	Report on the West of Scotland Audit Group 

Questionnaire on Cardiac Troponin Analysis


Introduction

The issuing of the Joint European Society of Cardiology / American College of Cardiology Committee Consensus Document (1) in, September 2000, redefined the diagnosis of myocardial infarction (MI) and, with particular interest to clinical biochemistry departments, placed greater importance on the use of cardiac troponin measurements in making the diagnosis and influencing treatment. 

In redefining the diagnosis of an MI, the document states  – “Either one of the following criteria satisfies the diagnosis for an acute, evolving or recent MI:

1) Typical rise and gradual fall (troponin) or more rapid rise and fall (CK-MB) of biochemical markers of myocardial necrosis with at least one of the following:

a) ischaemic symptoms;

b) development of pathologic Q waves on the ECG;

c) ECG changes indicative of ischaemia (ST segment elevation or depression); or

d) coronary artery intervention (e.g., coronary angioplasty)

2) Pathologic findings of an acute MI.

The role of troponin measurements was also revised as ‘there was a continuous relation between minimal myocardial damage, characterised by elevation of cardiac troponin without elevation of other cardiac biomarkers (e.g. CK-MB) and large infarcts characterised by complications such as heart failure or shock.  Thus any amount of myocardial necrosis caused by ischaemia should be labelled as MI’. Also in the setting of myocardial ischaemia there is ‘no discernible threshold below which an elevated value for cardiac troponin would be deemed harmless. All elevated values are associated with a worsened prognosis’

This document defined an increased cardiac troponin as ‘a measurement exceeding the 99th percentile of a reference group’ and that acceptable precision (coefficient of variation) for methods at this level should be defined as ( 10%. However, as these sensitivity and precision targets pose a considerable challenge for some methods,  Apple and Wu (2) proposed that, until the goal of a 10% CV can be achieved at the 99th percentile, a predetermined higher concentration that meets the goal of 10% imprecision be used as a medical diagnostic guide to therapy.

In order to evaluate the impact of these changes on laboratories and the service that they provide, the Scottish Audit Group, conducted a survey on the use of cardiac troponin measurements in the diagnosis and management of patients presenting with chest pain. The results of this survey are outlined in detail below with a discussion and the main conclusions given at the end.

Results of Questionnaire

Service Aspects

1) Response – sixteen of twenty-three laboratories responded (70% response rate); of which thirteen offered a cardiac troponin service. Of the three labs not offering cardiac troponin analysis, two were paediatric hospitals and one was a small DGH whose sister hospital (i.e. within the same trust) provided the analysis

2) Service Provided – The service for cardiac troponins is offered in a batched or random access mode by all laboratories during routine working hours (Mon – Fri, 9 am – 5 pm and Saturday mornings). Nine laboratories also provide the service on Sunday mornings but only two provide the service after 5 pm Monday to Friday following discussion with the on-call duty biochemist /consultant (Table –1).

	Table –1

Cardiac Troponin Service Provided 

	
	Number of Labs

	
	Batched
	Random Access
	Not Available
	Other

	Mon –Fri

9am till 5pm
	7
	6
	0
	0

	Mon –Fri

>5pm
	0
	2
	10
	1

	Saturday


	7
	6
	0
	0

	Sunday


	6
	3
	3
	1


Other = Following discussion with on-call Duty Biochemist/ Consultant.

3) Other Tests Offered Routinely – Most laboratories routinely offer additional cardiac markers, for example to test for re-infarction; the majority restricted the tests on offer to the analysis of total CK activity, however, some did offer a wider range of “cardiac markers” (Table –2). One laboratory did not routinely offer any additional test where as another offered CK, CKMB, AST and LDH in addition to CTnI. 

	Table –2

Other Cardiac Markers Offered Routinely

	Test
	CK
	CKMB
	LDH
	AST
	ALT
	HBD

	Number of Labs
	12
	2
	3
	4
	1
	1


4) Point of Care Testing – Only two hospitals provided a cardiac troponin POCT service and both were supported by their Biochemistry Departments.

5) Timing of First Sample for Troponin Analysis – Most laboratories recommended taking the first sample at twelve or more hours following the onset of symptoms. Only one lab recommended taking a sample on admission (table –3)

	Table –3

Timing of First Sample For CTn Analysis

	Time
	On Admission
	>6 hours
	>8 hours
	>12 hours

	Number

Of Labs
	1
	2
	1
	9


6)  Troponin Measurement on a Further Sample – Laboratories recommending sampling >12 hours post event required only one sample. However, four labs recommending sampling <12 hours post event recommended troponin analysis on a further sample. Their individual protocols consisted of taking samples at; 

· On admission and then 12 hours post admission.

· >6 hours post event and then later if first result was negative.

· >6 hours post event and then 12 hours later if first result is borderline.

· 8 hours post admission and then 24 hours after the first sample.

7) Use of Troponin Results in Patient Management by Cardiologists – Eleven laboratories indicated that their cardiologists used troponin results in the risk stratification of patients (Table –4) suggesting a high level of confidence in our methods by cardiologists. Ten labs reported that cardiologists also used results to rule out a cardiac cause of chest pain.

	Table –4

Use of CTn Results by Cardiologists

	  Clinical Use
	Rule In
	Rule Out
	Risk Stratify

	No of Labs
	8
	10
	11


Methodological Aspects

8) Analytical Systems Used – A wide range of analytical platforms are used with no one prominent manufacturer/supplier as shown in Table -5.

	Table –5

Analytical Systems Used for CTn 

	Manufacturer / Instrument
	CTnI or T
	Number of Labs

	Bayer Centaur
	I
	3

	Bayer Immuno 1
	I
	1

	Beckman Access
	I
	3

	DPC Immulite
	I
	2

	Roche E170
	T
	2

	Roche Elecys 1010
	T
	2

	TOTAL
	13


9) Sample Type – Generally, within any one analytical method / platform there was a consistency with sample type (Table –6).

	Table  -6

Sample Type Used

	 Manufacturer / Instrument
	Number

of Labs
	Serum
	Plasma
	Serum / Plasma

	Bayer Centaur
	3
	2
	1
	0

	Bayer Immuno 1
	1
	0
	1
	0

	Beckman Access
	3
	1
	1
	1

	DPC Imulite
	2
	2
	0
	0

	Roche E170
	2
	2
	0
	0

	Roche Elecys 1010
	2
	2
	0
	0

	TOTAL
	13
	9
	3
	1


10)  Manufacturer Stated Limits and Cut-Offs – Labs were asked to report the manufacturer assigned minimum detection limit, cut-off for an acute myocardial infarction (AMI) and cut-off used for the risk stratification of patients. Table -7 shows figures quoted by some individual laboratories’ grouped together by analytical platform to allow comparison.

	Table –7

Manufacturer Assigned Minimum Detection Limit, AMI and

 Risk Stratification Cut-Offs.

	    Manufacturer / Instrument
	Min Detect Limit
	AMI Cut –off
	Risk Stratn
Cut-off

	Bayer Centaur
	NS
	1.5
	0.1

	Bayer Centaur
	0.1
	NS
	0.1 

	Bayer Centaur
	<0.1
	1.5
	0.1  x2

	DPC Imulite
	0.2
	NS
	1.0

	DPC Imulite
	0.1
	1.0
	0.3

	Roche Elecys 1010
	0.01
	0.1
	Don’t know

	Roche Elecys 1010
	0.01
	0.1
	0.03


         NS = Not Stated. x2 = Analysis on two samples

          Table –8 shows the consistent values and cut-offs quoted by three laboratories using the 

           Beckman Access and two laboratories using the Roche E170 analysers. Only one 

           laboratory is using the Bayer Immuno 1 analyser.

	     Table –8

Manufacturer Assigned Minimum Detection Limit, AMI and

 Risk Stratification Cut-off.

	Manufacturer / Instrument
	Number of Users/

Labs
	Minimum Detection Limit
	AMI Cut –off
	Risk Stratn
Cut-off

	Beckman Access
	3
	0.01
	0.5
	0.04

	Roche E170
	2
	0.01
	0.1
	0.03

	Bayer Immuno 1
	1
	0.05
	0.9
	0.1


11)   Laboratory Limits and Cut-offs – Laboratories were asked if they used cut-off values to assist in the diagnosis of an AMI or in the risk stratification of patients. Table –9 shows that most labs use cut-off values to identify patients at increased risk and not to diagnose an AMI.

	Table –9

Laboratory Use of Cut-Off Values

	
	Yes
	No

	For AMI
	3
	10

	For Risk Stratification
	7
	5

	Both
	1
	3


12)  Manufacturer Stated Precision – Labs were asked to report the manufacturers’ quoted precision at values used for the AMI cut-off, the 99th percentile for the population and for the risk stratification of patients. Table –10 shows the precision reported by the labs with the particular cut-off value quoted in parenthesis. Replies indicate that most labs are aware of the manufacturer quoted precision at (or near) the cut-off for AMI using the previous WHO definition of MI. However, data on the precision at lower cardiac troponin concentrations, now required for the risk stratification of patients, is not readily available. 

	Table –10

Manufacturer Stated Precision at AMI, 99th centile 

And Risk Stratification cut-off values

	Manufacturer / Instrument
	Precision % at

AMI cut-off (ug/L)
	Precision % at

99th centile (ug/L)
	Precision % at

Risk strat (ug/L)

	Bayer Centaur
	NA
	NA
	NA

	Bayer Centaur
	5.0%   (2.38)
	NA
	NA

	Bayer Centaur
	6.4%   (0.87)
	NA
	NA

	Bayer Immuno 1
	3.9%   (1.04)
	NA
	NA

	Beckman Access
	5.0%   (0.5)
	20%   (0.04)
	20%   (0.05)

	Beckman Access
	5.0%   (0.5)
	10-14%   (0.04)
	14%   (0.05)

	Beckman Access
	5.0%   (0.5)
	10-14%   (0.04)
	14%   (0.05)

	DPC Imulite
	8.4%   (0.8)
	NA
	15%   (0.3/0.4)

	DPC Imulite
	NA
	NA
	NA

	Roche Elecys 
	9.3%   (0.1)
	NA
	NA

	 Roche Elecys 
	4.2%   (0.1)
	NA
	10%   (0.03)

	Roche E170
	7.5%   (0.13)
	35%   (0.01)
	10%   (0.03)

	Roche E170
	5.0%   (0.1)
	NA
	10%   (0.03)


     NA = Not Available.

13)   Laboratory Assessed Precision – Information was requested for:

a) The laboratory assessed precision of the method at, or near, the cardiac troponin concentration used for the AMI cut-off.

b) The laboratory assessed precision of the method at, or near, the cut-off for assigning the patients to be at increased risk.

c) The laboratory assessed functional sensitivity of the assay corresponding to a CV of 10%.

         Results are shown in Table –11, and indicate five labs do not know the precision 

        of their methods at concentrations used to risk stratify patients and five labs do 

        not know the functional sensitivity of their assay. 

	Table –11

Laboratory Assessed Precision

	Manufacturer / Instrument
	Precision % at

AMI cut-off (ug/L)
	Precision % at

 Risk Stratification Cut-off (ug/L)
	Functional Sensitivity 

(CV = 10%)

	Bayer Centaur
	NA
	NA
	NA

	Bayer Centaur
	3.0%   (1.35)
	12%   (0.14)
	0.10

	Bayer Centaur
	10%   (0.80)
	10%   (0.80)
	0.05

	Bayer Immuno 1
	4.7%  (1.30)
	5.6%   (0.44)
	0.35

	Beckman Access
	10%   (0.50)
	20%   (0.05)
	0.30

	Beckman Access
	5.0%    (0.50)
	11.3%   (0.05)
	0.05

	Beckman Access
	4.4%   (0.48)
	14%   (0.04)
	0.05

	DPC Immulite
	NA
	5.4%   (2.0)
	NA

	DPC Immulite 
	NA
	NA
	NA

	Roche Elecys 
	7.2%   (0.15)
	NA
	0.03

	Roche Elecys 
	3.3%   (0.10)
	NA
	NA

	Roche E170
	3.4%   (0.14)
	10%   (0.05)
	0.05

	Roche E170
	NA
	NA
	NA


14)   Internal Quality Control – Laboratories were asked to quote the concentration of cardiac troponin in their internal quality control materials. Table –12 shows these values in comparison to the cut-off value used for the risk stratification. It is clear that none of the manufacturers provides their users with an internal quality control material of suitably low cardiac troponin concentration.

	Table  -12

Concentration of Cardiac Troponin 

In Internal QC Materials

	Manufacturer / Instrument
	Internal QC

CTn Value ug/L
	Risk Stratification

Cut off Ug/L

	Bayer Centaur

Bayer Centaur

Bayer Centaur
	1.5,  11.1,  38.0

0.26,  1.38,  4.51

0.8,  13.9,  34.8
	0.15

	Bayer Immuno 1
	0.4,  1.3,  4.7
	0.2

	Beckman Access

Beckman Access

Beckman Access
	0.13, 2.1

0.48, 1.59,  33.29

0.48, 1.59,  33.29
	0.05

	DPC Imulite
	1.1, 20.1
	0.3

	Roche E170

Roche E170
	0.16,  5.07

0.18,  5.5
	0.03

	Roche Elecys 

Roche Elecys 
	0.15,  4.9

0.14,  5.38
	0.05


15)   External Quality Control - All laboratories responding to the questionnaire participate in the UK NEQAS cardiac troponin scheme (formally SEQAS).

16)   Analytical Problems – Laboratories were asked if their methods suffered from any analytical problems specifically due to haemolysis, heterophilic antibodies or the presence of micro-clots.

a) Seven labs reported not encountering any analytical problems.

b)  Haemolysed samples – two labs (one using Beckman Access and one using Bayer Centaur) requested repeat samples if initial sample was badly haemolysed.

c) Heterophilic antibodies – two labs (Beckman and DPC) encountered one “probable” cause each.

d) Micro-clots – One lab (Beckman Access using serum and plasma) encountered a very rare incidence of problems.

17)   Funding of Service – Despite the importance of cardiac troponin measurements in the management of patients presenting with chest pain, most laboratories experienced problems funding the service:

a) Six labs had initial funding problems and had to find money from other directorates or separate one-off funding to start up the service. 

b) Three labs – funding remains outside of lab budget.

c) One lab altered their thyroid function protocol to fund the cTnI service.

Discussion

Sixteen laboratories responded (70% response rate) to the questionnaire with thirteen labs providing a service for the measurement of cardiac troponin.

Service Aspects

A wide range of analytical platforms is currently in use in the Scottish Region, with no one manufacturer or analyser being dominant.

The service is offered routinely by all labs, throughout the working day, Monday to Friday nine till five and on Saturday mornings. Most labs provide a batched service on Sunday mornings, with only two labs offering a service after five o’clock Monday to Friday at the discretion of the on-call duty biochemist.

Most departments recommend testing on one sample taken ( 12 hours after the onset of symptoms with the measurement of CK activity being the most common routinely offered additional cardiac marker.

Cardiologists use cardiac troponin results mainly for the risk stratification of patients and to exclude cardiac causes of chest pain.

Problems funding the service have been encountered by most laboratories.

Methodological Aspects

In laboratories sharing the same analytical platform, there is some inconsistency in labs quoting the manufacturers’ stated analytical detection limit and cut-off value used for assigning risk. This may be due to a lack of information provided by the manufacturer or confusion in the minds of users.

Many labs admit to having no knowledge of the precision of their method (either from the manufacturer or assessed internally) at low concentrations of cardiac troponin used in the risk stratification of patients. This is a concern as most labs do offer the service for the purpose of risk stratification. Uncertainty by labs regarding the precision of their methods at low concentrations of cardiac troponin may be compounded by the lack of commercially available quality control material of suitably low concentration. All laboratories, however, should have some knowledge of their analytical performance through participation in the UK NEQAS external quality control scheme.

Despite having to measure very low concentrations of cardiac troponin and working at the limit of sensitivity of the current methodology, most labs do not appear to suffer significant analytical problems due to the presence of haemolysis, heterophilic antibodies or micro-clots.

Conclusions

The ECC and ACC redefinition of  myocardial infarction and the change in the use of cardiac troponin results has exposed both diagnostic companies and laboratorians to a clinical demand for increased method sensitivity that some current methods were never designed to meet. It is likely that the next generation of cardiac troponin assays will have improved assay sensitivity to allow more accurate measurement at the low concentrations associated with risk stratification. Manufacturers are also likely to provide quality control materials in the future with concentrations of cardiac troponin close to the appropriate cut-off values. 

At the present time, however, if results from existing methods are to be used in the risk stratification of patients, it is clear that some laboratories will have to evaluate the performance of their methods at lower concentrations of cardiac troponin. For example, to implement the proposal of Apple and Wu, users could perform a precision profile over a restricted part of the analytical working range that covers low concentrations of cardiac troponin to determine the diagnostic cut-off where the analytical CV of the method is 10%. Also, once this concentration is known, several patient samples, close to this value, could be assayed in duplicate each week to provide an estimate of the between batch precision. This sort of information would provide a more useful guide to assay performance than that obtained using quality control samples containing inappropriately high concentrations of cardiac troponin supplied by the manufacturer.

As cardiologists are using cardiac troponin results in the risk stratification of patients, we must be confident in the cut-offs we implement and understand the limitations of any current methods at low cardiac troponin concentrations.   
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