Original article Kardiovaskulare Medizin 2001;4:170-8

D. Fournet, C. Lovis, M. Picard-Kossovsky,
P.-E Unger, |.-M. Gaspoz

Department of Internal Medicine,
Geneva University Hospitals,

Geneva,
Switzerland

Summary

Diagnostic accuracy of qualitative
rapid bedside immunoassays
for ruling out acute myocardial

infarction in daily emergency
room settings
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Principles: Newly developed qualitative rapid
bedside immunoassays for markers of cardiac
injury represent a promising tool for emer-
gency decision making in patients with chest
pain, but they have been tested mainly in con-
ditions of clinical investigation. We prospec-
tively evaluated in ordinary clinical settings the
accuracy of two of these tests, the Cardiac Sta-
tus™ and the TROPT sensitive, for diagnosing
acute myocardial infarction.

Methods: 83 patients who presented to the
emergency department of a large public teach-
ing hospital, within 12 hours of chest pain,
were evaluated. Bedside tests and their corre-
sponding plasma quantitative assays (myoglo-
bin, CK-MB [mass], and troponin I) were rou-
tinely performed on admission and three times
during the eight following hours. Handling of
the bedside tests and interpretation of their re-
sults were achieved by ordinary nurses of the
emergency department staff, that had been
trained for it.

Results: 43 (52%) patients had a final diagno-
sis of acute myocardial infarction, based on
electrographic and enzymatic criteria defined
by the World Health Organization; unstable
angina pectoris was diagnosed in 6 (7%) other
patients, chronic ischemic heart disease in 15
(18%), pericarditis in 2 (2.5%) and non-car-
diac chest pain in 17 (20.5%). Mean + SD time

between the onset of symptoms and arrival at
the emergency department was 7 + 11 hours
and median time 3 hours. Upon arrival, the
sensitivities of the bedside tests for diagnosing
myocardial infarction were 35% for myoglo-
bin, 14% for CK-MB mass and 9% for tro-
ponin T, while they were 72% (p <0.01), 42%
(p <0.004), and 28% (p = 0.03) for corre-
sponding plasma quantitative assays; specifici-
ties were similar for both methods: 80-90%
for myoglobin; 100% for CK-MB mass; and
90-100% for troponin I and T. Eight hours af-
ter admission, sensitivities of the bedside tests
were 54% for myoglobin, 40% for CK-MB
mass, and 20% for troponin T, while they
were 81% (p <0.05), 81% (p <0.01) and 73%
(p <0.001), respectively, for their laboratory
counterparts. Then, at all times, sensitivities of
the bedside tests were mostly significantly
lower than their laboratory counterparts,
whereas their specificities were comparable.
Conclusions: Qualitative bedside tests were of
little help for ruling out acute myocardial in-
jury under usual clinical conditions. A new
generation of such tests, allowing quantitative
measurements, may improve their diagnostic
accuracy.
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Introduction

Principes: Les nouveaux tests immunologiques
rapides au lit du patient pour la mesure des
marqueurs de lésion cardiaque représentent un
outil décisionnel prometteur chez les patients
consultant pour douleurs thoraciques, mais
leur validité a été essentiellement démontrée
en conditions d’investigation clinique. Nous
avons donc évalué deux de ces tests parmi les
plus récents, le Cardiac Status™ et le TROPT
sensitive, pour le diagnostic d’infarctus aigu du
myocarde en conditions cliniques habituelles.

Méthodes: nous avons évalué 83 patients qui
se sont présentés au service des urgences d’un
grand hopital universitaire dans les 12 heures
suivant la survenue de douleurs thoraciques.
Les tests rapides qualitatifs au lit du patient et
leurs équivalents quantitatifs de laboratoire
(myoglobine, CK-MB massiques et troponine
I) ont été effectués de routine a I’admission,

“ainsi qu’a trois reprises dans les huit heures sui-

vantes, et leurs résultats comparés. La mani-
pulation des tests rapides ainsi que I’interpré-
tation de leurs résultats ont été effectuées par
les infirmiéres du service des urgences, spécia-
lement entrainées a cet effet.

Résultats: le diagnostic d’infarctus aigu du
myocarde a été retenu chez 43 patients (52 %),
sur la base des criteres électrocardiographiques
et enzymatiques définis par I’Organisation
Mondiale de la Santé, alors que 6 des patients
(7%) ont présenté un angor instable, 15 (18%)
une cardiopathie ischémique chronique, 2
(2,5%) une péricardite et 17 (20,5 %) une dou-
leur thoracique d’origine non-cardiaque. La

durée moyenne (= déviation standard) séparant
’apparition des symptdmes de I’arrivée au ser-
vice des urgences était de 7 + 11 heures (durée
médiane: 3 heures). A ’admission, les sensibi-
lités des tests rapides au lit du patient étaient
de 35% pour la myoglobine, 14% pour la CK-
MB massique et 9% pour la troponine T, alors
que celles des tests quantitatifs de laboratoire
correspondants étaient de 72% (p <0,01), 42 %
(p <0,004) et 28% (p = 0,03), respectivement;
par contre, les spécificités étaient similaires
pour les deux méthodes: 80-90% pour la myo-
globine, 40% pour les CK-MB massiques et
90-100% pour les troponines T et I. Huit
heures apres I’admission, les sensibilités des
tests rapides au lit du patient étaient de 54%
pour la myoglobine, 40% pour les CK-MB
massiques et 20% pour la troponine T, contre
Si1% (p=005), Sl% (v <OOI) e 735% (®
<0,01) pour les tests de laboratoires respectifs
correspondants. A chaque étape, les sensibili-
tés des test rapides au lit du patient se sont donc
révélées significativement inférieures a celles
des tests quantitatifs de laboratoire correspon-
dant, alors leurs sensibilités se sont avérées
similaires.

Conclusions: les tests rapides qualitatifs au lit
du patient sont de peu d’utilité pour écarter le
diagnostic de nécrose myocardique en condi-
tions ordinaires d’urgence. Une nouvelle géné-
ration de ces tests, permettant une mesure
quantitative de ces différents marqueurs, de-
vrait améliorer leur efficacité.

Ischaemic heart disease remains the principal
cause of death in industrialized countries and
its consequences account for the consumption
of vast economic ressources [1]. The goal of
emergency therapy is to salvage myocardium,
and this objective is best achieved when inter-
ventions occur early relative to the onset of
acute clinical symptoms [2].

The ECG has remained the unquestioned stan-
dard for initiation of thrombolytic therapy and
management is well established when typical
ECG changes are present|[3, 4]. In many cases,
however, the ECG alone is not sufficient for de-
cision making, because of atypical changes,
presence of paced rhythms or bundle-branch
blocks [1, 3, S]. It is in these situations that re-
sults of cardiac enzymes levels are the most
helpful [1, 6]. For several years, creatine kinase
and its MB isoenzyme have been regarded as

reference standards for biochemical diagnosis
of acute myocardial infarction (AMI), with im-
provements in both sensitivity and specificity
by the recent development of mass monoclonal
antibody assays [1, 6, 7]. Measurement of
serum myoglobin, a new highly sensitive, but
non-specific marker, had been widely advo-
cated, especially because of the excellent pre-
dictive value of a negative result[1]. A new gen-
eration of serodiagnostic tests simultaneously
appeared with the measurement of the cardiac-
specific contractile proteins troponin T and
troponin I, that show superior diagnostic ac-
curacy [1, 8]. Troponins have been shown to
not only have a prognostic value in patients
with acute coronary syndromes [4, 6, 7], but
also to allow identification of a high risk sub-
group of patients most likely to benefit from
early and more aggressive interventions [9].
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Thus, techniques allowing fast results of the
serum levels of each marker seem very appeal-
ing.

Rapid bedside immunoassays have been devel-
oped for Troponins T and I, as well as for cre-
atine kinase MB mass and myoglobin. The use
of these diagnostic kits seems to be easier and
faster than the conventional analytic tech-
niques, and could represent a promizing tool
for emergency decision making [4, 7, 10].
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However, most studies having demonstrated
their validity have been performed in condi-
tions of clinical investigation, using specially
trained nurses [4, 7, 10, 11]. Thus, we decided
to prospectively evaluate in ordinary clinical
settings two recent qualitative, whole blood,
bedside, rapid immunological assays, the Car-
diac Status™ and the TROPT sensitive, for
their diagnostic accuracy in patients presenting
to the emergency department with chest pain.

Patients

The study population consisted of 83 patients who presented be-
tween July 1996 and February 1997, at the emergency department
of a 1200-bed public teaching hospital. To be eligible, patients had
to have experienced acute chest pain within 12 hours of the emer-
gency department visit, that was not consecutive to trauma (x-ray
confirmed) or that was not associated with acute pulmonary edema
on admission.

Study protocol

The study protocol was approved by the ethics committee of the
hospital. The study was conducted in a single blinded fashion by the
nurses-of the emergency room staff that had been trained in the han-
dling of the bedside tests. Test procedures including interpretation
of results were taught to the nurses of the staff by a trained physi-
cian during four general lessons, and individually later on; they per-
formed them as part of their ordinary duties, and no specific nurses
were assigned to this task. Neither the physician nor the biochemist
involved had access to the individual values of the cardiac marker
tested on an individual patient. Markers’ results did not alter the
management of the patients, which was provided similarly as for all
patients with acute coronary syndromes.

Each patient underwent a 12-lead ECG on admission. Patients were
followed until discharge from the hospital, and clinical data in-
cluding history, findings of physical examination, discharge diag-
noses, electrocardiograms and biochemical tests were recorded.

Analytic techniques

For qualitative determination of serum cardiac troponin T, we used
the TROPT sensitive, a whole blood, bedside, rapid immunologi-
cal assay device (Boehringer Mannheim, Germany). This assay uses
a cardiospecific monoclonal antibody for troponin T, which is la-
beled with biotin, and a second, gold-labeled cardiospecific mono-
clonal antibody, which binds to a different epitope of troponin T.
Immunocomplexes are then immobilized in a streptavidin microtiter
plate that constitutes the reading zone. After addition of 120 to 150
pl of whole, venous, anticoagulated blood, the turnaround time of
the assay is 20 minutes. Positivity is detected by the eye as a colored
band that develops in the reading zone of the kit at troponin T lev-
els >0.1 pg/l. Results are then classified as positive, negative or un-
certain.

For simultaneous qualitative determination of serum myoglobin
and CK-MB (mass), we used the Cardiac Status™, a whole blood,
bedside, rapid immunochromatographic assay device (Spectral Di-
agnostics, Toronto, Canada). This device incorporates a collection-
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separation membrane system to separate erythrocytes from plasma,
followed by a dye-based immunochromatographic assay using the
plasma after a run over filtration paper incorporated in the car-
tridge. A volume of 150 pl of heparinized whole blood was applied
with a micropipet according to the instructions of the manufacturer.
After three minutes, the separation membrane system was removed
and the elution buffer was added to the cartridge sample area. At
abnormal concentrations of a marker, antibody-marker complexes
bind to matching immobilized antibodies on the test strip, forming
brown-red bands that are visible in a result window. This window
contains an area for CK-MB, one for myoglobin and a control area
to indicate successful transfer of plasma to the result window and
development of the colored band. The result has to be read quali-
tatively, as either normal, abnormal or uncertain, after exactly 15
minutes. According to the manufacturer, the test reads positive when
CK-MB is elevated above 5 pg/l and when myoglobin is elevated
above 50 pg/l.

For the quantitative determination of myoglobin, we used a Stratus
IT Dade analyser, based on a sandwich-tape immunodosage, with an
upper reference limit of 90 pg/l, which is the upper reference limit
in our laboratory.

For the quantitative determination of total creatine kinase and its
MB isoenzyme activity, we used a BM/Hitachi 717 colorimeter, with
an upper reference limit of 270 international units per liter (U/l) in
men and 150 international units per liter (U/l) in women.

For quantitative determination of serum CK-MB (mass), we used
a Stratus II Analyser (Dade, Miami), based on a immuno-enzymo-
fluorimetric method, with an upper reference limit of 7 pg/l, which
is the upper reference limit in our laboratory.

For quantitative detection of serum troponin I, we used a Stratus Il
analyser too, with an upper reference limit of 0.6 ug/l.

The Cardiac Status™ (CK-MB [mass]/myoglobin) panel and the
TROPT sensitive (troponin T) were routinely performed on admis-
sion and repeated four times after two, four and eight hours, re-
spectively, if both tests were not simultaneously positive. If they
were, the sampling stopped. At the same times, and for each newly
performed rapid test, quantitative measurements of plasma total CK
(enzymatic activity), CK-MB (mass), myoglobin, troponin I and cre-
atinin were achieved. The Cardiac Status™ was considered positive
only if both CK-MB (mass) and myoglobin were simultaneously
positive. Blood samples for quantitative measurements were col-
lected in standard test tubes containing heparin (Li* or Na*), and
most of them were analyzed immediately. If specimens were to be
stored, the plasma obtained following centrifugation was refriger-
ated at 2-8 °C for storage periods shorter than 24 hours. For longer
periods of time, samples were kept at temperatures below =20 °C.



Definitions

Unstable angina pectoris was defined as type IB (new onset of se-
vere angina or accelerated angina without rest pain, that develops
in absence of extracardiac conditions) or IIIB (angina at rest within
48 hours, that develops in absence of extracardiac conditions) ac-
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Statistical analysis

cording to Braunwald’s classification [12]. Acute myocardial in-
farction was considered to be present if patients met the electro-
graphic and/or enzymatic criteria defined by the World Health
Organization [13] (creatine kinase activity >270 U/l in men and
>150 U/l in women, or creatine kinase-MB >10% of creatine ki-
nase activity, or creatine kinase (mass) >7 ug/l).

Results

Sensitivities and specificities between bedside tests and laboratory
tests were compered using a chi-square test or a Fisher’s exact test,
when appropriate. P values of less than 0.05 were considered to in-
dicate statistical significance.

Table 1

Characteristics
of the study patients.

Table 2

Discharge diagnoses.

17

Characteristics of the patients
and final diagnoses

The clinical characteristics of the 83 study pa-
tients, their usual medication and their ECG
findings upon admission are described in Table
1. They were predominantly male, with a mean

age of 70 years. On admission, 31 (37%) of
them presented with significant ST segment el-
evation on the ECG, 19 (23 %) with significant
ST segment depression and 11 (13 %) with con-
duction disturbances; 13 (16%) of them had a
prior history of myocardial infarction.

Table 2 shows the discharge diagnoses of the
study patients. Of 83 consecutive patients, 43
(52%) had a final diagnosis of acute myocar-
dial infarction. Among the other 40 patients,

Hgberctpancss . unstable angina pectoris was diagnosed in 6

M aae D) s (7%), known chronic ischaemic heart disease

bl 51 (61%) in 15 (18%), pericarditis in 2 (2%) and non-

Prior myocardial infarction 13 (16%) cardiac chest pain in 17 (20%).

Cardiovascular risk factors: Patients with confirmed AMI had the follow-
Arterial hypertension 42 (51%) ing mean + SD peak values of serum enzymes
Diabetes mellitus 18 (27%) levels: total CK: 840 + 789 U/l, (€I ilEs 1L1L7
T 38 (46%) + 95 U/l; CK MB mass: 120 + 178 pg/l; myo-
o 17 20%) globin: 906 + 1129 pg/l; troponin I: 28 + 53
Family history of ischaemic heart disease 25 (30%) pg/l o 5 ¥

For patients with unstable angina, the corre-

oI eameng sponding levels were: total CK: 97 + 77 U/l; CK
L i MB mass: 0.5 + 0.9 pg/l; myoglobin: 58 + 32
Beta blockers - pg/l; troponin I: 0.2 + 0.3 pg/l (CK MB enzy-
Calcium antagonists 9 (11%) matic activity was not measured for these pa-
Nitrates 26 (31%) tients, because of normal total CK values).
ACE inhibitors 21 (25%)

Digoxine Ol
s 2 2%) Laboratory test results
Diuretics 16 (19%) Dk S :
e Table 3 showg the sensitivity, specificity, posi-
. tive and negative predictive values of the labo-
i e AL ratory tests results, based on the positivity cri-
Sheenmndpietn 0.l oy 10 teria defined in the methods. Serum myoglo-
Other ST-T changes s bin, creatine-kinase MB (mass) and troponin |

Diagnosis all patients (n = 83) men (o =51) women (n = 32)

Acute myocardial infarction 43 (52%) 32462.7 %) 11 (34.4%)

Unstable angina pectoris 6 (7%) 31(5.9%) 3(9.4%)

Known chronic ischaemic heart disease 15 (18%) 4 (7.8%) 11 (34.4%)

Pericarditis 2 (2%) 2:(859906)) 0

Non cardiac chest pain 17 (20%) 10 (197 %) 7 (21.8%)
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Table 3 Time myoglobin CK-MB mass troponin I
Sensitivity, specificity, TO sensitivity 72% 42% 28%
g?:;tiic"gvae“ja;fia(‘;v\j) specificity 80% 100% 92%
of laboratory tests: positive PV 79% 100% 80%
negative PV 73% 61% 54%
12 sensitivity 82% 66% 51%
specificity 84% 100% 94%
positive PV 84% 100% 89%
negative PV 82% 74% 65%
T4 sensitivity 83% 72% 65%
specificity 82% 100% 94%
positive PV 83% 100% 92%
negative PV 82% 80% 73%
T8 sensitivity 81% 81% 73%
specificity 82% 100% 94%
positive PV 81% 100% 92%
negative PV 81% 84% 78%

T0, T2, T4 and T8 represent blood samples on admission, and 2, 4 and 8 hours after, respectively.

Table 4 Time myoglobin CK-MB mass troponin I cardiac status
Sensitivity, specificity, TO sensitivity 35% 14% 9% 9%
b specificity 97% 100% 100% 100%
predictive values (PV)
of bedside tests. positive PV 94% 100% 100% 100%
negative PV 58% 52% 51% 51%
T2 sensitivity 46% 24% 13% 20%
specificity 97% 100% 100% 100%
positive PV 98% 100% 100% 100%
negative PV 63% 55% 52% 54%
T4 sensitivity 55% 34% 16% 29%
specificity 99% 100% 100% 100%
positive PV 99% 100% 95% 100%
negative PV 67% 58% 52% 57%
T8 sensitivity 54% 40% 20% 33%
specificity 98% 100% 99% 100%
positive PV 97 % 100% 94% 100%
negative PV 66% 61% 53% 58%

T0, T2, T4 and T8 represent blood samples on admission, and 2, 4 and 8 hours after, respectively.

were measured on admission (T0), and 2 (T2),
4 (T4) and 8 (T8) hours later. The mean time
between onset of symptoms and arrival at the
emergency room for patients with chest pain in
our hospital was 7 = 11 hours and the median
time 3 hours. For each marker, sensitivity for
diagnosing acute myocardial infarction rose
progressively along time, and was maximal
8 hours after admission for CK-MB mass and
troponin I, with values of 81% and 73 %, re-
spectively. Myoglobin maximal sensitivity was
reached earlier (4 hours after admission: 83 %)
and was the highest of the 3 markers on ad-
mission, as well as at 2 and 4 hours; 8 hours

after admission, myoglobin sensitivity, how-
ever, was comparable to CK-MB mass sensi-
tivity (81%). Specificity was 100% for CK-MB
mass.at each measurement but ranged from 92
to 94% for troponin I. As expected, myoglo-
bin specificity was lower than the 2 other car-
diac specific markers’s, ranging from 72% to

84%.

Bedside tests results

Table 4 shows the sensitivity, specificity, posi-
tive and negative predictive values of the bed-

175



Discussion

Original article

Kardiovaskulire Medizin 2001;4: Nr 3

Table 5 Time TO 02 T4 T8
Statistical analysis (p value)  Myoglobin sensitivity p=0.01 p <0.01 p=02 p = 0.046
of the sensitivities and speci- w i T % =
S T specificity p =008 p=0.06 p = 0.005 p =0.09
compared with the labora- CK-MB mass  sensitivity p = 0.004 p <0.001 p <0.001 p <0.001
tory tests, for the different o = e b1 D0
cardiac markers.

Troponin sensitivity p=0.03 p <0.001 p <0.01 p <0.001

specificity =02 B= 05 p=10 p=06

Sensitivities and specificities of the laboratory tests are reported in table 3;
those of the bedside test are reported in table 4.

Troponin T (bedside test) is compared with troponin I (laboratory test).
TO, T2, T4 and T8 correspond to the blood samples on admission,

and 2, 4 and 8 hours later, respectively.

side tests results, based on the positivity crite-
ria defined in the methods. Serum myoglobin,
creatine-kinase MB (mass) and troponin T
were measured on admission (T0), and 2 (T2),
4 (T4) and 8 (T8) hours later. As mentioned
earlier, the Cardiac Status™ panel was consid-
ered as positive only if both myoglobin and
CK-MB mass were simultaneously positive.
Sensitivity of myoglobin, CK-MB mass and
troponin T rose progressively along time, from
35%,14% and 9%, respectively, on admission,
to 54%, 40% and 20%, respectively, eight
hours later. At all times, myoglobin sensitivity
was higher than the one of the other markers.
Specificities were high for all markers and at all
times, particularly so for CK-MB mass and tro-
ponin T. As a result, the positive predictive val-
ues of the bedside tests were very high, while
their negative predictive values were low.

Comparison between laboratory
and bedside tests results

In comparison with corresponding laboratory
tests results (laboratory troponin I was com-
pared with bedside troponin T), all sensitivities
of the bedside tests were most of the time sig-

nificantly lower than their laboratory counter-
parts. On the other hand, specificities of the
bedside tests were closer to the ones of the lab-
oratory tests for each marker, at each mea-
surement, and even higher for CK-MB mass,
troponin T and myoglobin.

Table 5 shows the p values corresponding to
comparison of the sensitivities and specificities
of the bedside tests with those of the labora-
tory tests, for the different cardiac markers. For
each marker except troponin, and at each time
period, the bedside tests results were compared
with the corresponding laboratory tests results;
troponin T bedside test results were compared
with troponin I laboratory test results.

P values reflect significantly lower sensitivities
for most results of the bedside tests compared
with their corresponding laboratory tests.
There was only one exception: the sensitivities
of myoglobin 4 hours after admission were not
significantly different between bedside and
laboratory tests. On the other hand, there were
no statistically significant differences for speci-
ficities between bedside tests and laboratory
tests results, with the only exception of myo-
globin, on admission and 4 hours later, whose
specificities were significantly higher than their
laboratory counterparts.

_
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Our results are expressed in relation to time of
arrival at the hospital. The mean +SD time be-
tween onset of symptoms and arrival at the
emergency room department for patients with
chest pain in our hospital was 7 + 11 hours (me-
dian time 3 hours). Accordingly, our results for
the laboratory tests are roughly similar to those
published in the general literature, at least
when comparable parameters are explicitly
mentioned [14, 16].

Concerning bedside tests, our results showed
no statistically different or worse specificities
compared with those of the laboratory tests,

but their sensitivities were significantly differ-
ent and dramatically lower than expected. Sev-
eral experimental studies [4, 7, 10, 17, 18] had
clearly established the accuracy of bedside
tests; in these studies, however, specific re-
search nurses had been assigned to their han-
dling and reading. In our study, we chose to
evaluate these tests under ordinary clinical set-
tings, i.e when read by ordinary nurses of an
emergency department, who had been exposed
to the training of the handling of the kits, as
recommended by the manufacturer. Thus, the
poor accuracy of the bedside tests in our study
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