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INTRODUCTION

Cardiovascular disease is the leading cause of death in people with kidney disease requiring hemodialysis,
with myocardial infarction (MI) being one of the predominant clinical manifestations (1). The incidence of
MI in patients receiving hemodialysis is about 4-times higher than in the general population and is
associated with poorer outcomes (2-4). The one-year mortality rate after a MI in patients receiving
hemodialysis is 60% compared to less than 10% in the general population (5-8).

The higher prevalence of MI in the hemodialysis population is thought to be multifactorial. Traditional
cardiovascular risk factors including hypertension and diabetes are more common in patients receiving
hemodialysis. In addition, there are a number of risk factors that are unique to patients receiving
hemodialysis including dysregulation of bone and mineral metabolism leading to increased vascular
calcification, as well as uremic toxins and the dialysis therapy itself resulting in rapid hemodynamic
changes, heightened inflammation, endothelial and immune dysfunction (9-12).

Patients on hemodialysis are usually excluded from large-scale cardiovascular interventional trials (13).
When trials do include people on hemodialysis, the most frequently measured and reported cardiovascular
outcomes are surrogate markers which may be of uncertain clinical significance and are often of little
relevance to patients (14, 15). When composite cardiovascular outcomes were used, the components of
each composite were very heterogenous across the trials (14). MI, which has been shown to be of the
highest importance to patients (survey ref when published) is frequently a component of a cardiovascular
composite endpoint in hemodialysis trials and yet is defined inconsistently (14, 16). A review of four recent
large cardiovascular trials in patients receiving hemodialysis revealed four different definitions of MI (Figure
1) as well as different adjudication processes, which can meaningfully alter reported treatment effects.
The lack of a standardized and validated definition for MI in patients receiving hemodialysis and the
inconsistent and heterogenous measurement and reporting of MI limits the ability to compare the effects
of interventions across trials.
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The Standardised Outcomes in Nephrology (SONG) initiative has established core outcome sets across the
spectrum of kidney disease since 2014. A core outcome set is an agreed standardized set of outcomes that
should be measured and reported, as a minimum, in all clinical trials in specific areas of health or health
care(17). The core outcomes are based on priorities of patients, caregivers and health professionals.
Through the SONG-HD (hemodialysis) consensus process involving over 1500 patients, caregivers and
health professionals from more than 70 countries, cardiovascular disease was identified as a core outcome,
with MI established as the cardiovascular disease core outcome measure (to add references when
workshop and survey are published). To use MI as a core outcome measure in trials involving patients
receiving hemodialysis, consensus on a standardized definition for MI in this population is needed.

We convened an international expert working group meeting, which included patients with personal
experience of hemodialysis, cardiologists, nephrologists, a clinical biochemist and representatives from
regulatory bodies, registries and clinical trialists. The aim of the expert working group was to recommend
an appropriate definition of MI for use in trials in people receiving hemodialysis. We began the discussion
based on the definition of MI formulated for the general population; the 4th Universal Definition of MI(18).
This definition has not been validated in people receiving hemodialysis and has a number of limitations in
this population; however, there is currently no other reference standard. Specific considerations raised in
the SONG-HD CVD consensus workshop regarding criteria required for an appropriate definition of MI
(workshop reference) informed the direction of discussion. These considerations included consistency,
applicability and specificity of the definition to people receiving hemodialysis, the importance of the type of
MI, the recognition of the variability of symptoms of MI in people receiving hemodialysis and the
uncertainty in the clinical utility of biomarkers specific to haemodialysis. This report summarizes the
discussions and resulting recommendations.

THE 4TH UNIVERSAL DEFINITION OF MI
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In 2018 the European Society of Cardiology(ESC)/the American College of Cardiology (ACC)/the American
Heart Association (AHA)/The World Heart Federation (WHF) published an expert consensus document on
the Fourth Universal Definition of Myocardial Infarction(18). The document sought to clarify the clinical
definition of MI, identifying the presence of acute myocardial injury detected by abnormal cardiac
biomarkers in the setting of evidence of acute myocardial ischemia. This definition of MI was based on data
determined from trials in the general population. There was a caveat within this document for myocardial
injury/infarction in people with chronic kidney disease but not specifically for those on hemodialysis. A
summary of the limitations of the 4th Universal Definition with regards to the diagnosis of a Type 1 MI in
ESKD are shown in Box 1

TYPES OF MI

The Fourth Universal definition of myocardial infarction classifies MI into five types. The main discrepancies
in the diagnosis of MI in the hemodialysis population relate to Type 1 and 2. Type 3 relates to patients who
suffer a cardiac death, with symptoms suggestive of myocardial ischemia accompanied by presumed new
ischemic ECG changes or ventricular fibrillation, but die before blood samples for biomarkers can be
obtained, or before increases in cardiac biomarkers can be identified, or in whom MI is detected by autopsy
examination. Types 4 and 5 relate to peri-procedural myocardial ischemia. Types 3 to 5 are relevant to
people requiring kidney replacement therapy and should be diagnosed as per the general population
referring to the 4th Universal Definition.

The criteria required for diagnosing Type 1 and 2 MI in the hemodialysis population are discussed below.
Post mortem demonstration of acute atherothrombosis in the artery supplying the infarcted myocardium
meets criteria for type 1 MI. Evidence of an imbalance between myocardial oxygen supply and demand
unrelated to acute atherothrombosis meets criteria for type 2 MI. Cardiac death in patients with symptoms
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suggestive of myocardial ischemia and presumed new ischemic ECG changes before cardiac Troponin (cTn)
values become available or abnormal meets criteria for type 3 MI.

According to the 4th Universal Definition, Type 2 MI is diagnosed using the following criteria: detection of a
rise and/or fall of cTn values with at least 1 value above the 99th percentile upper reference limit (URL),
and evidence of an imbalance between myocardial oxygen supply and demand unrelated to acute coronary
atherothrombosis, in addition to symptom, ECG and imaging criteria defined in the Type 1. Diagnosis of a
Type 2 requires consideration of both the context and mechanism leading to the imbalance of oxygen
supply and demand. This is of particular importance to patients receiving hemodialysis who undergo
dialysis sessions 2-3 times a week. Hemodialysis has been shown to have significant hemodynamic effects
and increase myocardial oxygen demand (19). Hemodialysis may induce significant global and segmental
reductions in myocardial blood flow (20). Furthermore, underlying pathophysiological changes related to
ESKD including left ventricular hypertrophy, reduced peripheral arterial compliance, endothelial
dysfunction, anemia, microvascular disease, and reduced coronary flow reserve predispose hemodialysis
patients to demand ischemia. It is assumed that the prevalence of Type 2 MI is high in the hemodialysis
population; however, determining accurate prevalence data is very hard as differentiation between Types 1
and 2 requires expert adjudication in large clinical cohorts, ideally including coronary angiography to
definitively exclude coronary thrombosis(21).

Short and long-term mortality rates for Type 2 are higher than for Type 1 (22-24). However, there are
currently no treatment guidelines other than to address the underlying supply and demand imbalance. In
the case of hemodialysis, there are currently few alternatives to standard short intermittent dialysis
sessions which reduces the ability to alter the “demand” end of the equation. Patients present at the
meeting did not feel that knowledge of the type of MI was essential, particularly if it had no impact on their
management at the time of presentation.
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Due to the difficulties in diagnosis and the current lack of differentiated therapeutic algorithms linked to
type of MI, the requirement to determine the Type of MI in hemodialysis patients as a trial outcome is
considered unnecessary at this stage.

CRITERIA USED TO DEFINE TYPE 1, 2 AND 3 MI

1. Ischemic symptoms

Multiple studies have shown that patients with chronic kidney disease and particularly those receiving
hemodialysis often do not describe classical symptoms of MI. The classic triad of chest discomfort, arm/jaw
pain and sweating is experienced by less than 50% of patients with chronic kidney disease(25). In patients
requiring kidney replacement therapy the most common “ischemic symptom” is shortness of breath,
experienced by nearly 50% of patients receiving dialysis (25, 26). Chest pain or discomfort is experienced
by less than 20% of patients receiving dialysis compared to over 35% of patients with normal renal
function(26). Patients receiving dialysis described a background level of pain and discomfort and felt that
non-specific symptoms or a change in sensation or degree of unwellness should also raise suspicion of
being an “ischemic symptom”.

Any non-specific symptom or change in symptom in a patient receiving dialysis should raise a high index
of suspicion for investigation of MI.

2. ECG

Fluid and electrolyte changes during hemodialysis have long been known to affect ECG waveforms. The
removal of fluid over the course of a dialysis session has been shown to augment the P wave as well as the
QRS amplitude and duration(27). Similarly electrolyte shifts during dialysis have been shown to affect the P
wave, QRS and the QTc (27). Timing of dialysis should be considered in the interpretation of an ECG;
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however, persistent changes such as left bundle branch block are unlikely to be influenced by variations in
dialysis.

Patients receiving hemodialysis often have abnormal baseline ECGs, making it difficult to determine if there
has been an acute change and thus always require comparison with previous baseline ECGs. In one series
about 30% of patients receiving hemodialysis were found to have electrical conduction abnormalities
including left and right bundle branch block on a baseline ECG (28). A diagnosed MI presented with ST
elevation in less than 20% of patients on dialysis compared to over 35% of patients with normal kidney
function(29). A non-specific ECG change was the most prevalent finding in patients presenting with MI on
hemodialysis (29). Patients with chronic kidney disease are significantly less likely to develop a pathological
Q wave than patients with no chronic kidney disease (19% compared to 34%) (25).

Patients with chronic kidney disease, and particularly patients receiving hemodialysis, have a higher
prevalence of silent MI compared to the general population (30, 31) and a baseline ECG may change over
time. However, in a trial setting repeated baseline ECGs may be problematic; there is no guideline for
investigation of baseline ECG changes which are not in association with an acute event and they do not
help to predict acute events in the absence of other symptoms, clinical or biochemical abnormalities.

Patients indicated that an additional, baseline ECG would not be a burden as it is non-invasive and clinicians
felt it would facilitate interpretation of new ECG changes and diagnosis of MI when it develops and better
inform patient care then.

A baseline ECG in all patients receiving hemodialysis when stable and asymptomatic, may aid in the
interpretation of acute ECG changes in the setting of MI. We recommend a single baseline ECG should be
performed on entry into a trial and again following an acute event.

3. Troponin
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Troponin is a complex of three regulatory proteins (troponin C, troponin I, and troponin T). There is little or
no difference in troponin C (TnC) between skeletal and cardiac muscle, but troponin I (TnI) and troponin T
(TnT) have different isoforms in cardiac (cTnT and cTnI) and skeletal muscle. During myocardial injury cTnI
and cTnT are released both as individual subunits as well as non-covalent ternary and binary complexes (32,
33). cTnT and cTnI are now the preferred biomarkers of myocardial injury. The 4th Universal Definition of
Myocardial Infarction includes clinical evidence of acute myocardial ischemia with detection of a rise
and/or fall of cTn values with at least 1 value above the 99th percentile URL plus additional criteria as
above (Box 1).

Assay variability

Assays are required to meet two criteria: a coefficient of variation (CV) of <10% at the 99th percentile value
and measureable concentrations below the 99th percentile should be detectable above the assay’s limit of
detection for >50% of healthy individuals in the population of interest (34, 35). High sensitivity troponin (hsTn) assays more often fulfil these criteria and are now in widespread use, they are able to accurately
measure five to 100-fold lower concentrations of cardiac troponin in blood than older assays(36, 37). The
various hs-Tn assays use monoclonal antibodies to a number of different binding sites along the cTnT or
cTnI protein (38). Due to the different target binding sites for each assay it is not possible to standardize a
threshold across assays.

Biological variability

Biological variability describes the random fluctuation of biomarker levels around a homeostatic set-point
in healthy individuals or those with stable disease and which is of no clinical significance. Small studies
have been conducted looking at cTnT and cTnI at daily, weekly, monthly and yearly intervals in patients on
hemodialysis(26, 39, 40). Biological variability is low, with intra-patient coefficients of variation quoted as
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7.9% for weekly measurements and 12.6% for monthly measurements. Over the course of a year biological
variability is minimal and if an acute event occurs, troponin returns to the individual patient’s baseline(40).
Inter-patient variability is very high in patients on hemodialysis(39).

Effect of dialysis on troponin:

To date only relatively small studies have been conducted looking at the effect of dialysis on troponin. The
European Uremic Toxin Work Group has defined the term middle molecule to be between 500 Daltons – 60
kD(41). The troponin complex (52KDa), as well as the subunits (cTnI is 24 kDa and cTnT is 37 kDa) are
classified as middle molecules. Older dialyzer membranes of the 1970s predominantly filtered out only
small, water-soluble molecules such as potassium and much of the morbidity and mortality associated with
older dialysis regimes were felt to be due to poor clearance of “middle molecules”. New synthetic
membranes and the increase in convective therapies have improved the clearance of a number of these
molecules. There is a lack of consensus regarding the effect of dialysis on troponin levels. A number of
trials have found small decreases in concentration in cTnI during dialysis. The process by which these levels
decrease is not entirely clear but there is some evidence that cTnI is adsorbed onto the surface of the
dialyzer membrane (42-44). There is also evidence to suggest that high flux dialyzers affect troponin
clearance more than low flux dialyzers (45, 46) and clearance is potentially increased further with
hemodiafiltration(46). To date, the evidence suggests that the changes in levels of both cTnT and cTnI are
relatively small and there is insufficient evidence at present to suggest that the effect of dialysis on
troponin is significant enough to alter the diagnosis of MI in patients receiving hemodialysis including those
who develop MI during hemodialysis procedure or peri-hemodialysis.

Elevated baseline troponin

Levels of cTnT and cTnI over the 99th percentile URL have been demonstrated in up to 80% of patients
requiring dialysis (39, 47, 48). Hs-cTnT is elevated more frequently that hs-cTnI (49). Poor kidney clearance
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is not the main driver of an elevated troponin in this population (50). The exact etiology of elevated
baseline troponins is not entirely clear but is likely to be multifactorial including increased instability of the
cardiac myocyte membrane, microinfarctions and necrosis of myocardium as well as increased left
ventricular hypertrophy and heart failure causing myocyte strain and death (51-55). Even in the absence of
an acute event, elevated baseline troponin in patients receiving hemodialysis is a poor prognostic marker.
It has been shown that raised cTnT and cTnI are both predictive of cardiovascular and all-cause mortality in
ESKD (40, 56-59). The predictive value of elevated cTn is true for both, people on hemodialysis and the
general population (60). Screening troponins will lower the level of detection and increase the false
positive rate for MI. This has an effect on the individual patient, the cost to healthcare and also lowers the
test performance and specificity of cTn for MI. There is currently insufficient evidence to suggest a
pathway in response to the identified increased risk and therefore no indication for baseline troponin
screening in either the hemodialysis population or the general population. In a trial setting the addition of a
baseline troponin would also be a significant expense.

Performing baseline troponins in stable asymptomatic patients receiving hemodialysis may result in
unwanted concerns for patients; informing them of a higher risk of death but without any pathway by
which to minimize this risk. Currently we also do not recommend a baseline troponin as a requirement
in a trial setting.

Delta Troponin

The rise and/or fall in cTn referred to in the 4th Universal Definition is a ≥20% change (δ). The US National
Academy of Clinical Biochemistry (NACB) recommended a δ change in standard assays for cTn of >50% if
cTn is less than the 99th percentile URL and ≥ 20% once values are elevated above the 99th percentile URL
(37). This is calculated to distinguish a true change from one that could be attributed to variability alone
and yet maintain sensitivity (37).

11

The sensitivity of hs-cTn assays remain high in patients on hemodialysis, reported as 100% (26). As such in
a population with a high prevalence of elevated baseline cTn, the specificity of the hs-cTn assay is as low as
40% (26). Within-person weekly reference change values for hemodialysis patients have been calculated at
≤ 20% and reference change values in diagnosing AMI have been calculated at 20% (39, 48).

These data suggest that within-person biological variability is relatively low and analytical variation of hscTn assays play a minimal role. A dynamic change with a rise or fall of more than 20% in people on
hemodialysis with symptoms or new ECG changes is still suggestive of MI. In a trial setting, this finding
should trigger referral to a clinical endpoint committee for adjudication. Short term intra-patient biological
and analytical variability is minimal if there is no acute event but a one hour sample may not be sufficient
to rule out MI. Patients who present with atypical symptoms make it harder to know where on the
troponin kinetic curve (Figure 2) they are at a given time point. The recommendation is that any dynamic
change in troponin should prompt further samples to identify the maximum delta. This may require
samples to be taken after 6 to 12 hours to ensure an MI is not missed.

Current evidence suggests a δ of 20% in cTn in addition to the clinical criteria should be an accepted rise
and/or fall to diagnose MI in the hemodialysis population. Sensitivity of diagnosis may be further
improved by end point adjudication. An accelerated, early rule-out sample is insufficient in patients
requiring hemodialysis to exclude an MI.

SUMMARY

Participants in the expert working group determined that there is currently no compelling evidence to
move away from the 4th Universal Definition of Myocardial Infarction in trials in people receiving
hemodialysis. We suggest that trialists and clinicians should keep a very broad interpretation of “ischemic
symptoms”, a baseline ECG should be performed to aid interpretation of acute changes and repeat
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troponin samples are more likely to be required to ascertain a 20% delta change in troponin. The
recommendations are also summarized in Box 2.

The review of evidence and expert opinion has highlighted a number of directions for future research as
insufficient evidence exists in the hemodialysis population to create purely evidence-based guidelines. We
recommend further research into diagnostic methods for MI in people receiving hemodialysis as well as
improved prevention and treatment of Type 2 MI. Consistent definitions and standardized reporting
should improve trial quality, reproducibility and comparability which will assist in endeavours to improve
outcomes for this very high-risk population.

BOX 1 SUMMARY OF THE LIMITATIONS OF THE 4TH UNIVERSAL DEFINITION IN DIAGNOSING TYPE 1 MI IN PATIENTS
RECEIVING KIDNEY REPLACEMENT THERAPY

Limitation in patients requiring kidney
replacement therapy

cTn >99th percentile URL

In a stable population of patients requiring
dialysis, 50% to 90% of hs-cTnT
concentrations are above the 99th percentile
URL compared to <25% for hs-cTnI assays(26)

Plus one of these criteria

4th Universal definition:
Criteria for Type 1 Myocardial Infarction

Symptoms of acute myocardial ischemia

Typical ischemic symptoms are >50% less
likely in patients with ESKD, <20% of ESKD
patients present with chest discomfort(25,
26)

New ischemic ECG changes

About 30% of patients requiring dialysis have
conduction abnormalities at baseline (28).
>40% of patients requiring kidney
replacement therapy present with nonspecific changes and <20% present with ST
changes(29)

Development of pathological Q waves

>5% of patients requiring kidney replacement
therapy already have Q waves in baseline ECG
and are less likely to develop a Q wave MI (25,
29)

Imaging evidence of new loss of viable
myocardium
or new regional wall motion abnormality
in a pattern consistent with an ischemic etiology
Identification of a coronary thrombus by <10% of patients requiring kidney
angiography including intracoronary imaging or replacement therapy are felt eligible for
by post mortem
reperfusion/angiography (61)
autopsy
13

URL – Upper reference limit, ESKD – end stage kidney disease, cTn – cardiac troponin
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Box 2 Recommendations for defining MI in patients on hemodialysis
4th Universal definition:
Criteria for Type 1, 2,3 Myocardial Infarction

Additional recommendation in
the hemodialysis population

The term acute myocardial infarction should be used when there is acute myocardial injury with clinical
evidence of acute myocardial ischemia and with:
Detection of a rise and/or fall of cTn values with at
least 1 value above the 99th percentile URL and at
least 1 of the following: cTn >99th percentile URL

Plus one of these criteria

Symptoms of acute
myocardial ischemia

A significant rise/fall of 20% is appropriate.
Any elevation in cTn should prompt serial testing
Patients on hemodialysis often present atypically,
non-specific or change in symptoms should raise
a high index of suspicion

New ischemic ECG changes or To aid in identification of acute ECG changes
development of pathological patients should have a baseline ECG performed
Q waves
Imaging evidence of new loss
of viable myocardium
or new regional wall motion
abnormality
in a pattern consistent with
an ischemic etiology

As per general population

Identification of a coronary
thrombus by angiography
including intracoronary
imaging or by post mortem
autopsy

As per general population

15

16

REFERENCES
1.
System. USRD. 2018 USRDS annual data report: Epidemiology of kidney disease in the United States. . Bethesda,
MD2018.
2.
Herzog CA. Sudden cardiac death and acute myocardial infarction in dialysis patients: perspectives of a
cardiologist. Semin Nephrol. 2005;25(6):363-6.
3.
Iseki K, Fukiyama K. Long-term prognosis and incidence of acute myocardial infarction in patients on chronic
hemodialysis. The Okinawa Dialysis Study Group. Am J Kidney Dis. 2000;36(4):820-5.
4.
O'Lone E. Incidence of ischemic heart disease in men and women with end-stage kidney disease: a cohort
study. 2020.
5.
Charytan D, Mauri L, Agarwal A, Servoss S, Scirica B, Kuntz RE. The use of invasive cardiac procedures after
acute myocardial infarction in long-term dialysis patients. Am Heart J. 2006;152(3):558-64.
6.
Herzog CA, Ma JZ, Collins AJ. Poor long-term survival after acute myocardial infarction among patients on longterm dialysis. N Engl J Med. 1998;339(12):799-805.
7.
Montalescot G, Dallongeville J, Van Belle E, Rouanet S, Baulac C, Degrandsart A, et al. STEMI and NSTEMI: are
they so different? 1 year outcomes in acute myocardial infarction as defined by the ESC/ACC definition (the OPERA
registry). Eur Heart J. 2007;28(12):1409-17.
8.
Armstrong PW, Fu Y, Chang WC, Topol EJ, Granger CB, Betriu A, et al. Acute coronary syndromes in the GUSTOIIb trial: prognostic insights and impact of recurrent ischemia. The GUSTO-IIb Investigators. Circulation.
1998;98(18):1860-8.
9.
Horl WH, Cohen JJ, Harrington JT, Madias NE, Zusman CJ. Atherosclerosis and uremic retention solutes. Kidney
international. 2004;66(4):1719-31.
10.
Rostand SG. Coronary heart disease in chronic renal insufficiency: some management considerations. J Am Soc
Nephrol. 2000;11(10):1948-56.
11.
London GM, Guerin AP, Marchais SJ, Metivier F, Pannier B, Adda H. Arterial media calcification in end-stage
renal disease: impact on all-cause and cardiovascular mortality. Nephrol Dial Transplant. 2003;18(9):1731-40.
12.
Goodman WG, Goldin J, Kuizon BD, Yoon C, Gales B, Sider D, et al. Coronary-artery calcification in young adults
with end-stage renal disease who are undergoing dialysis. N Engl J Med. 2000;342(20):1478-83.
13.
Charytan D, Kuntz RE. The exclusion of patients with chronic kidney disease from clinical trials in coronary
artery disease. Kidney international. 2006;70(11):2021-30.
14.
O'Lone E, Viecelli AK, Craig JC, Tong A, Sautenet B, Roy D, et al. Cardiovascular Outcomes Reported in
Hemodialysis Trials. J Am Coll Cardiol. 2018;71(24):2802-10.
15.
Yudkin JS, Lipska KJ, Montori VM. The idolatry of the surrogate. BMJ. 2011;343:d7995.
16.
Cholesterol Treatment Trialists C, Herrington WG, Emberson J, Mihaylova B, Blackwell L, Reith C, et al. Impact
of renal function on the effects of LDL cholesterol lowering with statin-based regimens: a meta-analysis of individual
participant data from 28 randomised trials. Lancet Diabetes Endocrinol. 2016;4(10):829-39.
17.
Williamson PR, Altman DG, Bagley H, Barnes KL, Blazeby JM, Brookes ST, et al. The COMET Handbook: version
1.0. Trials. 2017;18(Suppl 3):280.
18.
Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al. Fourth Universal Definition of Myocardial
Infarction (2018). Circulation. 2018;138(20):e618-e51.
19.
Bos WJ, Bruin S, van Olden RW, Keur I, Wesseling KH, Westerhof N, et al. Cardiac and hemodynamic effects of
hemodialysis and ultrafiltration. Am J Kidney Dis. 2000;35(5):819-26.
20.
McIntyre CW, Burton JO, Selby NM, Leccisotti L, Korsheed S, Baker CS, et al. Hemodialysis-induced cardiac
dysfunction is associated with an acute reduction in global and segmental myocardial blood flow. Clin J Am Soc Nephrol.
2008;3(1):19-26.
21.
Shroff GR, Li S, Herzog CA. Trends in Discharge Claims for Acute Myocardial Infarction among Patients on
Dialysis. J Am Soc Nephrol. 2017;28(5):1379-83.
22.
Sandoval Y, Thordsen SE, Smith SW, Schulz KM, Murakami MM, Pearce LA, et al. Cardiac troponin changes to
distinguish type 1 and type 2 myocardial infarction and 180-day mortality risk. Eur Heart J Acute Cardiovasc Care.
2014;3(4):317-25.
23.
Saaby L, Poulsen TS, Diederichsen AC, Hosbond S, Larsen TB, Schmidt H, et al. Mortality rate in type 2
myocardial infarction: observations from an unselected hospital cohort. Am J Med. 2014;127(4):295-302.
24.
Bonaca MP, Wiviott SD, Braunwald E, Murphy SA, Ruff CT, Antman EM, et al. American College of
Cardiology/American Heart Association/European Society of Cardiology/World Heart Federation universal definition of
myocardial infarction classification system and the risk of cardiovascular death: observations from the TRITON-TIMI 38
trial (Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition With PrasugrelThrombolysis in Myocardial Infarction 38). Circulation. 2012;125(4):577-83.
25.
Sosnov J, Lessard D, Goldberg RJ, Yarzebski J, Gore JM. Differential symptoms of acute myocardial infarction in
patients with kidney disease: a community-wide perspective. Am J Kidney Dis. 2006;47(3):378-84.
17

26.
Gunsolus I, Sandoval Y, Smith SW, Sexter A, Schulz K, Herzog CA, et al. Renal Dysfunction Influences the
Diagnostic and Prognostic Performance of High-Sensitivity Cardiac Troponin I. J Am Soc Nephrol. 2018;29(2):636-43.
27.
Poulikakos D, Malik M. Challenges of ECG monitoring and ECG interpretation in dialysis units. J Electrocardiol.
2016;49(6):855-9.
28.
Nie Y, Zou J, Liang Y, Shen B, Liu Z, Cao X, et al. Electrocardiographic Abnormalities and QTc Interval in Patients
Undergoing Hemodialysis. PLoS One. 2016;11(5):e0155445.
29.
Herzog CA, Littrell K, Arko C, Frederick PD, Blaney M. Clinical characteristics of dialysis patients with acute
myocardial infarction in the United States: a collaborative project of the United States Renal Data System and the
National Registry of Myocardial Infarction. Circulation. 2007;116(13):1465-72.
30.
Rizk DV, Gutierrez O, Levitan EB, McClellan WM, Safford M, Soliman EZ, et al. Prevalence and prognosis of
unrecognized myocardial infarctions in chronic kidney disease. Nephrol Dial Transplant. 2012;27(9):3482-8.
31.
Ohtake T, Kobayashi S, Moriya H, Negishi K, Okamoto K, Maesato K, et al. High prevalence of occult coronary
artery stenosis in patients with chronic kidney disease at the initiation of renal replacement therapy: an angiographic
examination. J Am Soc Nephrol. 2005;16(4):1141-8.
32.
Park KC, Gaze DC, Collinson PO, Marber MS. Cardiac troponins: from myocardial infarction to chronic disease.
Cardiovasc Res. 2017;113(14):1708-18.
33.
Szczykowska J, Hryszko T, Naumnik B. Cardiac troponins in chronic kidney disease patients with special
emphasis on their importance in acute coronary syndrome. Adv Med Sci. 2019;64(1):131-6.
34.
Jaffe AS, Ravkilde J, Roberts R, Naslund U, Apple FS, Galvani M, et al. It's time for a change to a troponin
standard. Circulation. 2000;102(11):1216-20.
35.
Apple FS, Collinson PO, Biomarkers ITFoCAoC. Analytical characteristics of high-sensitivity cardiac troponin
assays. Clin Chem. 2012;58(1):54-61.
36.
Apple FS. A new season for cardiac troponin assays: it's time to keep a scorecard. Clin Chem. 2009;55(7):13036.
37.
Vasile VC, Jaffe AS. High-Sensitivity Cardiac Troponin for the Diagnosis of Patients with Acute Coronary
Syndromes. Curr Cardiol Rep. 2017;19(10):92.
38.
Apple FS, Sandoval Y, Jaffe AS, Ordonez-Llanos J, Bio-Markers ITFoCAoC. Cardiac Troponin Assays: Guide to
Understanding Analytical Characteristics and Their Impact on Clinical Care. Clin Chem. 2017;63(1):73-81.
39.
Fahim MA, Hayen AD, Horvath AR, Dimeski G, Coburn A, Tan KS, et al. Biological variation of high sensitivity
cardiac troponin-T in stable dialysis patients: implications for clinical practice. Clin Chem Lab Med. 2015;53(5):715-22.
40.
Hassan HC, Howlin K, Jefferys A, Spicer ST, Aravindan AN, Suryanarayanan G, et al. High-sensitivity troponin as
a predictor of cardiac events and mortality in the stable dialysis population. Clin Chem. 2014;60(2):389-98.
41.
Vanholder R, De Smet R, Glorieux G, Argiles A, Baurmeister U, Brunet P, et al. Review on uremic toxins:
classification, concentration, and interindividual variability. Kidney international. 2003;63(5):1934-43.
42.
Wayand D, Baum H, Schatzle G, Scharf J, Neumeier D. Cardiac troponin T and I in end-stage renal failure. Clin
Chem. 2000;46(9):1345-50.
43.
Donnino MW, Karriem-Norwood V, Rivers EP, Gupta A, Nguyen HB, Jacobsen G, et al. Prevalence of elevated
troponin I in end-stage renal disease patients receiving hemodialysis. Acad Emerg Med. 2004;11(9):979-81.
44.
Gaze DC, Collinson PO. Cardiac troponin I but not cardiac troponin T adheres to polysulfone dialyser
membranes in an in vitro haemodialysis model: explanation for lower serum cTnI concentrations following dialysis.
Open Heart. 2014;1(1):e000108.
45.
Lippi G, Tessitore N, Montagnana M, Salvagno GL, Lupo A, Guidi GC. Influence of sampling time and
ultrafiltration coefficient of the dialysis membrane on cardiac troponin I and T. Arch Pathol Lab Med. 2008;132(1):72-6.
46.
Laveborn E, Lindmark K, Skagerlind M, Stegmayr B. NT-proBNP and troponin T levels differ after haemodialysis
with a low versus high flux membrane. Int J Artif Organs. 2015;38(2):69-75.
47.
van Berkel M, Dekker MJE, Bogers H, Geerse DA, Konings C, Scharnhorst V. Diagnosis of acute myocardial
infarction in hemodialysis patients may be feasible by comparing variation of cardiac troponins during acute
presentation to baseline variation. Clin Chim Acta. 2016;456:36-41.
48.
Huang HL, Zhu S, Wang WQ, Nie X, Shi YY, He Y, et al. Diagnosis of Acute Myocardial Infarction in Hemodialysis
Patients With High-Sensitivity Cardiac Troponin T Assay. Arch Pathol Lab Med. 2016;140(1):75-80.
49.
deFilippi C, Seliger SL, Kelley W, Duh SH, Hise M, Christenson RH, et al. Interpreting cardiac troponin results
from high-sensitivity assays in chronic kidney disease without acute coronary syndrome. Clin Chem. 2012;58(9):134251.
50.
van der Linden N, Cornelis T, Kimenai DM, Klinkenberg LJJ, Hilderink JM, Luck S, et al. Origin of Cardiac Troponin
T Elevations in Chronic Kidney Disease. Circulation. 2017;136(11):1073-5.
51.
Abbas NA, John RI, Webb MC, Kempson ME, Potter AN, Price CP, et al. Cardiac troponins and renal function in
nondialysis patients with chronic kidney disease. Clin Chem. 2005;51(11):2059-66.

18

52.
Masson S, Anand I, Favero C, Barlera S, Vago T, Bertocchi F, et al. Serial measurement of cardiac troponin T
using a highly sensitive assay in patients with chronic heart failure: data from 2 large randomized clinical trials.
Circulation. 2012;125(2):280-8.
53.
Hamwi SM, Sharma AK, Weissman NJ, Goldstein SA, Apple S, Canos DA, et al. Troponin-I elevation in patients
with increased left ventricular mass. Am J Cardiol. 2003;92(1):88-90.
54.
Di Lullo L, Gorini A, Russo D, Santoboni A, Ronco C. Left Ventricular Hypertrophy in Chronic Kidney Disease
Patients: From Pathophysiology to Treatment. Cardiorenal Med. 2015;5(4):254-66.
55.
Ooi DS, Isotalo PA, Veinot JP. Correlation of antemortem serum creatine kinase, creatine kinase-MB, troponin
I, and troponin T with cardiac pathology. Clin Chem. 2000;46(3):338-44.
56.
Apple FS, Murakami MM, Pearce LA, Herzog CA. Predictive value of cardiac troponin I and T for subsequent
death in end-stage renal disease. Circulation. 2002;106(23):2941-5.
57.
Sandoval Y, Herzog CA, Love SA, Cao J, Hu Y, Wu AH, et al. Prognostic Value of Serial Changes in High-Sensitivity
Cardiac Troponin I and T over 3 Months Using Reference Change Values in Hemodialysis Patients. Clin Chem.
2016;62(4):631-8.
58.
Deegan PB, Lafferty ME, Blumsohn A, Henderson IS, McGregor E. Prognostic value of troponin T in hemodialysis
patients is independent of comorbidity. Kidney international. 2001;60(6):2399-405.
59.
Khan NA, Hemmelgarn BR, Tonelli M, Thompson CR, Levin A. Prognostic value of troponin T and I among
asymptomatic patients with end-stage renal disease: a meta-analysis. Circulation. 2005;112(20):3088-96.
60.
Willeit P, Welsh P, Evans JDW, Tschiderer L, Boachie C, Jukema JW, et al. High-Sensitivity Cardiac Troponin
Concentration and Risk of First-Ever Cardiovascular Outcomes in 154,052 Participants. J Am Coll Cardiol. 2017;70(5):55868.
61.
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(3):399-406.

19

FIGURE 1 COMPARISON OF DEFINITIONS FOR MYOCARDIAL INFARCTION USED IN
LARGE CARDIOVASCULAR TRIALS IN PEOPLE RECEIVING HEMODIALYSIS
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Criteria
required/reported

Definite/
possible/
Probable*

Requires 2 out
of 3

Definite/
Suspected*

Chest pain

Typical ischaemic
CP, APO syncope
or shock

Typical
symptoms
lasting ≥ 30
mins

ECG changes

Q-waves and/or
localised
ST↑
followed by Twave inversion in
≥2 of 12 standard
ECG leads*

Diagnostic ECG

ECG findings*

New Q waves (or R waves in V1-V2)
in 2 continuous leads with no
previous LVH or conduction probs.
Evolving ST/T wave changes in ≥2
contiguous leads
New
LBBB/ST
↑
requiring
thrombolytics or PCI

Biomarker

Rise and fall of CK
>2
x
ULN,
elevated CK-MB,
elevated
troponin*

Elevated
cardiac
biomarkers

Elevated
cardiac
biomarkers*

Any combination of markers
where Troponin result is ≥ 2x ULN
or CKMB ≥ 2x ULN
If CK only, serial changes of ≥ 2x
ULN must be shown

Symptoms of pain, dyspnoea,
pressure at rest or accelerated
ischemic symptoms (lasts ≥ 10
mins)
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FIGURE 2 EARLY CARDIAC TROPONIN KINETICS IN PATIENTS AFTER ACUTE
MYOCARDIAL INJURY INCLUDING ACUTE MYOCARDIAL INFARCTION

Figure taken from Thygessen et al JACC 2018;72(18):2231-64 with permission.
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