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Abstract

Background—High-sensitivity cardiac troponin testing may improve the risk-stratification and 

diagnosis of myocardial infarction, but concentrations can be challenging to interpret in patients 

with renal impairment and the effectiveness of testing in this group is uncertain.

Methods—In a prospective multi-center study of consecutive patients with suspected acute 

coronary syndrome, we evaluated the performance of high-sensitivity cardiac troponin I in those 

with and without renal impairment (estimated glomerular filtration rate <60mL/min/1.73m2). The 

negative predictive value (NPV) and sensitivity of troponin concentrations below the risk 

stratification threshold (5ng/L) at presentation were reported for a primary outcome of index type 

1 myocardial infarction, or type 1 myocardial infarction or cardiac death at 30 days. The positive 

predictive value (PPV) and specificity at the 99th centile diagnostic threshold (16ng/L in women, 

34ng/L in men) was determined for index type 1 myocardial infarction. Subsequent type 1 

myocardial infarction and cardiac death were reported at 1 year.

Results—Of 4,726 patients identified, 904 (19%) had renal impairment. Troponin concentrations 

<5ng/L at presentation identified 17% of patients with renal impairment as low-risk for the 

primary outcome (NPV 98.4%, 95% confidence interval [CI] 96.0-99.7%; sensitivity 98.9%, 

95%CI 97.5-99.9%), compared to 56% without renal impairment (P<0.001) with similar 

performance (NPV 99.7%, 95%CI 99.4-99.9%; sensitivity 98.4%, 95%CI 97.2-99.4%). The PPV

and specificity at the 99th centile were lower in patients with renal impairment at 50.0% (95%CI 

45.2-54.8%) and 70.9% (95%CI 67.5-74.2%) respectively, compared to 62.4% (95%CI 58.8-

65.9%) and 92.1% (95%CI 91.2-93.0%) in those without. At 1 year, patients with troponin 

concentrations >99th centile and renal impairment were at greater risk of subsequent myocardial 

infarction or cardiac death than those with normal renal function (24% vs. 10%, adjusted hazard 

ratio 2.19, 95%CI 1.54-3.11). 

Conclusions—In suspected acute coronary syndrome, high-sensitivity cardiac troponin 

identified fewer patients with renal impairment as low-risk and more as high-risk, but with lower 

specificity for type 1 myocardial infarction. Irrespective of diagnosis, patients with renal 

impairment and elevated cardiac troponin concentrations had two-fold greater risk of a major

cardiac event compared to those with normal renal function, and should be considered for further 

investigation and treatment.

Clinical Trial Registration—URL: https://clinicaltrials.gov Unique Identifier: NCT01852123 

Key Words: renal disease; troponin; acute coronary syndrome 
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Clinical Perspective

What is new?

This is the first study to evaluate high-sensitivity cardiac troponin I testing in unselected, 

consecutive patients with suspected acute coronary syndrome with and without renal 

impairment.

Patients with troponin concentrations <5ng/L at presentation were low-risk for 

myocardial infarction or cardiac death regardless of renal function, but only one in five 

patients with renal impairment were identified as low-risk.  

Patients with renal impairment were twice as likely to have troponin concentrations 

above the 99th centile, with lower specificity for type 1 myocardial infarction, but 

irrespective of the diagnosis these patients had a 2-fold greater risk of cardiac events at 1 

year. 

What are the clinical implications?

Our findings support the use of high-sensitivity cardiac troponin I testing, using a risk 

stratification threshold of <5ng/L, to rule out myocardial infarction in patients with renal 

impairment. 

The use of diagnostic thresholds above the 99th centile might improve specificity for type 

1 myocardial infarction in patients with renal impairment. 

However, such strategies may falsely reassure clinicians that patients below this threshold 

are at low risk.

High-sensitivity cardiac troponin I has major potential to risk stratify patients with renal 

impairment and suspected acute coronary syndrome.  

year. 

What are the clinical implications?

OuOuOurr r fififindn inngsgsgs support the use of high-sensittivivi ity cardiac tropponinin I testing, using a risk 

stratificacacationonon thrhrh eseseshohoh lddd ooof ff <5<5<5ng/L/L, to rululu e ouout mymymyocococararardidd alal iiinfnfn ara ctctioi n iiinn n papapatititienee ts wwwititith hh rererenann l

impairmemeennt..

ThTT e e usususeee off ddiagngnostic c c thththreshshshoolo dsdsds aaabooveveve tthee 9999thhh cecc ntntntililile e mimim ghghght t immpprovovove e e spspspecececifiificcitty for tytype

1 myocardial infarction in patients with renal impairment
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Cardiovascular disease is the most frequent outcome of chronic kidney disease.1 As glomerular 

filtration rate (GFR) declines, major adverse cardiovascular events, cardiovascular and all-cause 

mortality increase.1-3 In patients with acute coronary syndrome, renal impairment is common4

and is associated with an increased risk of recurrent myocardial infarction and death.5, 6 Cardiac

troponin testing is used widely to diagnose myocardial infarction,7-10 however levels can be 

challenging to interpret in patients with renal impairment.11, 12 Circulating troponin 

concentrations are often raised in these patients due to shared risk factors and pre-existing 

cardiovascular disease.13 High-sensitivity cardiac troponin assays permit the use of lower 

thresholds to rule in and rule out myocardial infarction,14 but the effectiveness of testing in 

patients with renal impairment is uncertain.  

We have previously evaluated high-sensitivity cardiac troponin testing in consecutive 

patients with suspected acute coronary syndrome and defined thresholds for risk stratification 

(<5ng/L) and diagnosis of myocardial infarction using sex-specific 99th centile upper reference 

limits.7, 15 Patients with cardiac troponin concentrations <5ng/L at presentation were at low risk 

of future cardiac events and may not require serial testing or hospital admission.7, 16, 17 The use of 

sex-specific diagnostic thresholds identified more women with myocardial infarction who were 

at increased risk of major cardiac events.14 The benefits of both approaches may be offset in

patients with comorbid conditions and especially those with renal impairment, where myocardial 

injury often occurs outwith acute coronary syndrome, and where high-sensitivity cardiac 

troponin testing may contribute to diagnostic uncertainty. We aimed to evaluate the performance 

of high-sensitivity cardiac troponin I testing in consecutive patients with suspected acute 

coronary syndrome with and without renal impairment.

patients with renal impairment is uncertain. 

We have previously evaluated high-sensitivity cardiac troponin testing in consecutive 

patients with suspected acute coronary syndrome and defined thresholds for risk stratification 

<5n5n5ngg/g L) and dddiaiiagngngnosisisi oooff f mymyyocococararardididial iinfn arctiooon n ususing g g sesesexxx-spspspeccififficcc 999thth centntntililileee upupuppepp r rererefefeferererencncnce

imimimitststs.7, 15 Patieennntss wwithth cardididiac tropopp niinn concenene tratatioonsnsns <<<5n55ng/g/L aat presesentttattation weererer aat low riiskk 

of future cardiac events and may not require seriall testing or hospiital addmissioi n.777, 1616, 1717 The use of
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Methods

Study design & participants

In a prospective multi-center study, we identified consecutive patients presenting with suspected 

acute coronary syndrome to the emergency departments of two secondary care hospitals (St 

John’s Hospital, Livingston and Western General Hospital, Edinburgh) and a tertiary care 

hospital (Royal Infirmary of Edinburgh) between June 1, 2013 and January 31, 2014.7 All 

patients in whom the attending clinician requested cardiac troponin for suspected acute coronary 

syndrome were enrolled. Patients were excluded if they were diagnosed with ST-segment 

elevation myocardial infarction, had been admitted previously during the study period or did not 

live in Scotland and therefore could not have hospital records linked with outcomes. In this 

analysis, we identified those patients who also had at least one measurement of serum creatinine 

during the index presentation. The study was approved by the national research ethics 

committee, and performed in accordance with the Declaration of Helsinki. Informed consent was 

not required. 

Procedures

Plasma cardiac troponin I concentration was measured at presentation and then repeated 6 or 12 

hours after the onset of symptoms at the discretion of the clinician. All patients who met the 

inclusion criteria were assigned a study code and additional data from the electronic patient 

record (TrakCare; InterSystems Corporation, Cambridge, MA, USA) were collected 

prospectively and linked in real time with a unique patient identifier.

Clinical decision-making utilized a validated standard-of-care sensitive cardiac troponin I 

assay (ARCHITECTSTAT troponin I assay; Abbott Laboratories, Abbott Park, IL, USA).18, 19

High-sensitivity cardiac troponin I was measured in parallel on excess plasma in all enrolled 

ive in Scotland and therefore could not have hospital records linked with outcomemes.s.s IIn n n thththisisis d

analysis, we identified those patients who also had at least one measurement of serum creatinine 

during the index presentation. The study was approved by the national research ethics 

commmmmmittee, andndd perererfoff rmrmrmededed iin n dd acacaccococordrdrdanncece with h h ththe DDeclcllarararatattioioion nn ofoff HHHelelsiinkn i. IIInfnfnfororrmemem d cococ nsnsnsenenentt t waww s

not t reeequired. 

Procedures
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patients, at all time points, using a high-sensitivity assay (ARCHITECTSTAT high-sensitive 

troponin I assay; Abbott Laboratories). These results were not reported on the electronic patient 

record or communicated to the clinicians responsible for patients’ care. For this assay, the limit 

of detection (LoD) is 1.2ng/L with an upper reference limit at the 99th centile in women of 

16ng/L and in men of 34ng/L.15, 20 It has a coefficient of variation of 23% at the limit of 

detection (1.2ng/L) and <10% at 6ng/L.7, 21, 22

Baseline clinical characteristics and serum biochemistry results were collected using the 

electronic patient record. Serum creatinine at presentation was used to calculate the estimated 

glomerular filtration rate (eGFR) using the Modification of Diet in Renal Disease (MDRD) study 

equation.23 Based on this, patients were classified as having ‘normal’ (eGFR 

60mL/min/1.73m2) or ‘impaired’ renal function (eGFR <60mL/min/1.73m2). Those with renal 

impairment were further categorized as having moderate (eGFR 30-59mL/min/1.73m2), severe 

(<30mL/min/1.73m2) or end-stage (<15 mL/min/1.73m2) renal disease.

Patients with evidence of myocardial necrosis at presentation or on subsequent testing 

were identified using sex-specific upper reference limits (troponin concentration >99th centile). 

When patients had serial samples tested, ‘peak troponin’ was defined as the highest cardiac 

troponin concentration obtained within 24 hours of hospital presentation. All investigations, 

clinical information and outcomes from presentation to 30 days were independently reviewed by 

two adjudicators (AS and AA). Patients were classified as having type 1 or type 2 myocardial 

infarction or myocardial injury, according to the Universal Definition of Myocardial Infarction

(Supplementary Table 1).11, 24 Type 1 myocardial infarction was defined in patients with 

myocardial necrosis and symptoms suggestive of acute coronary syndrome or evidence of 

myocardial ischemia on an electrocardiogram. Type 2 myocardial infarction was diagnosed in 

equation.23 Based on this, patients were classified as having ‘normal’ (eGFR 

60mL/min/1.73m2) or ‘impaired’ renal function (eGFR <60mL/min/1.73m2). Those with renal 

mpairment were further categorized as having moderate (eGFR 30-59mL/min/1.73m2), severe 

<3000mmLm /min/111 77.73mmm2) ororr eeendn -s-sstatatagegege (((<155 mL/mmminin/11.73mmm222))) rererenanan l didiiseeseasa ee.

Patientststs wiithh eevvidencncnce of myoyy cacardial nenen crososisss aaatt t prprp esseentattioon oor onnn subsequuuenent testingg 

were identiffiei d usini g sex-specific upper reference llimits (troponin concentration >99ththh centile).)  
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those patients with symptoms or signs of myocardial ischemia due to increased oxygen demand 

or decreased supply (e.g. tachyarrhythmia, hypotension, or anemia). Myocardial injury was 

defined as biochemical evidence of myocardial necrosis in the absence of any clinical features of 

myocardial ischemia. Any discrepancies were resolved by the adjudication of a third independent 

reviewer (NLM). Index myocardial infarction was defined as any type 1 myocardial infarction 

arising during the first clinical episode. Agreement was good across all adjudicated diagnoses in 

patients with and without renal impairment 72, 95% confidence interval (CI) 0.67–0.78 vs

0.70, 95% CI 0.65–0.75). 

 Follow-up was completed using regional and national registries as well as the electronic 

patient record (TrakCare). The same adjudication process as the index admission was used to 

adjudicate any readmission with elevated cardiac troponin (>99th centile). Cardiac death was 

defined as any death due to myocardial infarction, arrhythmia, or heart failure.

Outcomes

The negative predictive value (NPV) and sensitivity of cardiac troponin concentrations below the 

risk stratification threshold (5ng/L) at presentation were reported for a primary outcome of index 

type 1 myocardial infarction, or type 1 myocardial infarction or cardiac death at 30 days, as 

previously described.7 We performed an additional sensitivity analysis evaluating the LoD as an 

alternative to this risk stratification threshold. The positive predictive value (PPV) and specificity

of cardiac troponin concentrations >99th centile (16ng/L in women, 34ng/L in men) on the 

presentation sample or subsequent testing was determined for index type 1 myocardial infarction. 

Sub-group analyses were performed stratified by age and sex. In those undergoing serial 

sampling, performance of the diagnostic threshold was evaluated at presentation and on repeat 

testing, with and without the inclusion of a 20% delta change in cardiac troponin concentration.25

patient record (TrakCare). The same adjudication process as the index admission wawawasss usususededed tttooo

adjudicate any readmission with elevated cardiac troponin (>99th centile). Cardiac death was

defined as any death due to myocardial infarction, arrhythmia, or heart failure.

Outctccomes

Thee e nnen gative pppreereddicctiveve valueueue (NPV)) aandn  senssis ttiviityy ooof f f cacacarddrdiaiiacc tropoponinin conononcentratitit ononss beloww the

isk stratification thhreshhold (5ng/L) ) at presentatioi n were reported fof r a primary outcome of inded x
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In a secondary analysis we evaluated the diagnostic performance for type 1 or type 2 myocardial 

infarction. Readmission with type 1 myocardial infarction, cardiac death and all cause death 

were reported at 1 year.

Statistical analysis 

Baseline characteristics across eGFR categories were presented as mean (SD) or median (IQR) 

for normally distributed and non-normally distributed variables respectively, and as proportions 

for categorical variables. A high-sensitivity cardiac troponin I concentration of <5ng/L at 

presentation conferred a NPV of 99.6% across the whole population for the primary outcome.7

This threshold was evaluated in those patients with normal and impaired renal function. As we 

expected the NPV to be close to 100%, we estimated the proportion by sampling from a binomial 

likelihood with a Jeffrey’s prior (beta distribution shape parameters both equal to 0.5) as 

intervals produced using this approach have good coverage for proportions close to 0 or 1.26

Survival free from type 1 myocardial infarction or cardiac death above and below the threshold 

of 5ng/L was compared. Multivariable cox proportional hazard models were performed to 

evaluate the association of eGFR and outcomes. Statistical analyses were performed using R, 

version 3.3.2.

Results

Patient characteristics

Of 4,739 patients enrolled, 4,726 patients (99.7%) had at least one measure of serum creatinine 

(Supplementary Figure 1). Of these, 904 patients (19%) had renal impairment with an eGFR 

<60mL/min/1.73m2 (Table 1). Most patients had moderate impairment (85%) with 15% having 

severe impairment (<30mL/min/1.73m2), and 13 (0.3%) patients receiving dialysis (12 on 

expected the NPV to be close to 100%, we estimated the proportion by sampling frfromomom aaa bbbinininomomomia

ikelihood with a Jeffrey’s prior (beta distribution shape parameters both equal to 0.5) as

ntervals prpp oduced using this approach have good coverage for proportions close to 0 or 1.26

Survrvrvivivi al free frfrfromomom tytt pepep 111 mymymyocococararardididialaa  infnfarctiooon n orr ccardididiacacac dddeaeae thh aaabobob veve aand bbbelele owowow the tthrhrhresese hohoholdl  

of 555ngngng/L was cccomomo pap reedd. Mululultivariable ccox prooopporrtiionananal ll hahahazaarrd mmoodelss weweerrer perfoormrmr eded to 

evaluate the associai tion of eGFR and outcomes. d StS atistical analyses were performed using R, 
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hemodialysis, 1 on peritoneal dialysis) (Supplementary Table 2). Renal function was two-fold 

higher in those with normal renal function (eGFR 91±18 vs. 47±8mL/min/1.73m2, P<0.001).  

 Compared to patients with normal renal function, those with renal impairment were older 

and more likely to be female (Table 1). Baseline cardiovascular risk factors, including diabetes 

mellitus and hypertension, as well as established ischemic heart disease, were more prevalent in 

those with renal impairment. Prescriptions of anti-platelet agents, blockers of the renin-

angiotensin system and statins were more frequent in this group. However, smoking was less 

common. Although more patients with renal impairment had previously undergone coronary 

artery bypass grafting, the rate of percutaneous coronary intervention was similar to those with 

normal renal function.   

Renal impairment and risk stratification with low cardiac troponin concentrations at 

presentation

A cardiac troponin concentration of <5ng/L at presentation identified 17% (157/904) of patients 

with and 56% (2,144/3,822) of patients without renal impairment as low risk (Figure 1A). The 

primary outcome of index type 1 myocardial infarction, or type 1 myocardial infarction or 

cardiac death within 30 days occurred in 1% (2/157) of those with renal impairment and in 0.3% 

(7/2,144) of those with normal renal function. The NPV and sensitivity for the primary outcome 

was 98.4% (95% CI 96.0-99.7%) and 98.9% (95% CI 97.5-99.9%) in patients with renal 

impairment, compared to 99.7% (95% CI 99.4-99.9%) and 98.4 % (95% CI 97.2-99.4%) in those 

without (Table 2). Performance was similar when the primary outcome was extended to include 

all myocardial infarction (type 1 and type 2) (Supplementary Table 3). In our sensitivity 

analysis, the NPV and sensitivity at the LoD were similar to the risk stratification threshold, but 

normal renal function.   

Renal impairment and risk stratification with low cardiac troponin concentrations at 

presentation

A cacacarrdr iac troponononinnn connnceceentntn raratititiononon ooof f f <55ngn /L at t t prp esesentaaatititiononon iiidedd ntntifififieiei d d 1717% (((1515157/7/7/9090904) ooof f f papapatititienenents 

withthh aand 56% ((2,22 14144/3,3,822))) ooof patientss wwithoututu  renenall iiimpmpmp iiairmrmentt aas lowow rrrisssk (k Figuuurre 11A). Thhee 

primary outcome off inddex type 1 myocardiall inffarction, or type 1 myocardiall inffarction or 
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this threshold identified only 19/904 (2%) of patients with renal impairment as low risk, 

compared to 628/3,822 (16%) of those with normal renal function (Supplementary Table 4).

Renal impairment and the diagnosis of myocardial infarction 

Cardiac troponin concentrations were >99th centile at presentation in 40% (360/904) of patients 

with and 15% (578/3,822) without renal impairment (Figure 1A). During the index presentation, 

the adjudicated diagnosis was type 1 myocardial infarction in 23% (206/904) of patients with 

renal impairment compared to 12% (445/3,822) of those with normal renal function (Figure 1B). 

Similarly, an adjudicated diagnosis of type 2 myocardial infarction was more frequent in patients 

with renal impairment occurring in 7% (65/904), compared to 3% (108/3,822) of those with 

normal renal function. In those with renal impairment, the diagnosis of type 1 myocardial 

infarction occurred in 22% (167/765) of patients with moderate, 28% (29/102) with severe and 

27% (10/37) of patients with end-stage renal impairment. The diagnosis of type 2 myocardial 

infarction occurred in 7% (50/765) of patients with moderate, 10% (10/102) with severe and 

14% (5/37) of patients with end-stage renal impairment.

 At the 99th centile, the PPV and specificity for an index type 1 myocardial infarction were

lower in patients with renal impairment (50.0%, 95% CI 45.2-54.8% and 70.9%, 95% CI 67.5-

74.2%, respectively), compared to those without (62.4%, 95% CI 58.8-65.9% and 92.1%, 95% 

CI 91.2-93.0%, resepectively) (Table 2). The area under the curve for type 1 myocardial 

infarction was 0.95 (95% CI 0.93-0.96%) in patients without renal impairment compared to 0.82 

(95% CI 0.78-0.86%) in those with renal impairment. The PPV and specificity were similar in 

patients with renal impairment stratified by age or sex, but were lower in those >65 years old and 

in women without renal impairment (Supplementary Table 5). 

normal renal function. In those with renal impairment, the diagnosis of type 1 myyococcararardididialalal 

nfarction occurred in 22% (167/765) of patients with moderate, 28% (29/102) with severe and 

27% (10/37) of patients with end-stage renal impairment. The diagnosis of type 2 myocardial 

nfaaarccction occurururrerr d d d in 77% % % (5( 0/0/0/7676765)5)5) ooof papatients wwitthh mooodedederaraatetete,, 1010%% % (1( 0/0/102)2)2) wwwititith h h ses veeereree aaandndd 

14%% % (5(( /37) of f papap tiieentss wwith hh eene d-staggge rerenal immmppairrmemeentntnt.

AAt thhe 99ththh centili e, the PPV and specificity fof r an index type 1 myocardial infarction were
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 Sensitivity was similar in patients with and without renal impairment, both at 

presentation and on re-testing (Supplementary Table 5). In those patients with serial sampling

(2,193/4,726, 46%), combining the 99th centile with a 20% delta change increased specificity in 

those with renal impairment from 68.8% (95% CI 63.8-73.6%) to 78.1% (95% CI 73.6-82.4%), 

but reduced sensitivity from 97.8% (95% CI 95.5-99.7%) to 78.4% (95% CI 72.0-84.7%). In 

contrast, combining the 99th centile with a 20% delta change did not significantly improve 

specificity in patients without renal impairment (90.5%, 95% CI 88.9-92.1% with a delta versus

88.1%, 95% CI 86.4-89.8% without), but sensitivity was lower (81.8%, 95% CI 77.8-85.7% with 

a delta versus 98.5%, 95% CI 97.2-99.6% without).  

 For the diagnosis of type 1 or type 2 myocardial infarction performance improved in all 

patients, although the PPV and specificity remained lower in those with renal impairment 

(65.7%, 95% CI 61.0-70.3% and 78.0%, 95% CI 74.8-81.2% respectively), compared to those 

with normal renal function (77.5%, 95% CI 74.4-80.5% and 95.2%, 95% CI 94.4-95.9% 

respectively; Supplementary Table 6).  

Renal impairment and risk of type 1 myocardial infarction or cardiac death at 1 year 

Using Cox regression modeling, adjusted for age, sex, diabetes mellitus, hypertension, 

established ischemic heart disease, and cardiac troponin, we confirmed that renal impairment 

was an independent risk factor for subsequent type 1 myocardial infarction or cardiac death in 

the year following presentation (Supplementary Figure 2). This model independently 

confirmed that the risk of major cardiac events increased once the eGFR fell below 

60mL/min/1.73m2.

For the diagnosis of type 1 or type 2 myocardial infarction performance impmpprororoveveved d d ininin aaallll  

patients, although the PPV and specificity remained lower in those r with renal impairment 

65.7%, 95% CI 61.0-70.3% and 78.0%, 95% CI 74.8-81.2% respectively), compared to those 

withhh nnnormal renenenal fffunununctctc ioioionn n (7777.7.7.5%5%5%, 95%% CI 74.4.4 4-8080.5%%% ananand d d 95959 2.22%,%,% 95%5% CCII I 949494.4.4.4-9-95.9%9%9% 

espppeece tively; SuSuSuppppllemementaaryy y Table 6)). 

Renal impairment andd risk of type 1 myocardiall infarction or cardiiac death at 1 year 
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Cardiac troponin risk stratifies patients with normal and impaired renal function 

For all patients, subsequent type 1 myocardial infarction or cardiac death at 1 year was more 

frequent with increasing cardiac troponin concentrations (Figure 2). Irrespective of the index 

diagnosis, in patients with any cardiac troponin concentration >99th centile the 1-year risk of 

subsequent type 1 myocardial infarction or cardiac death was greater in those with renal 

impairment compared to those without (24% vs. 10%, adjusted HR 2.19 [95% CI 1.54-3.11];

Table 3). Where cardiac troponin concentrations remained <5ng/L on serial testing, cardiac 

events at 1 year were uncommon in patients with or without renal impairment (2% vs. 0.4%, 

adjusted HR 2.49 [95% CI 0.58-10.71]). Patients with renal impairment and cardiac troponin 

concentrations 99th centile had a similar event rate to those with normal renal 

function and cardiac troponin concentrations >99th centile (7% and 10%, respectively).  

Increasing cardiac troponin concentrations below the 99th centile were associated with a 

greater risk of subsequent type 1 myocardial infarction or cardiac death at 1 year, after 

adjustment for age, sex, established ischemic heart disease, diabetes mellitus or hypertension 

(Figure 3). For every doubling of cardiac troponin concentration in those with renal impairment, 

risk of cardiac events increased more than two-fold (HR 2.62, 95% CI 2.09-3.14) compared to a 

more modest increase in those with normal renal function (HR 1.42, 95% CI 1.09-1.75). 

Discussion

In this large, prospective cohort of consecutive patients, we assessed the utility of high-

sensitivity cardiac troponin I testing to risk stratify and diagnose patients with suspected acute 

coronary syndrome who have renal impairment. We make several relevant observations for 

clinical practice. First, high-sensitivity cardiac troponin I concentrations <5ng/L at presentation 

concentrations 99th centile had a similar event rate to those with normamaal ll rererenanan lll

function and cardiac troponin concentrations >99th centile (7% and 10%, respectively). 

Increasing cardiac troponin concentrations below the 99th centile were associated with a 

greaaateteter risk of ff sususubsbsb eqee ueueu ntntnt ttypyppeee 111 mymymyoccarardial infnfn arrcttion n n ororor cccararardidiacacc dddeaeathh at 111 yeyeyeararar, afa teeer r r

adjuuuststs ment forrr aaagee, seexx, estaaabblb ished ischchemic hhheearrt disisiseaeaeaseses , diddiabeetees mmelliiitututus or hypypyperrteensionn 

Figure 3). FFor every ddoubling of cardiac troponin concentration ini  those with renal impairment,
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identified patients who were at low risk of myocardial infarction or cardiac death at 30 days 

regardless of renal function. However, fewer than 1 in 5 with renal impairment were identified as 

low risk, compared to more than half of those with normal renal function. Second, patients with 

renal impairment were more than twice as likely to have cardiac troponin concentrations >99th

centile. Here, the PPV and specificity for type 1 myocardial infarction were lower than for those 

with normal renal function. However, 1 in 4 patients with renal impairment had an index 

diagnosis of type 1 myocardial infarction, and this remained the most common cause of elevated

cardiac troponin concentrations in this group. Third, irrespective of the diagnosis, patients with 

cardiac troponin concentrations >99th centile and renal impairment had a 2-fold greater risk of 

subsequent type 1 myocardial infarction or cardiac death at 1 year. Finally, whilst increasing 

cardiac troponin concentrations <99th centile independently predicted subsequent cardiac events 

in all patients, for an equivalent increase in concentration, patients with renal impairment had 

twice the risk of a major cardiac event compared to those with normal renal function. Together 

these findings suggest that high-sensitivity cardiac troponin testing may improve the risk 

stratification of patients with suspected acute coronary syndrome and renal impairment by 

identifying both low risk patients who could avoid hospitalization, and high-risk patients who 

may benefit from further investigation and therapies.  

 Our study has a number of strengths. We prospectively identified all consecutive patients 

without selection presenting to both secondary and tertiary care hospitals, including patients 

admitted out-of-hours. Moreover, we included patients with all degrees of renal impairment 

including those with a severe reduction in eGFR or on dialysis, a group often excluded from 

diagnostic studies.27, 28 Thus, we consider our findings to be both representative and 

generalizable.

ubsequent type 1 myocardial infarction or cardiac death at 1 year. Finally, whilst t ininncrcrcreaeaasisisingngng 

cardiac troponin concentrations <99th centile independently predicted subsequent cardiac events 

n all patients, for an equivalent increase in concentration, patients with renal impairment had 

wiccceee the risk ooofff a mamm jojoj r r r cacac rdrddiaiaiac c c evevevenee t coc mparrrede  toto thooosesese wwwititith nonoormrmrmala rrene alll fffunununctctctioii n. TTogogogetettheheher 

hessse ee findings ssugugu gestt tthat hihihigh-sensitiivvity carrrddiacc trooopopoponininin tetestinngg maayy impmpm rove theheh rrissk y

tratification of patiients with suspected acute coronary syndrome and renal impairment by 
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Our findings in those patients with renal impairment and cardiac troponin concentrations 

<5ng/L at presentation support the use of this approach for risk stratification across all patients. 

Our analysis was conservative using a composite primary outcome that included cardiac events

at 30 days. The diagnostic sensitivity of 98.9% in patients with renal impairment would be 

considered by most as evidence that this approach could be safely applied in practice. Utilizing 

this threshold would potentially miss two index events in 904 consecutive patients with renal 

impairment. Indeed, a cardiac troponin concentration <5ng/L was associated with just a 2% risk 

of subsequent type 1 myocardial infarction or cardiac death in these patients at 1 year. Whilst 

this approach to risk stratification appears safe, it is clearly less effective in those with renal 

impairment, identifying fewer than 1 in 5 patients as low-risk compared to more than half of 

those with normal renal function. This observation likely reflects the higher prevalence of shared 

risk factors, pre-existing or unrecognized cardiovascular disease, or direct cardiac injury by 

uremic proteins in patients with renal impairment. 

 Our data add to those of others who have evaluated the effectiveness of high-sensitivity 

cardiac troponins for the diagnosis of myocardial infarction.16, 28-31 However, the majority of 

studies have included selected patients, not examined those with renal impairment separately, or 

have adjudicated outcomes using contemporary assays. A strength of our analysis is that all 

diagnoses and outcomes were adjudicated using the high-sensitivity assay. In keeping with

previous studies, the specificity of high-sensitivity cardiac troponin at the 99th centile for a 

diagnosis of type 1 myocardial infarction was reduced in patients with renal impairment.26 When 

considering the clinical utility of this diagnostic test, a reduction in PPV from 60% to 47% is 

arguably modest. One approach to improve specificity would be to use higher diagnostic 

thresholds in those with renal impairment.28, 32 However, this approach assumes that all grades of 

mpairment, identifying fewer than 1 in 5 patients as low-risk compared to more tthahaann n hahahalflflf oof f f

hose with normal renal function. This observation likely reflects the higher prevalence of shared

isk factors, pre-existing or unrecognized cardiovascular disease, or direct cardiac injury by 

uremmmiici  proteinnnss innn pppatttieiei ntntntss s wiwiiththth rrrenenenalaa  impm airmmmene t.. 

Our datatataa a adddd to thosesese of others wwho havava e evevallluauauatetetedd d ththee efffeectivveenesesess of highghgh-sesensitiviityy 

cardiac troponins fof r thhe diagnosis of myocardial infarction.16166, 2828-3311 However, the majority of f
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renal impairment are equivalent, and implies to clinicians that small increases in cardiac troponin 

concentration are less important or are unrelated to cardiovascular risk in patients with renal 

impairment. Our analysis from a cohort of consecutive patients with the full spectrum of renal

function, demonstrates that patients with renal impairment who have elevated cardiac troponin 

concentrations have twice the risk of a major cardiac event than those with normal renal 

function. Furthermore, increases in cardiac troponin concentration within the normal reference 

range are a stronger predictor of cardiac events in patients with renal impairment, likely 

reflecting the higher burden of risk factors and cardiovascular disease in these patients. So whilst 

higher thresholds might improve diagnostic accuracy, there is a risk this approach may be falsely 

reassuring to clinicians.    

Renal impairment is associated with poor outcomes. In a recent study, renal impairment, 

defined as any reduction in eGFR, was responsible for 4% of all deaths worldwide, where more 

than half were a consequence of cardiovascular disease.33 Our data confirm this excess risk in 

patients with suspected acute coronary syndrome, but importantly suggest that cardiac troponin 

may be used to improve the risk stratification of these patients. Interestingly, we have shown that

patients with renal impairment in whom myocardial infarction has been excluded have a similar 

incident cardiovascular risk to those with myocardial injury or infarction who have normal renal 

function. Furthermore, we demonstrate a 2-fold increase in cardiovascular risk for every 

doubling of cardiac troponin in patients with renal impairment compared to those with normal 

renal function. This observation supports those who suggest elevations in cardiac troponin 

concentrations in kidney disease reflect underlying cardiovascular disease, rather than impaired 

renal clearance.12

 There is often a disparity in the use of common, evidence-based treatments or 

eassuring to clinicians.    

Renal impairment is associated with poor outcomes. In a recent study, renal impairment, 

defined as any reduction in eGFR, was responsible for 4% of all deaths worldwide, where more 

hannn hhhalf were aaa conononseeeququuenene cecee ooof f f cacacardrr ioovav scularara  diiseeaseee.333333 OuOuOur dadaatatata cconnfif rmm ttthihih s ss exexexcesssss rrrisisisk kk ininin 

patiiienenents with sususussps ececteedd acutttee e coronaryry ssyndromomo e, bbuttt iiimpmpm ortatantlyy suggegesttt ttthat cardddiiacc ttroponninn 

may be usedd to improve the risk stratification off theh se patients. Interestiingly, we have shown y thhat
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interventions in patients with renal impairment.34 Far from this ‘therapeutic nihilism’ in the face 

of poor outcomes,34 high-sensitivity cardiac troponin could be used to improve the targeting of

therapy to this vulnerable and high-risk group of patients. Here, fewer than 30% of patients with 

renal impairment were prescribed aspirin, a blocker of the renin-angiotensin system or a statin.

Whether we can improve outcomes in this high-risk group of patients through increasing the use 

of these preventative therapies should be the urgent focus of future clinical studies.   

We recognize some limitations to our study. Only 15% of patients with reduced eGFR 

had severe renal impairment, with just 13 patients (1%) on dialysis,  so caution must be taken 

when interpreting these results in this group of patients. The study was conducted in a 

predominantly Caucasian population (93%), therefore further evaluation in more diverse 

populations would be of interest. Similarly, our findings are limited to a single high-sensitivity 

cardiac troponin I assay and cannot be extrapolated to other assays.32 Furthermore, clinical 

management decisions were made using a contemporary assay and therefore it is possible that a

small number of patients only identified by the high-sensitivity assay may have experienced 

worse outcomes as myocardial injury was not recognized by their treating clinician. However, 

this limitation affected all patients, and therefore does not impact the validity of our comparison 

between those with and without renal impairment. We classified patients based on a single 

estimate of renal function, and it is unclear whether those with renal impairment had acute 

kidney injury or chronic kidney disease. Both are associated with future cardiovascular risk.1, 35

However, our approach is consistent with clinical practice where renal function and cardiac 

troponin are measured concurrently and treatment decisions are largely based on measures of 

renal function at the time of presentation.  

In conclusion, high-sensitivity cardiac troponin I may improve the risk stratification of 

predominantly Caucasian population (93%), therefore further evaluation in more ddivivivererersesese 

populations would be of interest. Similarly, our findings are limited to a single high-sensitivity 

cardiac troppponin I assay and cannot be extrapolated to other assays.32 Furthermore, clinical 

manananagement dddececcisssioioionsss wwwerere ee mamamadedede uuusingng a contntn emempporaaaryryry aaassssssayaa aandndnd ttheherereforeree y ititit iiis s s popp ssssibibblelele tthahahat t a

malalallll number ooof ff papatieentts onlnlnlyy y identifieded by thee e highgh-sesesensnsnsitiitiviivitty assssay mam yy y hhah ve exxxppep rrieenced 

worse outcomes as myocardial injury was not recognized by theh ir treating clini iciai n. HoH wever, 
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patients with suspected acute coronary syndrome who have renal impairment by identifying low 

risk patients who could avoid hospitalization, and high-risk patients who may benefit from 

further investigation and therapies.  
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Table 1. Cohort characteristics in all patients and stratified by renal function

All patients

(n=4,726)

mL/min/1.73m2

(n=3,822)

eGFR <60 mL/min/1.73m2

(n=904)

Age (years) 64 (16) 61 (16) 77 (11)

Male 2,670 (56%) 2,236 (59%) 434 (48%)

Renal Function

89 (53) 75 (13) 151 (96)

eGFR (mL/min/1.73m2) 82 (26) 91 (18) 43 (13)

Presenting complaint

Chest pain 3,923 (83%) 3,264 (85%) 659 (73%)

Dyspnea 265 (6%) 164 (4%) 101 (11%)

Palpitations 126 (3%) 106 (3%) 20 (2%)

Syncope 173 (4%) 112 (3%) 61 (7%)

Past medical history

Smoker 847 (18%) 765 (20%) 80 (9%)

Diabetes mellitus 667 (14%) 431 (11%) 236 (26%)

Hyperlipidemia 1,122 (24%) 845 (22%) 277 (31%)

Hypertension 1,393 (29%) 1,015 (27%) 378 (42%)

Ischemic heart disease 1,391 (29%) 1,009 (26%) 382 (42%)

Myocardial infarction 796 (17%) 597 (16%) 199 (22%)

Stroke 337 (7%) 228 (6%) 109 (12%)

Previous revascularization

Percutaneous coronary intervention 447 (9%) 367 (10%) 80 (9%)

Coronary artery bypass grafting 245 (5%) 164 (4%) 83 (9%)

Admission drugs

Aspirin 926 (20%) 685 (18%) 241 (27%)

Clopidogrel 336 (7%) 247 (6%) 89 (10%)

Dual antiplatelet therapy 157 (3%) 127 (3%) 30 (3%)

ACE-inhibitor or ARB 961 (20%) 709 (19%) 252 (28%)

Beta-blocker 772 (16%) 565 (15%) 207 (23%)

Statin 1,123 (24%) 839 (22%) 284 (31%)

Oral anticoagulant 211 (4%) 148 (4%) 63 (7%)

Cardiac troponin I concentration

At presentation (ng/L) 5 (2 17) 4 (2 11) 17 (6 52)

At peak (ng/L) 9 (3 60) 6 (3 36) 27 (7 167)

Less than 5ng/L at presentation 2301 (49%) 2144 (56%) 157 (17%)

Above 99th centile at presentation 938 (20%) 578 (15%) 360 (40%)

Above 99th centile on serial testing* 789 (36%) 519 (31%) 270 (54%)

Electrocardiogram

Ischemic appearance 816 (17%) 588 (15%) 228 (25%)

ST-segment depression 302 (6%) 210 (5%) 92 (10%)

Bundle branch block 278 (6%) 173 (5%) 105 (12%)

T-wave inversion 515 (11%) 404 (11%) 111 (12%)

Hemodynamic parameters

Heart rate (beats per minute) 82 (23) 81 (22) 84 (28)

Systolic blood pressure (mmHg) 138 (26) 139 (25) 135 (31)

Hospital utilization

ypertension 1,393 (29%) 1,015 (27%) 378 (442%2 ))

hemic heart disease 1,391 (29%) 1,009 (26%) 3822 (4(442%2%2%)))

yocardial infarction 796 (17%) 597 (16%) 1999 (2(2(22%2%2%)))

roke 337 (7%) 228 (6%) 109 (12%)

evious revascularization

rcutaneous coronary intervention 447 (9%) 367 (10%) 80 (9%)

ronaaaryryry aaartrrtererery yy bybybypassss grafting 245 (5%) 1164 (4%) 83 (9%)
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ta blocker 772 (16%) 565 (15%) 207 (23%)
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Length of hospital stay (days) 0.7 (0.2 2.4) 0.6 (0.2 1.8) 1.8 (0.7 6.1)

Discharged within 6 hours 1519 (32%) 1395 (36%) 124 (14%)

Adjudicated index diagnosis 

Type 1 myocardial infarction 651 (14%) 445 (12%) 206 (23%)

Type 2 myocardial infarction 173 (4%) 108 (3%) 65 (7%)

Myocardial injury 301 (6%) 160 (4%) 141 (16%)

Values are number (%) or mean (SD) or median (interquartile range) 

Abbreviations: eGFR = estimated glomerular filtration rate; ACE = angiotensin converting enzyme; 

ARB = angiotensin receptor blocker

*Percentages based on numbers with serial sampling (n=2,193) 
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Table 2. Diagnostic performance of risk stratification and diagnostic thresholds stratified by 

renal function

2

(n=3,822)

eGFR <60mL/min/1.73m2

(n=904)

Risk stratfication threshold <5ng/L at presentation

Composite Not Composite Composite Not Composite

<5ng/L 7 2137 2 155

451 1227 222 525

Sensitivity 98.4 (97.2 99.4) 98.9 (97.5 99.9)

Specificity 63.5 (61.9–65.1) 22.8 (19.7–26.0)

Negative predictive value 99.7 (99.4 99.9) 98.4 (96.0 99.7)

Positive predictive value 26.9 (24.8 29.0) 29.7 (26.5–33.1)

Negative likelihood ratio 0.02 (0.01 0.05) 0.03 (0.00 0.11)

Positive likelihood ratio 2.7 (2.6 2.8) 1.3 (1.2 1.3)

Diagnostic threshold >99th centile

Type 1 MI No MI Type 1 MI No MI

>99th centile 440 265 203 203
th centile 5 3112 3 495

Sensitivity 98.8 (97.7–99.7) 98.3 (96.5–99.8)

Specificity 92.1 (91.2 93.0) 70.9 (67.5 74.2)

Negative predictive value 99.8 (99.6 99.9) 99.3 (98.4–99.8)

Positive predictive value 62.4 (58.8 65.9) 50.0 (45.2 54.8)

Negative likelihood ratio 0.01 (0.0 0.03) 0.02 (0.00 0.05)

Positive likelihood ratio 12.6 (11.3 14.2) 3.4 (3.0 3.8)

Data presented as 2x2 tables of patient numbers. Sensitivity, specificity, negative predictive value and 

positive predictive value are % (95% confidence intervals). The composite primary outcome for risk 

stratification comprises index type 1 myocardial infarction, or readmission with type 1 myocardial 

infarction or cardiac death at 30 days. The diagnostic threshold outcome is for index type 1 myocardial 

infarction.

Type 1 MI No MI Type 1 MI NoNoN MMII

>99th centile 440 265 203 2000333
th centile 5 3112 3 449555

Sensitivity 98.8 (97.7–99.7) 98.3 (96.5–99.8)

Specificity 92.1 (91.2 93.0) 70.9 (67.5 74.2)

Negativevee pprereredidd ctive e  vavv lue 99.8 (99.6 99.9) 99.33 (9( 8.4–99.8)

Posiiitititiveveve predididictctctivii e e vvalue 62.4 (58.8 65.9) 50.00 ((45.2 54.8)

Negagagattive likelihhhoodd rratio 0.0.0.010101 (00..0 0.033) 00.0202 ((0.000000 000.050505)))

Possis ttit ve likelihood raratioo 12 6.6 (1111.3 144.22) 3.4 (3(3.000 33.3 8)

Dataaa pppresented aaass s 2xx22 taabbles ooof ff papp tient t t nunn mbmm ers. SSSensiitiiviitytyty, specififi iicityy, negatativeee prpp edictiiiveveve vvaalue andd 

pop sitiiiveveve ppprereredididictctctiiive vavaluee are %%% (9(9(95%5%5% cccoono fifiidededencncnce e e inininttervvaals)s))... ThThThee e cococompmpm osososititi e e prprimmarrry y y ouououtctctcomomome fofor risk 

tratification comprises index type 1 myocardial infarction, or readmission with type 1 myocardial 
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Table 3. Outcomes at 1 year stratified by peak cardiac troponin concentration and renal function 

Peak cardiac 

troponin

eGFR, 

mL/min/1.73m2

n Readmission 

with type 1 MI, 

or cardiac death

Adjusted 

hazard ratio 

(95% CI)

P-value All-cause 

mortality

Adjusted 

hazard ratio 

(95% CI)

P-value

<5ng/L
2,016 9 (0.4%) 1.00 31 (2%) 1.00

eGFR <60 135 3 (2%) 2.49 0.22 5 (4%) 1.11 0.85

(0.58–10.71) (0.37–3.36)

5ng/L-

99th centile

1,094 23 (2%) 1.00 88 (8%) 1.00

eGFR <60 356 25 (7%) 3.03 <0.001 61 (17%) 1.63 0.009

(1.61–5.71) (1.13–2.34)

>99th centile
712 71 (10%) 1.00 112 (16%) 1.00

eGFR <60 413 98 (24%) 2.19 <0.001 165 (40%) 1.90 <0.001

(1.54–3.11) (1.44–2.52)

eGFR = Estimated glomerular filtration rate

Cox regression models adjusted for age, sex, established ischemic heart disease, diabetes and hypertension
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Figure Legends

Figure 1. A) Cardiac troponin I concentration at presentation stratified by renal function and B) 

adjudicated index diagnosis >99th centile stratified by renal function 

Figure 2. Cumulative incidence plot for a composite of readmission with type 1 myocardial 

infarction or cardiac death at 1 year stratified by troponin and renal function. Across all patients, 

the risk of readmission with type 1 myocardial infarction or cardiac death increased with cardiac 

troponin (HR 1.15 [95% CI 1.07-1.25] per doubling, p<0.001) and eGFR (HR 1.28 [95% CI 

1.15-1.41] per fall of 10mL/min/1.73m2, p<0.001) after adjustment for age, sex, established 

ischemic heart disease, diabetes, hypertension and a cardiac troponin:eGFR interaction term (see 

Supplementary Table 7 for detailed model). 

Figure 3. Cox regression models for readmission with type 1 myocardial infarction or cardiac 

death at 1 year per two-fold increase in cardiac troponin concentration below the 99th centile 

1.15-1.41] per fall of 10mL/min/1.73m2, p<0.001) after adjustment for age, sex, esestatatablblblisisshehehed dd

schemic heart disease, diabetes, hypertension and a cardiac troponin:eGFR interaction term (see

Supplementary Table 7 for detailed model). 

Figuguurerr  3. Coxxx rrregegreesssioon momomodels for reaeadmisssis oon wwittthh h tytytyppe 11 myyocarddiaal innnfarctiononn orr cardiaac 

death at 1 year per two-fold increase in cardiai c troponin concentration bbelow the 99th h centile
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Supplementary Table 1: Diagnostic Criteria 

 

 

Type 1 myocardial infarction 

 

Myocardial necrosis (any high-sensitivity cardiac 

troponin I concentration above sex-specific 99th centile 

upper reference limit) with rise and or fall in hs-cTnI 

concentration where serial testing was available AND 

symptoms OR signs of myocardial ischemia 

 

 

Type 2 myocardial infarction 

 

Myocardial necrosis (high-sensitivity cardiac troponin I 

concentration above sex-specific 99th centile upper 

reference limit) with rise and or fall in high-sensitivity 

cardiac troponin I concentration where serial testing was 

available AND symptoms OR signs of myocardial 

ischemia AND evidence of increased oxygen demand 

(e.g. tachyarrhythmia, hypertrophy) or reduced supply 

(e.g. hypotension or anemia) in context of alternative 

clinical diagnosis 

 

 

Myocardial injury 

 

Myocardial necrosis (high-sensitivity cardiac troponin I 

concentration above sex-specific 99th centile upper 

reference limit) without symptoms OR signs of 

myocardial ischemia in context of alternative clinical 

diagnosis  

 

  



 

 

3 

Supplementary Table 2 

 
eGFR <15 

mL/min/1.73m2 

(n=37) 

eGFR 15-29 

mL/min/1.73m2 

(n=102) 

eGFR 3059 

mL/min/1.73m2 

(n=765) 

eGFR ≥60 
mL/min/1.73m2 

(n=3,822) 

Age (years) 68 (15) 78 (11) 77 (10) 61 (16) 

Male 26 (70%) 55 (54%) 353 (46%) 2,236 (59%) 

     

Renal Function     

Creatinine (μmol/L) 528 (185) 224 (49) 123 (26) 75 (13) 

eGFR (mL/min/1.73m2) 10 (3) 24 (4) 47 (8) 91 (18) 

     

Presenting complaint     

Chest pain 21 (57%) 60 (59%) 578 (76%) 3,264 (85%) 

Dyspnea 4 (11%) 22 (22%) 75 (10%) 164 (4%) 

Palpitations 1 (3%) 1 (1%) 18 (2%) 106 (3%) 

Syncope 3 (8%) 9 (9%) 49 (6%) 112 (3%) 

     

Past medical history     

Smoker 5 (14%) 5 (5%) 72 (9%) 765 (20%) 

Diabetes mellitus 13 (35%) 32 (31%) 191 (25%) 431 (11%) 

Hyperlipidemia 8 (22%) 29 (28%) 240 (31%) 845 (22%) 

Hypertension 21 (57%) 35 (34%) 322 (42%) 1,015 (27%) 

Ischemic heart disease 14 (38%) 44 (43%) 324 (42%) 1,009 (26%) 

Myocardial infarction 8 (22%) 27 (26%) 164 (21%) 597 (16%) 

Stroke 3 (8%) 17 (17%) 89 (12%) 228 (6%) 

     

Previous revascularization     

Percutaneous intervention 0 (0%) 5 (5%) 75 (10%) 367 (10%) 

Coronary artery bypass grafting 6 (16%) 6 (6%) 71 (9%) 164 (4%) 

     

Admission drugs     

Aspirin 8 (22%) 23 (23%) 210 (27%) 685 (18%) 

Clopidogrel 3 (8%) 9 (9%) 77 (10%) 247 (6%) 

Dual antiplatelet therapy 2 (5%) 1 (1%) 27 (4%) 127 (2%) 

ACE-inhibitor or ARB 4 (11%) 21 (21%) 227 (30%) 709 (19%) 

Beta-blocker 6 (16%) 21 (21%) 180 (24%) 565 (15%) 

Statin 6 (16%) 30 (29%) 248 (32%) 839 (22%) 

Oral anticoagulant 1 (3%) 5 (5%) 57 (7%) 148 (4%) 

     

Cardiac troponin I concentration    

At presentation (ng/L) 49 (14–151) 41 (18122) 14 (642) 4 (211) 

At peak (ng/L) 242 (58–833) 54 (201491) 22 (7115) 6 (336) 

<5ng/L at presentation 2 (5%) 4 (4%) 151 (20%) 2144 (56%) 

>99th centile at presentation 23 (62%) 65 (64%) 272 (36%) 578 (15%) 

     

Electrocardiogram     

Ischemic appearance 13 (35%) 30 (29%) 185 (24%) 588 (15%) 
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ST-segment depression 8 (22%) 13 (13%) 71 (9%) 210 (5%) 

Bundle branch block 3 (8%) 17 (17%) 85 (11%) 173 (5%) 

T-wave inversion 5 (14%) 12 (12%) 94 (12%) 404 (11%) 

     

Hemodynamic parameters     

Heart rate (beats per minute) 87 (27) 88 (27) 83 (28) 81 (22) 

Systolic BP (mmHg) 144 (39) 127 (37) 136 (30) 139 (25) 

     

Hospital utilization     

Length of hospital stay (days) 2.7 (0.9–8.2) 5.1 (1.211.8) 1.3 (0.35.0) 0.6 (0.21.8) 

Discharged within 6 hours 6 (16%) 2 (2%) 116 (15%) 1395 (36%) 

     

Adjudicated index diagnosis     

Type 1 myocardial infarction 10 (27%) 29 (28%) 167 (22%) 445 (12%) 

Type 2 myocardial infarction 5 (14%) 10 (10%) 50 (7%) 108 (3%) 

Myocardial injury 11 (30%) 27 (26%) 103 (13%) 160 (4%) 

     

Values are number (%) or mean (SD) or median (interquartile range) 

Abbreviations: eGFR = estimated glomerular filtration rate; ACE = angiotensin converting enzyme; ARB = angiotensin receptor blocker; BP = blood 

pressure 
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Supplementary Table 3: Performance of the risk stratification threshold (<5ng/L) for index type 1 

myocardial infarction or readmission with type 1 myocardial infarction or cardiac death within 30 

days, and index type 1 or type 2 myocardial infarction or readmission with type 1 or 2 myocardial 

infarction or cardiac death within 30 days  

 

 eGFR ≥60mL/min/1.73m2 

(n=3,822) 

 

 

eGFR <60mL/min/1.73m2 

(n=904) 

 

Composite including only type 1 MI 

 

 

 

 

 

 

 

  Composite Not Composite  Composite Not Composite 

 <5ng/L 7 2137  2 155 

 ≥5ng/L 451 1227  222 525 

    

Sensitivity 98.4 (97.299.4)  98.9 (97.599.9) 

Specificity 63.5 (61.9–65.1)  22.8 (19.7–26.0) 

Negative predictive value 99.7 (99.499.9)  98.4 (96.099.7) 

Positive predictive value 26.9 (24.829.0)  29.7 (26.5–33.1) 

 

 

Composite including type 1 or type 2 MI 

 

 

 

 

 

 

 

  Composite Not Composite  Composite Not Composite 

 <5ng/L 10 2134  2 155 

 ≥5ng/L 555 1123  285 462 

    

Sensitivity 98.1 (97.099.2)  99.1 (98.199.9) 

Specificity 65.5 (63.9–67.1)  25.2 (21.8–28.6) 

Negative predictive value 99.5 (99.299.8)  98.4 (96.099.7) 

Positive predictive value 33.1 (30.935.4)  38.2 (34.7–41.7) 

    
 

Data presented as 2x2 tables of patient numbers. Sensitivity, specificity, negative predictive value and positive predictive value are % (95% 

confidence intervals).  
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Supplementary Table 4: Diagnostic performance of the limit of detection (1.2ng/L) on presentation 

as a risk stratification threshold in patients with and without renal impairment  

 

 eGFR ≥60mL/min/1.73m2 

(n=3,822) 

 

 

eGFR <60mL/min/1.73m2 

(n=904) 

 

Risk stratification threshold <1.9ng/L (LoD) 

 

 

 

 

 

 

 

  Composite Not Composite  Composite Not Composite 

 <1.2ng/L 3 625  0 19 

 ≥1.2ng/L 455 2739  224 661 

    

Sensitivity 99.2 (98.499.9)  99.8 (99.1100.0) 

Specificity 18.6 (17.3–19.9)  2.9 (1.7–4.1) 

Negative predictive value 99.4 (98.799.9)  97.5 (90.5100.0) 

Positive predictive value 14.3 (13.1–15.5)  25.3 (22.5–28.3) 

    
 

Data presented as 2x2 tables of patient numbers. Sensitivity, specificity, negative predictive value and positive predictive value are % 

(95% confidence intervals). The composite primary outcome for risk stratification comprises index type 1 myocardial infarction, or 

readmission with type 1 myocardial infarction or cardiac death at 30 days.  

 

 

 



 

Supplementary Table 5: Sub-group analysis of the diagnostic performance of the 99th centile for a diagnosis of type 1 myocardial infarction 

 

 

  Type 1 MI (%) TP TN FP FN Sensitivity Specificity NPV PPV 

All Patients (n=4,726) 
         

eGFR≥60ml/min/1.73m2 445 (12) 440 3112 265 5 98.8 

(97.7-99.7) 

92.1 

(91.2-93.0) 

99.8 

(99.6-99.9) 

62.4 

(58.8-65.9) 

eGFR<60ml/min/1.73m2 206 (23) 203 495 203 3 98.3 

(96.5-99.8) 

70.9 

(67.5-74.2) 

99.3 

(98.4-99.8) 

50.0 

(45.2-54.8) 

Males (n=2,670) 
         

eGFR≥60ml/min/1.73m2 284 (13) 280 1843 109 4 98.4 

(97.0-99.7) 

94.4  

(93.495.4) 

99.8 

(99.5-99.9) 

71.9  

(67.476.3) 

eGFR<60ml/min/1.73m2 100 (23) 98 252 82 2 97.5 

(94.5-99.8) 

75.4 

(70.7-79.9) 

99.0 

(97.5-99.8) 

54.4 

(47.1-61.6) 

Females (n=2,056) 
         

eGFR≥60ml/min/1.73m2 161 (10) 160 1269 156 1 99.1 

(97.6-100.0) 

89.0 

(87.4-90.6) 

99.9 

(99.6-100.0) 

50.6 

(45.1-56.1) 

eGFR<60ml/min/1.73m2 106 (23) 105 243 121 1 98.6 

(96.4-100.0) 

66.7 

(61.9-71.5) 

99.4 

(98.1-100.0) 

46.5 

(40.0-53.0) 

≥65 years old (n=2,411) 
         

eGFR≥60ml/min/1.73m2 247 (15) 243 1186 190 4 98.2 

(96.5-99.6) 

86.2 

(84.3-88.0) 

99.6 

(99.2-99.9) 

56.1 

(51.4-60.7) 

eGFR<60ml/min/1.73m2 183 (23) 180 419 186 3 98.1 

(96.1-99.7) 

69.2 

(65.5-72.9) 

99.2 

(98.1-99.8) 

49.2 

(44.1-54.3) 

<65 years old (n=2,315) 
         

eGFR≥60ml/min/1.73m2 198 (9) 197 1926 75 1 99.2 

(98.0-100.0) 

96.2 

(95.4-97.0) 

99.9 

(99.8-100.0) 

72.3 

(66.9-77.5) 

eGFR<60ml/min/1.73m2 23 (20) 23 76 17 0 97.9 

(92.1-100.0) 

81.4 

(73.5-88.9) 

99.4 

(97.5-100.0) 

57.3 

(42.1-71.9) 
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Serial sampling on presentation (n=2,193) 

eGFR≥60ml/min/1.73m2 359 (21) 263 1210 122 96 73.2 

(68.6-77.7) 

90.8 

(89.2-92.3) 

92.6 

(91.1-94.0) 

68.3 

(63.5-72.8) 

eGFR<60ml/min/1.73m2 159 (32) 121 247 96 38 75.9 

(69.3-82.4) 

71.9 

(67.2-76.6) 

86.5 

(82.4-90.2) 

55.7 

(49.1-62.3) 

Serial sampling on repeat testing (n=2,193)         

eGFR≥60ml/min/1.73m2 359 (21) 354 1174 158 5 98.5 

(97.2-99.6) 

88.1 

(86.4-89.8) 

99.5 

(99.1-99.8) 

69.1 

(65.0-73.0) 

eGFR<60ml/min/1.73m2 159 (32) 156 236 107 3 97.8 

(95.5-99.7) 

68.8 

(63.8-73.6) 

98.5 

(96.7-99.6) 

59.3 

(53.3-65.1) 

>99th centile and  ≥20% delta change (n=2,193) 
        

eGFR≥60ml/min/1.73m2 359 (21) 294 1206 126 65 81.8 

(77.8-85.7) 

90.5 

(88.9-92.1) 

94.9 

(93.6-96.0) 

70.0 

(65.5-74.2) 

eGFR<60ml/min/1.73m2 159 (32) 125 268 75 34 78.4 

(72.0-84.7) 

78.1 

(73.6-82.4) 

88.6 

(84.8-91.9) 

62.4 

(55.7-69.0) 
 

Diagnostic threshold >99th centile tested against an outcome of index type 1 myocardial infarction. TP = true positives; TN = true negatives; FP = false positives; FN = false negatives; NPV = negative predictive value; PPV = 

positive predictive value. Metrics provided are % (95% confidence intervals). 
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Supplementary Table 6: Performance of the diagnostic threshold (99th centile) for index type 

1 myocardial infarction and index type 1 or type 2 myocardial infarction  

 

 eGFR ≥60mL/min/1.73m2 

(n=3,822) 

 

 

eGFR <60mL/min/1.73m2 

(n=904) 

 

Type 1 MI 

 

 

 

 

 

 

 

  Type 1 MI No MI  Type 1 MI No MI 

 >99th centile 440 265  203 203 

 ≤99th centile 5 3112  3 495 

    

Sensitivity 98.8 (97.7–99.7)  98.3 (96.5–99.8) 

Specificity 92.1 (91.293.0)  70.9 (67.574.2) 

Negative predictive value 99.8 (99.699.9)  99.3 (98.4–99.8) 

Positive predictive value 62.4 (58.865.9)  50.0 (45.254.8) 

 

 

Type 1 or type 2 MI 

 

 

 

 

 

 

 

  Type 1 or 2 MI No MI  Type 1 or 2 MI No MI 

 >99th centile 547 158  267 139 

 ≤99th centile 6 3111  4 494 

    

Sensitivity 98.8 (97.9–99.6)  98.3 (96.8–99.6) 

Specificity 95.2 (94.495.9)  78.0 (74.881.2) 

Negative predictive value 99.8 (99.699.9)  99.1 (98.1–99.7) 

Positive predictive value 77.5 (74.480.5)  65.7 (61.070.3) 

    
 

Data presented as 2x2 tables of patient numbers. Sensitivity, specificity, negative predictive value and positive predictive value are % (95% 

confidence intervals). 
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Supplementary Table 7: Cox proportional hazard models for predictors of readmission with 

type 1 myocardial infarction or cardiac death up to 1 year (229 events) 

 

Variable Model 1 Model 2  Model 3 Model 4 Model 5 

Age per 10 year 

increase 

2.02*** 

(1.81-2.26) 

1.74*** 

(1.57-1.95) 

1.47*** 

(1.30-1.66) 

1.44*** 

(1.26-1.63) 

1.44*** 

(1.26-1.63) 

Male sex 1.56**  

(1.19-2.04) 

1.39* 

(1.06-1.82) 

1.52** 

(1.16-1.98) 

1.58** 

(1.18-2.11) 

1.57** 

(1.18-2.10) 

Cardiac troponin 

per doubling 

 1.22*** 

(1.19-1.26) 

1.20*** 

(1.17-1.24) 

1.20*** 

(1.16-1.23) 

1.15*** 

(1.07-1.25) 

eGFR per fall of  

10mL/min/1.73m2 

  1.22*** 

(1.15-1.29) 

1.23*** 

(1.15-1.30) 

1.28***  

(1.15-1.41) 

Previous IHD    1.32  

(1.00-1.75) 

1.32  

(1.00-1.75) 

Diabetes    1.36  

(0.99-1.87) 

1.37  

(1.00-1.88) 

Hypertension    0.86  

(0.65-1.14) 

0.87  

(0.66-1.16) 

Cardiac troponin: 

eGFR interaction 

    1.00  

(1.00-1.00) 
 

No significant difference between Model 4 and Model 5 by ANOVA (p=0.31) 

***p<0.001; **p<0.01; *p<0.05 
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Supplementary Figure 1: Study CONSORT diagram 
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Supplementary Figure 2: Cox regression modelling of the relationship between estimated 

glomerular filtration rate and the risk of subsequent type 1 myocardial infarction or cardiac 

death 
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