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Talk overview

• TTP and the PP

• Consequences of PAE/PAI

• Types of PAE/PAI

• Monitoring and Reduction of PAE/PAI

• Regional and International initiatives

• PAI cases throughout



TTP and the PP (1)

• aka Brain to brain loop
• 3 Phases

• Preanalytical Phase
• Pre-pre-
• Pre-

• Analytical Phase
• Postanalytical Phase

• Errors/issues all phases
Plebani M, Laposata M, Lundberg G. The Brain-to-Brain Loop 
Concept for Laboratory Testing 4Years After Its Introduction. Am J 
Clin Pathol 2011;136:829-833 



Plebani M. Exploring the iceberg of errors in laboratory medicine. Clin Chimica Acta (2009) 16-23 

TTP and the PP (2)



Garbage in, garbage out !

TTP and the PP (3)



Consequences of PAE/PAI (1)

• Incorrect test results (wrong value/patient)
• Incorrect diagnosis (wrong patient/interpretation)
• Unnecessary delays (TTL/results withheld/resample)
• Harm to the patient
• Wasted laboratory time and money
• Wasted hospital beds and staff time



• Specimen rejection related harm 
• Repeated phlebotomy required in 86.8% of rejected blood specimens

• Rejected urine specimens required recatheterisation in 13.8% of cases

• Inconvenience and discomfort for the patient

• Potential for patient complications

• Median specimen processing delay was 65 minutes 

• Potential failure to provide adequate care in a timely manner 

Karcher DS, et al. Clinical Consequences of Specimen Rejection: A College of American Pathologists Q-
Probes Analysis of 78 Clinical Laboratories. Arch Pathol Lab Med. 2014;138:1003-8.

Consequences of PAE/PAI (2)



• Reducing Costs 
• A study was performed in a London teaching hospital 

• Estimated cost of repeating haemolysed specimens, based on an 
average of 60 admissions per day, was £4355 per month, plus 
additional time and equipment costs. 

• This cost-saving would fund at least one dedicated Emergency 
Department phlebotomist. 

P Jacobs, J Costello, M Beckles. Cost of haemolysis. Ann 
Clin Biochem. 2012;49(Pt 4):412. 

Consequences of PAE/PAI (3)



Consequences of PAE/PAI (4)

Barcode read errors Plymouth Hospitals NHS Trust

~3 months/year 
fixing crooked 

barcodes!



Consequences of PAE/PAI (5)

Naz et al. Pak J Med Res. 2012;51:27-30 



Types of PAE/PAI (1)

• Dozens of steps
• Each can be subdivided
• Can have error at each step
• Each step can be a focus of 

error reduction

Burrows, J. The Cost of Pre-Analytical Errors in 
the Context of Inpatient Complete Blood Count 
Testing at Sunnybrook Health Sciences Centre



Types of PAE/PAI (2)

• We will cover
• Inappropriate test request

• Patient not appropriately prepared

• Lack of clinical details with requests

• Order of draw 

• Haemolysis, Icterus, Lipaemia (HIL) 

• Specimen inappropriately stored

Cornes MP, Atherton J, Pourmahram G, Borthwick H, Kyle B, West J, Costelloe SJ. 
Monitoring and reporting of preanalytical errors in laboratory medicine: the UK 
situation Ann Clin Chem epub 



Inappropriate test requesting (1)

• Test overutilisation 
• Major problem
• International issue

• Driven and Enabled by:
• Lab. automation
• Poor test panel design

• “Standard” bloods

• Electronic requesting
• Labs failing to ensure appropriate testing
• High frequency testing is de rigueur in wealthier 

countries
• Barrier to getting tested is very low
• “Wellness” bloods
• Commercial incentives – private labs – more tests, 

more profit
PLoS One. 2013 Nov 15;8(11):e78962



Inappropriate test requesting (2)

• “Rules” for lab test utilisation (Baird)
• Rule 1: “If you ask a stupid question, you 

get a stupid answer”

• Rule 2: “Laboratory testing is for sick 
people”

• Rule 3: “Too many good tests are the 
same as one bad test”

• 1 - 0.95n

• 1-0.9521 = ~66% 

Baird G. Biochem Med (Zagreb) 2014;24(2):223-34



How can laboratories help to improve?

• Vet tests

• Evidence based panels
• By organ
• By presentation
• By payment

• Formulary

• Minimum repeat intervals

• Lab tests online

• Choose Wisely

• Audit under/over utilisation
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How can laboratories help to improve?

• Vet tests

• Evidence based panels
• By organ
• By presentation
• By payment

• Prompts @ ordering

• Formulary

• Ban tests

• Add tests (reflex/reflect)

• Minimum repeat intervals

• Lab tests online

• Choose Wisely

• Audit under/over utilisation

Biochemia Medica 2014;24(2):223–34



Patient preparation (1)

• Fasting 
• How long? 

• 9-10 hrs fast affects TG, insulin, C-peptide, glucose, Hcy
• >14 hrs – altered gluconeogenesis – increased TG – AVOID
• EFLM 12 hrs ± 0.5 hrs

• Water
• Can affect results
• EFLM – patient drinks water as they normally would during 

fast

• Poorly standardized – poor evidence base
• Poorly understood by clinicians/patients

• Caffeine and cigarettes – avoid on morning of 
sampling

• Alcohol – abstain for 24 hrs



Patient preparation (2)
• Avoidance of certain foods

• 5HIAA
• Banana, Pineapple, Tomato, Plum, Eggplant, 

Avoca, Kiwi, walnuts

• Physical activity
• Plasma volume

• Medication 
• Time relative to dose
• Dose
• Compliance

• If patient has not prepared
• Should cancel phlebotomy

• Risk RIs being incorrect

• Diagnoses may prove incorrect

• Patient safety is compromised
• Rarely in a position to enforce this

0

10

20

30

40

50

60

70

80

90

100

Told to prep Told to fast Did fast

Control Intervention

Andrade N., In Press 2022



Andrade N., In Press 2022
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Clinical details
• Why important?

• Can define urgency
• Justify expensive testing
• Highlight potential interferences
• Aid interpretation of results

• How can lab.s address?
• Zero tolerance for certain tests
• Clinical details associated with profiles
• User education

BMJ Volume 313, Number 7072

• CUH 2021 – all iCM requests
• 219,434 unique requests (≥1 specimen/request)
• 12,240 unique RFR entries. 
• Relevant clinical details in 45,079 (20.5%) 
• 65,713 (29.9%) was blank
• 82,585 (37.6%) contained apparently random combinations 

of letters/numbers/punctuation symbols. 
• 26057 (11.9%) non-specific (e.g. ‘Routine’, ‘unwell’, ‘follow-

up’).
• ~80% of electronic requests have no informative clinical 

details, despite RFR being a mandatory

Bransfield, A., In Press 2022



Clin Chem Lab Med 2017 Jan 1;55(1):27-31.

Clin Chem Lab Med 2018 Nov 27;56(12):2015-2038.

Order of draw (1)



Order of draw (2)

• Important because
• Tubes contain different additives

• Procoagulants
• Serum (clot) tubes

• Anticoagulants
• EDTA, potassium salt of
• Flouride oxalate
• Lithium heparin
• Sodium citrate

• Glycolysis inhibitors
• Flouride oxalate

• Gel/plastic separators

Lima-Oliveira G, Salvagno GL, Danese E, Brocco G, Guidi GC, Lippi G. Contamination of lithium 
heparin blood by K2-ethylenediaminetetraacetic acid (EDTA): an experimental evaluation. 
Biochem Med (Zagreb). 2014;24:359-367



Order of draw (3)

• Problems Associated with incorrect Order of Draw
• Hypernatremia -> Sodium Citrate / Na.EDTA

• Hyperkalaemia

• Hypocalcaemia

• Hypomagnesaemia

• Low Zinc

• Low Iron

• Low ALP

• Poor coagulation -> transfer of anticoagulants

• Dilution effects -> tipping of samples 

K.EDTA 



28 year old female admitted 
to A&E with hyperemesis 
gravidarum at 24/40wks 
gestation. Bloods taken for 
haematology & 
biochemistry

Analyte Initial Results Reference 
Interval

Sodium (mmol/L) 134 136-145

Potassium 
(mmol/L)

6.2 3.5-5.0

Urea (mmol/L) 6.0 2.5-7.5

Creatinine 
(μmol/L)

70 60-104

Calcium (mmol/L) 1.50 2.20-2.60

Albumin (g/L) 39 35-50

Adj. Calcium 
(mmol/L)

1.52 2.20-2.60

ALP (IU/L) 12 60-300

Order of draw – simple case (1)

Analyte Initial Results Reference 
Interval

Sodium (mmol/L) 134 136-145

Potassium 
(mmol/L)

6.2 3.5-5.0

Urea (mmol/L) 6.0 2.5-7.5

Creatinine 
(μmol/L)

70 60-104

Calcium (mmol/L) 1.50 2.20-2.60

Albumin (g/L) 39 35-50

Adj. Calcium 
(mmol/L)

1.52 2.20-2.60

ALP (IU/L) 12 60-300



Repeat bloods 
taken to check low 
calcium and high 
potassium

K+EDTA will cause 
spurious results.

Analyte Initial Results Repeat 
Results

Reference 
Interval

Sodium (mmol/L) 134 136-145

Potassium 
(mmol/L)

6.2 3.5-5.0

Urea (mmol/L) 6.0 2.5-7.5

Creatinine 
(μmol/L)

70 60-104

Calcium (mmol/L) 1.50 2.20-2.60

Albumin (g/L) 39 35-50

Adj. Calcium 
(mmol/L)

1.52 2.20-2.60

ALP (IU/L) 12 60-300

Order of draw – simple case (2)

Analyte Initial Results Repeat 
Results

Reference 
Interval

Sodium (mmol/L) 134 132 136-145

Potassium 
(mmol/L)

6.2 3.4 3.5-5.0

Urea (mmol/L) 6.0 6.0 2.5-7.5

Creatinine 
(μmol/L)

70 68 60-104

Calcium (mmol/L) 1.50 2.30 2.20-2.60

Albumin (g/L) 39 38 35-50

Adj. Calcium 
(mmol/L)

1.52 2.34 2.20-2.60

ALP (IU/L) 12 329 60-300



OOD – is it all a myth? (1)



OOD – is it all a myth? (2)



OOD – is it all a myth? (3)

• Trained phlebotomists
• 5 volunteers
• Closed Greiner Vacuette system
• No statically significant differences 

found between tubes 1 and 5 for:
• Calcium
• Magnesium
• Potassium
• ALP
• Iron



• We all see gross EDTA 
contamination

• Low grade EDTA contamination 
– unlikely to be “tipping off”

• EDTA contamination due to 
incorrect OOD not shown 
experimentally

• Studies had trained phlebotomist
• Controlled conditions
• Same situation if nurse/doctor 

taking bloods in ED at 2AM?

OOD – is it all a myth? (4)



OOD – is it all a myth? (5)

Ann Clin Biochem. 2011 Nov;48(Pt6):562-5 



• OOD not so important with phlebotomists 
and closed systems?

• Still a good idea to standardise OOD
• Junior staff, nurses, doctors
• No “cost” to following OOD
• Potentially reduce incidence contamination

• Stop “potting off”
• Laboratory education

• Methods for detecting
• EDTA assay
• Algorithms

• N.B. EDTA not only contaminant we see

OOD – is it all a myth? (6)

Clin Chim Acta. 2011 Jan 14;412(1-2):1-6



HIL

• Haemolysis

• Icterus

• Lipaemia
• Triglyceride

• Other lipids (e.g. TPN)

• Haemolysis is most common PAE
• Hb, intracellular 

• Icterus
• Bilirubin



Haemolysis - example

Na 136.9

K 7.25

Urea 1.47

Creatinine 38.26

Chloride 102.5

Albumin 41

ALT 1447.8

AST 513.5

TP 72.78

ALP 91.9

Tbili 17.7

Na 136.9

K 7.25

Urea 1.47

Creatinine 38.26

Chloride 102.5

Albumin 41

ALT 1447.8

AST 513.5

TP 72.78

ALP 91.9

Tbili 17.7

HI
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HIL: Other laboratory considerations

• Always block result if haemolysed?
• Ammonia
• Troponin
• Give categorical results?

• Humans bad at estimating effects of H

• Need algorithms

• What about POCT?
• Is frequency of H known?
• BG analysers

• K values
• Bilirubin values

• Detect haemolysis at phlebotomy

Lippi, G, et al. Clin Chem Lab Med 2018



Case presentation

➢Lactate 10.2 mmol/L (RI: 0.5-2.2 mmol/L)

➢Levels greater than 4 mmol/L are suggestive of severe sepsis

➢HIL not routinely measured for fluoride oxalate on AU5800 at CUH

➢Visual inspection

• grossly icteric 

• Lactate measurement – susceptible to interference from icterus

• should result be released? Spurious? 

➢Discussed with Consultant

➢HIL detection performed on AU5800 – icteric +1



Assessing HIL by eye

Study by Simundic et al, 2009

Best agreement             

Least agreement

➢ Poor inter-operator agreement by 
visual assessment

➢ Visual vs. automated detection
➢ Poor agreement

• Visual inspection – 101 icteric
• Automated HIL – 74 icteric

OUTCOME: Visual assessment is inconsistent & un-reliable



Interference

➢Highlights the importance of HIL detection by automated methods

➢What was causing the discolouration of plasma 

➢Could it be interfering with result?

• Prompted discussion with clinical colleagues



➢Female, 22 yrs, epilepsy, mixed developmental disorder
➢Severe aplastic anaemia
➢March 2022 - electively admitted to CUH for anti-thymocyte globulin therapy

➢Week 2 – severe neutropenic sepsis – ITU admission range

Haematology Result Normal Range

Hb 8.4g/dL 11.7 – 15.9

RBC 2.76x1012/L 3.9-5.3

WBC 1.4x109/L 4.4-11.3

Platelets 26x109/L 140-440

Case discussion

Biochem Result Normal Range

Lactate 10.22mmol/L 0.5 – 2.2

Immunophenotyping & Bone Marrow Aspirate

Consistent with aplastic anaemia

Genetics

BM Karyotype 46,XX, del(13)(q12q14)[5]/45,XX[25]



Eltrombopag

➢Eltrombopag mimics bilirubin
o Absorbance 

• ~450 nm (Bilirubin)

o Appearance

• Causes pH dependent discolouration 
serum/plasma

o Causes discrepant inter-analyser bilirubin results

o Lack of information regarding eltrombopag and 
lactate

➢ Likely that Eltrombopag was the cause of 
discolouration of specimen

➢ Result released with a cautionary comment
Clin Chem Lab Med 2020; 58(10): 1713–1723

American J Hematol, Volume: 94, Issue: 3, Pages: 394-395, First published: 22 July 2018, DOI: (10.1002/ajh.25169) 



Lactate measurement in patient on 
Eltrombopag: comparison of AU5800 vs POC
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Conclusion

Issues 
highlighted 
by this case

Lack of 
robust HIL 
detection 
methods

HIL 
detection by 

eye -
unreliable

Little 
literature on 
Eltrombopag 
interference

Lack of 
clinical 
details -

uncertainty 



Specimen stability and storage

• Many factors can affect
• Sample type

• Temperature

• Centrifuge conditions

• Tube type

• Additives

• Light exposure

• Mixing technique

• Evaporation

• Each lab. should have stability limits appropriate for their blood 
tubes, analysers, intended clinical use etc..



Case presentation

• An unseparated gel serum tube was received from primary care with the following 
details:

• 36 year old male 

• Unknown medical history 

• No clinical details

• Date of collection was previous day (Day 1)

• No time of collection was given

• Specimen was centrifuged on day of receipt (Day 2)

• Specimen was analysed on a Beckman Coulter AU5800 (Day 4)

• Tests requested included renal profile, liver profile and calcium

• Potassium, AST, and bilirubin results were blocked due to haemolysis (HI = 2)

• Although sodium (119 mmol/L) and calcium (1.15 mmol/L) were significantly lower than 
previous measurements in this patient and both results were authorised

• Sodium and calcium results breached local critical phoning limits as defined by the 
Royal College of Pathologists UK



Case presentation (2)

• Low total calcium and sodium results are 
occasionally observed in cases of delayed 
separation at CUH

• The General Practitioner (GP) confirmed the request 
card incorrectly completed 

• Phlebotomy was actually 7 days prior to receipt in 
the laboratory 

• “Date of collection” on the request form 
corresponded with date of collection by the courier 
from the surgery

Day 1 Day 2 Day 3 Day 4



Case presentation (3)

• Several preanalytical errors were at play in this case

• Incorrect/incomplete date and time of collection

• Lack of clinician understanding that the date of “collection” 
applied to date of venesection rather than date of specimen 
collection by the courier

• Delayed separation

• Haemolysis

• Delayed analysis in the laboratory

• Lack of robust process to catch potentially spurious calcium and 
sodium results prior to reporting

• Preanalytical errors converged, leading to confusion in the 
generation of laboratory results for this patient 

• Delayed separation reproducibly causes artefactually low results for 
total calcium and sodium respectively

• Lack of awareness of these issues by laboratory staff, clinicians or 
out-of-hours service providers may lead to inappropriate patient 
admissions



• The Institute of Medicine report, To Err is Human galvanized a dramatic 
increase in concern about adverse events and patient safety at an 
international level. 

• ISO15189:2012
• Lab. scope extends remit of lab. into extra-analytical phases

• QMS
• Continual improvement

• 2013 Francis report

• EFLM and IFCC
• Conferences on Preanalytical Phase
• IFCC Working Group (WG-LEPS)
• EFLM Working Group (WG-PRE)

• Australian KIMMS
• NEQAS style scheme for PAE

• WEQAS EQA schemes for HIL

• NEQAS PrepQ

• ACB SIG 

Increased awareness of PAE (2)



Monitoring and reducing PAE (1)

• Benefits of KPIs in quality management
• You cannot improve what you don’t measure 

• Lab test results are only as good as the 
condition of the specimen allows Garbage in, 
garbage out! 

• Ensures the result is connected to the right 
specimen and patient 

• Ensure quality specimen management for 
accurate test results 

• Laboratory and patient safety



• Accreditation and PAE ISO 15189:2012
• The ISO 15189:2012 standard for laboratory accreditation defines the 

pre-analytical phase as “steps starting in chronological order, from the 
clinician's request and including the examination requisition, patient 
preparation, collection of the primary sample, and transportation to 
and within the laboratory, and ending when the analytical 
examination procedure begins” 

• This definition recognizes the need to evaluate, monitor and improve 
all the procedures and processes in the initial phase of the TTP, 
including the procedures performed in the so-called “pre-pre-
analytical phase” 

Monitoring and reducing PAE (3)



ISO 15189

• The use of QIs in clinical laboratories to monitor all critical activities of 
pre-, intra- and post-analytical phases is required

• However, 35% of labs do not routinely monitor any pre-analytical QIs.

Aita et al. Diagnosis 2017;4(4):193-5.

Errors that are monitored:
• 80% Haemolysis / Icteric / Lipaemic indices
• 70% Booking-in errors
• 57% Mislabelling errors



Guidance from EFLM



Monitoring and reducing PAE (4)



Plebani M, Sciacovelli L, Aita A, Chiozza ML. Harmonisation of preanalytical quality indicators. Biochemia Medica 2014;24(1):105-13 

Monitoring and reducing PAE (5)



Concept of Six Sigma

Monitoring and reducing PAE (6)



Salinas M et al. Ten years of preanalytical monitoring and control:Synthetic Balanced Score Card Indicator. Biochemia Medica 2015;25(1):49-56 

Monitoring and reducing PAE (7)



National, European, International Initiatives

• ACB Preanalytical Special Interest Group
• Upcoming work

• Transgender survey
• ED Panels
• Multi-centre stability studies
• Collaboratory with US/Canadian groups
• Collaboration with GIRFT/EFLM

• EFLM WG-PRE
• Upcoming work

• Stability
• How to perform stability studies
• How to evaluate stability studies
• Stability database 
• Urine acidification studies

• Recommendations tube validation



ACB Preanalytical Special Interest Group



Take aways

• ~60% of errors in TTP are in PP

• Does your laboratory give enough time to
• Recording PAI?

• Monitoring PAIs (KPIs)?

• Addressing PAIs?

• Data for most common PAIs (e.g. H) are readily available in lab

• Resources needed – e.g. additional quality managers

• Recommendations and guidelines are available/coming
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Questions?
sean.costelloe@hse.ie


