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ABSTRACT 

 

Background: Preanalytical interferences caused by hemolysis, icterus, and lipemia (HIL) remain major sources of 

diagnostic error in clinical laboratories. Manufacturer-declared cutoffs are often based on limited validation data 

and may not reflect local analytical performance, particularly across heterogeneous assay systems. This study 

aimed to determine experimentally derived HIL interference thresholds for a broad panel of clinical chemistry 

and immunoassay tests and to compare them with manufacturer specifications. 

Methods: Nineteen routinely used assays (14 clinical chemistry and 5 immunoassays) were evaluated on the Abbott 

Architect c16000 and Siemens Advia Centaur XP platforms following CLSI EP07-A2 guidelines. Serum pools 

were spiked with graded levels of hemolysate, conjugated bilirubin, or lipid emulsion. Bias was calculated at each 

interference level, and thresholds were defined as the point exceeding the lower of the desirable bias or total allow-

able error (TEa) limits or the manufacturer’s declared cutoff. 

Results: Hemolysis produced significant deviations in several assays. Potassium interference began at 0.85 g/L he-

moglobin versus the declared 1.25 g/L limit, and HDL-cholesterol exceeded the 5% desirable bias at 2.5 g/L, well 

below the 7.2 g/L manufacturer threshold. Bilirubin interference affected creatinine and glucose from 124 µmol/L, 

despite declared limits above 340 µmol/L, consistent with spectral absorption in the Jaffé reaction. Lipemic inter-

ference was observed at 2.2 mmol/L for sodium and HDL-cholesterol, nearly fivefold lower than the stated cutoffs. 

Among immunoassays, ferritin showed a positive bias, TSH a negative shift, and vitamin B12 a bidirectional pat-

tern under hemolytic conditions; fT4 displayed concentration-dependent bias under lipemia. 

Conclusions: Manufacturer-declared HIL limits may be overly permissive, masking clinically relevant bias. Local-

ly verified thresholds revealed earlier interference onset for several analytes. The immunoassay platform used 

lacked an automated HIL index analyzer, highlighting the need to integrate such detection systems for optical and 

matrix-related interference monitoring. Routine local validation and continuous index surveillance are essential to 

ensure analytical accuracy and patient safety. 

(Clin. Lab. 2026;72:xx-xx. DOI: 10.7754/Clin.Lab.2025.251023) 
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INTRODUCTION 

 

Preanalytical errors are among the most frequent causes 

of laboratory test inaccuracy and can compromise pa-

tient safety [1]. Endogenous interferences - hemolysis, 

icterus, and lipemia (HIL) - particularly affect photo-
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metric assays [2]. Hemolysis is the rupture of erythro-

cytes with release of intracellular contents, notably 

hemoglobin; icterus denotes serum bilirubin > 20.0 

μmol/L; and lipemia is serum turbidity from elevated 

triglycerides and other lipids, mainly chylomicrons and 

very low-density lipoprotein [3]. Because these factors 

distort biochemical results, early detection and manage-

ment are essential for reliable diagnosis and treatment 

[4]. 

Spectrophotometric and automated analyzers provide 

sensitive, objective assessments but are cost-intensive 

and require technical expertise. The Working Group for 

the Preanalytical Phase (WG-PRE) of the European 

Federation of Clinical Chemistry and Laboratory Medi-

cine (EFLM), which serves as the federation’s expert 

body for preanalytical quality improvement, recom-

mends the use of automated hemolysis indices whenev-

er feasible [3,5]. 

HIL index systems compare sample interference against 

predefined thresholds; in an EFLM survey, 43% of lab-

oratories reported using HIL indices with heterogeneous 

evaluation methods [6]. Manufacturer cutoffs, however, 

are often derived under limited conditions and may not 

reflect local variability, necessitating laboratory valida-

tion to ensure result reliability and minimize diagnostic 

errors [7].  

Accordingly, this study aimed to determine interference 

thresholds for hemolysis, icterus, and lipemia in 19 fre-

quently ordered, HIL-susceptible analytes - including 

clinical chemistry tests and immunoassays - using pre-

pared serum pools. 

 

 

MATERIALS AND METHODS 

 

Selection of test parameters 

Nineteen assays with documented susceptibility to he-

molysis, icterus, and lipemia (HIL) were included (Ta-

ble 1). Serum pools were prepared from residual clinical 

samples free of visible HIL, anonymized before pool-

ing. Baseline HIL indices were: hemolysis < 0.04 g/L 

hemoglobin, icterus < 17 µmol/L, and lipemia < 0.11 

mmol/L. 

 

Sample preparation 

Pool preparation and target concentration ranges follow-

ed Clinical and Laboratory Standards Institute (CLSI) 

EP07-A2 guideline [8]. Where feasible, two levels (low 

and high/normal) were established; calcium (Ca+2) and 

sodium were tested at a single level due to practical 

constraints. Because of the limited serum pool volume, 

lipemic interference was assessed at a single concentra-

tion level for both Serum Iron and UIBC, with UIBC 

likewise examined at a single level in the hemolysis ex-

periments. Pools were homogenized and aliquoted into 

15 equal-volume tubes per level. 

 

 

 

Interferent spiking 

Interference was simulated by adding increasing 

amounts of in-vitro hemolysate generated by freeze–

thaw cycles [9], conjugated bilirubin solution (BILIRU-

BIN 97%, 250 mg, BLD PHARMA, Shanghai, China), 

or a 20% lipid emulsion (OLIVIA 20% I.V., POLI-

FARMA, Istanbul, Türkiye). To limit matrix effects, 

added volumes were ≤ 5% of pool volume, per CLSI 

EP07 [8]. Interferents were applied across a semi-quan-

titative 0 - 4+ scale (0: none; 4+: maximum), with maxi-

ma of 9.30 g/L hemoglobin, 410 µmol/L bilirubin, and 

8.40 mmol/L lipids (Table 2). Given their high hemoly-

sis sensitivity per manufacturer inserts [10,11], Potassi-

um (K+) and Aspartate Aminotransferase (AST) were 

additionally assessed on a six-level hemolysis scale (0 - 

5 g/L Hb; Table 2). 

 

Analysis and statistics 

HIL indices were measured on an Abbott Architect 

c16000 using absorbance pairs 500/524, 572/604, 628/ 

660, and 524/804 nm with predefined calculations. For 

repeatability, each sample (both levels) was run in quin-

tuplicate on the Abbott Architect c16000 and Siemens 

Advia Centaur Xp (Siemens Healthcare Diagnostics 

Inc., USA). For each analyte, the interference-onset 

concentration and persistence at higher levels were de-

termined. bias was computed as: 

BIAS (%) = [(Mean Measured - Mean Baseline) / Mean 

Baseline] × 100. 

Here, Mean Measured refers to the average result of in-

terferent-spiked samples, while Mean Baseline denotes 

the mean of the unspiked control pool. Thus, bias repre-

sents the relative deviation introduced by the interferent. 

The acceptability of this deviation was judged against 

analytical performance specifications. Desirable bias 

and Total Allowable Error (TEa) values were obtained 

from the EFLM Biological Variation Database, which 

provides biologically based quality goals. Desirable bias 

reflects the largest systematic deviation still compatible 

with reliable clinical interpretation, whereas TEa de-

fines the overall permissible analytical error, combining 

both bias and imprecision. Interference was considered 

significant when the observed bias exceeded the lower 

of the Desirable bias, TEa, or the manufacturer’s declar-

ed threshold (Table 1) [12]. 

 

 

RESULTS 

 

Hemolytic interference 

Across both concentration levels, hemolysis affected 

Albumin, HDL-Cholesterol (HDL-C), Glucose, Total 

Bilirubin (T-Bil), Free Thyroxine (fT4), Ferritin, and 

vitamin B12. Hemolysis caused elevated results for al-

bumin, vitamin B12, and ferritin at both concentration 

levels (Table 3A). In contrast, Alanine Aminotransfer-

ase (ALT) and Triglycerides (Trig) showed minor in-

creases limited to Level 1, while Total bilirubin showed 

a consistent negative bias across all hemolysis levels, 
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Table 1. Test parameters, measurement units, evaluated concentration ranges (Level 1 and Level 2), desirable  values, EFLM-

derived desirable Total Error limits, and manufacturer-reported thresholds. 

 

Assay Unit 
Assay Range Desirable  

BIAS (%) 

Manufacturer 

BIAS (%) 

EFLM  

desirable total error Level 1 Level 2 

Albumin g/L 39.59 - 41.01 42.76 - 44.24 1.2 10 3.3 

ALT * U/L 18.2 - 20.2 147.2 - 167.8 8.1 10 18.5 

AST † U/L 18.4 - 20.4 75.2 - 77.2 5.3 10 12.2 

Ca+2 ‡ mmol/L 2.31 - 2.40 - 0.7 10 2.2 

T-Chol § mmol/L 4.31 - 4.49 5.08 - 5.31 4.0 10 8.6 

Creatinine ║ µmol/L 61.9 - 70.7 176.8 - 194.5 4.2 10 7.8 

HDL-C ¶ mmol/L 0.94 - 0.99 1.08 - 1.15 5.5 5 10.7 

Glucose mmol/L 5.3 - 5.6 10.2 - 10.5 2.3 6 6.2 

Na+ ** mmol/L 138 - 142 - 0.2 10 0.7 

Trig †† mmol/L 1.34 - 1.38 2.64 - 2.7 9.9 10 26.2 

K+ ‡‡ mmol/L 4.50 - 4.60 5.47 - 5.63 1.7 10 4.9 

Iron µmol/L 9.13 - 9.49 13.96 - 14.14 9.6 10 32.4 

UIBC §§ µmol/L 50.6 - 52.0 54.6 - 57.8 – 10 – 

TSH ║║ mIU/L 0.426 - 0.474 22.56 - 23.43 10 10 24.7 

fT4 ¶¶ pmol/L 11.0 - 11.5 22.5 - 23.5 2.3 – 6.3 

B12 *** pmol/L 123.3 - 170.1 427.7 - 472.7 9.4 – 15.4 

Ferritin ng/mL 8.76 - 9.06 605.7 - 675.2 33.2 10 43.8 

T-Bil ††† μmol/L 10.2 - 20.5 52.5 - 53.3 8.0 10 24.7 

TnI ‡‡‡ ng/mL 0.033 - 0.037 1.514 - 1.63 9.5 10 18.2 

 
* Alanine Aminotransferase, † Aspartate Aminotransferase, § Cholesterol Total, ║ Serum Creatinine, ¶ Cholesterol, HDL, ** Sodium, †† Triglyc-

erides, ‡‡ Potassium, §§ Unsaturated Iron Binding Capacity, ║║ Thyroid Stimulating Hormone, ¶¶ Free Thyroxine, *** Vitamin B12, ††† Bilirubin 

Total, ‡‡‡ Troponin-I. 

 

 

 

 
Table 2. Semi-quantitative scale for assessing hemolysis, icterus, and lipemia (HIL) interference, expressed as mean and range 

values for each interference level. 

 

Scale 
Hemolysis (Hgb g/L) 

mean (min - max) 

Lipemia (mmol/L) 

mean (min - max) 

Icterus (µmol/L) 

mean (min - max) 

Hemolysis (Hgb g/L) * 

mean (min - max) 

0 0.07 (0.04 - 0.10) 0.60 (0 - 0.11) 23.00 (17.1 - 29.0) 0.05 (0 - 0.10) 

1+ 2.50 (2.26 - 2.77) 2.20 (2.10 - 2.37) 124.00 (111.1 - 136.8) 0.85 (0.75 - 1.00) 

2+ 4.90 (4.38 - 5.40) 4.40 (4.18 - 4.52) 214.00 (205.2 - 222.3) 1.75 (1.50 - 2.00) 

3+ 7.20 (6.48 - 7.95) 6.50 (6.22 - 6.67) 308.00 (299.2 - 316.3) 2.75 (2.50 - 3.00) 

4+ 9.30 (8.55 - 10.12) 8.40 (8.14 - 8.70) 410.00 (401.8 - 418.9) 3.75 (3.50 - 4.00) 

5+ - - - 4.75 (4.50 - 5.00) 

 

* The right-most column represents the semi-quantitative scale used to evaluate hemolysis interference for potassium and AST. Because these 

assays are sensitive even to mild hemolysis, the assessment was performed across six intervals within the 0 - 5 g/L hemoglobin range. 

 

 

 

 

and Thyroid-Stimulating Hormone (TSH) was affected 

only at the higher hemolysis degree (Figure 1A - B). Se-

rum Iron was highly sensitive, showing marked positive 

bias even with minimal hemolysis. Troponin-I (TnI) ex-

hibited concentration-dependent bidirectional bias – 

falsely elevated at lower hemolysis and decreased at 

higher degrees (Figure 1C). Potassium and AST in-

creased from mild hemolysis onward, irrespective of 
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Table 3A. Hemolysis-induced (%) for all analytes measured in two concentration pools (L1: low/normal, L2: high). 

 

Parameter (L1/L2) H1 H2 H3 H4 Target BIAS (%) 

Albumin L1 -0.82 1.89 3.55 8.45 1.20 

Albumin L2 -0.07 2.13 4.32 6.52 1.20 

ALT L1 11.5 21.3 30.4 37.6 8.10 

ALT L2 0.70 2.20 1.70 2.30 8.10 

Calcium L1 0.29 0.04 -0.64 -0.30 0.70 

Creatinine L1 0.59 1.39 3.58 3.99 4.20 

Creatinine L2 -1.40 1.60 2.30 2.40 4.20 

Ferritin L1 14.4 26.5 30.7 46.9 10.0 

Ferritin L2 1.45 4.28 8.64 21.3 10.0 

fT4 L1 -4.37 -4.60 -8.51 -9.20 2.30 

fT4 L2 -0.42 -3.54 -4.25 -3.12 2.30 

Glucose L1 -0.18 -0.68 -1.93 -3.33 2.30 

Glucose L2 -0.24 -0.81 -1.28 -2.32 2.30 

HDL-C L1 -1.10 -4.24 -3.96 -7.20 5.00 

HDL-C L2 -3.54 -4.75 -6.25 -9.82 5.00 

Iron L1 61.3 114.5 165.8 222.7 9.60 

Iron L2 36.2 71.3 99.5 136.4 9.60 

Sodium L1 0.06 -0.28 -0.72 -0.97 0.20 

T-Bil L1 -3.25 -9.12 -11.2 -16.1 8.00 

T-Bil L2 -4.51 -8.69 -12.5 -15.4 8.00 

T-Chol L1 0.31 1.04 0.94 1.13 4.00 

T-Chol L2 0.20 -0.20 -0.10 0.10 4.00 

Triglycerides L1 9.63 18.7 28.7 37.9 9.90 

Triglycerides L2 2.7 4.7 7.3 9.4 9.90 

TnI L1 16.3 48.1 110.9 174.5 9.50 

TnI L2 -7.08 -7.12 -11.8 -23.0 9.50 

TSH L1 5.13 5.87 1.47 -3.05 10.0 

TSH L2 -1.75 -9.06 -20.1 -23.0 10.0 

UIBC L1 2.31 -1.68 -8.73 -15.1 10.0 

Vitamin B12 L1 8.53 11.7 18.0 29.7 9.40 

Vitamin B12 L2 -15.7 -13.8 -17.9 -16.4 9.40 

 H1 H2 H3 H4 H5 Target BIAS (%) 

Potassium L1 5.80 12.32 24.64 36.23 49.28 1.60 

Potassium L2 3.57 7.14 11.07 15.71 20.00 1.60 

AST L1 36.84 73.68 110.53 157.89 215.79 5.30 

AST L2 25.93 58.61 86.06 113.07 150.11 5.30 

 

Hemolysis-induced BIAS (%) for all analytes measured in two concentration pools (L1: low/normal, L2: high). Columns H1-H4 denote in-

creasing hemoglobin concentrations according to the 4-level hemolysis scale (see Table 2; approximate means 2.50, 4.90, 7.20, and 9.30 g/L). 

Cells exceeding the Target BIAS threshold are emphasized; shading indicates the degree of deviation (light gray > 1 × threshold; dark gray      

> 2 × threshold). Negative values indicate decreases versus baseline. At the bottom of the table, expanded hemolysis assessment for potassium 

and AST across five graded hemolysis levels (H1+ - H5+) is shown (approx. means 0.85 - 4.75 g/L hemoglobin). BIAS (%) is presented for both 

concentration pools (L1, L2). All deviations are positive, demonstrating proportional increases with rising hemolysis index. 
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Table 3B. BIAS (%) under icteric (I1 - I4) and lipemic (LI1 - LI4) interference for each analyte at two concentration pools (L1, 

L2). 

 

Parameter (L1/L2) I1 I2 I3 I4 LI1 LI2 LI3 LI 4 Target BIAS (%) 

Albumin L1 -3.31 -5.28 -4.50 -8.78 1.49 1.49 1.99 3.00 1.20 

Albumin L2 -0.93 -0.47 -4.19 -2.79 0.92 1.83 2.29 2.75 1.20 

ALT L1 4.44 4.44 6.67 6.67 0.00 -4.04 -6.06 -14.1 8.10 

ALT L2 -1.88 -2.57 -2.34 -2.80 0.13 -3.31 -4.58 -7.25 8.10 

AST L1 -4.08 0.00 -7.14 -10.2 0.18 -0.86 -1.01 -2.34 5.30 

AST L2 0.18 -0.86 -1.01 -2.34 -0.48 -1.05 -5.52 -6.29 5.30 

Calcium L1 -1.04 -2.78 -2.43 -2.08 0.22 -0.65 0.65 0.43 0.70 

Creatinine L1 -6.67 -8.24 -15.5 -17.3 -1.09 -3.80 -5.98 -6.79 4.20 

Creatinine L2 -6.18 -8.51 -11.9 -15.1 0.75 -2.80 -4.39 -4.76 4.20 

Ferritin L1 -1.40 -3.60 -3.90 -8.40 -2.60 -5.60 -4.80 -3.70 10.0 

Ferritin L2 8.72 8.04 8.34 3.98 -5.18 -2.41 -6.24 -4.97 10.0 

fT4 L1 0.00 4.76 3.08 5.60 0.61 0.77 2.00 5.23 2.30 

fT4 L2 4.69 2.75 4.55 4.69 2.36 2.92 6.40 9.10 2.30 

Glucose L1 -0.79 -1.58 -3.16 -5.26 -0.20 -2.00 -3.41 -4.61 2.30 

Glucose L2 -0.87 -2.13 -1.05 -1.95 -0.85 -2.86 -3.60 -4.45 2.30 

HDL-C L1 -1.62 -8.30 -8.30 -9.99 -17.4 -27.6 -33.8 -37.8 5.00 

HDL-C L2 -4.16 -2.58 -5.60 -8.86 -14.7 -27.0 -33.1 -37.1 5.00 

Iron L1 0.96 1.91 0.96 1.91 11.3 24.6 38.6 50.0 9.60 

Iron L2 0.56 2.22 0.56 1.67 - - - - 9.60 

Potassium L1 0.57 1.49 -0.80 -0.80 -0.43 -2.13 -2.98 -4.26 1.70 

Potassium L2 -1.25 -1.25 -1.25 -1.25 -1.79 -2.50 -3.93 -5.36 1.70 

Sodium L1 -0.25 -0.25 -0.67 -0.67 -1.14 -2.28 -3.14 -3.85 0.20 

T-Bil L1 - - - - -0.99 -1.98 -2.03 -4.65 8.00 

T-Bil L2 - - - - -1.71 -2.46 -2.78 -5.24 8.00 

T-Chol L1 -7.02 -12.4 -21.0 -16.9 0.83 -0.47 -0.59 0.83 4.00 

T-Chol L2 -5.86 -10.9 -13.2 -16.3 1.31 2.01 2.41 3.62 4.00 

Triglycerides L1 -7.68 -18.2 -36.7 -37.7 - - - - 9.90 

Triglycerides L2 -6.14 -15.4 -22.4 -28.1 - - - - 9.90 

TnI L1 -3.88 -9.71 -9.71 -10.6 -4.11 4.06 -5.39 -4.21 9.50 

TnI L2 -3.63 -7.56 -12.2 -16.1 -1.22 -0.92 -3.31 -4.44 9.50 

TSH L1 -0.98 -1.44 -1.90 1.61 -3.10 -6.10 -4.03 -8.89 10.0 

TSH L2 -2.33 0.83 -0.06 -2.69 -1.05 -1.27 -3.11 -4.81 10.0 

UIBC L1 4.23 4.58 4.85 9.64 - - - - 10.0 

UIBC L2 7.98 7.54 11.0 12.9 0.42 -7.49 -5.41 -9.89 10.0 

Vitamin B12 L1 -3.75 -9.06 -7.08 -3.44 4.11 5.90 -5.55 -2.33 9.40 

Vitamin B12 L2 -5.80 -1.44 -1.60 -5.30 -2.98 -4.13 -2.29 -4.02 9.40 

 

BIAS (%) under icteric (I1 - I4) and lipemic (LI1 - LI4) interference for each analyte at two concentration pools (L1, L2). Icterus levels cor-

respond to bilirubin ≈ 124, 214, 308, and 410 µmol/L; lipemia levels correspond to lipid indices ≈ 2.20, 4.40, 6.50, and 8.40  mmol/L (see Table 

2). Values exceeding the Target BIAS threshold are emphasized; shading indicates deviation magnitude (light gray > 1 × threshold; dark gray 

> 2 × threshold). Negative values indicate decreases relative to baseline. 

 

 

 

analyte concentration (Figure 1D; Table 3A). Glucose 

and UIBC exceeded the acceptable bias threshold only 

at the highest hemolysis, while sodium (single range, 

138 - 142 mmol/L) showed significant interference 

from moderate hemolysis. Calcium, Total Cholesterol 

(T-Chol), and Serum Creatinine were unaffected. 
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Table 4. Head-to-head comparison of manufacturer-declared versus experimentally observed HIL interference thresholds by 

analyte and concentration pool (L1, L2). 

 

Parameter 

Hemolysis (Hb g/L) Icterus (µmol/L Bilirubin) Lipemia (mmol/L Lipid) 

Manufact. 

Claim * 
Observed 

Manufact. 

Claim * 
Observed 

Manufact. 

Claim * 
Observed 

L-1 † L-2 ‡ L-1 L-2 L-1 L-2 L-1 L-2 L-1 L-2 L-1 L-2 

Glucose > 20 > 9.30 > 1,000 > 308.00 > 214.00 > 22.6 > 4.40 > 6.50 

Albumin > 7.50 > 4.90 > 1,000 > 124.00 > 308.00 > 33.9 > 2.20 > 4.40 

Sodium > 20 > 4.90 N/A § > 1,000 > 124.00 > 22.6 > 2.20 

Calcium > 20 N/E ║ > 1,000 > 124.00 > 8.48 N/E 

Creatinin > 10 N/E > 342 > 684 > 124.00 > 8.48 > 11.3 > 6.50 

HDL-C > 20 > 9.30 > 7.20 > 1,000 > 214.00 > 308.00 > 11.3 > 22.6 > 2.20 

Potassium > 1.25 > 0.85 > 1,000 N/E > 22.6 > 4.40 > 2.20 

Total Bilirubin > 20 > 4.90 N/A > 8.48 > 11.3 N/E 

Triglycerides > 5.00 > 2.50 N/E > 70 > 214.00 N/A 

fT4 > 3.00 > 2.50 > 4.90 > 340 N/E > 124 > 11.3 > 8.40 > 2.20 

Ferritin > 9.00 > 2.50 > 9.30 > 1,000 N/E > 22.6 N/E 

Troponin-I > 5.00 > 2.50 > 7.20 > 340 > 214.00 > 308.00 > 11.3 N/E 

 

For each interferent - hemolysis (hemoglobin, g/L), icterus (bilirubin, µmol/L), and lipemia (lipid index, mmol/L) - the table lists the manufac-

turer’s claim (*) and the corresponding observed threshold at which interference was identified.  

* manufacturer-declared threshold, † Level-1 pool, ‡ Level-2 pool, § not applicable, ║ no effect detected within the tested range. Discrepancies 

between claimed and observed thresholds are highlighted; no material differences were noted for vitamin B12, TSH, total cholesterol, AST, 

iron, ALT, and UIBC. 

 

 

 

 

Icteric interference 

Total cholesterol and creatinine were sensitive to icterus 

at both levels from the lowest detectable interference; 

sodium and calcium (single levels) were likewise affect-

ed. TnI was impacted only at more pronounced icterus. 

Triglycerides decreased progressively with increasing 

icterus (Table 3B). Low-concentration albumin crossed 

thresholds earlier than high-concentration albumin, 

which was affected only at advanced stages. Glucose 

and AST at the lower level were affected under severe 

icterus, with no effect at the higher level. UIBC showed 

interference only at advanced stages and only at the 

higher concentration (Figure 2A - C). No significant ic-

teric effects were observed for ALT, Iron, Potassium, 

TSH, vitamin B12, or Ferritin (Table 3B). 

 

Lipemic interference 

Lipemia highly affected albumin, creatinine, fT4, glu-

cose, HDL-C, iron (single level), potassium, and sodi-

um (single level); ALT and AST showed slight effects 

(Table 3B). Calcium, Total bilirubin, total cholesterol, 

UIBC, TSH, vitamin B12, Ferritin, and Troponin-I were 

not significantly influenced at any tested lipemia level 

(Figure 2D - F). 

 

Manufacturer vs. empirical cutoffs 

Discrepancies between manufacturer-reported and em-

pirically determined HIL cutoff values were identified 

for several assays (Table 4). No statistically significant 

differences were found for vitamin B12, TSH, Total 

cholesterol, AST, Iron, ALT, or UIBC. 

 

 

DISCUSSION 

 

This study demonstrated that several analytes showed 

interference thresholds that differed from the manufac-

turer’s claims under local laboratory conditions. Albu-

min, sodium, and HDL-C were affected by all three 

types of interference, showing clinically relevant bias 

below the declared limits and highlighting the need for 

laboratory-specific verification. 

Hemolysis produced analyte-specific effects in both di-

rection and magnitude. One of the most notable findings 

was obtained from cardiac Troponin-I measurements. 

Hemolysis affected TnI results in opposite directions: 

low levels were falsely elevated, whereas high levels 

were falsely decreased. Similarly, other studies have 

also reported this bidirectional effect [13,14]. Proteases 

released from red blood cells may degrade antigenic 

sites on high˗sensitive cardiac TnI, reducing detectabili-

ty, while free hemoglobin can attenuate luminescent 

signals, leading to falsely low results [15]. In patients 

with persistently elevated TnI, a change of less than 

20% generally indicates chronic myocardial injury, pro-

vided this finding aligns with the clinical presentation 
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Figure 1. A Analytes affected by hemolysis at the Level 1 concentration range. B Analytes affected by hemolysis at the Level 2 

concentration range. C A dedicated graph is presented for the Serum Iron and Troponin-I assays, as their calculated values 

were found to be substantially higher compared to those of other analytes. D A separate graph is provided for potassium and 

AST, which were evaluated using five hemolysis levels due to their distinct sensitivity. As both showed consistent positive bias 

at Level 1 and Level 2, the results are displayed together. 
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Figure 2. A Dose-response plots for analytes affected by icteric interference at the Level 1 concentration range. B Dose-re-

sponse plots for analytes affected by icteric interference at the Level 1 concentration range. C Dose-response plots for analytes 

affected by icteric interference at the Level 2 concentration range. D Analytes affected by lipemic interference at the Level 1 

concentration range. E Analytes affected by lipemic interference at the Level 1 concentration range. F Analytes affected by 

lipemic interference at the Level 2 concentration range. 
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[16]. Importantly, under hemolytic conditions, a patient 

with initially low TnI may show a falsely high baseline 

and a falsely low follow-up value, potentially masking 

the true rise associated with myocardial infarction (MI). 

If the overall change remains below 20%, the diagnosis 

of MI may be overlooked. 

The observed deviations, primarily attributable to he-

molysis, revealed that total bilirubin, fT4, glucose, and 

HDL-C showed negative bias, whereas albumin showed 

a mild positive bias at higher hemolysis levels follow-

ing an initial minimal decrease. HDL-C exceeded the 

desirable bias limit (5%) at 2.5 g/L hemoglobin, and 

sodium also showed earlier interference beginning at 

0.85 g/L, both below their respective manufacturer 

thresholds. Similar early-onset negative bias has been 

reported, attributed to optical interactions of hemoglo-

bin with ion-selective electrode measurements [4,9]. As 

expected, both AST and potassium levels increased pro-

portionally with the extent of hemolysis, reflecting leak-

age of intracellular constituents. Notably, potassium in-

terference began at 0.85 g/L, earlier than the manufac-

turer’s declared limit of 1.25 g/L, emphasizing the po-

tential for clinical misinterpretation - particularly in crit-

ically ill patients, where even minor electrolyte shifts 

can influence therapeutic decisions [17]. Ferritin dem-

onstrated a positive bias at both levels, whereas TSH 

showed a negative deviation only at the higher hemoly-

sis level. Vitamin B12 exhibited a bidirectional pattern-

positive at the lower and negative at the higher concen-

tration. Comparable findings have been reported in in-

dependent investigations using the Abbott Architect 

i2000 system, where ferritin and TSH demonstrated 

similar positive shifts, but vitamin B12 showed consis-

tent negative bias under hemolytic conditions [18]. 

Clinically, hemolytic deviations are most critical for 

analytes interpreted near decision thresholds, where 

even minor analytical biases in electrolytes, thyroid hor-

mones, or bilirubin can lead to misjudgment. The HIL 

index should therefore be regarded not merely as a pre-

analytical marker but as a key indicator of patient safe-

ty, ensuring reliable results and sound clinical decisions. 

Bilirubin interference was observed at considerably 

lower concentrations than those specified by the manu-

facturer. For creatinine, a significant negative bias 

emerged from 124 µmol/L bilirubin, despite the de-

clared limit of 342 µmol/L. Similar early interference 

has been reported in previous studies, attributed to spec-

tral interactions between bilirubin and the Jaffé reaction 

used in creatinine measurement [4,19], glucose and 

HDL-C were likewise affected well below their stated 

cutoffs (> 1,000 µmol/L and 214 µmol/L, respectively), 

exhibiting clear negative bias beginning near 124 

µmol/L, consistent with the same mechanism. Calcium 

also demonstrated a shift in bias direction-with a non-

significant negative deviation at low and a slight posi-

tive deviation at higher bilirubin levels-reflecting the bi-

directional absorption phenomenon described in earlier 

studies [19]. 

Lipemic interference was observed at substantially 

lower lipid concentrations than those specified by the 

manufacturer. Sodium and HDL-C displayed significant 

bias already at 2.2 mmol/L, despite declared limits ex-

ceeding 11.3 mmol/L, reflecting nearly a five-fold dif-

ference in analytical sensitivity and supporting previous 

observations on variable manufacturer-defined thresh-

olds [20]. fT4 also demonstrated a concentration-depen-

dent shift, showing a slight positive bias under mild li-

pemia and a clear negative bias at higher lipid levels, 

consistent with lipid-induced disruption of microparticle 

binding mechanisms described in recent immunoassay 

evaluations [7]. Creatinine and potassium likewise 

showed earlier than expected bias, in agreement with 

prior reports attributing such effects to optical light scat-

tering caused by elevated triglyceride concentrations 

[4].  

Desirable bias and TEa are commonly used to evaluate 

analytical significance. Some studies have also incorpo-

rated the Reference Change Value (RCV) [7,21,22]. 

However, RCV includes within-subject biological vari-

ation (CVi) [23]. Therefore, we believe that bias or TEa 

limits are more suitable for interpreting interference ex-

periments.  

Overall, manufacturer-declared HIL cutoffs may be 

overly permissive and mask clinically significant ef-

fects. Several analytes demonstrated earlier interference 

onset than declared, emphasizing the importance of lo-

cal verification. In our study, the immunoassay platform 

used (Siemens Advia Centaur XP) lacked an automated 

HIL index analyzer, and notable deviations were ob-

served across multiple assays compared with the manu-

facturer’s limits, emphasizing that reliable detection of 

HIL effects must be an inherent feature of modern im-

munoassay platforms. As overlapping interferences are 

common in pediatric and lipemic samples, future work 

should explore these combined effects under real-world 

conditions. Establishing analyzer-specific limits and 

continuous bias-based monitoring will further enhance 

result integrity and patient safety. 

 

 

Source of Funds:  

This research received no specific grant from any fund-

ing agency in the public, commercial, or not-for-profit 

sectors. 

 

 

Ethics:  

Approved by the Ethics Committee for Non-Interven-

tional Clinical Research, Uşak University Faculty of 

Medicine (Approval No. 405-405-03). 

 

 

Declaration of Generative AI in Scientific Writing: 

No generative AI tools were used in drafting or revising 

this manuscript. 

 

 



Ali V. Özdemir et al. 

Clin. Lab. 10/2026 10 

Declaration of Interest: 

The authors declare that they have no conflicts of inter-

est. 

 

 

References: 

 
1. Cadamuro J, Lippi G, von Meyer A, et al. European survey on 

preanalytical sample handling - Part 1: How do European labora-

tories monitor the preanalytical phase? On behalf of the European 
Federation of Clinical Chemistry and Laboratory Medicine 

(EFLM) Working Group for the Preanalytical Phase (WG-PRE). 

Biochem Med (Zagreb) 2019 Jun 15;29(2):020704.  
(PMID: 31223258) 

 

2. Agarwal S, Vargas G, Nordstrom C, Tam E, Buffone GJ, Devaraj 
S. Effect of interference from hemolysis, icterus and lipemia on 

routine pediatric clinical chemistry assays. Clin Chim Acta 2015 

Jan 1;438:241-5. (PMID: 25128720) 

 

3. Simundic AM, Nikolac N, Guder WG. Preanalytical variation and 

preexamination processes. In: Rifai N, Horvath R, Wittwer C, 
eds. Tietz Textbook of Clinical Chemistry and Molecular Diag-

nostics, 6th ed. St. Louis, Missour: Elsevier 2018. p. 81-120. 
 

4. Ho CKM, Chen C, Setoh JWS, Yap WWT, Hawkins RCW. Opti-

mization of hemolysis, icterus and lipemia interference thresholds 
for 35 clinical chemistry assays. Pract Lab Med 2021 Apr 27;25: 

e00232. (PMID: 34095417) 

 
5. Lippi G, Cadamuro J, von Meyer A, Simundic AM; European 

Federation of Clinical Chemistry and Laboratory Medicine 

(EFLM) Working Group for Preanalytical Phase (WG-PRE). 
Practical recommendations for managing hemolyzed samples in 

clinical chemistry testing. Clin Chem Lab Med 2018 Apr 25; 

56(5):718-27. (PMID: 29373316) 
 

6. Cadamuro J, Lippi G, von Meyer A, et al. European survey on 

preanalytical sample handling-Part 2: Practices of European labo-
ratories on monitoring and processing haemolytic, icteric and 

lipemic samples. On behalf of the European Federation of Clini-

cal Chemistry and Laboratory Medicine (EFLM) Working Group 
for the Preanalytical Phase (WG-PRE). Biochem Med (Zagreb) 

2019 Jun 15;29(2):020705. (PMID: 31223259) 

 
7. Karin A, Higgins V, Miller J, Brinc D, Kulasingam V, Selvarat-

nam R. Evaluation of hemolysis, lipemia, and icterus interference 

with common clinical immunoassays. Clin Chem Lab Med 2023 
Jan 13;61(6):1035-45. (PMID: 36635939) 

 

8. CLSI. Interference Testing in Clinical Chemistry. 3rd ed. CLSI 
guideline EP07. 

https://cdn.bfldr.com/YLD4EVFU/at/gqgj58qrf9gqp3qkw9hwcvf

/ep07ed3e_r_sample.pdf 
 

9. Dimeski G. Interference testing. Clin Biochem Rev 2008 Aug;29 

Suppl 1(Suppl 1):S43-8. (PMID: 18852856) 

 

10. Abbott Laboratories, Aspartate Aminotransferase2, Abbott Park, 

IL 60064 USA 2021. 
 

11. Abbott Laboratories, ICT (Na+, K+, Cl-) Sample Diluent, Abbott 

Park, IL 60064 USA 2016. 
 

12. European Federation of Clinical Chemistry and Laboratory Medi-

cine (EFLM). EFLM Biological Variation Database. Available 
from: https://biologicalvariation.eu Accessed April 27th 2021. 

 

 
 

 

13. İlanbey B, Güçlü K. Effect of Hemolysis on Beckman Coulter 

High Sensitive Cardiac Troponin I Measurement. Journal of 

Turkish Clinical Biochemistry 2021;19(2):139-44. 
https://search.trdizin.gov.tr/en/yayin/detay/1121039/beckman-

coulter-yuksek-duyarlikli-kardiyak-troponin-i-olcumu-uzerine-

hemolizin-etkisi 
 

14. Florkowski C, Wallace J, Walmsley T, George P. The effect of 

hemolysis on current troponin assays-a confounding preanalytical 
variable? Clin Chem 2010 Jul;56(7):1195-7. (PMID: 20413432) 

 

15. Al-Shidhani M, Saadi HA, Mula-Abed W, Al Riyami NB. Effect 
of Hemolysis on Plasma Cardiac Troponin Levels at Clinically 

Relevant Concentrations: An Experimental Study. Biol Med 

(Aligarh) 2015;7:217. 
https://www.walshmedicalmedia.com/open-access/effect-of-

hemolysis-on-plasma-cardiac-troponin-levels-at-clinically-

relevant-concentrations-an-experimental-study-0974-
8369.1000217.pdf 

 

16. Sandoval Y, Apple FS, Mahler SA, Body R, Collinson PO, Jaffe 
AS; International Federation of Clinical Chemistry and Labora-

tory Medicine Committee on the Clinical Application of Cardiac 

Biomarkers. High–Sensitivity Cardiac Troponin and the 2021 
AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guidelines for the 

Evaluation and Diagnosis of Acute Chest Pain. Circulation 2022 

Aug 16;146(7):569-81. (PMID: 35775423) 
 

17. Koseoglu M, Hur A, Atay A, Cuhadar S. Effects of hemolysis in-

terference on routine biochemistry parameters. Biochem Med 
(Zagreb) 2011;21:79-85. (PMID: 22141211) 

 

18. Hasanato R, Brearton S, Alshebani M, et al. Effects of serum 
indices interference on hormonal results from the Abbott Archi-

tect i2000 immunoassay analyser. Br J Biomed Sci 2015;72(4): 

151-5. (PMID: 26738394) 
 

19. Vrtaric A, Miler M, Gabaj NN, et al. Icteria interference for 34 

clinical chemistry analytes on different analytical platforms: 
Method or analyzer dependent? Clin Chim Acta 2025 Jan 15;565: 

119993. (PMID: 39389215) 

 
20. Nikolac N, Simundic AM, Miksa M, et al. Heterogeneity of man-

ufacturers' declarations for lipemia interference-an urgent call for 

standardization. Clin Chim Acta 2013 Nov 15;426:33-40.  
(PMID: 23981842) 

 

21. Lippi G, Salvagno GL, Montagnana M, Brocco G, Guidi GC. In-
fluence of hemolysis on routine clinical chemistry testing. Clin 

Chem Lab Med 2006;44(3):311-6. (PMID: 16519604) 

 
22. Monneret D, Mestari F, Atlan G, et al. Hemolysis indexes for bio-

chemical tests and immunoassays on Roche analyzers: determina-
tion of allowable interference limits according to different calcu-

lation methods. Scand J Clin Lab Invest 2015 Apr;75(2):162-9. 

(PMID: 25608598) 
 

23. Bozkurt Yavuz H, Bildirici MA, Yaman H, Karahan SC, Aliyazı-

cıoğlu Y, Örem A. Reference change value and measurement un-

certainty in the evaluation of tumor markers. Scand J Clin Lab 

Invest 2021 Nov;81(7):601-5. (PMID: 34543131) 

 

 


