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Advances in the last decade

• More breadth and depth of analytes and design

• Commutable and challenging samples 

• Milan criteria performance specifications

• Educational emphasis

• Assessment of total testing process - Pre and post analytical 
programmes / elements

• Iso 17043 accreditation

• Post market vigilance

• Harmonisation monitoring



Expectations of EQA Provider has changed

• If not accredited, labs 
should justify  why

Accreditation 
status – 17043

•Variable across Schemes (EQALM 
study  2009) *

•Where EQA used to assess IVDs, 
minimum of 6 distributions p.a. (BS 
EN 14136:2004)

•For core tests - monthly

Clinically relevant
Distribution 
frequency

•Evidence of reproducibility

•Cover clinically appropriate range

•“Blinded” 

•Commutable materials

•Challenging samples

Clinically relevant

material, range 
and number of 

samples

• Based on clinical 
outcomes

• Based on biological 
variation 

Clinically relevant 
performance 

criteria

•Clinical Scientist or medically qualified

•Independent Scientific or Medical 
Advisory group.

Scheme designed 
and overseen by 

appropriately 
competent 

professionals

•Mechanism for identification and 
reporting of Persistent Poor performance  
issues

Reporting to 
Professional body / 

Regulatory body.

•Training

•Helpline

•Pre analytical

•Post Analytical

Education

•Alerts manufacturers

•Alerts competent authority

•Alerts laboratories

•Alerts professional bodies

Post-marketing 
surveillance

* A Thomas, Accred Qual Assur (2009) 14: 439-444

* A Thomas, Accred Qual Assur (2009) 14: 439-444



Objectives of EQA

• Provide a measure of the quality of a test

• To supplement internal quality control procedures

• Provide a measure of the “state of the art” of a test

• To obtain consensus values when true values are unknown

• To investigate factors in performance (methods, staff etc)

• To act as an educational stimulus to improvement in 
performance

• To provide a Post market vigilance service

• To provide evidence and monitoring of harmonisation
strategies

• Provide an assessment of the whole testing process

IFCC 1977



Expectations of EQA Provider

• Variable across Schemes (EQALM study  2009) *

• Where EQA used to assess IVDs, minimum of 6 
distributions p.a. (BS EN 14136:2004)

• For core tests - monthly

Clinically relevant
Distribution 
frequency

• Assessment of reproducibility

• Assessment of trueness, traceability

• Clinically appropriate range

• Commutable materials

• Challenging samples

Clinically relevant 
target, range, 
material  and 

number of samples

* A Thomas, Accred Qual Assur (2009) 14: 439-444

* A Thomas, Accred Qual Assur (2009) 14: 439-444



Clinically appropriate Target value

• Improvements in the assessment of the analytical phase includes 
evaluation of trueness using target vales assigned with high order 
reference methods, utilising performance criteria that are appropriate 
for the clinical utility of the analyte and the use of clinically 
challenging samples.



Advantage of Reference Measurement Targets
• Traceable to higher order

• Establishes method traceability for the lab–
requirement of ISO 15189

• Independent assessment of  manufacturer 
traceability claims.

• Highlights the pitfalls of using the trimmed overall 
mean  as an accuracy target in EQA Schemes

• Overall mean and method mean may not be 
traceable, may not be stable, may be influenced by 
large numbers from one manufacturer.

• Useful in the post market vigilance of the IVD -
Directive

• Promotes standardisation/ Harmonisation 



Reference Measurement service provided as part of 
Weqas EQA programmes

Flame Atomic Absorption/ Emission Spectrometry

• Sodium,  Potassium, Calcium

• Magnesium, Lithium

IDGC-MS & ID-LC-MS/MS

•17ß-Oestradiol

•Progesterone

•Testosterone

•Cortisol

•Bile Acids

•Creatinine

•Cholesterol

•Glucose

•Urate

•Triglyceride

•HDL *

• HbA1c **
** Provided by IFCC Ref lab, Netherlands

IFCC Enzymes

• AST, ALT, LDH, GGT

* Currently provided by CDC lab  Rotterdam and WEQAS

HPLC



Traceability From EQA reports

• Reference 
measurement values 
shown on report (and 
reference value 
uncertainty).  Full 
traceability chain to SI 
units available.

• Lab results compared 
directly to reference 
values

• SDI scores, Sigma scores 
and bias plot based on 
reference values



Target values used in Quantitative EQA

Reference 
values

Gold standard 

Gravimetric 

Overall mean / 
median

Influenced by 
largest group 

Method mean / 
median

Peer group 
assessment 

only

Analyser mean 

Peer group 
assessment 
only. 

Loss of information for Assessment of  accuracy



Clinically Relevant Range and number of 
samples 

• Sample numbers for each scheme assessed on an 
individual basis – still wide variation amongst EQALM 
members 

• Appropriate sample matrices, endogenous, commutable, 
challenging, linear panels to assess method linearity, 
specificity and sensitivity (to assist with ISO15189).

• Covering pathological and analytical ranges. Careful 
selection of endogenous material to ensure range is 
covered, selected sources of patient material 

• Cover critical “diagnostic cut points” e.g. high sensitivity 
Troponin, urine hCG, HbA1c, POCT CRP

• For Qualitative scheme, provide an appropriate number 
positive and negative pools, underpinned with known 
quantitative concentrations.



Clinically relevant samples



Assessment of Total testing process

Pre analytical, analytical and Post analytical exercises – number of EQA 
provides now provide these

• Serum Indices Programmes, questionnaires sent out as part of Programme repertoire 
re: pre analytical sample handling.

• Analytical interference Studies e.g. Bilirubin effect on Salicylate & Paracetamol, serum 
indices, hook effects in immunoassays, Biotin in immunoassays

• Post analytical cases provided with Programmes e.g. Interpretation cases,  EQA for 
calculated parameters.

Kristensen, GBB, Aakre, KM, Kristoffersen, AH. How to conduct external quality assessment 

schemes for the pre-analytical phase? Biochem Med (Zagreb) 2014; 24: 114–122.

Preanalytical quality improvement. In pursuit of harmony, on behalf of European Federation for Clinical Chemistry and Laboratory Medicine (EFLM) Working group for Preanalytical 
Phase (WG-PRE)
Lippi G, Banfi G, Church S, Cornes M, De Carli G, Grankvist K, Kristensen GB, Ibarz M, Panteghini M, Plebani M, Nybo M, Smellie S, Zaninotto M, Simundic AM.
Clin Chem Lab Med 2015;53:357-70



Expectations of EQA Provider

• Based on clinical 
outcomes

• Based on biological 
variation 

Clinically 
relevant 

performance 
criteria

• Mechanism for 
identification and 
reporting of 
Persistent Poor 
performance  issues

Reporting to 
Professional 

body / 
Regulatory 

body.

* A Thomas, Accred Qual Assur (2009) 14: 439-444



www.eflm.eu



Clinically Relevant Performance Specification

Analytical goals based 
on clinical outcomes

• What we need but 
data not readily 
available

Analytical goals based 
on biological variation

• Data available but 
not always 
achievable

“State of the art” -
Interlaboratory
variation

• What we can 
achieve but may not 
be “fit for purpose”

Improvements in 
methods / technology

Data from 
outcome 
studies

Model 
1

Model 
2

Model 
3





Analytical goals 
Biological goals Weqas TE criteria 

Analyte Conc. I (%) B (%) TE (0.01) SD 2 SD TE 

Albumin 40 1.6 1.3 4.9 1.3 2.6 6.5

Bicarb 20 2.4 1.6 7.2 1.3 2.6 13.0

Ca 2.3 1 0.8 3.1 0.05 0.1 4.3

Cl 100 0.6 0.5 1.9 1.4 2.8 2.8

Creat 80 2.2 3.4 8.4 8 16 20.0

Glucose 4.2 2.2 1.9 7.0 0.16 0.32 7.6

Mg 0.8 1.8 1.8 6.0 0.03 0.06 7.5

Osmo 245 0.7 0.4 2.0 3.4 6.8 2.8

Phos 0.8 4.3 3.2 13.1 0.03 0.06 7.5

K 4 2.4 1.8 7.4 0.08 0.16 4.0

Na 135 0.4 0.3 1.2 1.5 3 2.2

T P 70 1.4 1.2 4.4 1.6 3.2 4.6

Urate 0.34 4.3 4.8 14.8 0.02 0.04 11.8

Urea 8 6.2 5.5 19.8 0.35 0.7 8.8

Highlighted 
TE are 
those 
where 
Biological 
goals not 
achievable



0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

0 100 200 300 400 500 600 700

cv

Overall Mean Creatinine (umol/L)

Creatinine  Precision Profile (CV %)

Biological 
Goal Te = 
8.9 % 

Biological goal is only achievable down to 150umol/l Creatinine

“State of the art” v Biology
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Expectations of EQA Provider

• Training

• Helpline

• Pre analytical

• Post Analytical

Education

• Alerts manufacturers

• Alerts competent authority

• Alerts laboratories

• Alerts professional bodies

Post-
marketing 

surveillance

* A Thomas, Accred Qual Assur (2009) 14: 439-444



Educational role (quality improvement)
• Pre-analytical effects

• Performance of methods – state of the art

• accuracy 

• precision

• limits of detection

• linearity

• Susceptibility of methods to interference

• including other analytes and matrix

• Interpretation of results – standard units, global cut off

• Undertaking audit of clinical services – identify good 
practice 

• Understanding how to use Quality tools – IQC, EQA, audit



Method performance – hs TnI
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Specificity and Sensitivity Studies
Pregnancy testing

Bile Acids



Sample 2 - Creatinine - Non Icteric Pool

153.9

169.1

184.3

199.5

214.7

C
re

a
ti
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 (
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m

o
l/

L
)

Mean 183.2 185.3 185.7 188.7 179.1 178.2 180.3 189.4 189.3 184.9 185.3 190.9 186.4 189.1 193.0 180.3 177.1 176.2 180.2 182.7 180 185.3 172.3 182.3

+2SD 197.2 198.1 201.5 193.9 197.3 200.2 192.5 202.8 196.3 188.5 188.3 198.9 192.2 194.9 198.8 191.1 184.5 187.4 185.2 188.9 190 192.5 190.9 186.5

-2SD 169.2 172.5 169.9 183.5 160.9 156.2 168.1 176 182.3 181.3 182.3 182.9 180.6 183.3 187.2 169.5 169.7 165 175.2 176.5 170 178.1 153.7 178.1

Method 

JR n=4
C  n=4

Method 

KJ n=53
AD n=3 OL n=10 AU n=10 A n=7 C n=25

Method 

Vit n=4

Method 

VIDMS 

n=9

VI n=8

Method 

Enz 

n=53

AD n=12 M n=7 C n=32
Method 

JI n=120
AD n=18 OL n=5 AU n=7 DX n=26 C n=34 M n=14

DAY 

n=13
A n=3

+2 

WEQAS 

SD

Reference 

Value

-2 

WEQAS 

SD

The reference value (ID-GCMS) was 184.3 µmol/L for sample 2 and 184.4 µmol/L for sample 3

Sample 3 - Creatinine - Icteric Pool

153.9

169.1

184.3

199.5

214.7

C
re
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n
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e
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u
m

o
l/

L
)

Mean 164.4 167.5 173.1 175.0 178.2 180.8 171.0 168.1 172.6 168.7 169.0 170.3 173.8 170.9 168.6 161.3 180.7 172.8 179.9 153.0 160.7 169.6 128.7 170

+2SD 181 179.7 188.5 179.4 192.6 196.8 175.2 177.9 179.6 174.9 175.4 177.1 180.6 177.5 173.2 198.1 194.3 180 192.5 188 170.9 181.4 142.1 171.6

-2SD 147.8 155.3 157.7 170.6 163.8 164.8 166.8 158.3 165.6 162.5 162.6 163.5 167 164.3 164 124.5 167.1 165.6 167.3 118 150.5 157.8 115.3 168.4

Method 

JR n=4
C  n=4

Method 

KJ n=53
AD n=3 OL n=10 AU n=10 A n=7 C n=25

Method 

Vit n=4

Method 

VIDMS 

n=9

VI n=8

Method 

Enz 

n=53

AD n=12 M n=7 C n=32
Method 

JI n=120
AD n=18 OL n=5 AU n=7 DX n=26 C n=34 M n=14

DAY 

n=13
A n=3

+2 

WEQAS 

SD

Reference 

Value

-2 

WEQAS 

SD

Interference Reports –
bilirubin effect on creatinine 



Educational days
• More & more EQA providers now organize annual conferences / 

regional workshops in Laboratory Diagnostics.



Troubleshooting Support & post market 
vigilance

• Now part of the EQA providers role 

• To provide help with
• Participant Performance queries
• report interpretation
• Provide additional material for problem solving

• To alert manufacturers of potential issue
• To assist in issue resolution

• To alert regulatory authority
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Post Market vigilance – INR thromboplastin

INR results classified into pre and post recalibration.

The pre calibration strips compared well with the results from Distribution 0517 (Median 2.8) however much 
higher results and a wider distribution of results was observed for the post calibration strips. Weqas immediately 
contacted the manufacturer and sent them the data. 

Aug 2018 – Urgent field safety notice issued to inform users that the manufacturer was reverting back to 
previous WHO reference standard.  

participants using strips calibrated to WHO reference 
thromboplastin rTF/09



Web portals

• EQA data assessment can now be undertaken in a timely manner with 
data uploaded via web portals and the use of electronic EQA reports. 
A wealth of additional information can be provided to participants 
with direct links to the EQA databases providing useful 
troubleshooting tools.

• EQA providers are also providing tools for laboratories to achieve ISO 
15189 accreditation



ISO 15189 tools from EQA 
reports

• traceability to higher 
order method

• Linearity assessment



Uncertainty 

• Laboratory within run 
Imprecision:

• Sy.x = 0.06 mmol/L 

• CV% = (Sy.x/ x)*100 = 
0.06/7*100 = 0.86% 



Uncertainty – long term

• Between batch CV% provided on End of Batch reports (12 
month review)

• E.g Pool M891a - CV% of reported results: 4.51%



EQA and User in partnership

• Should not be viewed as a 
pass/fail exercise

• Educational – troubleshooting, 
recommendations of best practice

• Identify poor methods

• Provide training and help

Part of 
Quality 

Improvement



Healthcare and the Digital 
revolution  - the next decade

What’s next for EQA



In ten years’ time, we expect the existing model of care to look markedly 
different. The NHS will offer a ‘digital first’ option for most, allowing for longer 
and richer face-to-face consultations with clinicians where patients want or 
need it. Primary care and outpatient services will have changed to a model of 
tiered escalation depending on need. Senior clinicians will be supported by 
digital tools, freeing trainees’ time to learn. When ill, people will be increasingly 
cared for in their own home, with the option for their physiology to be 
effortlessly monitored by wearable devices. People will be helped to stay well, 
to recognise important symptoms early, and to manage their own health, 
guided by digital tools.

Digitally-enabled care will go 
mainstream across the NHS

Document first published:

7 January 2019



Health Apps
• 1.6 m searches for Health information on the NHS Choices website each day. 
• 60% of the people who use the internet to check a medical condition do not then go on to access a frontline service
• 170,000 mHealth Apps available in Apple and Google stores. 
• 10% of mHealth apps can connect to a device or sensor that provides physical function data. 

• NHS Apps library recommended apps contains over 70 apps and offers a trusted source of health apps for patients and the 
workforce. 

• new NHS App rolled out 2019. By 2021, it will allow people to upload data from their wearables and lifestyle apps,

• safely and securely, and consent for those data to be linked with their health records



The top digital healthcare technologies
impacting the workforce

Topol Review 2019



The Drivers…digital health for wearable sensor

• Decreasing costs of sensors

• Miniaturization of physiological sensors

• Integration of sensors into consumer-end devices and accessories

• Rising share of ageing population

• Increasing incidences of chronic and lifestyle diseases

• Increased health and fitness awareness

• Rise in home and remote patient monitoring

• Reduced digital health costs

• Increasing mobile and smartphone penetration

• Increasing patient/physician acceptance

• Entry of big players such as Apple, Google, Microsoft and Amazon



Rapid advances in biosensor technology  - the 
smartphone

Stanford University School of Medicine (Bio-Acoustic 
MEMS in Medicine Labs) developed assays for the simple 
and rapid detection of HIV-1, various bacteria, and CD4+ 
T lymphocytes

Large number of applications on infectious 
disease



Diagnostics Anywhere – passive measurement

CGM funding available on the NHS UK

Flash glucose meter





https://thepathologist.com/inside-the-
lab/digital-and-computational-pathology

The rapid progress of 
whole slide imaging 
technology, along with 
advances in software 
applications, LIMS 
interfacing, high speed 
networking has made it 
possible to fully 
integrate digital 
pathology into 
pathology workflows  

https://thepathologist.com/inside-the-lab/digital-and-computational-pathology




Healthcare delivery is changing so where 
does that leave EQA?



Digital Pathology EQA



EQA Challenges – the patient test workflow

• How do we assess the full patient testing pathway ?

• How can we mimic the laboratory and POCT test workflow with 
greater use of automation?

• How can we assess the integrity of the data?



Laboratory test workflow

• e-test request by clinician

• Patient demographics/ order/ clinical details sent 
to lab LIMS

• Patient demographic barcode label printed

• Sample taken

• Sample barcoded and transported to laboratory

Pre-analytical

Outside lab

• Sample scanned / matched in 
LIMS

• Sample prepared – robotics 
module

• Intelligent workflow sends to 1 
of n analytical modules

Pre-analytical

Inside lab •Indices check

•Sample Analysed on 1 
of n modules

•Quality control checks

Analytical

•Authorisation / Interpretation

•e-Reporting

Post analytical

• EQA Sample labelled with 
instructions and shipped to 
laboratory

Pre-analytical

Outside lab – EQA 
provider

• EQA Sample information manually 
entered in LIMS

• Bar code generated

• Sample scanned

• Analyser selected

Pre-analytical

Inside lab • Indices check

• Sample Analysed on 
selected or all modules

• Quality Control checks

Analytical

• Results released  (may include Interpretation)

• Results transcribed onto EQA return form 
and/or

• Entered into EQA portal

Post analytical

EQA workflow



POCT test workflow
• Test requested by clinician

• User bar code scanned – details 
checked in POCT middleware

• Patient ID scanned  - details 
checked in POCT middleware

• Sample taken (cap/ven)

Pre-analytical

Outside lab

• Sample Analysed

• Quality control 
checks

Analytical
• Results available immediately

• Auto Validation

• Connectivity to LIMS

• e-Reporting

Post analytical

• EQA Sample labelled (may 
not have unique bar code)

• Sample and instructions 
shipped to laboratory

Pre-analytical

Outside lab – EQA 
provider

•EQA details manually entered in POCT 
middleware
•EQA barcode generated

•EQA Sample and instructions transported 
to POCT site 

Pre-analytical

Inside lab

• User bar code 
scanned

• EQA sample ID 
scanned

Pre-analytical 
Outside lab

• Sample Analysed 

• Quality Control 
checks

Analytical

• Results released  (may 
include Interpretation)

• Results transcribed onto 
EQA return form and/or

• Entered into EQA portal

Post analytical

EQA workflow



The National Pathology Exchange (NPEx) is a national service 
for NHS pathology managers to connect all UK labs together 
through a single exchange hub so that test requests and 
pathology results are sent digitally from any lab to any lab in 
a matter of seconds.

NPEx has worked with UK NEQAS to 
enable the transfer of EQA requests and 
referrals through the solution. EQA testing 
through NPEx is now live 11 sites. Due to 
start pilot with Weqas shortly to 
accommodate both laboratory and POCT 
workflows.



Data transfer and data mining - Some good 
examples

IQC - Using moving averages of laboratory data as an IQC tool.

EQA – STT Consulting Empower Percentile and Flagger project (now run 
by NOKLUS)

• aims at documentation of stability and comparability of in-vitro-
diagnostic tests in medical laboratories across laboratories and 
manufacturers.

• instrument-specific, daily outpatient medians, number of results, and 
daily outpatient flagging frequencies (%-hypo, %-hyper) are calculated 
and transmitted by a laboratory from their middleware or laboratory 
Information system (LIS).

• The data are transmitted by e-mail, which is automatically uploaded  
into a MySQL database.



Anne.elisabeth.solsvik@noklus.no



Challenges – implications for Quality
EQA Challenges – defining Quality for new technology

• Define what is adequate? – Quality compromise
• Specification should be designed to provide performance 

that best meets the needs of the service.
• It will depends on clinical utility of test  - what it is being 

used for. 
• And how the service is being provided – how it is being 

used
• TAT can be more important e.g. HIV  results / high risk 

population.
• Greater patient engagement– remote areas / at risk 

population.
• Greater patient compliance e.g. ownership of chronic 

disease management 



EQA Challenges – Matrix

• How do we design EQA for implanted devices? 

• Matrix effects  - measurand in whole blood may not be stable so how 
do we undertake EQA?

• How do we assess the complete process? – for pre term markers the 
procedure involves obtaining a swab of cervical secretion and eluting 
in buffer – EQA of analytical process but not pre-analytical stage?  



EQA Challenges – Data Governance

• IG – Patient data entering the wrong hands or being lost in error.  
Need robust data security. Privacy and security concerns

• Lack of clarity in health communication protocols and standards

• Interoperability issues with TECS

• How do we assess the quality of data transfer? 

• Is there a role for EQA informatics? 

(good examples in genomic EQA Schemes)



Data governance

Many new and emerging digital 
healthcare technologies rely 
critically on the ability to collect, 
store, access and share medical 
and other health-related data. 

The quality of the data used to 
inform these tools, including data 
gathered through continuous 
monitoring and tracking that 
many could consider intrusive, 
must be assured in order to 
facilitate their safe and effective 
use.

For genomic data, the challenges 
of data governance are 
particularly complex due to the 
biological link with Relatives.

“This report highlights the crucial role that ethics and participant 
engagement play in establishing and maintaining public trust in 
genomics. It is essential reading for everyone with an interest in 
genomic and data-driven medicine. It presents the results of an 
inclusive and thorough process of public dialogue and makes a vital 
contribution to ongoing discussions about genomic medicine. It reveals 
that the relationship between the NHS, patients, and the public is 
currently understood in terms of three core values: reciprocity, 
altruism, and solidarity. These values are likely to continue to inform 
the understanding of the appropriate relationship between medicine, 
research, and society as genomic medicine plays a more central role in 
healthcare.” Professor Michael Parker, Wellcome Centre for Ethics and Humanities, 

University of Oxford,

A major new dialogue has found the public 

are enthusiastic and optimistic about the 

potential for genomic medicine but have clear 

red lines on use of data



Conclusion

• Rapid advancement in biosensor technology 
combined with the “digital revolution” within 
healthcare is driving the increase in the development 
and use of POCT, digital imaging and use of AI.

• Our challenges are to ensure that the performance 
meets the clinical utility of the test, that governance 
processes are robust and that information 
governance is not compromised.

• EQA design must “keep up” with the times  - more 
use of data mining.


