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Abstract

Cardiovascular disease is a major cause of morbidity and mortality in individuals with kidney disease. In recent years, biomarkers such as cardiac
troponins have become indispensable to the diagnosis and prognosis of cardiac disease, such as Ml and heart failure. However, these biomarkers
behave differently in the general population compared with people with kidney disease, who may have higher baseline levels and reactions to acute
disturbance due to a combination of reduced renal clearance of biomarker molecules and increased production due to concurrent cardiovascular
disease and cardiorenal syndrome. Three decades of research into cardiac biomarkers have produced a range of literature investigating their
applications in different patient groups and healthcare settings. This review explores the evidence surrounding measurement and interpretation of
cardiac troponin levels in people who have chronic kidney disease, and have had dialysis and/or kidney transplantation, with reference to baseline
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levels and changes over time, their relationship to incident cardiovascular morbidity and mortality, and their application in acute settings.
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Over the past 30 years, cardiac biomarkers, such as cardiac troponins |
(cTnl) and T (cTnT), have become essential to the diagnosis and prognosis
of acute and chronic cardiovascular disease (CVD). However, cardiac
biomarkers behave differently in baseline levels and reactions to
cardiovascular injury in individuals with chronic kidney disease (CKD)
compared to the non-CKD population? Individuals with CKD are at
greater risk of CVD than those with normal kidney function: more than half
of those with an estimated glomerular filtration rate (eGFR) <30 ml/
min/1.73 m? have a concurrent cardiovascular condition, such as heart
failure or ischaemic heart disease, and the risk of CVD rises with declining
glomerular function and increasing albuminuria.*~®

Cardiac troponins are commonly used for the diagnosis of Ml in the
emergency setting, but this becomes complicated in the CKD population
because these patients have raised average baseline levels of cTnl and cTnT
compared to the general population.® There is a growing body of research
examining normal levels of cardiac biomarkers in individuals with stable
kidney disease, including those with pre-dialysis CKD, those receiving
dialysis and kidney transplant recipients. In addition, recent research has
aimed to examine whether high average levels of cardiac biomarkers in
individuals with kidney disease are due predominantly to reduced renal
clearance of biomarker molecules or due to increased cardiac production of
biomarkers, which may be associated with an increased burden of cardiac
disease and risk of adverse cardiovascular outcomes.

This review aims to summarise research into average levels of cardiac
troponins in individuals with kidney disease and examine the extent to

which evidence suggests increased biomarker levels are associated with
cardiovascular morbidity and mortality.

Physiology of Cardiac Troponins

To be able to interpret levels of cardiac troponins, it is useful to understand
their normal physiology. cTnl (molecular weight 23.9 kDa) and cTnT
(molecular weight 35.9 kDa) are cardiac muscle-specific components of
the troponin-myosin complex, which exist within that complex and also in
intracellular vesicles, and control the interaction of actin and myosin in
cardiac myocytes as mediated by intracellular Ca?". Damage to cardiac
myocytes, for example due to ischaemia, results in a release of cInl and
cInT into the bloodstream, from where they can be measured using
specific monoclonal antibodies which do not cross-react with non-cardiac
troponins.”® Cardiac troponins and troponin fragments are cleared from
the blood by macrophages and the reticuloendothelial system, generic
proteinases found throughout the vasculature, and glomerular filtration.®
The ability to measure levels more accurately has evolved over years and
with the implementation of fifth-generation ‘high-sensitivity’ cTnT assays
(often referred to as hs-cTnT) since 2018 has improved the sensitivity of
testing for MI.°

Pathophysiology of Cardiorenal Syndrome

The Acute Dialysis Quality Group (ADQG) defines five subtypes of
cardiorenal syndrome (Table 1) These may be divided into acute
(subtypes 1and 3) versus chronic (subtypes 2 and 4), cardiorenal (subtypes
1and 2) versus nephrocardiac (subtypes 3 and 4), and primary (subtypes
1-4) versus secondary (subtype 5).
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Table 1: Classification of Cardiorenal Syndrome

Type Definition

Acute cardiorenal

Acute worsening of cardiac function leading to renal dysfunction

Examples of Causes

Acute decompensated heart failure; MI

Chronic cardiorenal

Chronic abnormalities in cardiac function leading to renal dysfunction

Chronic heart failure

Acute nephrocardiac

Acute worsening of renal function causing cardiac dysfunction

Acute kidney injury leading to fluid overload, electrolyte
abnormalities, uraemia

Chronic nephrocardiac

Chronic abnormalities in renal function leading to cardiac disease

Chronic kidney disease leading to uraemic cardiomyopathy,
cardiac remodelling

Secondary

Systemic conditions causing simultaneous disease of the heart and kidney

Sepsis; systemic lupus erythematosus; amyloidosis; diabetes

Data source: Ronco et al. 2010."

Figure 1: Overview of Pathophysiology in Cardiorenal Syndrome
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An overview of key pathological mechanisms in combined CKD—-CVD. BNP = B-type natriuretic peptide; CKD = chronic kidney disease; CVD = cardiovascular disease; PO 43' = phosphate ion;

PTH = parathyroid hormone, TNF-a = tumour necrosis factor a.

The pathophysiology of each subtype of cardiorenal syndrome differs
from the others. Here, we will focus on cardiorenal syndrome as it
presents in individuals with CKD. This may take the form of CVD which
occurs after the onset of CKD, i.e. type four in the ADQG system, or it may
be that cardiac and renal dysfunction occur and develop simultaneously
or in an unknown order. Regardless of the exact sequence of organ
dysfunction in these cases, common pathological mechanisms will result
in damage to both heart and kidney function, with the decline of each
furthering the decline of the other.

An overview of some of the key pathological mechanisms in cardiorenal
syndrome is presented in Figure 1. Broadly, declining kidney function
causes an accumulation of uraemic toxins, precipitating a chronic
inflammatory state that induces endothelial dysfunction, smooth and
cardiac muscle proliferation and remodelling, atherosclerosis and bone
remodelling, all of which contribute to cardiac and renal dysfunction.”
Reduced glomerular filtration leads to chronic over-activation of the
renin—angiotensin - system, thereby leading to volume overload,

hypertension and accelerated cardiac disease. Corollaries of CKD, such
as vitamin D deficiency, hyperparathyroidism, hyperphosphataemia, pro-
inflammatory lipoproteins and high circulating levels of growth factors,
such as FGF23, potentiate the remodelling of bone and soft tissues, while
impaired cardiac function may lead to hypoperfusion and venous
congestion.*

Together, these mechanisms of inflammation, oxidative stress and
remodelling lead to an environment where not only are cardiac troponins
subject to reduced renal clearance, but are increasingly released from a
myocardium under stress. High cardiac troponin levels in individuals with
CKD must therefore be understood as a product of cardiovascular and
renal pathology in combination, rather than solely reduced renal
clearance.

Levels of Cardiac Troponins in Kidney Disease
Individuals with pre-dialysis CKD have increased average cardiac troponin
levels compared to the general population. Studies measuring cardiac
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Table 2: Studies Reporting Cardiac Troponin Levels in Chronic Kideney Disease According to eGFR Classification

Age (Years), Mean £ SD

Biomarker cTn (ng/l), Median (IQR)

eGFR 290 ml/ eGFR 60-90 ml/
min/1.73 m? min/1.73 m’

eGFR <60 ml/
min/1.73 m’

Martens et al. 2017 59.8+8.2 cTnl 17 (11-2.6) 21(1.4-3.4) 37(2.5-5.5)
T 46(3.2-6.5) 6.0 (4.4-8.8) 1.3 (73-17.2)
Vinnakota et al. 2019 By eGFR group cTnl 2.4(1.4-4.2) 3.3(2.0-57) 6.3(3.9-10.3)
>90 mli/min/1.73 m* 57.9 + 8.5
60-90 ml/min/1.73 m% 65.2 +10.2
<60 mi/min/1.73 m% 74.8 + 9.3
Pang et al. 2020 60.616.5 cmnl 2(1-5) 4(1-9) 10 (5-34)
Rehm et al. 2022% 51.4+121 cTnl 21(1.3-3.8) NA 4.7(3.0-7.3)

CKD = chronic kidney disease; cTnl = cardiac troponin I; cInT = cardiac troponin T; eGFR = estimated glomerular filtration rate.

troponins in a mixed cohort of CKD patients report 43—-68% of individuals
having cTnl and cTnT levels over the 99th percentile of the general
population®™® Average troponin levels increase as kidney function
deteriorates. One 2017 study reported median cInl levels of 1.7 ng/l
(interquartile range [IQR] 11-2.6 ng/l), 2.1 ng/l (IQR 1.4-3.4 ng/l), and
3.7 ng/l (IQR 2.5-5.5 ng/l) in individuals with eGFR >90 ml/min/1.73 m?,
60-90 ml/min/1.73 m*and <60 ml/min/1.73 m?, respectively.® Similarly, the
same study reported median cTnT levels of 4.6 ng/I (IQR 3.2-6.5 ng/l), 6.0
ng/l (IQR 4.4-8.8 ng/l) and 11.3 ng/l (IQR 7.3-17.2 ng/l) in individuals with
eGFR 290 ml/min/1.73 m2, 60-90 ml/min/1.73 m?and <60 ml/min/1.73 m2,
respectively.

Other studies examining cardiac troponin levels across a range of eGFR
values report similar findings (Table 2).2°-% However, what is unclear from
these observational studies is whether higher average troponin levels are
due solely to reduced kidney function or whether the inflammatory milieu
precipitated by CKD and known cardiovascular pathology which
accompanies cardiorenal syndrome contribute to chronic cardiac damage
and troponin release. In pre-dialysis CKD, factors including older age,
male sex, Black ethnicity and higher BMI, and higher levels of HDL
cholesterol, LDL cholesterol, triglycerides and haemoglobin have been
associated with higher average troponin levels.”

A 2019 study examined how troponin levels change over time in pre-
dialysis CKD. Chesnaye et al. followed 176 individuals for 24 months and
found that cTnT levels in the cohort increased by an average of 16% per
year.?* The authors also reported that for each 5 ml/min/1.73 m? reduction
in average eGFR, average cInT levels increased by 8% and the rate of
increase rose by 3%.%

Most research examining cIn levels in the dialysis population has
focussed on individuals receiving haemodialysis. Average cIn levels in
the dialysis population are higher than those in individuals with pre-
dialysis CKD. One 2021 study investigating 198 stable outpatient
haemodialysis patients demonstrated a median cTnl level of 25 ng/I (IQR
14-43 ng/l) and a median cTnT level of 70 ng/l (IQR 44-129 ng/l). Other
recent studies of cTnl and cTnT levels in the haemodialysis population
have shown similar values.?®*' Three studies examining cTn levels over
time in the dialysis population showed no significantincrease in average
cTn levels over time 29323

Research on the impact of a haemodialysis session on cIn levels has
yielded conflicting results. One study from 2000, before the use of high-
sensitivity assays, reported a significant decrease in cTnl and levels from

pre- to post-dialysis blood samples on average, but a significant increase
in cTnT levels.* One 2019 study similarly found that cTnl levels decreased
from median 54.3 ng/l before dialysis to median 271 ng/l after dialysis.*
Other studies have reported no significant overall change in cTnl and cTnT
levels pre- and post-dialysis.®*

Although these studies’ findings differ regarding average changes, all
studies reported that some individuals demonstrate an increase in cTn
levels post-dialysis. Tarapan et al. reported that higher dialysate flow rate
and higher haemoglobin concentration were associated with an intra-
dialysis increase in cInl levels on multivariate analysis, suggesting that
some individuals may experience silent myocardial injury during
haemodialysis.™ Similarly, Assa et al. reported that increased age and
dialysis vintage were associated with a positive intra-dialysis change in
cInl, also reporting that a +10 ng/I change was associated with an adjusted
HR of 1.21 for major adverse cardiac events (MACE).*

Evidence demonstrates that some individuals on haemodialysis
experience myocardial stunning, with onset of echocardiographic wall
motion abnormalities following a dialysis session, which is associated
with declining left ventricular ejection fraction (LVEF) over time and worse
mortality.®** No studies have been identified that have linked this to
intradialytic troponin elevations, which should be a target for future
research.

Individuals on dialysis may also demonstrate significant variability in cTn
levels across serial measurements. The above-mentioned 2021 study by
Snaedal and colleagues measured cTnl and cTnT at monthly intervals,
reporting reference change values (RCVs) — interpreted as the percentage
change above which a change in troponin value may be interpreted as
not being due to random variability - of +67/-40% for cTnl and +30/-23%
for cTnT, suggesting that cTnl has a greater normal variability.> They also
reported that older age, male sex and heart failure were associated with
greater cTn variability.”®

In a similar study, Fahim et al. reported reference change values of
+33%/-25% for weekly cTnT measurements over 5 weeks and +58%/-37%
for monthly cTnT measurements over 5 months.?’ They also reported no
significant difference in intra-person variability between haemodialysis
and peritoneal dialysis patients, between individuals with and without
ischaemic heart disease and across cTnT quartiles.”” One 2013 study
quantified the variability in cTnT in 78 haemodialysis patients, reporting
that 95% of their cohort had a variability of <62 ng/l over 1 month.*
Changes in troponin values outside of these published ranges should

EUROPEAN CARDIOLOGY REVIEW
www.ECRjournal.com



Cardiac Troponins in Kidney Disease

therefore raise suspicions about underlying cardiovascular pathology as a
causative factor.

Some studies have demonstrated subgroups of haemodialysis patients
who retain very high cTn levels over time. Katerinis et al. reported four out
of 50 asymptomatic haemodialysis patients in their study had cTnl levels
>90 ng/l for four consecutive months.* All four were men with a history of
coronary artery disease and heart failure.* Similarly, Kumar et al. reported
several individuals in their study who, despite being asymptomatic, had
significant rises in cTnl to either >34 ng/l or >120 ng/l on monthly testing.*?
In a 2018 study, Mavrakanas et al. measured cInl every month for 3
months in 128 haemodialysis patients, reporting that 81 had all three
values <60 ng/l, 29 had one or two values >60 ng/l, and 18 had all three
values >60 ng/l.* Hence, we can see that there can be significant changes
in cTn values over time in asymptomatic dialysis patients and that some
can have above-average values sustained over time.

As we will see in the next section, higher average cln levels are associated
with risk of MACE. Further research is required to ascertain how individual
variability in cTn levels translates into risk of adverse events.

There is a relative dearth of research into cn levels in kidney transplant
recipients. One study of 177 stable transplant recipients with mean + SD
eGFR 48.9 + 26.5 ml/min/1.73 m? reported a median cTnT level of 11 ng/l
(IQR 11-26 ng/l).* The authors reported older age, male sex and lower
eGFR to be associated with higher cTnT levels.* In addition, a 2021 study
of 177 stable renal transplant recipients with mean + SD eGFR 46 + 17 ml/
min/1.73 m? reported median ¢TnT 17 ng/I (IQR 11-31 ng/l).*® A 2017 study
reported median ¢Tnl 5.6 ng/l (IQR 3.3-10.5 ng/l) in a stable transplanted
cohort with mean +SD eGFR 45.9 + 18.2 ml/min/1.73 m?, with 6% of
individuals having cTnl levels greater than the assay’s 99th percentile.*
Another study of 372 stable transplant recipients with mean + SD eGFR
52.5 +20.2 mli/min/1.73 m? reported 21 individuals with ¢TnT >30 ng/l and
reported that cTnT above this threshold was associated with increased
mortality over follow-up.”

Comparison of these studies’ findings with those examining individuals
with pre-dialysis CKD suggests that kidney transplant recipients may have
higher baseline troponin levels compared to individuals with non-
transplant CKD at a similar eGFR, possibly due to the lasting effects of
CKD and cardiorenal syndrome prior to transplantation, but further
research directly comparing these two groups over time is needed.

Cardiac Troponin Levels and Mortality

In the pre-dialysis CKD population, multiple studies have demonstrated
that higher average cardiac troponin levels confer an increased risk of
cardiovascular mortality (CYM) and all-cause mortality (ACM).**" However,
a minority of studies have reported that risk of mortality does not increase
with average troponin levels when models account for declining eGFR or
urine albumin—creatinine ratio.®? The vast majority of studies measure
troponin levels at a single time point, limiting our ability to interpret the
association of troponin levels and their changes over time with adverse
outcomes. There is conflicting evidence on whether increasing troponin
levels over time confers any additional mortality risk. Wang and colleagues
measured cTnT twice, 2 years apart, in a cohort of 842 CKD patients and
found that neither an increase nor a decrease in cInT over time was
significantly associated with mortality risk.®> However, Chesnaye and
colleagues measured cInT six times in 176 CKD patients over a median
period of 2.4 years, demonstrating not only that higher average levels at
any time were associated with an increased risk of mortality, but also that

the rate of change of cTnT and the area under the ¢TnT curve were also
associated with increased risk.* Longitudinal studies such as this
demonstrate that we should not ignore raised or rising cardiac troponin
levels in individuals with CKD. Instead, they demonstrate evidence that an
individual is at risk of adverse cardiovascular outcomes and mortality,
which should prompt clinicians to carry out further investigations.

In the dialysis population, again, most studies demonstrate that higher
average troponin levels over time are associated with greater risk of CVM
and ACM.?83055% Again, a minority of studies measured troponin levels
over time in this population. Mavrakanas and colleagues reported that
three consecutive cTnl measurements >60 ng/l conferred a HR of 6.45 for
MACE or ACM compared with individuals with three values <60 ng/I.”
Snaedal and colleagues performed a longitudinal study, which reported
that individuals with cTnT values persistently in the middle or highest
tertiles were at increased risk of ACM compared to those with values in
the lowest tertile (HR 211 and 2.38, respectively).® Hence, higher-than-
average troponin levels over time in CKD and dialysis populations are not
justincidental findings. They are associated with highly adverse outcomes
and should prompt clinicians to consider further investigations such as
coronary or cardiac imaging and appropriate risk-reduction strategies.

In the kidney transplant population, again evidence demonstrates that
higher cardiac troponin levels are associated with adverse outcomes
including ACM as well as CVM, MI and transplant failure requiring
dialysis.> In one 2022 study, cTnT levels >31 ng/l at baseline were
associated with a 50% risk of MACE or death over 5 years compared to
<10% risk for those with cTnT <11 ng/I.”® While evidence demonstrates that
other cardiac biomarkers such as B-type natriuretic peptide and N-terminal
pro-B-type natriuretic peptide (NT pro-BNP) decline rapidly post-
transplantation, we have not found any data examining comparable
trends in cardiac troponins.”’ Hence, transplant recipients should be
considered for active troponin monitoring in conjunction with regular
clinical review and cardiac imaging to enable appropriate further
investigation and risk reduction strategies.

Cardiac Troponin Levels, MACE and

Other Cardiovascular Outcomes

Aside from mortality, some research has examined other cardiovascular
associations of troponin levels in the pre-dialysis CKD population. Several
studies have demonstrated that individuals with higher average troponin
levels are more likely to experience MACE, usually defined as MI, stroke
or cardiovascular hospital admission, with or without cardiovascular
death 20515859 Research has also demonstrated an association between
higher average troponin levels and severity of coronary artery disease on
angiography in the pre-dialysis CKD population.®®®" This is perhaps
another indication that high troponin levels in the kidney disease
population are not simply due to reduced filtration, but due to
cardiovascular pathology which may be modifiable.

The relationship between troponin levels and incident heart failure in the
CKD population is unclear. Some studies have reported an association
between higher average troponin levels and risk of incident diagnosis of
HF, including one which suggests higher average troponin levels in CKD
confer greater risk of HF compared to the non-CKD population.®™%
However, a large, harmonised population data study of individuals with
and without CKD demonstrated no predictive value of cTnl for incident HF,
unlike NT-proBNP.?? Several studies have shown consistently that higher
average troponin levels are associated with left ventricular hypertrophy
and incident AF in the pre-dialysis population %
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There is less research examining the relationship between troponin levels
and cardiovascular outcomes in the dialysis population. However, four
studies have identified positive associations between higher average cTnl
or cTnT levels and coronary artery disease, whether assessed by cardiac
stress testing, carotid artery intima—media thickness scores, or stenosis
on angiography, in the dialysis population. 857 Fyrther study, including
longitudinal work, is required to ascertain the predictive value of troponin
levels in this context.

Cardiac Troponin Levels and

Emergency Presentations

One of the most common clinical challenges related to troponin levels in
the individual with kidney disease is suspected acute coronary syndrome
(ACS). In the general population, a cardiac troponin level above the 99th
percentile of the reference population is called myocardial injury.” When
this injury is accompanied by signs or symptoms of myocardial ischaemia,
it is termed MI. In the CKD population, higher-than-average baseline
troponin levels — combined with a higher likelihood of atypical
presentation of ACS — can complicate the diagnostic process. This is not
an academic concern; individuals with kidney disease are exposed to a
high burden of cardiovascular risk factors and have high rates of ACS with
often atypical presenting features compared to the general population.”*”
In addition, a large registry study of 330,367 patients presenting with MI
in the UK has demonstrated that average peak troponin levels are higher
in individuals with CKD.”*

Most studies analysing this issue receiver operator characteristic (ROC)
analysis, which generates values for sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV). Any alteration
of a threshold for a ‘positive” diagnosis will impact both sensitivity and
specificity. A lower threshold will include more true positive diagnoses,
improving the sensitivity of the test, while also including more false
positive diagnoses, worsening its specificity and vice versa. ROC analysis
also produces an area under the curve value, which can be interpreted as
the average sensitivity value for all possible specificity values or the
average specificity value for all possible sensitivity values and is useful for
comparing the overall performance of different testing thresholds.

An overview of the nine studies related to this topic is provided in
Supplementary Table 1. All studies examined focused on diagnosis of non-
ST elevation MI (NSTEMI), excluding individuals presenting with ECG
changes consistent with ST elevation Ml (STEMI). One challenge in the
synthesis of existing evidence on the use of troponin testing for ACS in
kidney disease lies in the variable testing and reporting strategies used
by researchers in this field. While the majority use ROC analysis, there is
wide variability in the thresholds used for a ‘positive’ test. Additionally,
some studies perform testing at multiple timepoints and aim to test
whether a certain level of change provides a useful testing threshold.

A 2013 study by Chenevier-Gobeaux et al. reported that a peak cTnT
threshold of 14 ng/l had a dramatically reduced specificity for NSTEMI
diagnosis in individuals with eGFR <60 compared with >60 ml/min/1.73 m?
(54% versus 86%).” Similarly, Vasudevan et al. have reported higher area
under the curve values for troponin testing for NSTEMI diagnosis in
individuals with eGFR >60 versus <60 ml/min/1.73 m2’® Ballocca et al.
demonstrated in 2017 that using peak cTnl or cTnT levels for the diagnosis
of NSTEMI confers greater sensitivity and specificity compared with
testing levels at 3.5 hours after presentation, and also that sensitivity and
specificity for peak cTnl or cTnT for NSTEMI was greater in individuals with
eGFR 30-60 compared to <30 ml/min/1.73 m?”” However, while identifying

peak levels may be relatively easy post-hoc when multiple samples have
been taken, using this strategy in real time carries a risk of delayed
diagnosis.

In a large study involving 1,555 adults presenting to the emergency
department with symptoms suggestive of ACS, serial troponin levels were
measured using sex-specific cTnl thresholds of 16 ng/I for women and 34
ng/l for men, and differences in sensitivity and specificity for a range of
eGFR values and individuals on dialysis treatment were analysed.”® The
authors demonstrated that cTnl values above sex-specific thresholds had
decreasing specificity and PPV with lower eGFR values and dialysis
treatment.’® In addition, they demonstrated that cTnl testing at 6-9 hours
after presentation increased PPV for NSTEMI diagnosis compared to
testing at presentation in individuals with kidney impairment.”®

Considering these studies, we see that troponin testing for Ml is more
specific in individuals with higher eGFR* In individuals with lower
eGFR, delayed testing or calculation of peak or change in troponin levels
may increase sensitivity. &%

Therefore, we can see that cardiac troponin testing in the context of an
emergency presentation of possible ACS is less specific in the CKD
population. Evidence suggests that higher average troponin levels at
presentation are predictive of death over 1year following Ml in individuals
with and without kidney dysfunction.®# As such, it is imperative that high
troponin levels in individuals with kidney disease presenting with
symptoms compatible with MI —which may not be typical in this population
— are considered seriously. Clinicians may therefore have to alter their
diagnostic strategy, placing differing weights on history and examination
and altering thresholds for serial troponin testing or additional
investigations such as echocardiography to exclude regional wall motion
abnormalities to ascertain a diagnosis and initiate optimal management.

One challenge in synthesising the literature in this area is the differing use
of troponin assays and thresholds for positive diagnosis, which vary
according to local protocols. Given the evidence discussed, we would
advocate for a low threshold for serial troponin testing and additional
investigations, such as echocardiography and the possibility of cardiac
MRI, if available, in individuals with kidney disease with a possible
diagnosis of ACS.

Cardiac Imaging in Kidney Disease

2D echocardiography can be used to measure a variety of cardiac metrics,
including left ventricular mass (LVM), LVEF and left ventricular diastolic
dysfunction (LVDD). There is robust evidence to suggest that higher
cardiac troponin levels are predictive of greater LVM and left ventricular
hypertrophy (LVH) in CKD as well as LVDD.5"*%%¢5% These are important
findings to note as active management of fluid status and renal bone
disease may be able to reverse cardiac remodelling with associated
mortality benefits % LVH may also be a consequence of an underlying
cardiorenal disease process, such as amyloidosis, and thus
echocardiography forms an important part of diagnostic work-up.

Evidence does not suggest a predictive relationship between cardiac
troponin levels and 2D-echocardiographic LVEFinthe CKD population 56465
However, it should be noted that 2D echocardiography has been found to
significantly overestimate LVEF in individuals with CKD when compared to
gold standard cardiac MRl 'and 3D echocardiography due to left ventricular
geometry.®8 Due to the importance of correct LVEF classification for
prognostically beneficial treatment of heart failure, individuals with kidney
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disease should undergo cardiac MRl or 3D echocardiography for LVEF
quantification, where possible.

Cardiac MRI studies have demonstrated that native myocardial T2 times,
as a marker of myocardial oedema, correlate with increasing cardiac
troponin levels, a relationship which is more pronounced at lower eGFR
values.”®" There is conflicting evidence as to whether myocardial T1
times, a marker of fibrosis, correlate with troponin levels in kidney
disease " As such, cardiac MRI could be considered in individuals with
kidney disease and chronically elevated troponin levels to examine for
fibrosis, regional wall motion abnormalities, ventricular geometry and
evidence of other pathology such as amyloidosis. Further studies which
pair longitudinal measurement of cardiac biomarkers with serial imaging
studies to examine the incident relationship between these abnormalities
are required to develop further guidance.

There is some evidence that elevated cardiac troponins may predict
incident coronary artery disease in CKD and particularly individuals
receiving haemodialysis.®”® This may be of particular importance when
identifying individuals who may require coronary artery screening before
kidney transplantation.

Practical Guidance on Troponin

Levels in Kidney Disease

As we have seen, there is now robust evidence across different stages of
kidney disease that elevated cardiac troponin levels are associated with
adverse outcomes, from ACM, CVM to MACE, LVH and coronary disease.
While longitudinal studies examining troponin levels over time and their
relation to incident pathology are currently lacking and will further inform
our appreciation of risk, we would recommend the following practical
measures when considering troponin levels in individuals with kidney
disease:

» Patients with kidney disease undergo regular blood tests and
troponin screening (yearly in early-stage CKD, and more frequently in
dialysis patients with multiple cardiovascular risk factors or a newly
transplanted individual) may give an early indicator of emergent
cardiac pathology which warrants further investigation or imaging to
inform risk reduction strategies;

« Individuals with chronically elevated troponin levels, especially when
compared to individuals of similar age and kidney function, should be
actively screened for a cause, for instance by 2D, 3D, or stress
echocardiography and/or by cardiac MRI;

« Inthe acute setting, normal or baseline troponin levels at
presentation in an individual who is suspected of having ACS may be
falsely reassuring and a serial testing strategy (perhaps including
testing up to 12—24 hours from presentation) in addition to cardiac
imaging in the form of echocardiography and MRI if available, should

be employed, as individuals with kidney disease are likely to present
with ACS in an atypical manner;

« Inthe dialysis population, a certain degree of fluctuation in troponin
levels over time is observed naturally (+67/-40% for cTnl and +30/-23%
for cInT over 1 month, according to one study). However, a significant
change outside these published ranges should prompt serious
consideration of underlying pathology.?® We must also acknowledge
that new cardiac pathology may emerge without a rise in troponin
outside these ranges, which are currently defined by only a few
studies, and as such, vigilance and further research are required.

Conclusion

We have seen that cardiac troponin levels are often higher on average in
the kidney disease population when compared to those without kidney
disease, increasing as eGFR declines and increasing further once people
progress to end-stage disease. In the CKD and dialysis populations, there
is good evidence to suggest that higher average troponin levels are
associated with mortality and a range of adverse cardiovascular outcomes
over time, suggesting that higher average levels are not simply a
byproduct of reduced troponin elimination, but are a sequela of the
myriad pathophysiological aspects of cardiorenal syndrome and represent
true cardiac pathology. Whether individuals with higher average troponin
levels should be more thoroughly investigated for cardiac disease — and
at what threshold this should occur — is a matter which would benefit from
further research. There is a growing number of studies reporting
longitudinal data on cardiac troponin profiles in kidney disease. These
studies are essential and will help to develop guidance on thresholds at
which further testing or intervention should be considered.

Individuals who have had kidney transplants may have higher average
troponin levels than non-transplanted individuals with comparable eGFR.
However, there is a relative dearth of research into troponin levels in the
transplant population and further studies to more fully understand this
relationship are necessary. Whether higher average levels translate to an
increased risk of adverse cardiovascular outcomes over time is a subject
requiring further research.

We have also seen that the common clinical scenario of troponin testing
in possible ACS is more complicated in the kidney disease population
compared to the general population. However, there is good evidence
that troponin testing remains sensitive and reasonably specific, although
the testing and investigation strategy may need to differ in those with
kidney disease — either end-stage or earlier — to those without. As above,
we would advocate for a serial troponin testing strategy in conjunction
with a thorough history and examination and additional investigations,
such as echocardiography, as correct diagnosis in individuals with kidney
disease is imperative for the prevention of both short- and long-term
adverse outcomes.

1. Banerjee D, Perrett C, Banerjee A. Troponins, acute
coronary syndrome and renal disease: from acute kidney
injury through end-stage kidney disease. Eur Cardiol
2019;14:187-90. https://doi.org/10.15420/ecr.2019.28.2;

all-cause and cardiovascular mortality in general population 7.
cohorts: a collaborative meta-analysis. Lancet

2010;375:2073-81. https://doi.org/10.1016/S0140-
6736(10)60674-5; PMID: 20483451. 8.

Collinson PO, Boa FG, Gaze DC. Measurement of cardiac
troponins. Ann Clin Biochem 2001;38:423-49. https://doi.
0rg/10.1177/000456320103800501; PMID: 11587122.

Shave R, Dawson E, Whyte G, et al. The cardiospecificity of

PMID: 31933690.

deFilippi C, Seliger S. The cardiac troponin renal disease
diagnostic conundrum: past, present, and future. Circulation
2018;137:452—4. https://doi.org/10.1161/
CIRCULATIONAHAM7.031717; PMID: 29378755.

Stevens PE, O'Donoghue DJ, de Lusignan S, et al. Chronic
kidney disease management in the United Kingdom:
NEOERICA project results. Kidney Int 2007;72:92-9. https:/
doi.org/10.1038/sj.ki.5002273; PMID: 17440495.

Chronic Kidney Disease Prognosis Consortium. Association
of estimated glomerular filtration rate and albuminuria with

van der Velde M, Matsushita K, Coresh J, et al. Lower
estimated glomerular filtration rate and higher albuminuria
are associated with all-cause and cardiovascular mortality. A
collaborative meta-analysis of high-risk population cohorts.
Kidney Int 2011;79:1341-52. https://doi.org/10.1038/
ki.2010.536; PMID: 21307840.

National Institute for Health and Care Excellence. Acute
Coronary Syndromes in Adults. London: NICE; 2020. https:/
www.nice.org.uk/guidance/qs68/resources/acute-coronary-
syndromes-in-adults-pdf-2098794360517 (accessed 7 July
2022).

EUROPEAN CARDIOLOGY REVIEW
www.ECRjournal.com

10.

the third-generation cTnT assay after exercise-induced
muscle damage. Med Sci Sports Exerc 2002;34:651-4. https://
doi.org/10.1097/00005768-200204000-00014;

PMID: 11932574.

Chaulin AM. Cardiac troponins metabolism: from
biochemical mechanisms to clinical practice (literature
review). Int J Mol Sci 2021;22:10928. https://doi.org/10.3390/
ijms222010928; PMID: 34681585.

Ola O, Akula A, De Michieli L, et al. Clinical impact of high-
sensitivity cardiac troponin T implementation in the
community. J Am Coll Cardiol 2021;77:3160-70. https://doi.


https://doi.org/10.15420/ecr.2019.28.2
https://doi.org/10.1161/CIRCULATIONAHA.117.031717
https://doi.org/10.1161/CIRCULATIONAHA.117.031717
https://doi.org/10.1038/sj.ki.5002273
https://doi.org/10.1038/sj.ki.5002273
https://doi.org/10.1016/S0140-6736(10)60674-5
https://doi.org/10.1016/S0140-6736(10)60674-5
https://doi.org/10.1038/ki.2010.536
https://doi.org/10.1038/ki.2010.536
https://www.nice.org.uk/guidance/qs68/resources/acute-coronary-syndromes-in-adults-pdf-2098794360517
https://www.nice.org.uk/guidance/qs68/resources/acute-coronary-syndromes-in-adults-pdf-2098794360517
https://www.nice.org.uk/guidance/qs68/resources/acute-coronary-syndromes-in-adults-pdf-2098794360517
https://doi.org/10.1177/000456320103800501
https://doi.org/10.1177/000456320103800501
https://doi.org/10.1097/00005768-200204000-00014
https://doi.org/10.1097/00005768-200204000-00014
https://doi.org/10.3390/ijms222010928
https://doi.org/10.3390/ijms222010928
https://doi.org/10.1016/j.jacc.2021.04.050

Cardiac Troponins in Kidney Disease

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

0rg/10.1016/j.jacc.2021.04.050; PMID: 34167641.

Ronco C, McCullough P, Anker SD, et al. Cardio-renal
syndromes: report from the consensus conference of

the Acute Dialysis Quality Initiative. Eur Heart J 2010;31:703—
1. https://doi.org/10.1093/eurheartj/ehp507;

PMID: 20037146.

. Ronco C, Bellasi A, Di Lullo L. Cardiorenal syndrome: an

overview. Adv Chronic Kidney Dis 2018;25:382-90. https://doi.
0rg/10.1053/j.ackd.2018.08.004; PMID: 30309455.

. Raina R, Nair N, Chakraborty R, et al. An update on the

pathophysiology and treatment of cardiorenal syndrome.
Cardiol Res 2020;11:76—88. https://doi.org/10.14740/cr955;
PMID: 32256914.

. Xu C, Tsihlis G, Chau K, et al. Novel perspectives in chronic

kidney disease-specific cardiovascular disease. Int J Mol Sci
2024;25:2658. https://doi.org/10.3390/ijms25052658;
PMID: 38473905.

. DeFilippi C, Seliger SL, Kelley W, et al. Interpreting cardiac

troponin results from high-sensitivity assays in chronic
kidney disease without acute coronary syndrome. Clin Chem
2012;58:1342-51. https://doi.org/10.1373/
clinchem.2012.185322; PMID: 22791885.

. Sun L, Tan X, Cao X, Zou J. Assessed value of high-

sensitivity cardiac troponin T for cardiovascular disease
among CKD patients. Ren Fail 2016;38:728-37. https://doi.
0rg/10.3109/0886022X.2016.1158040; PMID: 26984066.
Chen S, Huang C, Wu B, et al. Cardiac troponin | in non-
acute coronary syndrome patients with chronic kidney
disease. PLoS One 2013;8:82752. https://doi.org/10.1371/
journal.pone.0082752; PMID: 24349354,

. Hasegawa M, Ishii J, Kitagawa F, et al. Prognostic value of

highly sensitive troponin T on cardiac events in patients
with chronic kidney disease not on dialysis. Heart Vessels
2013;28:473-9. https://doi.org/10.1007/s00380-012-0273-2;
PMID: 22914904.

. Martens RJH, Kimenai DM, Kooman JP, et al. Estimated

glomerular filtration rate and albuminuria are associated
with biomarkers of cardiac injury in a population-based
cohort study: the Maastricht study. Clin Chem 2017;63:887—
97. https://doi.org/10.1373/clinchem.2016.266031;

PMID: 28213568.

Vinnakota S, Scott CG, Rodeheffer RJ, Chen HH. Estimated
glomerular filtration rate, activation of cardiac biomarkers
and long-term cardiovascular outcomes: a population-based
cohort. Mayo Clin Proc 2019;94:2189-98. https://doi.
0rg/10.1016/j.mayocp.2019.03.033; PMID: 31668448.

Pang L, Wang Z, Zhao ZL, et al. Associations between
estimated glomerular filtration rate and cardiac biomarkers.
J Clin Lab Anal 2020;34:623336. https://doi.org/10.1002/
jcla.23336; PMID: 32298022.

Rehm M, Rothenbacher D, lacoviello L, et al. Chronic kidney
disease and risk of atrial fibrillation and heart failure in
general population-based cohorts: the BiomarCaRE project.
ESC Heart Fail 2022;9:57-65. https://doi.org/10.1002/
ehf2.13699; PMID: 34825788.

Dubin RF, Li Y, He J, et al. Predictors of high sensitivity
cardiac troponin T in chronic kidney disease patients: a
cross-sectional study in the Chronic Renal Insufficiency
Cohort (CRIC). BMC Nephrol 2013;14:229. https:/doi.
0rg/10.1186/1471-2369-14-229; PMID: 24148285.

Chesnaye NC, Szummer K, Bardny P, et al. Association
between renal function and troponin T over time in stable
chronic kidney disease patients. J Am Heart Assoc
2019;8:€013091. https://doi.org/10.1161/JAHA119.0130971;
PMID: 31662068.

Snaedal S, Bardny P, Lund SH, et al. High-sensitivity
troponins in dialysis patients: variation and prognostic
value. Clin Kidney J 2021;14:1789-97. https://doi.org/10.1093/
ckj/sfaa215; PMID: 34221386.

Eriguchi M, Tsuruya K, Lopes M, et al. Routinely measured
cardiac troponin | and N-terminal pro-B-type natriuretic
peptide as predictors of mortality in haemodialysis patients.
ESC Heart Fail 2022;9:1138-51. https://doi.org/10.1002/
ehf2.13784; PMID: 35026869.

Fahim MA, Hayen AD, Horvath AR, et al. Biological variation
of high sensitivity cardiac troponin-T in stable dialysis
patients: implications for clinical practice. Clin Chem Lab Med
2015;53:715-22. https://doi.org/10.1515/ccim-2014-0838;
PMID: 25527812.

Hayashi T, Kimura T, Yasuda K, et al. Cardiac troponin T
elevation at dialysis initiation is associated with all-cause
and cardiovascular mortality on dialysis in patients without
diabetic nephropathy. Clin Exp Nephrol 2017;21:333—-41.
https://doi.org/10.1007/s10157-016-1278-4; PMID: 27178276.
Maresca B, Manzione A, Moioli A, et al. Prognostic value of
high-sensitive cardiac troponin | in asymptomatic chronic
hemodialysis patients. J Nephrol 2020;33:129-36. https://
doi.org/10.1007/s40620-019-00610-5; PMID: 31020624.

Sun L, Wang Y, Zhang N, et al. High-sensitive cardiac
troponin T for prediction of cardiovascular outcomes in

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

stable maintenance hemodialysis patients: a 3-year
prospective study. Kidney Blood Press Res 2021;46:484-94.
https://doi.org/10.1159/000516658; PMID: 34167109.

Tarapan T, Musikatavorn K, Phairatwet P, et al. High
sensitivity troponin-I levels in asymptomatic hemodialysis
patients. Ren Fail 2019;41:393-400. https://doi.org/10.1080/0
886022X.2019.1603110; PMID: 31132904.

Hill SA, Cleve R, Carlisle E, et al. Intra-individual variability in
troponin T concentration in dialysis patients. Clin Biochem
2009;42:991-5. https://doi.org/10.1016/).
clinbiochem.2009.03.027; PMID: 19362083.

Ortega O, Rodriguez I, Gracia C, et al. Strict volume control
and longitudinal changes in cardiac biomarker levels in
hemodialysis patients. Nephron Clin Pract 2009;113:¢96-103.
https://doi.org/10.1159/000228541; PMID: 19602905.
Wayand D, Baum H, Schétzle G, et al. Cardiac troponin T
and | in end-stage renal failure. Clin Chem 2000;46:1345-50.
https://doi.org/10.1093/clinchem/46.9.1345; PMID: 10973864.
Peetz D, Schiitt S, Sucké B, et al. Prognostic value of
troponin T, troponin |, and CK-MB mass in patients with
chronic renal failure 2003;98:188-92. Med Klin (Munich)
2003;4:188-92. https://doi.org/10.1007/s00063-003-1243-3;
PMID: 12715142.

Conway B, McLaughlin M, Sharpe P, Harty J. Use of cardiac
troponin T in diagnosis and prognosis of cardiac events in
patients on chronic haemodialysis. Nephrol Dial Transplant
2005;20:2759-64. https://doi.org/10.1093/ndt/gfi125;

PMID: 16188899.

Assa S, Gansevoort RT, Westerhuis R, et al. Determinants
and prognostic significance of an intra-dialysis rise of
cardiac troponin | measured by sensitive assay in
hemodialysis patients. Clin Res Cardiol 2013;102:439-45.
https://doi.org/10.1007/s00392-013-0551-8; PMID: 23397594.
Assa S, Hummel YM, Voors AA, et al. Hemodialysis-induced
regional left ventricular systolic dysfunction: prevalence,
patient and dialysis treatment-related factors, and
prognostic significance. Clin J Am Soc Nephrol 2012;7:1615—
23. https://doi.org/10.2215/CIN.00850112; PMID: 22822014.
Burton JO, Jefferies HJ, Selby NM, Mcintyre CW.
Hemodialysis-induced cardiac injury: determinants and
associated outcomes. Clin J Am Soc Nephrol 2009;4:914—20.
https://doi.org/10.2215/CIN.03900808; PMID: 19357245.
Wolley M, Stewart R, Curry E, et al. Variation in and
prognostic importance of troponin T measured using a high-
sensitivity assay in clinically stable haemodialysis patients.
Clin Kidney J 2013;6:402-9. https:/doi.org/10.1093/ckj/sfs122;
PMID: 27293568.

Katerinis I, Nguyen QV, Magnin JL, Descombes E. Cardiac
findings in asymptomatic chronic hemodialysis patients with
persistently elevated cardiac troponin | levels. Ren Fail
2008;30:357-62. https://doi.
0rg/10.1080/08860220801947355; PMID: 18569907.

Kumar N, Michelis MF, DeVita MV, et al. Troponin | levels in
asymptomatic patients on haemodialysis using a high-
sensitivity assay. Nephrol Dial Transplant 2011;26:665-70.
https://doi.org/10.1093/ndt/gfq442; PMID: 20656755.
Mavrakanas TA, Sniderman AD, Barré PE, Alam A. Serial
versus single troponin measurements for the prediction of
cardiovascular events and mortality in stable chronic
haemodialysis patients. Nephrology 2018;23:69-74. https://
doi.org/10.1111/nep.12945; PMID: 27718506.

Arroyo D, Quiroga B, Panizo N, et al. High-sensitivity
troponin T levels in kidney transplant recipients. Transplant
Proc 2012;44:2545-7. https://doi.org/10.1016/;.
transproceed.2012.09.073; PMID: 23146449.

Emrich IE, Scheuer AL, Rogacev KS, et al. Plasma
biomarkers outperform echocardiographic measurements
for cardiovascular risk prediction in kidney transplant
recipients: results of the HOME ALONE study. Clin Kidney J
2022;15:693-702. https://doi.org/10.1093/ckj/sfab216;
PMID: 35371467.

Jarolim P, Claggett BL, Conrad MJ, et al. B-type natriuretic
peptide and cardiac troponin | are associated with adverse
outcomes in stable kidney transplant recipients.
Transplantation 2017;101:182-90. https://doi.org/10.1097/
TP.0000000000001080; PMID: 26910333.

Connolly GM, Cunningham R, McNamee PT, et al. Troponin T
is an independent predictor of mortality in renal transplant
recipients. Nephrol Dial Transplant 2008;23:1019-25. https:/
doi.org/10.1093/ndt/gfm738; PMID: 18065785.

Lamb EJ, Kenny C, Abbas NA, et al. Cardiac troponin |
concentration is commonly increased in nondialysis patients
with CKD: experience with a sensitive assay. Am J Kidney Dis
2007;49:507-16. https://doi.org/10.1053/j.ajkd.2007.01.015;
PMID: 17386318.

Landray MJ, Emberson JR, Blackwell L, et al. Prediction of
ESRD and death among people with CKD: the Chronic Renal
Impairment in Birmingham (CRIB) prospective cohort study.
Am J Kidney Dis 2010;56:1082-94. https://doi.org/10.1053/j.
ajkd.2010.07.016; PMID: 21035932.

EUROPEAN CARDIOLOGY REVIEW
www.ECRjournal.com

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Lankinen R, Hakamaki M, Metsdrinne K, et al.
Cardiovascular determinants of mortality in advanced
chronic kidney disease. Am J Nephrol 2020;51:726-35.
https://doi.org/10.1159/000509582; PMID: 32777781.
Sandesara PB, O’Neal WT, Tahhan AS, et al. Comparison of
the association between high-sensitivity troponin | and
adverse cardiovascular outcomes in patients with versus
without chronic kidney disease. Am J Cardiol 2018;121:1461—
6. https://doi.org/10.1016/j.amjcard.2018.02.039;

PMID: 29628129.

Sun J, Axelsson J, Machowska A, et al. Biomarkers of
cardiovascular disease and mortality risk in patients with
advanced CKD. Clin J Am Soc Nephrol 2016;11:163-72. https://
doi.org/10.2215/CJN.10441015; PMID: 27281698.

Wang K, Zelnick LR, Anderson A, et al. Cardiac biomarkers
and risk of mortality in CKD (the CRIC study). Kidney Int Rep
2020;5:2002-12. https://doi.org/10.1016/j.ekir.2020.08.028;
PMID: 33163721.

Chesnaye NC, Al-Sodany E, Szummer K, et al. Association of
longitudinal high-sensitivity troponin T with mortality in
patients with chronic kidney disease. J Am Coll Cardiol
2022;79:327-36. https://doi.org/10.1016/}.jacc.202111.023;
PMID: 35086654.

Hallén J, Madsen L, Ladefoged S, et al. Incremental value of
a combination of cardiac troponin T, N-terminal pro-brain
natriuretic peptide and C-reactive protein for prediction of
mortality in end-stage renal disease. Scand J Urol Nephrol
2011;45:151-8. https://doi.org/10.3109/00365599.2010.52981
9; PMID: 21091090.

Hickman PE, McGill D, Potter JM, et al. Multiple biomarkers
including cardiac troponins T and | measured by high-
sensitivity assays, as predictors of long-term mortality in
patients with chronic renal failure who underwent dialysis.
Am J Cardiol 2015;115:1601-6. https://doi.org/10.1016/j.
amjcard.2015.02.066; PMID: 25851798.

Roberts MA, Hare DL, Sikaris K, lerino FL. Temporal
trajectory of B-type natriuretic peptide in patients with CKD
Stages 3 and 4, dialysis, and kidney transplant. Clin J Am Soc
Nephrol 2014;9:1024-32. https://doi.org/10.2215/
CJN.08640813; PMID: 24721887.

Canney M, Tang M, Er L, et al. Glomerular filtration rate-
specific cutoffs can refine the prognostic value of circulating
cardiac biomarkers in advanced chronic kidney disease. Can
J Cardiol 2019;35:1106-13. https://doi.org/10.1016/;.
¢jca.2019.06.014; PMID: 31472810.

Wada H, Shinozaki T, Suzuki M, et al. Impact of chronic
kidney disease on the associations of cardiovascular
biomarkers with adverse outcomes in patients with
suspected or known coronary artery disease: the EXCEED-J
study. J Am Heart Assoc 2022;11:e023464. https://doi.
org/10.1161/JAHA121.023464; PMID: 35048713.

Brunner FJ, Kréger F, Blaum C, et al. Association of high-
sensitivity troponin T and | with the severity of stable
coronary artery disease in patients with chronic kidney
disease. Atherosclerosis 2020;313:81-7. https://doi.
0rg/10.1016/j.atherosclerosis.2020.09.024; PMID: 33032237.
Matsushita K, Sang Y, Ballew SH, et al. Cardiac and kidney
markers for cardiovascular prediction in individuals with
chronic kidney disease: the atherosclerosis risk in
communities study. Arterioscler Thromb Vasc Biol
2014;34:1770-7. https://doi.org/10.1161/ATVBAHA114.303465;
PMID: 24876355.

Bansal N, Hyre Anderson A, Yang W, et al. High-sensitivity
troponin T and N-terminal pro-B-type natriuretic peptide
(NT-proBNP) and risk of incident heart failure in patients
with CKD: the Chronic Renal Insufficiency Cohort (CRIC)
study. J Am Soc Nephrol 2015;26:946-56. https://doi.
0rg/10.1681/ASN.2014010108; PMID: 25278510.

Bansal N, Zelnick L, Go A, et al. Cardiac biomarkers and risk
of incident heart failure in chronic kidney disease: the CRIC
(Chronic Renal Insufficiency Cohort) study. J Am Heart Assoc
2019;8:€012336. https://doi.org/10.1681/ASN.2014010108;
PMID: 25278510.

Kang E, Ryu H, Kim J, et al. Association between high-
sensitivity cardiac troponin T and echocardiographic
parameters in chronic kidney disease: results from the
KNOW-CKD cohort study. J Am Heart Assoc 2019;8:e013357.
https://doi.org/10.1161/JAHA119.013357; PMID: 31514574,
Mishra RK, Li 'Y, DeFilippi C, et al. Association of cardiac
troponin T with left ventricular structure and function in
CKD. Am J Kidney Dis 2013;61:701-9. https://doi.org/10.1053/j.
ajkd.2012.11.034; PMID: 23291148.

Lamprea-Montealegre JA, Zelnick LR, Shlipak MG, et al.
Cardiac biomarkers and risk of atrial fibrillation in chronic
kidney disease: the CRIC study. J Am Heart Assoc
2019;8:€012200. https://doi.org/10.1161/JAHA119.012200;
PMID: 31379242.

Janus SE, Hajjari J, Al-Kindi S. High-sensitivity troponin and
the risk of atrial fibrillation in chronic kidney disease: results
from the chronic renal insufficiency cohort study. Heart


https://doi.org/10.1016/j.jacc.2021.04.050
https://doi.org/10.1093/eurheartj/ehp507
https://doi.org/10.1053/j.ackd.2018.08.004
https://doi.org/10.1053/j.ackd.2018.08.004
https://doi.org/10.14740/cr955
https://doi.org/10.3390/ijms25052658
https://doi.org/10.1373/clinchem.2012.185322
https://doi.org/10.1373/clinchem.2012.185322
https://doi.org/10.3109/0886022X.2016.1158040
https://doi.org/10.3109/0886022X.2016.1158040
https://doi.org/10.1371/journal.pone.0082752
https://doi.org/10.1371/journal.pone.0082752
https://doi.org/10.1007/s00380-012-0273-2
https://doi.org/10.1373/clinchem.2016.266031
https://doi.org/10.1016/j.mayocp.2019.03.033
https://doi.org/10.1016/j.mayocp.2019.03.033
https://doi.org/10.1002/jcla.23336
https://doi.org/10.1002/jcla.23336
https://doi.org/10.1002/ehf2.13699
https://doi.org/10.1002/ehf2.13699
https://doi.org/10.1186/1471-2369-14-229
https://doi.org/10.1186/1471-2369-14-229
https://doi.org/10.1161/JAHA.119.013091
https://doi.org/10.1093/ckj/sfaa215
https://doi.org/10.1093/ckj/sfaa215
https://doi.org/10.1002/ehf2.13784
https://doi.org/10.1002/ehf2.13784
https://doi.org/10.1515/cclm-2014-0838
https://doi.org/10.1007/s10157-016-1278-4
https://doi.org/10.1007/s40620-019-00610-5
https://doi.org/10.1007/s40620-019-00610-5
https://doi.org/10.1159/000516658
https://doi.org/10.1080/0886022X.2019.1603110
https://doi.org/10.1080/0886022X.2019.1603110
https://doi.org/10.1016/j.clinbiochem.2009.03.027
https://doi.org/10.1016/j.clinbiochem.2009.03.027
https://doi.org/10.1159/000228541
https://doi.org/10.1093/clinchem/46.9.1345
https://doi.org/10.1007/s00063-003-1243-3
https://doi.org/10.1093/ndt/gfi125
https://doi.org/10.1007/s00392-013-0551-8
https://doi.org/10.2215/CJN.00850112
https://doi.org/10.2215/CJN.03900808
https://doi.org/10.1093/ckj/sfs122
https://doi.org/10.1080/08860220801947355
https://doi.org/10.1080/08860220801947355
https://doi.org/10.1093/ndt/gfq442
https://doi.org/10.1111/nep.12945
https://doi.org/10.1111/nep.12945
https://doi.org/10.1016/j.transproceed.2012.09.073
https://doi.org/10.1016/j.transproceed.2012.09.073
https://doi.org/10.1093/ckj/sfab216
https://doi.org/10.1097/TP.0000000000001080
https://doi.org/10.1097/TP.0000000000001080
https://doi.org/10.1093/ndt/gfm738
https://doi.org/10.1093/ndt/gfm738
https://doi.org/10.1053/j.ajkd.2007.01.015
https://doi.org/10.1053/j.ajkd.2010.07.016
https://doi.org/10.1053/j.ajkd.2010.07.016
https://doi.org/10.1159/000509582
https://doi.org/10.1016/j.amjcard.2018.02.039
https://doi.org/10.2215/CJN.10441015
https://doi.org/10.2215/CJN.10441015
https://doi.org/10.1016/j.ekir.2020.08.028
https://doi.org/10.1016/j.jacc.2021.11.023
https://doi.org/10.3109/00365599.2010.529819
https://doi.org/10.3109/00365599.2010.529819
https://doi.org/10.1016/j.amjcard.2015.02.066
https://doi.org/10.1016/j.amjcard.2015.02.066
https://doi.org/10.2215/CJN.08640813
https://doi.org/10.2215/CJN.08640813
https://doi.org/10.1016/j.cjca.2019.06.014
https://doi.org/10.1016/j.cjca.2019.06.014
https://doi.org/10.1161/JAHA.121.023464
https://doi.org/10.1161/JAHA.121.023464
https://doi.org/10.1016/j.atherosclerosis.2020.09.024
https://doi.org/10.1016/j.atherosclerosis.2020.09.024
https://doi.org/10.1161/ATVBAHA.114.303465
https://doi.org/10.1681/ASN.2014010108
https://doi.org/10.1681/ASN.2014010108
https://doi.org/10.1681/ASN.2014010108
https://doi.org/10.1161/JAHA.119.013357
https://doi.org/10.1053/j.ajkd.2012.11.034
https://doi.org/10.1053/j.ajkd.2012.11.034
https://doi.org/10.1161/JAHA.119.012200

Cardiac Troponins in Kidney Disease

68.

69.

70.

.

72.

73.

74.

75.

Rhythm 2020;17:190—4. https://doi.org/10.1016/j.
amjcard.2019.11.019; PMID: 31831152.

Porter GA, Norton TL, Lindsley J, et al. Relationship between
elevated serum troponin values in end-stage renal disease
patients and abnormal isotopic cardiac scans following
stress. Ren Fail 2003;25:55-65. https:/doi.org/10.1081/JDI-
120017468; PMID: 12617333.

Mutluay R, Konca C, Erten Y, et al. Predictive markers of
asymptomatic atherosclerosis in end-stage renal disease
patients. Ren Fail 2010;32:448-54. https://doi.
0rg/10.3109/08860221003658258; PMID: 20446782.
Hayashi T, Obi Y, Kimura T, et al. Cardiac troponin T predicts
occult coronary artery stenosis in patients with chronic
kidney disease at the start of renal replacement therapy.
Nephrol Dial Transplant 2008;23:2936-42. https:/doi.
0rg/10.1093/ndt/gfn181; PMID: 18403432.

Thygesen K, Alpert JS, Jaffe AS, et al. Fourth universal
definition of myocardial infarction (2018). Eur Heart J
2019;40:237-69. https://doi.org/10.1093/eurheartj/ehy462;
PMID: 30165617.

Sarnak MJ, Amann K, Bangalore S, et al. Chronic kidney
disease and coronary artery disease: JACC state-of-the-art
review. J Am Coll Cardiol 2019;74:1823-38. https://doi.
0rg/10.1016/j.jacc.2019.08.1017; PMID: 31582143.

Shroff GR, Frederick PD, Herzog CA. Renal failure and acute
myocardial infarction: clinical characteristics in patients with
advanced chronic kidney disease, on dialysis, and without
chronic kidney disease. A collaborative project of the United
States Renal Data System/National Institutes of Health and
the National Registry of Myocardial Infarction. Am Heart J
2012;163:399-406. https://doi.org/10.1016/j.ahj.201112.002;
PMID: 22424010.

Sundaram V, Rothnie K, Bloom C, et al. Impact of
comorbidities on peak troponin levels and mortality in acute
myocardial infarction. Heart 2020;106:677-85. https://doi.
org/10.1136/heartjnl-2019-315844; PMID: 32102896.
Chenevier-Gobeaux C, Meune C, Freund Y, et al. Influence
of age and renal function on high-sensitivity cardiac
troponin T diagnostic accuracy for the diagnosis of acute
myocardial infarction. Am J Cardiol 2013;111:1701-7. https://
doi.org/10.1016/j.amjcard.2013.02.024; PMID: 23540652.

76.

77.

78.

79.

80.

81.

82.

83.

Vasudevan A, Singer AJ, DeFilippi C, et al. Renal function
and scaled troponin in patients presenting to the
emergency department with symptoms of myocardial
infarction. Am J Nephrol 2017;45:304-9. https://doi.
0rg/10.1159/000458451; PMID: 28192777.

Ballocca F, D'Ascenzo F, Moretti C, et al. High sensitive
troponin levels in patients with chest pain and kidney
disease: a multicenter registry — the TROPIC study. Cardiol J
2017;24:139-50. https://doi.org/10.5603/CJ.a2017.0025;
PMID: 28281735.

Gunsolus |, Sandoval Y, Smith SW, et al. Renal dysfunction
influences the diagnostic and prognostic performance of
high-sensitivity cardiac troponin I. J Am Soc Nephrol
2018;29:636-43. https://doi.org/10.1681/ASN.2017030341;
PMID: 29079658.

Kraus D, von Jeinsen B, Tzikas S, et al. Cardiac troponins for
the diagnosis of acute myocardial infarction in chronic
kidney disease. J Am Heart Assoc 2018;7:008032. https://
doi.org/10.1161/JAHA117.008032; PMID: 30371308.
Miller-Hodges E, Anand A, Shah ASV, et al. High-sensitivity
cardiac troponin and the risk stratification of patients with
renal impairment presenting with suspected acute coronary
syndrome. Circulation 2018;137:425-35. https://doi.
0rg/10.1161/CIRCULATIONAHA117.030320; PMID: 28978551.
Kula AJ, Katz R, Zelnick LR, et al. Association of circulating
cardiac biomarkers with electrocardiographic abnormalities
in chronic kidney disease. Nephrol Dial Transplant
2021;36:2282-9. https://doi.org/10.1093/ndt/gfaa296;
PMID: 33367652.

Clemons D, Lee A, Ajmeri S, et al. High-sensitivity troponin
for suspected acute coronary syndrome in patients with
chronic kidney disease versus patients without chronic
kidney disease. J Clin Med Res 2021;13:326-33. https:/doi.
0rg/10.14740/jocmr4515; PMID: 34267840.

Acharji S, Baber U, Mehran R, et al. Prognostic significance
of elevated baseline troponin in patients with acute
coronary syndromes and chronic kidney disease treated
with different antithrombotic regimens: a substudy from the
ACUITY trial. Circ Cardiovasc Interv 2012;5:157-65. https:/doi.
0rg/10.1161/CIRCINTERVENTIONS.111.963876;

PMID: 22354934.

EUROPEAN CARDIOLOGY REVIEW
www.ECRjournal.com

84.

85.

86.

87.

88.

89.

90.

91.

Han JH, Lindsell CJ, Ryan RJ, Gibler WB. Changes in cardiac
troponin T measurements are associated with adverse
cardiac events in patients with chronic kidney disease. Am J
Emerg Med 2005;23:468-73. https://doi.org/10.1016/).
ajem.2005.01.006; PMID: 16032613.

Kitagawa M, Sugiyama H, Morinaga H, et al. Serum high-
sensitivity cardiac troponin T is a significant biomarker of
left-ventricular diastolic dysfunction in subjects with non-
diabetic chronic kidney disease. Nephron Extra 2011;1:166—77.
https://doi.org/10.1159/000333801; PMID: 22470390.
London GM, Pannier B, Guerin AP, et al. Alterations of left
ventricular hypertrophy in and survival of patients receiving
hemodialysis: follow-up of an interventional study. J Am Soc
Nephrol 2001;12:2759-67. https://doi.org/10.1681/ASN.
V12122759; PMID: 11729246.

McMahon LP, Roger SD, Levin A et al. Development,
prevention, and potential reversal of left ventricular
hypertrophy in chronic kidney disease. J Am Soc Nephrol
2004;15:1640-7. https://doi.org/10.1097/01.
asn.0000130566.69170.5e; PMID: 15153576.

Chiu DYY, Green D, Abidin N, et al. Cardiac imaging in
patients with chronic kidney disease. Nat Rev Nephrol
2015;11:207-20. https://doi.org/10.1038/nrneph.2014.243;
PMID: 25561081.

Murphy D, Warrens H, Nihil C, et al. POS-264 Measuring left
ventricular mass and ejection fraction by cardiac MRI and
echocardiography in patients with CKD. Kidney Int Rep
2022;7:516. https://doi.org/10.1016/).ekir.2022.01.283.
Hayer MK, Radhakrishnan A, Price AM, et al. Defining
myocardial abnormalities across the stages of chronic
kidney disease: a cardiac magnetic resonance imaging
study. JACC Cardiovasc Imaging 2020;13:2357-67. https://doi.
0rg/10.1016/j.jcmg.2020.04.021; PMID: 32682713.

Arcari L, Engel J, Freiwald T, et al. Cardiac biomarkers in
chronic kidney disease are independently associated with
myocardial edema and diffuse fibrosis by cardiovascular
magnetic resonance. J Cardiovasc Magn Reson 2021;23:71.
https://doi.org/10.1186/512968-021-00762-z;

PMID: 34092229.


https://doi.org/10.1016/j.amjcard.2019.11.019
https://doi.org/10.1016/j.amjcard.2019.11.019
https://doi.org/10.1081/JDI-120017468
https://doi.org/10.1081/JDI-120017468
https://doi.org/10.3109/08860221003658258
https://doi.org/10.3109/08860221003658258
https://doi.org/10.1093/ndt/gfn181
https://doi.org/10.1093/ndt/gfn181
https://doi.org/10.1093/eurheartj/ehy462
https://doi.org/10.1016/j.jacc.2019.08.1017
https://doi.org/10.1016/j.jacc.2019.08.1017
https://doi.org/10.1016/j.ahj.2011.12.002
https://doi.org/10.1136/heartjnl-2019-315844
https://doi.org/10.1136/heartjnl-2019-315844
https://doi.org/10.1016/j.amjcard.2013.02.024
https://doi.org/10.1016/j.amjcard.2013.02.024
https://doi.org/10.1159/000458451
https://doi.org/10.1159/000458451
https://doi.org/10.5603/CJ.a2017.0025
https://doi.org/10.1681/ASN.2017030341
https://doi.org/10.1161/JAHA.117.008032
https://doi.org/10.1161/JAHA.117.008032
https://doi.org/10.1161/CIRCULATIONAHA.117.030320
https://doi.org/10.1161/CIRCULATIONAHA.117.030320
https://doi.org/10.1093/ndt/gfaa296
https://doi.org/10.14740/jocmr4515
https://doi.org/10.14740/jocmr4515
https://doi.org/10.1161/CIRCINTERVENTIONS.111.963876
https://doi.org/10.1161/CIRCINTERVENTIONS.111.963876
https://doi.org/10.1016/j.ajem.2005.01.006
https://doi.org/10.1016/j.ajem.2005.01.006
https://doi.org/10.1159/000333801
https://doi.org/10.1681/ASN.V12122759
https://doi.org/10.1681/ASN.V12122759
https://doi.org/10.1097/01.asn.0000130566.69170.5e
https://doi.org/10.1097/01.asn.0000130566.69170.5e
https://doi.org/10.1038/nrneph.2014.243
https://doi.org/10.1016/j.ekir.2022.01.283
https://doi.org/10.1016/j.jcmg.2020.04.021
https://doi.org/10.1016/j.jcmg.2020.04.021
https://doi.org/10.1186/s12968-021-00762-z

