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Bevraging

 Bevraging binnen eigen LOK groep eind 2021: 
 13 deelnemers van 12 laboratoria (= 75% van LOK groep)

 Bevraging opnieuw gedeeld eind 2023:
 7 deelnemers van 7 laboratoria 



Introductie



Hemolysis

 Interference by hemoglobin and other RBC contents

 Possible in vivo or in vitro causes
 Immunological, e.g. complement-dependent blood transfusion 

reaction
 Physical, e.g. flow of blood trough medical devices like catheters and 

heart valves, errors during phlebotomy 
 Chemical, e.g. detergents and disinfectants

 Effect on analytes? 
 Increased concentration of intracellular substances
 Interference with analytical procedure
 Optical interference by haemoglobin 
 Pseudo-peroxidase activity
 Sample dilution 



Hemolysis

Release of 
intracellular 
substances

Biological 
additive effect

Sample 
dilution

Analytic 
method 
(spectrum or 
reaction)

Chemical reaction

↑ ↑ ↓ ↑/↓ ↓
ALT Total protein Albumin Iron Bilirubin (pseudo-peroxidase)

AST Creatinine ALP (denaturation)

LDH GGT

Phosphate TnT hs (quench)? 

Potassium

Folic Acid

Magnesium

CK (adenyl cyclase)

TnT hs (proteases)? 

Dupuy AM et al. Clin Chem Lab Med. 2020; 58(8): 1232-1241.

Hemolysis



Hemolysis-like

Haemoglobin derived oxygen carriers (e.g. HBOC-201, Hemopure)
 Example: HbOC-201 (Hemopure)
 Visible haemoglobin concentration in range 10 – 50 g/L (rarely in vivo!) 
 Absorbance peaks at 340 nm, 415 nm, and 520–580 nm (not distinguishable from Hb)

Korte EA et al. Clin Chim Acta. 2018; 482: 33-39.
Huyghe E. et al (UZA). RBSLM 2020 Poster 

Hemolysis-like

Plasma Serum
+ 10% Hemopure



Hemolysis-like

Dang S et al. Clin Biochem. 2021; 91: 31-38

OHCob (Cyanokit) 
- Treatment of cyanide poisoning, incl. secondary to smoke inhalation (house fires)
- Discolors bodily fluids red, potentially interfering with spectrophotometric-based assays.
- Often not detected by automatic SI measurements (hemoglobin: ≈417, 540 and 575 nm)! 

Hemolysis-like



Hemolysis-like

Gounden V et al. Ann Clin Biochem. 2016; 53(5): 611-614.
Chen T et al. Clin Chem Lab Med. 2020; 58(10): 1713-1723 

Eltrombopag (Revolade)
- Thrombopoietin (TPO) receptor agonist 
- Indications include refractary primary ITP, chronic HCV with thrombocytopenia, refractory aplastic 

anemia
- Therapeutic serum concentrations: 10 µg/mL (75 mg daily) to >100 µg/mL (200-300 mg daily)
- Often not detected by automatic SI measurements or indices fall within manufacturer claims! 

Roche Cobas 6000

Hemolysis-like



Icteria

 Caused by (un)conjugated bilirubin (jaundice)

 Possible in vivo or in vitro causes
 Acute or chronic liver disease
 Biliary cirrhosis
 Alcoholism

 Effect on analytes? 
 Spectral interference
 Chemical interference

 Oxidase/peroxidase + H2O2

 Dyes binding to albumin

Icteria



 Caused by lipids
 Chylomicrons, triglycerides, VLDL, LDL, …
 Triglycerides in plasma as chylomicron(s) (remnants) for 

6-12 hours after intestinal absorption. 

 Possible in vivo or in vitro causes
 Postprandial blood collection
 Lipid disorders (primary or secondary)
 Parenteral lipid infusions
 Cold agglutinins and monoclonal immunoglobulins 

 Effect on analytes? 
 Interferences in spectrophotometric analysis
 Partitioning interference
 Volume depletion effect

Lipemia







Bevraging

Toestellen Aantal

Roche Cobas
- c701/c702
- c501/c502
- c503 (Pro) 

12

Abbott 
- Architect c8000 
- Architect c16000
- Alinity c

5

Stago
- STAR Max 

1

Siemens
- Dimension Vista 1500
- Atellica

2 

Beckman-Coulter
- AU4500

1

Ortho
- Vitros XT7600

1

Sysmex
- CS-2500

1



Roche

 Sample diluted with 0,9% NaCl
 6 µL sample + 150 µL diluent

 Bichromatic measurements

 Concentration reported in units

Serum Index Wavelengths Correction Conventional units SI units Measurand Result

Lipemia (L) 700/660 nm None 0-2000 mg/dL NA Turbidity (Intralipid) Semi-quantitative

Hemolysis (H) 600/570 nm L 0-1000 mg/dL 0-620 µmol/L Hemoglobin Semi-quantitative

Icterus (I) 505/480 nm H and L 0-60 mg/dL 0-1026 µmol/L Total bilirubin Semi-quantitative

Roche



Roche



 Sample diluted with 0,9% NaCl (“HILRef”)
 5,3 µL sample + 200 µL diluent

 Polychromatic measurements

 Report: 5 levels

Serum Index Wavelengths Correction Conventional units SI units Measurand Result

Lipemia (L) 500/524; 572/604; 572/804 ? 0-2000 mg/dL NA Turbidity (Intralipid) Semi-quantitative

Hemolysis (H) 572/604; 628/660 ? 0-2000 mg/dL 0-1240 µmol/L Hemoglobin Semi-quantitative

Icterus (I) 500/524; 572/604; 628/660 ? 0-60 mg/dL 0-1026 µmol/L Total bilirubin Semi-quantitative

Abbott



Abbott

Abbott Alinity c. HIL Saline Protocol. October 2016

More than one Index “positive”: 
• Values indicate the presence of interference, but 

estimation may be wrong. 
• If all three indices present: results cannot be used. 

Abbott



Others

Farrel C-J L and Carter AC. Ann Clin Biochem. 2016; 53(5): 527-538

Others



Rapportering
Welke cut-offs gebruiken? 
Annuleren of interpreteren? 



Cadamuro J et al. Biochem Med (Zagreb). 2019; 29(2): 020705.





Cadamuro J et al. Biochem Med (Zagreb). 2019; 29(2): 020705.



Cadamuro J et al. Biochem Med (Zagreb). 2019; 29(2): 020705.



Geen antwoorden voor:
- Volledig staal wordt geannuleerd
- Resultaten van specifieke analyses worden geannuleerd zonder commentaar
- Alle resultaten worden gerapporteerd zonder commentaar

Cadamuro J et al. Biochem Med (Zagreb). 2019; 29(2): 020705.



Extrapoleert u waarden van bepaalde parameters obv serum indices? 
- 17 antwoorden: Neen
- 3 antwoorden: Ja  

Correct geïnterpreteerd? 



Literature

 IVD manufacturers often do not fully 
adhere to CLSI guidelines on interference 
testing (C56-A)! 
 Verification recommended! 
 For example, manufacturers often use a 10% 

deviation as the allowed analytical bias for 
each parameter without considering 
individual intra- and inter-assay, biologic 
variability, and clinical relevance. 

 More transparency is required. 

Farrel C-J L and Carter AC. Ann Clin Biochem. 2016; 53(5): 527-538

Literature



Literature

 Manufacturers should at least provide the following information 
about their interference experiments:

 Analyte concentrations at which interferences tested
 At least two (low and high in the clinical range)
 Preferably close to the clinical decision point

 An interferogram both in the package insert and in electronic files for 
each tested analyte concentration

 Raw data obtained from the experiments should be made available 
(upon request)

 Based on this information, the users can then define local cut-offs 
with no need to perform additional interference studies.

Literature



Literature

Reporting flagged 
test results

 Test results measured in samples where H-index values are 
associated with a bias ranging between analytically and clinically 
significant cut-offs should be reported to the requesting clinicians. 

 The laboratory report should be accompanied by a comment 
stating: 

“Value possibly decreased/ increased by hemolysis. Consider 
recollecting another sample”. 

 The comment can be either placed below numerical value, or added 
as a note at the end of the laboratory report. 

 When comments are often overlooked: it is safer to place them in 
the results section!

 Comments should always provide a clear indication of the direction 
in which the test result is potentially biased (i.e. increased or 
decreased).



Literature

Suppressing 
hemolysis-sensitive 
test results

 H-index values are associated with a bias exceeding the clinically 
significant cut-offs calculated according to the test-specific RCV 
should be suppressed with a comment on test report: 

“Hemolysis exceeding quality specifications of the test. 
Consider recollecting another sample”.

 In samples with >10 g/L of cell-free hemoglobin, all results of 
clinical chemistry testing should be suppressed and another 
sample should be requested. The laboratory report should be 
accompanied by a comment stating: 

“Hemolyzed specimen. Consider recollecting another 
sample”.



Literature



Literature

Literature



UZ Leuven 
voor 2019

 Niet alle c702 parameters getest voor L, H en/of I

 Gebruik van manufacturer claims (∆10%) uit bijsluiters

 Resultaten met interferentie: commentaar toegevoegd 
 Invloed van de interferentie niet op het rapport vermeld



Cobas 778 Cobas 58 

c702 e801 c502 e801

Lactaat CK Kalium Ferritine LDL Insuline

LDH Creatinine ALP Folaat Tobramycine NSE

Magnesium
Direct

bilirubine
ALT PTH 1-84

Ammoniak Ijzer Amylase Troponine T hs

Fosfaat GGT AST

Totaal 
bilirubine

Haptoglobine Cholesterol

Totaal 
eiwit

Transferrine Triglyceriden

Urinezuur



UZ Leuven 
vanaf 2020

 Alle c702 parameters beoordeeld voor LHI (manufacturer ∆10%)

 Aanpassen commentaren voor invloed interferentie
 Roche c701 / c702 List of interferences (v18.0 – Nov 2017)
 In house interferogram experimenten (CLSI C56)
 Literatuurstudie

 Review literatuur Cobas 8000 – diverse bronnen
 Dupuy et al. CCLM 2020 – Hemolysis cut-offs Cobas 8000
 Gidske et al. CCLM 2019 – Nordic Hemolysis project 

Gidske G et al. Clin Chem Lab Med. 2019; 57(11): 1699-1711.
Dupuy AM et al. Clin Chem Lab Med. 2020; 58(8): 1232-1241.



Roche Diagnostics. List of interferences – c 701 / c702. V18.0, Nov 2017.



Property of UZ Leuven. LHI interferograms based on CLSI C56-A. 2014-2020.



Gidske G et al. Clin Chem Lab Med. 2019; 57(11): 1699-1711.



Dupuy AM et al. Clin Chem Lab Med. 2020; 58(8): 1232-1241.



Situatie UZ 
Leuven vanaf 
2020

Opmerking
Er lijkt meer consensus in literatuur en eigen experimenten te zijn voor hemolyse dan voor lipemie en icterie. 
Daarom voorlopig (?) conservatieve beoordeling van lipemie en icterie.  



Kwaliteitscontrole
iQC? 
EKE? 





Literature

 Of responders using automated HIL measurements (73%, n = 841), 
25% (n = 203) stated to regularly check the quality using iQCs. 

 Serum indices are often not considered as “true” analytical 
parameters but are used to validate other “true” test results or to 
monitor sample quality!

 Remarks:
 At the time this survey was issued, commercial iQC for HIL was 

unavailable nor was there any guideline for in-house iQC’s. 
 EQA programs to assess HIL were available but only a small amount of 

laboratories were using them. Interestingly, another 29% (N = 396) of 
participants stated not to be interested in participating is such an EQA 
program. 



Literature
 Clinical laboratories should use control materials for continuously 

monitoring the analytical performance of the H-index
 Commercial iQC material: Bio-Rad, ADP, Randox, …
 Home-made iQC material based on pooled serum/plasma samples



In house iQC

 EFLM supports the use of in-house prepared iQC materials
 Guidelines and advice based on CLSI C56-A - 100 ml plasma pools
 The aliquots (plastic cups in box) can be stored at −20 °C for 6 

months 

 Suggested iQC procedure
 At least 2 levels for each interfering substance 

 High level – Always clinically significant bias 
 Medium level – Close to the limit of clinically significant bias
 Low level – No analytically significant bias

 Evaluation at least 2 times per day 
 Testing and results should be systematically recorded
 Practical management should be the same as any other iQC result 



UZ Leuven 
voor 2019

 Geen iQC of EKE programma voor LHI indices

 Validatie c702/c502 met Bio-Rad iQC materiaal en stalen
 Validatiedossier Cobas 778 / Validatiedossier Cobas 58
 Validatieproject ZNA met parallelle analyse LHI in beide centra



Marktverkenni
ng iQC

Bio-Rad Serum Indices ADP Serum Indices Randox Serum Indices

Materiaal Unassayed, human source Unassayed, human source Unassayed, human source

Aantal flesjes 4 – Non-interfered + HIL 3 – HIL 4 – Non-interfered + HIL

Voorbereiding
1. Ontdooien KT (± 35-45 min)
2. Bewaring op 4°C (flesje)
3. Vials op KT brengen voor analyse

1. Ontdooien KT (± 35-45 min)
2. Bewaring op 4°C (donkere tube)
3. 20 min op rollerplatform voor 

analyse 

1. Bewaring op 4°C 
2. Reconstitueer met 5 mL 

gedestilleerd water
3. 30 min laten staan,  zachtjes 

omzwenken

Bewaring

2 year at -20°C to -70°C 
14 day open-vial at 2 to 8°C 
30 day closed-vial at 2 to 8°C 
28 day frozen aliquot at -20 to -70°C

Expiry date at -20 to -80°C
4 day open-vial at 2 to 8°C (H)
7 day open-vial at 2 to 8°C (IL)

Expiry date at 2 to 8°C
14 day open-vial at 2 to 8°C

Kostprijs 633 euro (4 x 6 x 4 mL) = 6,6 euro/mL 458 euro (3 x 4 x 5 mL) = 7,6 euro/mL 225 euro (4 x 5 mL) = 11,5 euro/mL

Extra opties Data koppeling met Bio-Rad Unity - Data koppeling met Acusera 24.7



EKE?

 Website: https://birminghamquality.org.uk/eqa-programmes/hil/
 Meting van LHI waarde
 Effect op “Analyte X”: resultaat, commentaar en annulatie
 12 maandelijkse distributies met 3 stalen per distributie
 Kostprijs: 330 euro/cyclus

https://birminghamquality.org.uk/eqa-programmes/hil/


UZ Leuven 
vanaf 2020

 Start deelname aan UKNEQAS Serum Indices programma

 Ervaringen:
 Gekende UKNEQAS data interpretatie met extra rapporten
 Mogelijkheid om te vergelijken tussen verschillende manufacturers
 Opgelet voor de gerapporteerde eenheden, zeker lipemie (mg/dL)! 

Roche Cobas 8000. COBI-CD. Version 1.0







Only 5% of Roche users implemented the new H-index cut-off in 
march 2021! 

Report Distribution 148
https://birminghamquality.org.uk/

https://birminghamquality.org.uk/


Lipemie



Cadamuro J et al. Biochem Med (Zagreb). 2019; 29(2): 020705.



Literatuur



Literature

 Centrifugation
 Gold standard: ultracentrifugation (100 000 – 2 000 000 G) but not 

widely available
 High speed centrifugation (10 000 g – 15 min) can be as efficient

 Several centrifugation cycles may be required if VLDL > chylomicron 
concentration

 Lipid layer on top is removed and measurement on infranatant
 Not suitable for hormones, drugs, and other hydrophobic substances 



Literature

 Polar solvents
 PEG, cyclodextrin, LipoClear (non-ionic polymer), …
 Not recommended due to significantly altered results: e.g. total 

protein, P, Ca, GGT, CK-MB, CRP, TnT 

 Dilution
 Usable for analytes distributed in the lipid layer (e.g. TDM) 
 Dilution sufficient to remove turbidity interference while making 

sure that the analyte concentration remains within the analytical 
limits of the tested methods (2 or 3 fold). 



UZ Leuven 
voor 2019

 Centrifugatie (10 000 G gedurende 5 min) 

 Echter uitvoering niet gestandaardiseerd:
 Meer gebruikt bij Abs >3.3 errors, bv. AST/ALT bepalingen
 Geen criteria in SOP’s waardoor niet alle MLT’s gelijk werken
 Bij probleemgevallen werd de klinisch bioloog soms niet verwittigd



Stalen L-index 
UZ Leuven

 Query “resultaten Afn ZV” – L-index
 Periode: 1-1-2019 tot 31-12-2019
 N = 479 562 stalen
 Range: 0 – 2301
 Mediaan (IQR): 13 (10-20)
 L-index > 50 (NH3L, 1ste generatie): 13172 (2,75%)
 L-index > 150 (AST/ALT): 1164 (0,24%)
 L-index > 500 (diverse): 77 (0,016%) 
 L-index > 1000 (diverse): 8 (0,0017%)



 Alle parameters waarbij ∆10% manufacturer L-index cut-off <1000 





UZ Leuven 
vanaf 2020

 LIS trigger bij parameters met L-index cut-off ≤ 1000:
 Uitzondering: ammoniak!
 Centrifugatie en opnieuw analyseren voor getroffen analieten. 
 Resultaten voor getroffen analieten worden gerapporteerd met 

commentaar indien L-index na centrifugatie < cut-off is, anders 
geannuleerd in overleg met klinisch bioloog.

 LIS trigger bij parameters met L-index cut-off > 1000:
 Triglyceriden reflextest aangevraagd en doorbelwaarde ingesteld. 
 Alle metingen zonder analytisch alarm worden gerapporteerd met 

commentaar, anderen worden geannuleerd in overleg met klinisch 
bioloog. 





Conclusie



Openstaande 
vragen

 Fit-for-purpose criteria fabrikanten? 
 Onduidelijke documentatie in bijsluiters
 Worden amper getoetst aan klinische relevantie 

 Nood aan een uniforme werkwijze over de laboratoria heen?

 Gebrek aan kwaliteitscontrole houdbaar voor test die gebruikt 
wordt om geaccrediteerde parameters te beoordelen? 
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