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Normal Ranges, Reference Intervals or Expected Values.  

Call them what you will, comparing an individual result 

against a predetermined estimate of an expected number 

or range is at the heart of Laboratory Medicine. 

 

Gone are the days when a physician sat the patient down, 

did the history, made the examination and took some blood 

to rule-in or rule-out some specific disease state.  In the 

UK, you are more likely to get a rushed consultation of 

seconds rather than minutes or hours and a blanket 

battery of tests requested and when the result comes 

back, the poor pressurised doctor has to decide whether 

the results are normal or abnormal. 

Reference Intervals ~ Introduction 
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We all know that within-individual variation is usually small 

when compared to the ‘Normal range’; 

 

our individual set points don’t tend to shift, but 

nevertheless in what many consider to be dumbed-down, 

21st Century Britain it can often mean that “9.9” and you’re 

fine, but if it’s “10.1” then you need to get your affairs in 

order and be ready to make your peace with your maker! 

 

Reference Intervals 
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The empirical findings, or ‘real world’ cut-offs, for Newborn 

Screening were contrasted with the published, 

recommended, cut-offs.  This meant that analytical 

performance was actually involved and it wasn’t just both 

sides reading a common set of guidelines and pretending 

that we agreed.  

  

In summary, EQA is perfectly positioned to add a 

pragmatic dimension to the numbers generated.  Until all 

assays agree numerically, assay bias must be taken into 

account when looking at cut-offs.  HbA1c results which 

have a negative bias currently gain UK Primary Care 

Physicians a cash windfall.  How perverse an incentive is 

that to use a method just on the right side of traceability?  

  

Reference Intervals 
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EQA can ensure that the numbers agree. It can ensure 

that the numbers are accurate.  But perhaps more 

importantly, it can try to ensure that the numbers are used 

correctly and not generated then just interpreted on a 

whim. 

Reference Intervals 
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I will show how we have asked for, and coped with, these 

method principle-specific ranges and also for Trimester-

specific TFT ranges.  The dilemma for all of these systems 

is in the provenance of the values used.  ‘Lost in the mists 

of time’ is often the way that Labs tell us where their 

ranges have come from. 

Reference Intervals 
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We can assist in the collation and dissemination of 

reference intervals by means of Audit/Questionnaires – 

usually of the on-line variety.  We can collate and produce 

our findings in a simple to understand graphical way, but it 

is up to others to help in their uptake and adoption.  The 

Pathology Harmony Group worked most noticeably with 

the Tumour Marker and Haematology UK NEQAS 

Schemes.  In Chemistry, there was much more of a 

pragmatic approach to the Type I analytes, with a 

reluctance to take on contentious assays.  We, at 

UK NEQAS Birmingham, have tried to assist with some 

Enzyme Reference Intervals and hope to feed back into 

the Pathology Harmony process.    

Reference Intervals 
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Rant Zero - MacKenzie's Maxim 

 

When interpreting a laboratory's result for any given 

analyte, all of those components contributing to the 

'uncertainty budget' must be taken into consideration. 

 

This will not only be the background 'imprecision' in the 

laboratory, but will also take into account the method bias 

and whether or not the analyte can be truly 'calibrated' and 

'measured'.  

 

Again, an individual 'set point' and biological variation have 

their role in such considerations, too. 

The Trouble with Guidelines 
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What if the lab has a bad day and all the results are 

particularly low?  

Do you mis-treat a greater proportion of patients? 

I know that in the real world clinicians might consider a 

TSH of '9' to be about the same as a TSH of '10'.  

But where do you draw the line? At 8, 7 or where?  

MacKenzie's Maxim 
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Round numbers 

How do we know there is a God? 

Simple, the cut-offs used in most guidelines are nice round 

numbers, usually involving a ‘10’ somewhere. 

10 mU/L has been suggested as the cut-off for 

hypothyroidism. Does this mean that for TSH, God uses mU/L 

3rd IS as his/her units and is bang-up-to-date? 

But, because the cut-off for raised cholesterol is a nice 

round 200 mg/dL (masquerading as a scientific-looking               

5.19 mmol/L), then God must also use American units and 

also simultaneously be, in a theological contradiction, only 

as modern as the Old Testament? 
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The first set of Guidelines 

set a precedent for an 

obsession with the  

number "10" 

It was always a surprise to see the late 

Chuck Heston with a staff and not an assault rifle! 
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Reference Intervals 
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Stability of the ALTM and MLTMs 
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Reference Intervals 
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Reference Intervals 
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PKU Screening 
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PKU Screening 
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PKU Screening 
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Enzymes 
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Enzymes 
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Enzymes 
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Ann Clin Biochem 2007; 

44 203 - 208 

and editorial 



Fit for Purpose? 
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method low high measured
TSH on

Specimen
292A

Decreasing
method

bias%

Roche Elecsys 0.27 4.20 1.07

DPC Immulite 2000
Rapid L2KRT

0.40 4.00 1.01

Tosoh AIA 0.34 3.80 0.98

ALTM 0.96

Bayer Advia:Centaur 0.35 5.50 0.95

Beckman Access 0.35 3.50 0.94

DPC Immulite 2000
3rd Gen L2KTS

0.40 4.00 0.88

Abbott AxSym 0.49 4.67 0.85

Abbott Architect 0.35 4.94 0.79

Ortho Vitros ECi TSH-30* 0.30 3.05 0.62

TSH ~ differences in numerical values between methods 



endogenous 

TSH in the 0.1 to 0.45 mU/L range [endogenous] 

Fit for Purpose? 

Again, the repeat interval quoted as  3 to 12 months 



method low high measured
Free T4 on
Specimen

292A

decreasing
method

bias%

DPC Immulite 2000 10.3 24.5 17.1

Roche Elecsys 12.0 22.0 16.1

Tosoh AIA 9.0 21.9 15.8

ALTM 15.0

Bayer Advia:Centaur 11.5 22.7 14.6

Ortho Vitros ECi 14.1

Abbott Architect 9.0 19.1 13.6

Abbott AxSym 9.1 23.8 12.6

Beckman Access 7.7 14.2 11.9

Table F4.4.1 Manufacturers' Quoted Reference Intervals for Free T4 

 

The methods have been ranked in decreasing bias order for results on a single representative euthyroid specimen.  The 

method giving the highest numerical result is listed at the top, the method giving the lowest numerical value is at the bottom. 

Free T4 ~ differences in numerical values between methods 
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Free T4 
 
Free T4 Example of a typical Euthyroid Pool 
 

 
 
Free T4 Example of a low-level (manipulated) Pool 
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Free T4 ~ 14 pmol/L 



Free T4 results on a Euthyroid Pool  

Note that the x-axis is close to some laboratories' own Reference Intervals 

 

The shape of the overall distribution is a consequence of the overlap of a number of 

different 'normal' distributions; the relative size of each method data set gives rise to the 

final shape 

Users of a single method can agree between themselves, but there are large between-

method differences 



Free T4 results on a Euthyroid Pool  

The shape of the overall distribution is a consequence of the overlap of a number of different 

'normal' distributions; the relative size of each method data set gives rise to the final shape 

SF1 CO10 DC11 

AB11 BO5 



You don't have to be far from the target to get a Red Double Arrow 


