. Of 
the 456 patients with normal markers after 6 h, only 140 were 
sent to the coronary care unit (CCU), and 176 were sent home. 
A %month follow-up showed minimal adverse events. One- 
half of physicians completing a survey stated the use of mark- 
ers changed their disposition of patients, leading to an estimat- 
ed 6-month cost savings of a half-million dollars. 

Conclusions: We developed an algorithm using troponin I 
and myoglobin as adjuncts to usual CK-MB levels that al- 
lowed for rapid and accurate assessment of patients with acute 
MI. It also afforded physicians important input into their deci- 
sion making as to how best to triage patients presenting with 
chest pain. Their comfort in sending home certain subgroups 
of patients who otherwise would have been admitted to the 
CCU was rewarded with a good short-term prognosis and a 
large cost savings to the hospital. 
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Introduction 

Accurate and cost-effective evaluation of acute chest pain 
in the emergency department has been recognized as prob- 
lematic for well over a decade.'" The high prevalence of 
missed myocardial infarctions (MIS) and the associated liti- 
gation potential has led to increased apprehension on the part 
of physicians, often causing them to err on the side of conser- 
vative admi~sion.~, In addition, the expense of evaluating 
patients without MI in the coronary care unit (CCU) has in- 
creased to an estimated $10 to $13 billion annually in the 
United  state^.^ 

Because newer tests appear to detect MI accurately in its 
acute stages, accelerated diagnostic protocols for evaluation of 
chest pain have become feasible.lG18 We hypothesized that 
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strategically sampled levels of creatine kinase (CK)-MB, car- 
diac troponin I (cTnI), and myoglobin would allow for the 
rapid and accurate diagnosis of acute MI and would aid the 
physicians in their clinical decision making with regard to pa- 
tient triage and stratification. 

Methods 

Preliminary studies with cTnI were approved by the Univer- 
sity of California, San Diego, Committee on Human Subjects. 

Algorithm 

In the 6-month period (October 1996 to March 1997) we 
prospectively evaluated 505 consecutive patients for chest 
pain felt to be consistent with myocardial ischemia or MI. 
Blood was drawn at times 0,2,6, and 12 h. At 0 h (time of pre- 
sentation to our hospital), patients were considered to have an 
MI if either cTnI was > 1.5 ng/ml or CK-MB was > 9 ng/ml; 
these patients were sent to the CCU. If patients presented with 
< 6 h of chest pain, a second sample for myoglobin was drawn 
2 h after the initial presentation. Barring another reason for 
myoglobin to be increased (skeletal muscle injury, hemolysis, 
etc.), a doubling of serum myoglobin from baseline was con- 
sidered indicative of MI, and those patients were also admitted 
to the CCU. Myoglobin levels > 85 ng/ml were considered el- 
evated, and a doubling had to have reached at least 160 ng/ml 
to be considered positive. At 6 and 12 h of presentation, pa- 
tients were considered to have an MI if either cTnI was 1 l .5 
ng/ml or CK-MB was > 9 ng/ml. 

In patients admitted for suspected MI, ultimate diagnosis 
necessitated elevation of the standard of reference (CK-MB 
> 9 ng/ml). In the 10 cases of patients presenting with delay in 
symptoms (> 48 h), where CK-MB could no longer substanti- 
ate MI, diagnosis was made by evidence of new wall motion 
abnormality on echocardiography or an ulcerated or occlusive 
coronary artery demonstrated at the time of angiography. 

The patients with elevated cTnI > 0.6 ng/ml, but with nor- 
mal or minimally elevated CK-MB, and who had not had 
chest pain for > 48 h before coming to the hospital were con- 
sidered to have minor myocardial damage and were admitted 
to the hospital, mostly to the CCU. These patients were treat- 
ed at the discretions of their physicians and followed up at 
6 months. 

In patients in whom enzymes were negative by 12 h, MI 
was considered to be ruled out. Likewise, if a patient present- 
ed with chest pain of more than 6 h duration, an MI was felt 
to be unlikely if the initial set of markers was negative. At any 
time physicians could triage patients to appropriate settings 
based on clinical suspicion and/or electrocardiographic 
(ECG) changes. Physicians filled out surveys at the time of 
disposition as to whether the algorithm played a major role in 
their clinical decision-making. Patients discharged home 
from the emergency room were followed up within 3 months 
by phone call, letter, or chart review. 

Assays 

Blood (about 2-3 ml) was collected in green top tubes con- 
taining heparin and was centrifuged before analysis. All three 
enzymes were assayed using the Opus Plus Analyzer (Be- 
hring Diagnostics, Westwood, Mass.). Turnaround time for 
the three assays combined was approximately 20 min. The 
cost of each assay was approximately $8.00. All assays were 
based on the principle of two-site or sandwich immunoassay, 
using two goat polyclonal antibodies purified to recognize dif- 
ferent polypeptide segments unique to the cardiac isoform of 
cTnI, CK-MB, or myoglobin. 

Statistical Analysis 

Accuracy of single or combination of myocardial markers 
at each time period was recorded as the percentage with 95% 
confidence intervals (CI). Comparisons between the different 
combinations of markers were made using the McNemar test, 
with an alpha of 0.05 for statistical significance. 

Results 

A flow sheet of patient flow in our algorithm is presented in 
Figure 1. In all, 505 patients (495 men, 10 women) presented 
with chest pain during the 6-month study period. Of these, 
62% had their cardiac markers drawn within the first 6 to 12 h 
of onset of chest pain. Forty-nine patients subsequently ruled 
in for MI. Eight patients (four of whom received thrombolytic 
therapy) had ST elevation at the time of presentation, the other 
41 subsequently ruled in with non Q-wave infarctions. 

Using our panel of three markers, 37 of 49 infarcts were un- 
covered at the time of admission (sensitivity 76%; CI 64- 
88%) (Fig. 2, Table I). The addition of 2-h myoglobin (Fig. 3, 
Table I) added six more infarctions, so that within 2 h of pre- 
sentation 43 of 49 infarctions were detected (sensitivity 88%, 
CI 77-100%). The algorithm required that samples be drawn 
at least through the 12-h study period. By 6 h of presentation, 
however (Fig. 3, Table I), the algorithm detected all 49 infarc- 
tions (sensitivity 100%). The negative predictive value of our 
combination of markers was 97% (68-90%) at 0 h and 99% 
(98-100%) at 2 h. 

At the time of presentation, elevations of cTnI were seen in 
37 of 49 patients subsequently proved by other criteria to have 
MIS (sensitivity 76%, CI 6448%) (Fig. 3, Table I). This com- 
pares with only 24 patients whose infarction was detected by 
an elevated CK-MB (49% sensitivity, CI 36-62%, p < 0.001). 
In the 13 patients ruled in by cTnI but not CK-MB at 0 h, 10 
were due to delayed patient presentation. The other three pa- 
tients ruled in by CK-MB at a later time point. 

At 6 h, cTnI was positive in all 49 patients in whom an MI 
was ultimately substantiated either by CK-MB elevation, or 
new left ventricular dysfunction (sensitivity 100%) (Fig. 3, 
Table I). Of the 49 patients, 35 had high CK-MB at 6 h (sensi- 
tivity 7 1%, CI 58-84%) and 39 of 49 were CK-MB+ by 12 h 
(sensitivity 80%, CI 7141%). Thus, there were four patients 
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FIG. 1 San Diego Veterans Administration cardiac marker protocol-patient flow sheet. Myo = myoglobin. Other abbreviations as in Table I. 

who ruled in by cTnI by 6 h but who did not rule in by CK-MB 
elevation until the 12-h blood draw. The specificity and nega- 
tive predictive values for cTnI and CK-MB combined exceed- 
ed 90% at 0 and 6 h. The negative predictive value of cTnI at 
6 h was 100%. 

There were 27 patients who had elevated cTnI levels but 
normal CK-MB; ten were late presentations of MI. The other 

3-month follow-up 

Q-wave: 0 

FIG. 2 Disposition of patients who ruled out for myocardial infarc- 
tion (MI) (normal enzymes at 6 h). Once an MI was ruled out. physi- 
cians were then given the choice of disposition of patients to the 
coronary care unit, telemetry, the ward, or home. Approximately 
50% of physicians surveyed felt the new marker protocol played a 
major role in their decision making. Patients discharged from the 
emergency room to their home were followed up within 3 months by 
phone call, letter, or chart review. MICU = medical intensive care 
unit, DOU = direct observation unit. 

I7 patients were classified as “minor myocardial damage,” 
and were characterized by prolonged chest pain, often at rest, 
persistent ST changes, and high-grade eccentric stenoses at 
coronary angiography. Six-month follow-up revealed 10 
deaths, many of which were directly or indirectly cardiac re- 
lated, including three coronary artery bypass graft (CABG) 
procedures and one subsequent MI. 

M yoglobin 

In patients presenting with < 6 h of chest pain, and in whom 
a 0-h cTnI or CK-MB was negative, myoglobin was drawn 
again 2 h after the initial presentation. A doubling of myo- 
globin at 2 h was seen in 6 of the remaining 12 infarcts (sensi- 
tivity SO%, CI 22-78%) (Fig. 3, Table I). Most of these false 
negatives had elevated 2-h myoglobin that had not quite dou- 
bled from the original values, which were in themselves often 
higher than normal. These patients had a slightly longer time 
until presentation ( S 4  h vs. 2-5 h). All patients who subse- 
quently ruled in for MI and who presented within 6 h of chest 
pain and had a normal baseline myoglobin had subsequent 
doubling at 2 h. The specificity of the 2-h myoglobin was 
100%. with a negative predictive value of 99%. 

The present study, using only the combination of cTnI plus 
a 2-h doubling of myoglobin, detected as many infarctions as 
the combination of cTnI, myoglobin, and CK-MB (Fig. 3, 
Table I) .  At 2 h the combinations of cTnI and myoglobin de- 
tected 43 of 49 infarcts (sensitivity 88%, CI 77-loo%), com- 
pared with only 29 of 49 infarcts using CK-MB plus myo- 
globin (sensitivity 60%, CI 4&74%, p < 0.001). 
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TABLE 1 Accuracy of markers at 0,2 and 6 h 

Treatment #MIS Sensitivity (%) Specificity (%) PPV (%) NPV (%) 

Accuracy of markers at 0 h Combination 37/49 76 (64-88) 98 (97-99) 79 (68-90) 97 (96-98) 
cTnI only 37/49 76 (64-88) 98 (97-99) 79 (68-90) 97 (96-98) 

Accuracy of markers at 6 h Combination 49 100 98 (97-99) 83 (74-92) 99 (98-100) 
CK-MB only 24/49 49 (32-62) 100 100 94 (92-96) 

cTnI only 49 100 98 (97-99) 83 (7492) 100 
CK-MB only 35 71 (58-84) 99(98-100) 99(9&100) 97(95-99) 

Accuracy of markers at 2 h Combination 43/49 88 (77-100) 98 (97-99) 81 (71-91) 99(98-100) 
Myoglobin doubling 6/12 50 (22-78) 100 86 (60-100) 99 (98-100) 
cTn1 + myoglobin 

CK-MB + myoglobin 
doubling 43/49 88 (77- 100) 98 (97-99) 81 (71-91) 99(98-100) 

doubling 29/49 60 (46-74) 100 100 94 (9 1-97) 

For 0 and 6 h, data recorded for combination of all three markers, cTnI only, and CK-MB only as the percentage with 95% confidence intervals. 
For 2 h data recorded for combination of all three markers, 2-h myoglobin doubling, cTnI elevation plus myoglobin doubling, and CK-MB eleva- 
tion plus myoglobin doubling as the percentage with 95% confidence intervals. 
Abbreviutions: PPV =positive predictive value, NPV =negative predictive value, MI = myocardial infarction, cTnI =cardiac troponin 1, CK-MB 
= creatine kinase-MB. 

Disposition of Patients Whose Cardiac Panel Was Normal: 
Cost Savings Analysis 

Figure 2 shows the disposition of patients with normal car- 
diac enzymes. Patients were triaged whenever their physicians 
felt they had obtained enough information to make an appro- 
priate disposition. Clinical decision making was also based on 
history, physical examination, and ECG findings. No patient 
with > 6 h of chest pain was discharged home unless enzymes 
were also normal. 

FIG. 3 Comparative accuracy of markers in acute myocardial in- 
farction (MI). Figure depicts the percentage of MIs diagnosed at 0,2, 
6, and 12 h. Time represents number at the point when markers were 
first drawn. The straight line depicts results using all three markers 
(any marker positive) and the boxes represent various combinations 
of markers. 

Of the 455 patients who ruled out for MI, only 127 had been 
sent to one of the intensive care units: 88 had been sent to a 
telemetry unit, 54 to the ward, and 186 were discharged home. 
Figure 2 shows that in a 3-month follow-up (> 90% response 
rate), only one patient suffered a non-Q wave MI. 

About one half of the physicians completing the survey stat- 
ed that they were aided in their clinical decision making by 
having the algorithm available. In other words, in about one 
half of the cases, patients who normally would have been ad- 
mitted to the CCU were admitted elsewhere or sent home. Our 
cost savings analysis was based on the assumption that half the 
total number of patients either sent home or admitted to anon- 
CCU setting might have been admitted to the CCU had the al- 
gorithm not been available. Our estimated 6-month cost sav- 
ings based on a typical 3-day stay for chest pain (one day each 
in CCU ($2,160.00 per day), telemetry ($1,400.00 per day), 
and the ward ($650.00 per day) was $496,000.00 for the 6- 
month period. The cost of the markers on an individual basis 
was less than that for the previous use of total CK plus CK-MB 
($8.00 vs. $15.00). Not included in this analysisis the potential 
savings incurred by not misdiagnosing an MI. 

Discussion 

We developed and prospectively tested an algorithm using 
both troponin I and myoglobin as adjuncts to CK-MB for di- 
agnosing acute MI at a university-affiliated veteran’s hospital. 
This algorithm allowed rapid and accurate assessment, diag- 
nosing all infarcts within 6 h of admission, with 6-h specifici- 
ty and sensitivities of better than 98%. It also afforded physi- 
cians important input into their clinical decision making as to 
how best to triage patients presenting with chest pain. Their 
comfort in sending certain subgroups of patients home who 
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otherwise would have been admitted to the CCU was substan- 
tiated by a good short-term prognosis for these patients. In ad- 
dition, use ofthis algorithm was extremely cost effective, with 
an estimated 6-month saving of half a million dollars. This fig- 
ure does not include the ultimate cost in those patients who, 
without use of the algorithm, might have been discharged only 
to suffer an MI at home. 

Why Use Cardiac Troponin I? 

While just as sensitive as a CK-MB for infarction, cTnI 
is more specific for the heart, thereby negating the influences 
of skeletal muscle involvement that might be seen in trauma, 
renal failure, or postoperatively. 19-29 Cardiac troponin I also 
remains elevated longer, usually up to 10-14 days.20 Recently 
it has also been shown that cTnI is an important prognostic 
indicator in patients presenting with unstable angina, even 
when CK-MB is not e l e ~ a t e d . l ~ \ ~ & ~ ~  Our study supports that 
notion. We had 17 patients with elevated cTnI in whom CK- 
MB levels were normal. By 6 months 10 had died, many hav- 
ing suffered cardiac complications. We have labeled this group 
of patients as having “minor myocardial injury.” Thrombotic 
microembolization from ruptured atherosclerotic plaques are 
thought to be the underlying cause in many of these patients.3s 

Myoglobin as an Adjunct in Diagnosing Myocardial 
Infarction 

Myoglobin is a low-molecular-weight protein present in 
cardiac and skeletal muscle, and while sensitive for cardiac 
death within the first 2 4  h, is not specific for myocardial 
death.16.. 2s, 3h In the absence of skeletal muscle injury and re- 
nal failure, however, serial myoglobin testing has been helpful 
in diagnosing acute MI.16.2s*3M1 Of 59 patients who present- 
ed to a community hospital with chest pain, serum myoglobin 
elevation at 3 h identified all 2 1 patients with MI:’ More im- 
portant, a lack of doubling of myoglobin over a short time pe- 
riod had a high negative predictive value for MI. 

The present study was not designed to evaluate isolated ele- 
vations of myoglobin seen in patients over the course of their 
evaluation; rather, we studied the value of a doubling of myo- 
globin in patients who presented within the first 2-6 h of chest 
pain. If initial cTnI or CK-MB was positive, or if a patient pre- 
sented with chest pain >6 h, a 2-h myoglobin was not mea- 
sured. We found myoglobin to be extremely beneficial as an 
adjunct in diagnosing MI. A doubling of myoglobin at 2 h was 
seen in 6 of the remaining 12 patients who eventually ruled in 
for MI (sensitivity 50%). There were no cases in which myo- 
globin doubled after 2 h and in which the patient did not subse- 
quently prove to have an MI by CK-MB and cTnI. Thus, the 
specificity and positive predictive value of a 2-h doubling of 
myoglobin in the present study were 100%. While falsely ele- 
vated myoglobin levels might be seen in patients with con- 
comitant skeletal muscle injury, trauma, or bums,16,25.29,40 no 
patients with those descriptors were seen in the present study. 
The likely reason for the 50% sensitivity in our study was that 
most patients had initial elevations of myoglobin so that the 2- 

h level, while increased, did not meet the doubling criteria. 
However, when an initial myoglobin was normal in a patient 
presenting within 4-6 h of chest pain, the lack of a doubling of 
myoglobin ruled out MI in 100% of those patients. While the 
narrow window of myoglobin elevation limits its usefulness, it 
nevertheless has important implications for treatment of pa- 
tients. On the basis of our study, one could be reasonably sure 
that if a patient presented to the emergency room with chest 
pain of 14 h, two nonrising myoglobins over a 2-h period 
would exclude MI. 

Conclusion: The San Diego Veterans Administration 
Algorithm 

This study was prospectively designed for the reliable and 
accurate diagnosis of patients with acute MI and intermediate 
coronary syndromes. The use of all three markers allowed us a 
wide window (2 h to more than a week) in which to make the 
correct diagnosis. Unlike many other studies, we received di- 
rect input from the treating physicians as to the utility of hav- 
ing the markers available in each case as an adjunct to their 
clinical decision making. Their responses suggest this algo- 
rithm was of great utility in making appropriate triage deci- 
sions. Furthermore, the favorable prognosis in those patients 
sent home, as well as the large cost savings, suggest that this al- 
gorithm was successful in its endeavor. All three markers 
proved valuable in different ways. They can be run rapidly, 
easily, and inexpensively. The next generation of point-of-care 
markers will be multipanel quantitative assays. The newly ap- 
proved Triage Cardiac Panel, for example (Biosite Diagnos- 
tics, San Diego, Calif.), is a portable fluorescence immunoas- 
say which provides myoglobin, CK-MB, and CTnI results in 
about 15 min.36 

Finally, this algorithm is a highly accurate and efficient way 
to triage patients presenting with chest pain. It holds great 
promise, when used in the setting of the clinical history and 
ECG, to offer better care to our patients at a fraction of the usu- 
al cost. 
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