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Troponin | is a sensitive and specific marker
for the diagnosis of myocardial infarction.
Several commercially available immunoas-
says measure the concentration of troponin |
in serum. The microparticle enzyme immu-
noassay (MEIA) for troponin | (Abbott Labo-
ratories, Abbott Park, IL) is widely used in
clinical laboratories, including our hospital
laboratory. We studied the effect of bilirubin
and hemolysis on the MEIA for troponin | and
compared our assay with a newly available
chemiluminescent assay (CLIA) for troponin
| (Bayer Diagnostics, Tarrytown, NY). We also
measured CK-MB concentration using the
MEIA CK-MB assay. One serum pool was
prepared by combining several specimens of
one patient with elevated troponin | and with
a diagnosis of myocardial infarction. Other
serum pools were prepared by combining
sera with similar troponin | values. All serum
pools showed normal bilirubin concentrations
and had no hemolysis. Then we supple-
mented aliquots of serum pools with various
concentrations of bilirubin (5.0, 10.0, 15.0, and
20.0 mg/dL). After supplementation, troponin
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| concentrations were measured again using
the MEIA and CLIA. We observed a statisti-
cally significant decrease in troponin | con-
centration in the presence of bilirubin with the
MEIA. For example, in serum pool 1, the
troponin | concentration was 16.3 (bilirubin:
0.8 mg/dL). In the presence of 5.0, 10.0, 15.0
and 20.0 mg/dL of added bilirubin, the car-
diac troponin | concentrations were 13.9, 13.4,
13.3 and 13.0 ng/ml respectively. We ob-
served similar negative interference of biliru-
bin in troponin | measurement by the MEIA in
other pools. The troponin | value decreased
slightly (not statistically significant) in one
pool and did not change in two other pools
in the presence of bilirubin when we mea-
sured troponin | concentration using the
CLIA. Interestingly, bilirubin did not interfere
with the MEIA CK-MB assay. Moderate
hemolysis did not have any effect on the
troponin | assay using either the MEIA or
CLIA. However, gross hemolysis (hemoglo-
bin > 40 mg/dL) interfered with both assays
for troponin I. J. Clin. Lab. Anal. 15:76-80,
2001. ©2001 Wiley-Liss, Inc.
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INTRODUCTION cause it is found only in the heart muscle. Other publications

. . . . ... algo indicate that troponin | concentration is not falsely el-
Cardiovascular disease is a major cause of morbidity an ) o
o . . . vated in hypothyroidism, whereas the CK-MB concentra-
mortality in the U.S. Atherosclerosis underlies virtually & :
T : . : 1on may be falsely elevated (4). Moreover, uremia and skeletal
cases of myocardial infarction. The dying myocardial cells : . .
; . . . muscle trauma do not lead to an increase in troponin | con-
release their content into the cardiac lymphatic and the bload-", ~ . . .
. . . centration whereas the CK-MB fraction again may be falsely
stream.Therefore, increased concentrations of cardiac lavated (5-8)

zymes such as creatinine kinase and lactate dehydrogenase . . .
everal commercially available immunoassays measure the

can be detected in the blood after an episode of myocardia ; A s :
concentration of troponin | in serum. The microparticle en-

infarction. Creatinine kinase isoenzyme (CK-MB) has beenme immunoassay (MEIA) for troponin |, marketed by

L . Z
used as a marker for myocardial infarction, but the mark L o L .
Co - bott Laboratories, is widely used in clinical laboratories

has certain limitations (1,2). Troponin | is the regulatory sub-" """ ;

: . : : 2~ Including our hospital laboratory. Recently, ver Elst et al.
unit of the troponin | complex associated with the actin thin
filament within muscle cells. Guest et al. published a report
on 209 complex patients to determine the incidence of effeégtrrespondence to: Dr. Amitava Dasgupta, Department of Pathology and
of unrecognized cardiac injury in critically ill patients andaboratory Medicine, University of Texas—Houston Medical School, 6431
concluded that troponin | is a superior marker for the diagrfgnnin, MSB 2.292, Houston, TX 77030.
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evaluated the MEIA assay of troponin | and observed negancentrations of bilirubin and also in hemolyzed specimens.
tive interference of bilirubin and hemoglobin in the assay (9hese patients had a variety of clinical diagnoses including
The authors used two serum pools to evaluate the interfasrocardial infarction, unstable angina, and critical iliness.
ence of bilirubin. In one pool, the authors observed a 100%A stock solution of bilirubin (10 mg/ml) was prepared in
decrease in troponin | concentration in the presence of @@ N sodium hydroxide. Then, to 2-ml aliquots of serum pool,
mg/dL of bilirubin and in another specimen observed a leB8, 20, 30, or 4Qul of stock bilirubin solution was added.
significant—15.3%—decline in the presence of 20 mg/dL d@he final expected bilirubin concentrations were 5, 10, 15,
bilirubin. Bock, in his recent editorial, commented that theend 20 mg/dL respectively. Troponin | concentrations were
troponin | assay is subject to various interferences and resaisasured by both assays after supplementation with biliru-
should be interpreted carefully (10). bin. The dilutions of specimens were minimal (0.5-2.0%).
Because the MEIA troponin | assay is widely used in clini-herefore, in interpreting results dilution factors were ignored.
cal laboratories, we investigated in detail the interferenceRifirubin concentrations in these specimens were also mea-
bilirubin and hemolysis in this assay using low, moderatgyred to verify correct supplementation using bilirubin stock
and high concentrations of bilirubin and hemoglobin. We alsolution.
compared our result with a newly available chemilumines-In another experiment, microliter amounts of stock hemo-
cent assay for troponin | marketed by Bayer Diagnostics.gdlobin solution were added to aliquots of serum pool to mimic
our previous study, we showed that although the MEIA tropeemolysis. Troponin | concentrations were measured by both
nin | assay was subject to interference from rheumatoid fassays after supplementation with hemoglobin. Again dilu-
tors, the new chemiluminescent assay was free from thian factors were ignored in interpreting results.
interference (11). We also measured CK-MB concentrationdVe also measured cardiac troponin | concentrations using
in order to study the interference of bilirubin and hemolysispth MEIA and CLIA in eight individual specimens. Three
because CK-MB values are widely used by cardiologists fpecimens were moderately hemolyzed and another five speci-
diagnosis. mens had upper-end-of-normal to elevated bilirubin concen-
trations. No supplementation of bilirubin or hemoglobin was
done to these specimens.
Statistical analyses were performed using the independent
The MEIA assay kits for troponin | were purchased fromatest, two tailed. We considered a difference statistically sig-
Abbott Laboratories (Abbott Park, IL) and the new chemiluificant only at a 95% confidence interval or highex(0.05).
minescent immunoassay (CLIA) troponin | kits were obtained
from Bayer Diagnostics (Bayer, Tarrytown, NY). The ME"ARESULTS
assay for troponin I was run on an AXSYM analyzer and was
also obtained from the Abbott Laboratories. The CLIA assayWe observed statistically significant decreases in tropo-
was run on an ACS:180 analyzer obtained from Bayer Diin | values in the presence of bilirubin using the MEIA as-
agnostics. Bilirubin (mixed isomers) and hemoglobin wesay. Our results are in agreement with initial observations
purchased from Sigma Chemical Company (St. Louis, MOhade by ver Elst et al. (9). However, the magnitude of inter-
Bilirubin concentrations in sera were measured using a Hitafdrience was less in our study. We observed a statistically
747 analyzer. CK-MB concentrations were measured usisignificant decline in cardiac troponin | concentration even
the MEIA and AXSYM analyzer (Abbott Laboratories).  when an aliquot of a serum pool was supplemented with only
We prepared serum pools from sera of patients with vabiO mg/dL of bilirubin. For example, in serum pool 1, the
ous concentrations of troponin I. Such specimens are réwponin | concentration was 16.3 ng/ml (bilirubin: 0.8 mg/
tinely submitted by clinicians and the study was done usidb). In the presence of 5.0, 10.0, 15.0, and 20.0 mg/dL of
the leftover specimens, which would otherwise have beadded bilirubin, the troponin | concentrations were 13.9, 13.4,
discarded, after reporting results to the ordering physiciati8.3, and 13.0 ng/ml respectively (Table 1). Interestingly,
The use of left over specimens for research without identifiye did not observe any statistically significant decline or
ing individual patient and/or reviewing patient’s chart is apacrease in the CK-MB concentrations in the presence of
proved by the IRB. The serum pool 1 was prepared bilirubin when concentrations were measured by the MEIA
combining several specimen of one patient with a positigK-MB assay. We observed a slight but statistically insig-
diagnosis of myocardial infarction. Other serum pools wendicant decline in cardiac troponin | concentration in the
prepared by combining specimens with similar troponinpresence of 20 mg/dL of added bilirubin in one serum pool
concentrations. This approach to the preparation of serusing the CLIA assay. However in other serum pools, no
pools for investigating interference of bilirubin and hemolychange in value in the presence of bilirubin was observed
sis on troponin | assay is similar to that of ver Elst et al. (2sing the CLIA assay (Table 1).
We also compared troponin | concentrations measured by theVe observed a slight but statistically insignificant decline
MEIA and CLIA in individual specimens containing variousn troponin | concentrations in the presence of moderate con-
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TABLE 1. Effect of bilirubin on the MEIA troponin | assay, CLIA troponin | assay, and MEIA CK-MB assay

Troponin |, ng/ml
Bilirubin mg/dL MEIA CLIA

CK-MB U/L (MEIA)

Specimen ID Added Observed Mean (SD),n=3 Mean (SD), n =3
Serum pool 1 (control) 0.0 0.8 16.3 (0.8) 3.2(0.2) 15.1 (0.4)
Serum pool 1 5.0 6.0 13.9 (0%2) 3.1(0.1) 15.3 (1.5)
Serum pool 1 10.0 10.4 13.4 (0*1) 3.1(0.1) 15.2 (0.3)
Serum pool 1 15.0 14.8 13.3 (0?2) 3.0 (0.2) 14.8 (0.1)
Serum pool 1 20.0 20.2 13.0 (0?2) 2.9 (0.1) 14.6 (1.1)
Serum pool 2 (control) 0.0 0.2 4.1(0.1) 0.95 (0.1) 10.2 (0.3)
Serum pool 2 5.0 5.8 3.8 (01) 0.95 (0.1) 10.1 (0.1)
Serum pool 2 10.0 11.0 3.6 (072) 0.95 (0.1) 9.9 (0.2)
Serum pool 2 15.0 16.8 3.4 (0%3) 0.93 (0.2) 9.7 (0.3)
Serum pool 2 20.0 21.8 3.4 (072) 0.94 (0.3) 10.0 (0.1)
Serum pool 3 0.0 0.4 2.6 (0.1) 0.39 (0.1) 6.3 (0.1)
Serum pool 3 5.0 6.0 2.3 (0%1) 0.39 (0.1) 6.2 (0.1)
Serum pool 3 10.0 12.3 2.2 (CP1) 0.37 (0.1) 5.9 (0.3)
Serum pool 3 15.0 15.8 2.1 (0%2) 0.39 (0.1) 6.0 (0.2)
Serum pool 3 20.0 19.7 2.0 (0°1) 0.40 (0.1) 6.0 (0.2)

Significantly less than the corresponding control troponin | concentration by the indepietesérivo tailed® < 0.05).

centrations of hemoglobin (20 mg/dl) when troponin | comssay for troponin | in all three serum pools we studied. Al-
centrations were measured by the MEIA. However, with grag®ugh our observation of negative interference of bilirubin
hemolysis (hemoglobin: 40 mg/dl), we observed a statisti-the MEIA troponin | assay was similar to the observation
cally significant decline in troponin | concentrations measureeported by ver Elst et al. (9), the magnitude of bilirubin in-
by the MEIA (Fig. 1). Gross hemolysis also interfered witterference was much smaller in our study. Ver Elst et al. stud-

the CLIA cardiac troponin | assay.

ied bilirubin interference using two serum pools. In one serum
We observed good correlation between troponin | concggol the concentration of troponin | decreased from 1.3t0 0.4
trations measured by the MEIA and CLIA in specimens witig/ml in the presence of 10.0 mg/dL of bilirubin (a 69.2%

normal to moderately elevated bilirubin concentrations. Videcrease) and finally to 0.0 ng/ml in the presence of 20.0 mg/
also observed good correlation in troponin | values in mild ¢t of bilirubin (a 100% decrease). In the second serum pool,
moderately hemolyzed specimens analyzed by both MEii#e authors observed a decline of troponin | value from 29.4
and CLIA. However, in two specimens with high bilirubinto 24.9 ng/ml in the presence of 20 mg/dI of bilirubin (only a
the correlation between the troponin | values was poor. The.3% decrease). Therefore, there is a discrepancy in the ex-

MEIA assay underestimated the cardiac troponin | conceant of interference of bilirubin in the two pools. However, in

tration (Table 2).

DISCUSSION

The decline in concentration of troponin | in the presen
of 20 mg/dL of bilirubin was approximately 20% in the MEI
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—ag— Specimen 1
—m— Specimen 2

TTT——

T T

10 20
Hemoglobin (mg/dl)

our study, we observed a 20.2% decline in troponin | concen-
tration in the presence of 20 mg/dL of bilirubin in pool 1, a
17.1% decline in pool 2, and a 23.0% decline in pool 3 (Table
da The magnitude of interference of bilirubin is comparable

An all three pools we studied.

The decline in cardiac troponin | concentration in the pres-
ence of bilirubin is not related to the matrix. We dissolved
bilirubin mixed isomers in sodium hydroxide and added only
microliter quantities of standard solution in milliliter quanti-
ties of blood. Glick et al. studied interference of bilirubin in
various laboratory tests. The authors used dimethyl sulfoxide
and sodium carbonate solution to prepare stock solution for
their studies (12). We used only alkaline solution to prepare
stock solution in order to avoid any matrix effect. The mea-
sured bilirubin concentrations were in agreement with ex-
pected bilirubin concentrations indicating that there was no
matrix effect following addition of bilirubin stock solution to
serum pools. Moreover, we used the same approach to study

Fig. 1. Effect of added hemoglobin on cardiac troponin | values metN€ potential interference of bilirubin in the CK-MB assay

sured by the MEIA.

using the same technology and observed no significant inter-
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TABLE 2. Troponin | concentrations in eight individual specimens (bilirubin or hemolysis) measured by the MEIA and CLIA

Troponin | concentration, ng/ml

Specimen ID Bilirubin/dL MEIA (observed) CLIA (calculatéd) CLIA (observed)
A 13.5 2.3 0.6 1.3

B 14.8 6.0 1.6 3.1

C 3.5 4.8 1.3 1.1

D 3.2 7.5 1.9 1.7

E 0.8 7.3 1.9 1.9

F Hemolysis (2+) 4.4 1.2 1.2

G Hemolysis (1+) 94.3 21.9 20.9

H Hemolysis (2+) 6.2 1.6 1.7

&CLIA (calculated) was obtained by using the observed MEIA value and the regression equations described in the text.

ference. Therefore, we conclude that observed negative MEIA in specimens with normal, moderately elevated, and
terference of bilirubin in the MEIA cardiac troponin | assaglevated bilirubin. No supplementation of bilirubin was done.
is not related to matrix. As expected, we observed a good correlation between the
Although the decline in concentration of cardiac troponigxpected value and the observed CLIA value in specimens
| as measured by the MEIA was statistically significant evavith normal to moderately elevated bilirubin concentrations.
in the presence of 5 mg/dL of bilirubin, the declines may ndbwever, in two specimens with high bilirubin concentra-
be clinically significant especially for moderate to elevatdwbns, the estimated values were lower than the observed val-
troponin | concentrations. Troponin | concentrations may ines (CLIA), indicating that the MEIA underestimated troponin
crease 5- to 50-fold of the upper end of normal range in paoncentrations in these specimens containing high bilirubin
tients with myocardial infarction (13,14). Cina et al. reportezbncentrations (Table 2).
a mean troponin | level of 93.4 ng/ml in cardiac related deathinterestingly, moderate hemolysis (2+) had no significant
(15). Therefore, low to moderate underestimation of tropeffect on either troponin | assay. Moreover, Abbott's CK-MB
nin | values by the MEIA may not have any effect on the finaksay also did not show any significant interference with mild
outcome of diagnosis of the patient. Moreover, CK-MB vale moderate hemolysis. Therefore, mild to moderately hemo-
ues measured by the same MEIA technology and the sdyzed specimens can be accepted by the laboratory for tropo-
AxXSYM analyzer are not subject to interference from elevatath | or CK-MB assay. However, gross hemolysis interfered
concentrations of bilirubin. Most clinicians in our hospitalith both assays and grossly hemolyzed specimens should
order both troponin | and CK-MB and compare both result rejected.
for the evaluation of patients. We conclude that both bilirubin and hemolysis had nega-
The CLIA assay for troponin | is virtually free from biliru-tive interference with the MEIA troponin | assay. However,
bin interference. This assay uses a chemiluminescent tewlild to moderate hemolysis should not significantly alter
nique and fluorescence of bilirubin can not interfere. On th@ponin | results. For significantly elevated troponin | val-
other hand, the MEIA assay uses the fluorescence polarizes, negative interference of bilirubin may not alter the clini-
tion technology. cal outcome. However, for values around the cut-off of 2.0
We described earlier a good correlation between troponing/ml, caution should be exercised in interpreting troponin |
concentrations measured by the MEIA and CLIA (16), alesults if MEIA is used. The CLIA is free from interference
though the individual values measured by the MEIA wefeom bilirubin. The MEIA CK-MB assay was also free from
roughly four times higher than the values measured by ih&erference of bilirubin.
CLIA. Using thex axis as the troponin | concentrations mea-
sured by the MEIA and theaxis as the troponin | concentra-
tions measured by the CLIA, we observed the foIIowinIEEFERENCES
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