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Abstract: Due to the high analytical sensitivity of current routine high-sensitivity (hs) cardiac troponin
(cTn) assays unexpectedly increased test results without an obvious clinical explanation are increasingly
seen in daily clinical practice. In the vast majority of these patients troponin increases are caused by acute
or chronic myocardial injury, which may sometimes not be detected by imaging. However, clinicians should
be also aware of the fact, that no laboratory assay is perfect, outliers and rare analytical interferences may
occasionally cause false troponin test results that do not fit to the patient’s clinical presentation. False
c¢Tn elevations are usually clinically more obvious than false negative test results, but both may lead to
misdiagnosis and mismanagement of patients. Some patient populations (e.g., with a history of autoimmune
diseases, myocarditis, treatment with monoclonal antibodies, of close contact with animals, or with multiple
myeloma) are theoretically more prone to antibody interferences. Apart from easily identifiable obvious
potential interferences in patient samples, such as very high bilirubin concentrations, or severe hemolysis,
or turbity by lipemia, the feedback of clinicians is essential for laboratories to initiate testing for the
identification of outliers or other rare analytical interferences. In this review we present an algorithm on
how to work-up unexpected ¢Tn test results in patients, and we also summarize simple laboratory methods
which can be performed in most routine laboratories to identify common analytical interferences in ¢Tn

IMmunoassays.
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Introduction an obvious clinical correlate are increasingly seen in daily
clinical practice (4-6). In the majority of these patients,

the ¢Tn increase is caused by acute or chronic myocardial

Background

For routine laboratory diagnosis of myocardial injury,
cardiac troponin I (¢Tnl) and cardiac troponin T (¢TnT)
are currently the most sensitive and cardiac-specific
laboratory parameters (1-6). Due to the high analytical
sensitivity of high-sensitivity (hs) cardiac troponin (c¢Tn)
routine assays, unexpectedly increased test results without
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injury due to a variety of cardiac or primarily non-cardiac
pathologies with cardiac involvement unrelated to an acute
myocardial infarction (AMI). Sometimes in these patients,
myocardial injury may not be detected by imaging as well
(3-6). The numerous different mechanisms of myocardial
injury have been comprehensively reviewed previously
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Table 1 Differential diagnosis of cardiac troponin elevations: cardiac diseases and primarily non-cardiac diseases leading to myocardial injury

Pathology Cause
Type 1 AMI Acute coronary syndromes (coronary plaque rupture or erosion with intracoronary thrombus formation)
Type 2 AMI Cardiac oxygen supply/demand imbalance, e.g., by prolonged tachy- or bradyarrhythmias, coronary

Other causes of acute
myocardial injury

Cardiac causes of chronic
myocardial injury

Primarily non-cardiac diseases
with myocardial injury

microvascular dysfunction, hypertensive urgency or crisis, hemorrhagic shock, acute respiratory failure, or
non-atherothrombotic coronary causes (e.g., spontaneous dissection, vasospasm, embolism, or vasculitis)

E.g., acute heart failure, acute pulmonary embolism, acute myocarditis, Takotsubo cardiomyopathy,
cardiac contusion, cardiac surgery, cardiac ablation therapy, frequent defibrillator shocks, cardiotoxic
agents (e.g., drugs, chemotherapeutic agents), sepsis (multifactorial causes of myocardial injury), severe
neurological diseases (e.g., hemorrhage, ischemic stroke, traumatic brain injury leading to massive central
sympathetic activation), strenuous long lasting endurance exercise (e.g., marathon running)

E.g., chronic structural heart diseases, such as heart failure, chronic myocarditis, severe valvular heart
diseases, cardiac amyloidosis

E.g., pulmonary disease with severe hypoxia, chronic kidney diseases with severe renal failure, severe
anemia, infiltrative diseases (e.g., myeloma with cardiac amyloidosis, systemic sarcoidosis with cardiac
granulomas)

Serial cardiac troponin testing is essential for differentiation of acute from chronic myocardial injury to detect significant changes (>20%

from baseline values). AMI, acute myocardial infarction.

(1-6), and the most important diseases causing myocardial
injury are summarized in 7able 1. They mainly comprise
of myocardial ischemia caused by an acute coronary
syndrome (i.e., coronary plaque rupture or erosion with
intracoronary thrombus formation; type 1 myocardial
infarction), myocardial ischemia unrelated to an acute
coronary syndrome (type 2 myocardial infarction), and
myocardial injury unrelated to myocardial ischemia, such as
inflammation (e.g., myocarditis), increased myocardial wall
stress (e.g., in heart failure), toxic myocardial injury, and
trauma (e.g., heart contusion).

Rationale and knowledge gap

Clinicians, however, should be also aware to the fact, that
no laboratory assay is perfect and outliers or rare analytical
interferences may occasionally cause unexpectedly high or
low ¢Tn test results that do not match the clinical picture
of the patient (6). Interferences are defined as all substances
in blood samples that alter the correct value of a laboratory
test result (e.g., ¢T'n). Some patient populations [e.g., with
a history of previous myocardial injury (e.g., myocarditis),
autoimmune diseases, treatment with checkpoint inhibitors
or monoclonal antibodies, of close contact with animals in
particular mice, or with multiple myeloma] are theoretically
more prone to antibody interferences, which are the most
common form of analytical interferences. Apart from easily
by visual inspection or by analyzers’ automatically calculated
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indices identifiable obvious potential interferences, such as
severely icteric, hemolytic, lipemic samples, or clots, the
feedback of clinicians is essential for laboratories to test for
outliers and to identify other rare analytical interferences,
such as antibodies. False-positive test results are usually
more disturbing clinically and thereby easier identified
in daily clinical practice. Patients with false low or even
negative ¢'I'n values are also at risk for mistreatment or
mismanagement, but they are less likely to be identified,
because they are usually treated and managed correctly
according to their clinical presentation. A recent review of
222 published case reports of ¢Tn interference found, that
221 cases had false ¢Tn elevations and only one case was
found because of false low ¢'T'n concentrations (7). However,
in patients with clinical and/or electrocardiographic
or imaging evidence for acute myocardial injury with
unexpectedly low or even negative ¢Tn test results the
laboratory should be contacted as well to test for analytical
interferences.

Objective

This review is aimed to increase the awareness of clinicians
of the fact that no laboratory assay is perfect and the
possibility of outliers or rare analytical interferences
in immunoassays leading to false ¢Tn test results. The
importance of a close collaboration of clinicians with the
laboratory for the identification of such causes which are
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not obviously identified by inspecting the sample is stressed.
We present an algorithm (see Figure 1) how to work-up
unexpectedly increased ¢Tn test results and summarize
simple analytical methods which can be performed in
routine clinical laboratories to identify the most common
analytical interferences in ¢ T'n assays.

Work-up of questionable troponin test results

Current routine hs-cTn assays of all main manufacturers are
optimized to reduce analytical confounders, and, therefore,
analytical interferences are nowadays a rare cause for false
hs-cTn test results (6-11). For example, usually F(ab'), or
Fab'region antibody fragments (removal of the Fc fragment)
and so-called chimeric mouse-humanized antibodies
(mouse variable/human constant region of Fab fragment)
are frequently used in routine assays to reduce the potential
of human anti-mouse antibodies or other heterophilic
antibody interferences in patient samples. Recombinant
single-chain variable fragment (scFv) antibodies also
have great potential for this purpose (12). Additionally,
heterophilic antibody blocking agents are added to assay
reagents to reduce the risk for this kind of assay interference
(e.g., by inclusion of aggregated blocking immunoglobulin
of the same species as the assay antibodies or heterophilic
antibody blocking antibodies in the assay buffers). Plasma
is the matrix of choice because it reduces turnaround time
by eliminating clotting time and avoids problems associated
with prolonged clotting time in patients with prolonged
coagulation (e.g., by treatment or liver failure).

However, clinicians should be aware of the fact that no
immunoassay is perfect with the consequence of a small
residual risk for false test results (6,7,13,14) that in part
seems to be dependent on the ¢'I'n assay platform used and
the tested patient population. Thus, clinicians should not
accept laboratory results at face values without a possibility
of error. In patients without cardiac symptoms, unnecessary
and potentially costly or harmful cardiac investigations
should be avoided unless indicated for reasons other than
just an elevated ¢Tn test result. When analytic interference
with the ¢Tn test is suspected clinically in stable, non-
critically ill patients with a low probability of cardiac
disease, the laboratory should be first contacted to rule
out a so-called outliers or common analytic interferences.
The latter usually requires additional blood sampling. As
a first simplest step (see Figure 14), ¢Tn should be re-
tested in the original blood sample after re-centrifugation
to rule out outliers. Outliers are false, random, non-
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repeatable test results that are not due to analytical
imprecision (15-17). The reported outlier rate for hs-cTn
tests is low (approximately 0.3-0.5%) (15-17). The risk of
misclassification of patients as false positive or negative due
to outliers has been reported to be low (<0.3%) (7,17). A
second blood sample has to be collected, if an outlier could
be ruled out. This allows the most common causes of false
test results, i.e., particles in the sample (e.g., fibrin micro
clots), carry-over between samples within the analyzer,
mix-up of samples, to be quickly excluded. In this newly
collected blood sample and the baseline sample, ideally
additionally the other ¢Tn should be tested as well (see
Figure 1B), if available in the laboratory (i.e., cT'nl should
be the back-up parameter if ¢TnT is routinely measured
and vice versa) to quickly check for analytical interferences.
Analytically interfering substances typically react differently
in different analytical systems and with different analytes
(e.g., in different ¢Tnl and ¢TnT assays). Analytical
interferences often manifest as stable, unchanging values
over several days but they frequently also result in
fluctuating values over a period of several weeks in clinical
situations that do not fit to the ¢Tn test result. A change of
¢Tn concentrations >20% in the newly drawn blood sample
from the first baseline sample >3 h apart usually indicates
acute myocardial injury, but may sometimes also be due to
analytical problems.

There are several possible interferences causing erroneous
test results, such as the typical analytical interferences
severe hemolysis, hyperlipidemia or hyperbilirubinemia that
may disturb the assay signal. In contrast to previous assay
generations based on e.g., photometric or nephelometric
detection, in the concentration ranges usually seen clinically
(assay dependent published lack of interference for total
bilirubin up to 15-100 mg/dL and for triglycerides up to
1,000-15,000 mg/dL), they are not of particular concern
with the chemiluminescence detection technology of
current routine hs-c¢Tn assays (8,10,11). However, they may
be relevant with some assays at extreme concentrations,
e.g., pronounced hemolysis (>1 g hemoglobin/L) has been
reported to cause falsely low hs-¢TnT values (11) and
to a lesser extent falsely low hs-cTnl results with some
susceptible ¢’ T'nl assays (18). Therefore, the laboratory
staff must be aware of the specific assay performance
characteristics of their hs-c¢Tn assay in use in case of
questionable ¢Tn test results, and no generally valid
statements are possible.

Immunoassays based on the streptavidin-biotin
technology are sensitive to interference from very high
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A Cardiac troponin result inconsistent with clinical presentation
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Figure 1 Work-up of an unexpected cardiac troponin test result inconsistent with the clinical condition of the patient. The work-up of
questionable increased ¢Tn test results is shown in (A), the laboratory work-up for the identification of an analytical interference after
exclusion of outliers is summarized in (B). ¥, a time period of >3 h for re-sampling is recommended to rule out a plateau phase of acute
troponin release before initiating testing for analytical interferences. Analytical interferences frequently manifest as stable elevated ¢Tn
concentrations over several days or unexplained variable ¢Tn concentrations over time that do not fit to the clinical presentation of patients.
¢Tnl, cardiac troponin I; ¢TnT, cardiac troponin T; PEG, polyethylene glycol; ¢Tn, cardiac troponin; hs, high-sensitivity; Ab, antibody.
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Figure 2 Antibody interference leading to a false-positive test
result. Heterophilic or auto-antibodies may bridge the capture and
detection antibodies of a sandwich immunoassay in the absence
of the antigen (i.e., cardiac troponin) thereby leading to a false
positive test result. Adapted from Mair et 4/. (6). Ab, antibody.
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Figure 3 Antibody interference leading to a false-negative test
result. Heterophilic or auto-antibodies may prevent the binding of
the antigen (i.e., ¢Tn)—detection antibody complex from binding
to the capture antibody thereby leading to false-negative test
results. Adapted from Mair ez a/. (6). Ab, antibody; ¢Thn, cardiac

troponin.
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Figure 4 Antibody interference leading to a false-negative test

result. Heterophilic or auto-antibodies may prevent the binding of
the detection antibody to the antigen (i.e., ¢ Tn)—capture antibody
complex thereby leading to false-negative test results. Adapted
from Mair ez al. (6). Ab, antibody; ¢Tn, cardiac troponin.
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biotin concentrations in blood samples and the lab should
be aware of this effect (19). Biotin may cause falsely low
¢TnT and ¢Tnl test results in some ¢Tnl-assays (18), but
not in others (20). Especially in the USA, biotin, a water-
soluble B-complex vitamin, has become a popular over-
the-counter dietary supplement (typical content 5-10 mg)
used, for example, to strengthen hair and nails or to alleviate
peripheral neuropathy. The unintended consequence of its
use is the potential for false-negative test results in sandwich
immunoassay based on streptavidin-biotin technology. This
interference with the hs-cTnT assay was first reported by
U.S. laboratories (19), but it does not seem to be an important
source of erroneous results in clinical practice, particularly in
European populations (21,22). In addition, the hs-cTnT assay
has been optimized to reduce this kind of interference (18).

Other very rare potential interferences: assays using
alkaline phosphatase labelled detection antibodies to
generate the signal are theoretically susceptible to
interference with very high concentrations of circulating
alkaline phosphatase in samples (e.g., in severe hepatic
or bone diseases), which could yield false positive test
results. With previous ¢Tn assay generations this kind of
interference has been occasionally reported (23). In contrast
to immunoassays for detection of circulating hormones an
influence of total protein or albumin concentrations on
cTn test results or specific ¢Tn binding proteins have not
been reported so far (8-11). Although the cross-reactivities
of ¢Tn antibodies with their skeletal muscle troponin
isoforms are very small, occasionally (e.g., in very severe
rhabdomyolysis) this could be an issue at extreme skeletal
muscle troponin concentrations (24). Antibodies specifically
targeting assay reagents such as streptavidin or ruthenium
have also been reported occasionally (25,26).

Typical antibody interferences

Heterophilic or human anti-mouse antibodies

Heterophilic antibodies are endogenous human antibodies
that react with other antigens than its specific antigen and
also bind to immunoglobulins of other species probably
mediated via the Fc region (27,28). Thereby they may
interfere assay-dependently with all immunoassays,
particularly 2-site immunometric assays, which are used
for hs-c'Tn determination (see Figures 2-4). The overall
reported prevalence of heterophilic antibodies is in the
range between 0.1% to 3.1% in the general population (29).
The more widespread use of antibody fragments without the
Fc region and aggregated immunoglobulin in immunoassays
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Figure 5 Test for linearity in serial sample dilutions using a

commercially available high-sensitivity cardiac troponin I routine

immunoassay. Data adapted and plotted from Baroni er al. (31).

Deviation from linearity suggests an analytical interference.

This screening method has limitations (see text). hs-cTnl, high-

sensitivity cardiac troponin L.

improved the resistance of routine assays to this kind of
potential interference, but heterophilic antibodies remain a
threat in immunometric ¢’ I'n assays. Heterophilic antibodies
consist of two different groups: (I) they may be polyvalent
antibodies formed in response to contact with foreign
animal proteins with low affinities (e.g., after vaccination,
viral infections, contact with animals, blood transfusion),
which generally interfere to a lesser extent in tests due
to their low affinity; and (II) monovalent antibodies with
high affinity, e.g., human anti-mouse antibodies after
treatment with mouse monoclonal antibodies or after close
contact with mice, with high immunoassay interference
potential (27,28). Despite the use of mouse-human chimeric
antibodies in immunoassays, very-high titres of specific
human anti-mouse antibodies can lead to false test results.
Occasionally, also very high titres of heterophilic antibodies
may be present in individual blood samples (e.g., after
recent viral infections), which are not sufficiently blocked
by the heterophilic blocking reagent that is usually included
in the immunoassay reagents (29-32). In a systematic review
of the reported cases, they were the 2™ most frequent cause
of false positive ¢'T'n test results (7).

Dilution studies of the sample with the ¢Tn assay diluent
can be performed as a simple screening test to unmask
antibody interferences, if a positive test result is sufficiently
high (see Figure 5). In dilution studies, the protocol must be
validated in control samples of a similar concentration (e.g.,
from a patient with myocardial infarction) to establish the
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expected recovery and to exclude matrix effects introduced
by the diluent. This method has obvious limitations in
terms of the precision of a ¢Tn assay at its low measurement
range, and each dilution must be measured at least in
duplicate. In dilution studies (1:2, 1:4, 1:8, etc.), samples
may not dilute linearly—as expected—if a confounding
factor is present. If a test result is suspected to be falsely
low, serial dilutions can alternatively be performed using
a patient sample with a known high concentration. A
significant deviation from linearity can be taken as evidence
of the presence of an interfering substance, but apparent
parallelism does not prove the absence of an interfering
substance. All-in-all this simple screening method has
limitations and can neither reliably rule out nor prove
analytical interferences (e.g., macro-cTn is often missed)
(29-34). This test has always to be followed by polyethylene
glycol (PEG 6000) precipitation and testing for heterophilic
antibodies, if PEG precipitation indicates interference by
macromolecules or is inconclusive.

PEG pre-treatment of samples eliminates high molecular
mass interferences by precipitation, and samples are re-
tested after re-centrifugation (see Tuble 2) (33,34). However,
sometimes the results are inconclusive. In general, the lower
the recovery, the more likely is such an interference. If this
test suggests interferences, the sample should be tested for
the presence of heterophilic antibodies as well.

Heterophilic antibodies can be unmasked by pre-
incubation (usually for 10-15 minutes) of the sample in
specific commercially available tubes (e.g., heterophilic
blocking tube, Scandibodies Laboratory Inc., Santee, CA,
USA) including so called heterophilic antibody blocking
antibodies targeted against human anti-species antibodies or
by pre-incubation of the sample with adding commercially
available additional blocking antibodies (e.g., heterophilic
blocking reagent, Scantibodies Laboratory Inc., Santee,
CA, USA) before re-testing. These methods were used
in several studies on c¢Tn-assay interference (29-32).
Blocking reagents eliminate interfering antibodies in
many but not in all cases. A very significant change (about
95%) in test results is found, if heterophilic antibodies are
eliminated by pre-treatment of the sample (29). Controls
must be included with these commercially available kits to
pre-treat samples to demonstrate that this procedure does
not affect the immunoassay.

Rheumatoid factor

These are patient autoantibodies of the immunoglobulin
M class directed against their own antibodies of the
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Table 2 A simple PEG 6000 precipitation protocol
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Step Procedure

1. Mix 200 pL of plasma with 200 pL of 25% PEG 6000 (w/v) in phosphate buffered saline

2 Vortex this mixture for at least 20 seconds

3 Centrifugation for 10 minutes at >2,500 g

4. Re-test the supernatant

5 Calculate the recovery (%) as cTn [(post PEG) x 2/(cTn pre PEG)] x 100; a recovery of <35% suggests analytical interference

Protocol published by Lam et al. (33). A lower recovery decision limit (<20%) was recommended as well (34). A sample from a patient with
myocardial infarction with a comparable concentration as the tested sample should be used as a control. cTn, cardiac troponin; PEG,

polyethylene glycol.

Anti-cTn
autoantibody

Figure 6 Macro-troponin. Macro-troponins are complexes of
cardiac troponin with anti-cardiac troponin immunoglobulin G.
Macro-troponin complexes may lead to false-test results (see text).

¢Tn, cardiac troponin.

immunoglobulin G class usually binding to the Fc region
(35,36). Low affinity crossreactivity with animal antibodies
is frequent. They can be found in large quantities in
autoimmune diseases, such as rheumatoid arthritis, lupus
erythematodes or polymyositis. With current hs-cTn assay
generation these antibodies rarely lead to false test results as
blocking agents are added to the assay reagents. Therefore,
interferences are only likely at very high titres of these
antibodies. In these cases, PEG precipitation could be used
to identify this antibody interference.

cTn autoantibodies

Circulating anti-cTnl and anti-cTnT autoantibodies have
been reported in the literature (37-39). They usually cause
assay dependent false negative test results by direct binding
to the ¢Tn epitope of the reagent antibody or in its vicinity,
e.g., by blocking the binding of the test antibodies to the
middle region of ¢Tnl (38,39). At very high titers, they can

mask the release of small amounts of ¢T'nl, but their clinical
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significance is still uncertain. Autoantibodies against ¢Tn
can occur in association with autoimmune disorders, and an
association between the presence of autoantibodies to ¢ Tnl
and cardiomyopathy has been described as well (40).

Macro-troponins

Anti-cTn antibodies may also form so called macro-cTnl
and macro-cTnT which may cause elevated hs-cTnl and hs-
cInT test results (37-44). An assay and patient population
dependent wide range (0-55%) of their prevalence has been
reported (37-42). In a systematic review of reported cases,
they were the 3
test results (7). Macro-analytes consist of an analyte bound
to analyte-specific autoantibodies (usually immunoglobulin

rd

most frequent cause of false positive ¢Tn

G, e.g., anti-cT'nl or anti-cTnT antibodies) resulting in
high molecular mass complexes which may directly interfere
with ¢Tn assays leading to false-positive or false-negative
test results (see Figures 2-4,6). However, macro-cTn
complexes are eliminated more slowly from the circulation
than the free analyte, resulting in persistently elevated
c¢T'n concentrations, that are not caused by analytical
interference with the ¢Tn assay.

Antibodies against the ¢T'nl-cardiac troponin C complex
or the whole ¢Tn complex have been reported as well (41,42).
Immunoglobulin-bound and unbound ¢Tn may coexist
in blood. Anti-cTn autoantibodies are more frequent in
patients with a clinical history of myocardial injury (40,42)
and may also develop as cross-reacting antibodies, e.g., after
viral infections, during the course of autoimmune diseases
or after treatment with checkpoint inhibitors. Their clinical
significance is still debated (40,42). According to published
data it appears that macro-cTn interference is more common
in hs-cTnl assays than in the hs-cTn'T assay (42).

Macro-cTn in a sample can be removed by PEG
precipitation (34,42,43). This pre-treatment (see Table 2)

7 Lab Precis Med 2023;8:12 | https://dx.doi.org/10.21037/jlpm-22-65



Page 8 of 14

non-specifically precipitates high molecular mass proteins
including immunoglobulins. This kind of interference
can be proven by more sophisticated, time-consuming
techniques that separate macro-cTn complexes due to their
higher molecular weight from ¢Tn and its fragments, such
as gel filtration chromatography [e.g., on a Sephadex G100
column (42-44)] or by western-blotting with an anti-cTn
antibody, ideally using one of the ¢Tn antibodies which are
used in the ¢Tn assay, and an anti-human immunoglobulin
G antibody (45). In case of macro-c¢Tn both antibodies stain
the same lane, which has a markedly higher molecular mass
than the respective ¢Tn control lane (45). Alternatively,
protein A/G pulldown could be also performed to prove
this kind of analytical interference (34,42,43).

Unexpected cTn test result mismatches in specific patient
populations

The simplest and quickest method to identify a false
troponin test result usually is to re-test ¢T'n in a newly
drawn blood sample and/or sample type (if possible with
the ¢Tn assay in use) and to re-test ¢ IT'n with an assay from
another manufacturer (ideally measuring the alternative
cardiac specific ¢Tn isoform). A significantly different
cTn result with an alternative ¢Tn testing methodology
in patients without clear clinical or imaging evidence for
myocardial injury raises the suspicion of an analytical
interference with one of these assays. However, this
simple “trick” has limited sensitivity (42) and specificity
for the detection of analytical interferences. Mismatches
between c¢T'nl and ¢TnT, i.e., increased ¢TnT but ¢Tnl
concentrations within the reference interval, may be found
during the subacute phase of acute myocardial injury,
because, e.g., after large AMIs ¢TnT tends to stay increased
longer than ¢T'nl (1). The typical clinical history of these
patients, however, usually explains these ¢T'n discrepancies.
Additionally, there are specific patient populations without
acute myocardial injury in whom during the work-up of
unexpectedly increased ¢'Tn test results mismatches between
¢I'nT and ¢Tnl are relatively frequently found. These are
patients with severe chronic renal failure and patients with
chronic skeletal muscle diseases.

Chronic renal failure

Proteolytic cleavage in the bloodstream, capture of ¢Tn
by the reticuloendothelial system, metabolism in organs
with high metabolic rate (e.g., liver) including the kidneys
are probably involved in the elimination of ¢Tn from the
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circulation. Interestingly, in stable patients with severe
chronic renal failure without cardiac symptoms the
percentage of increased hs-cTnT compared with hs-cTnl in
these patients is markedly higher (46-48). The underlying
causes are not fully understood yet and are probably
multifactorial. They include chronic myocardial injury,
at low ¢Tn concentrations (<100 ng/L) impaired renal
clearance is probably also involved (49,50). ¢Tn fragments
would be small enough for glomerular filtration, excretion
in the renal tubular system could also contribute to ¢'In
elimination. After hemodialysis, a significantly greater
reduction of approximately 50% for hs-cTnT has been
reported as compared to hs-cTnl (median 30%) in patients
with end-stage renal failure (48). This discrepancy may be
explained by potentially membrane specific differences of
adherence of ¢Tnl and ¢TnT and their immunoreactive
complexes or fragments to the dialyser membrane. Patients
with end-stage renal failure may be also affected by uremic
skeletal muscle myopathy. Reports on ¢TnT expression
in skeletal muscles of patients with end-stage renal failure
are still conflicting (51,52). Haller et 4/. published the lack
of ¢TnT expression in abdominal wall or back skeletal
muscle biopsy specimen of 5 patients with end-stage renal
failure (52). However, it needs to be considered, that truncal
skeletal muscles are typically not involved in uremic skeletal
myopathy, it usually affects proximal-extremity muscles.
By contrast, Ricchiuti and Apple (51) reported ¢TnT
mRNA expression and ¢TnT protein expression detected
by Western blotting without evidence for ¢Tnl expression
in about 50% of skeletal muscle specimens of hemodialysis
patients. In these patients, abdominal wall, back muscles and
arm muscles were tested. On the other hand, Ziimriitdal
et al. (53) found only a weak relationship between the
presence of uremic skeletal muscle myopathy and elevated
c¢I'nT concentrations in 50 chronic hemodialysis patients.
Despite more frequently seen ¢I'nT increases and
irrespective of the mechanisms of ¢Tn increase, both hs-
¢TnT and hs-cTnl maintain their prognostic value in
patients with chronic renal failure (48,54-57). However,
in the setting of severe chronic renal failure patients with
suspected AMI, the clinical specificity of hs-cTnl appears
to be superior to hs-cTnT (58,59). It is important to stress,
that it is always mandatory to detect a significant ¢Tn
concentration change in serial testing for the definitive
diagnosis of acute myocardial injury (1-6).

Patients with chronic skeletal muscle diseases
During fetal development, ¢I'nT is expressed in cardiac and
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skeletal muscle. In skeletal muscle, ¢TnT is downregulated
during development, ¢ I'nT gradually disappears after birth.
Healthy human adult skeletal muscle, therefore, does not
express ¢ I'nT" anymore (60-66). By contrast, cTnl is not
expressed in fetal and adult human skeletal muscle (54). In
contrast to ¢I'nl, embryonic and adult ¢TnT splice variants
have been also reported (¢TnT isoforms), which are formed
after transcription of the gen by alternative processing of
the mRNA before translation into proteins (60), which leads
to a greater diversity of isoforms.

When human skeletal muscle is chronically damaged,
such as in patients with chronic skeletal muscle myopathy
or chronic myositis, it re-expresses fetal proteins, possibly
including ¢TnT isoforms. Such a process is likely
dependent on the severity and duration of the disease.
These re-expressed fetal proteins may be released into the
bloodstream from chronically damaged skeletal muscle.
Previous studies in human skeletal muscle biopsies detected
c¢T'nT coding messenger ribonucleid acid (mRNA) and
re-expression of ¢TnT in skeletal muscle at the protein
level by immunohistochemistry and/or western-blotting
(60-72). Given the inherent problems of specificity of the
latter methods, these reports cannot be taken as definitive
proof of ¢TnT protein re-expression. Recently, however,
c¢InT fragments could be detected by using nanoflow
liquid chromatography/mass spectrometry (LC-MS) mass
spectrometry in skeletal muscle biopsy specimens of some
patients with Pompe disease (73). This could be confirmed
by simultaneous detection of mRNA (73). Wens er al. (73)
detected peptide fragments of the cTnT isoform 6, which
is the ¢TnT isoform expressed in healthy hearts. ¢TnT was
not detected in skeletal muscle of healthy controls (67,73).
Thus, in patients with Pompe disease skeletal muscle is
a potential source of increased ¢TnT concentrations.
By contrast, Schmid ez a/. (24) reported no evidence for
c¢I'nT re-expression in skeletal muscle biopsies of patients
with myopathies and myositis by mass-spectrometry,
despite markedly more patients showing increased ¢TnT
concentrations in peripheral blood compared with ¢Tnl
despite lack of evidence for ¢TnT re-expression. Finally,
despite accumulating evidence of ¢TnT expression in
several chronic skeletal muscle diseases the available data is
still inconclusive and this issue is currently not definitively
solved. Clinically, however, the most cardiac-specific
marker in this rare population of patients with chronic
skeletal muscle damage (e.g., muscular dystrophy or chronic
myositis) appears to be ¢Tnl, which is easier to interpret
when AMI is suspected in these patients.
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Summary

It is important to stress that the vast majority of unexpectedly,
increased ¢Tn concentrations in daily clinical practice
is caused by acute or chronic myocardial injury (the
possible underlying diseases are summarized in Table 1),
which may not be obvious at first sight but is usually
plausible when aggregating all available clinical information.
Myocardial injury is much more common in various clinical
settings than previously known, and, e.g., Lindner ez a/. (74)
reported in a cross-sectional analysis of emergency
department samples with increased ¢T'n values without
overt myocardial injury that renal failure and acute cerebral
events were the most common non-AMI-related causes
of elevated hs-cTnT. Usually in these patients subsequent
imaging for ruling out significant structural or coronary heart
disease is additionally needed (see Figure I). However, for
the detection of myocardial injury, hs-cTn testing appears
to be more sensitive than all currently available imaging
modalities including cardiac magnetic resonance imaging (75).
In general, perhaps apart from athletes after heavy bouts of
extraordinary endurance exercise (76), increased ¢Tnl and
¢I'nT concentrations should be considered as evidence for
myocardial injury indicating adverse prognosis (77).
However, in cases where ¢Tn test results and the clinical
picture are strikingly different, outliers and analytical
false positive or false-negative test results should also be
considered. In such non-critically ill patients, the laboratory
should be contacted first before a costly or invasive work-
up is started, particularly in patient populations with a
theoretically higher risk for antibody interferences (e.g.,
autoimmune diseases, after myocarditis or treatment with
monoclonal antibodies). As a first step after re-testing the
sample after re-centrifugation, an additional blood sample
should be taken to exclude the following simple reasons,
i.e., random error or mix-up of samples or fibrin micro clots
or other microparticles in the specimen. If available, the
second and first sample should be measured with another
hs-cTn assay, ideally testing the other cardiac-specific ¢Tn
isoform. This gives the quickest answer in daily clinical
practice. It must be stressed, that linearity in serial dilution,
another simple screening procedure, does not reliably
rule out analytical interferences, in particular macro-
cI'n (45). A persistent ¢Tn test result that does not fit the
clinical picture, especially when combined with a consistent
alternative ¢Tn test result, raises suspicion of an analytical
interference. In such situations clinicians should follow the
cI'n test result that fits to the clinical presentation for initial
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patient care.

As outlined above, subsequently more time consuming
but still simple procedures, e.g., precipitation with PEG
6000 or pre-incubation with heterophilic antibody blocking
reagents before re-testing can be easily performed to
rule out the most common interferences in most hospital
laboratories. If, e.g., dilution screening testing suggests
an interference, these subsequent confirmatory tests are
mandatory to prove an analytical interference, because of
the limitations of this screening test. If these confirmatory
tests cannot demonstrate an analytical interference, an
analytical cause is unlikely. However, all these simple
methods have limited sensitivities for the detection of
analytical interferences. The identification or exploring
the exact nature of a potentially interfering substance may
require more sophisticated and time-consuming analytical
procedures, necessitating collaboration with the test
manufacturer or a specialized laboratory.

To have a ¢Tn back-up assay in case of questionable
¢Tn test results is a good option for tertiary care centres to
quickly check for analytical interferences with a ¢Tn assay. It
should be noted, however, that the sensitivity and specificity
of this simple “trick” are limited. In patients with chronic
skeletal muscle disease or severe chronic renal failure
without cardiac symptoms, elevated ¢TnT concentrations
are more common than elevated ¢Tnl concentrations. The
exact mechanisms leading to this phenomenon are still
under debate and are not definitively known yet. From a
clinical perspective, in case of suspected AMI in these patient
populations the specificity of ¢T'nl is higher.

Strengtbs and limitations of this review

This review has been written by two experienced experts in
the field covering laboratory as well as clinical aspects of the
work-up of questionable troponin test results based on the
published literature on this topic, which, however, mainly
comprises only of reports of cases or case series. Analytical
interferences and outliers are assay dependent. Therefore,
it is impossible to report a generally valid prevalence of this
problem in daily clinical practice.

Conclusions

Analytical interferences are rare but are not harmless,
because they may lead to misdiagnosis, mismanagement of
patients, and excess diagnostic testing. An unexpectedly,
increased ¢I'n test result should be regarded as a sign
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of myocardial injury until an outlier or an analytical
interference has been proven or could be identified as a
very likely cause. In the vast majority of these patients,
cI'n test results are due to myocardial injury. However, a
significantly elevated ¢Tn in an otherwise healthy individual
with a very low clinical probability of cardiac disease should
raise suspicion of a false-positive test result, which should
be excluded, time permitting, before initiating extensive and
costly or invasive clinical investigations. For this purpose, close
collaborative efforts between clinicians and laboratorians are
needed. Outliers appear to be the most common cause of false
positive ¢TI test results in daily clinical practice. They should
be ruled-out before time consuming testing for rare analytical
interferences which are most frequently caused by heterophilic
antibodies and macro-cTn.
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