Original articles

Elimination of lipaemic interference by high-speed centrifugation
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Abstract

Introduction: In order to deliver high quality results, detection and elimination of possible analytical interferences, such as lipaemia, is crucial. The
aim of this study is to evaluate the efficacy of high-speed centrifugation in eliminating lipaemic interference and to define own lipaemic index (LI)
for the studied biochemical analytes.

Materials and methods: Evaluated analytes were: albumin, alkaline phosphatase, alanine-aminotransferase (ALT), aspartate-aminotransferase
(AST), calcium, creatinine, gamma-glutamyltransferase (GGT), glucose, phosphates, total proteins, urea and total bilirubin. Those analytes and Lls
have been analysed in duplicate in the Roche Diagnostics-c8000 analyser in samples centrifuged at 3000 rpm/10 minutes in the SL16 (Thermo Sci-
entific, Waltham, USA) centrifuge and according to an own high-speed centrifugation protocol (12,900 rpm/15 minutes) in the MicroCL17R (Thermo
Scientific, Waltham, USA) centrifuge. Lipaemia has been measured in each sample. The efficiency of high-speed centrifugation is verified by the
Wilcoxon test (P < 0.05). In cases where significant differences are observed, our own Ll is calculated. For ALT and AST, it is verified by McNemar test
(P < 0.05). For creatinine, both Wilcoxon and McNemar test were applied.

Results: There were statistically significant differences in analyte concentration before and after high-speed centrifugation for: albumin, creatinine,
GGT, glucose, phosphates, urea and total bilirrubin. Own Ll is calculated. McNemar test shows statistically significant diferences in the proportion of
delivered results before and after high-speed centrifugation in ALT, AST and creatinine.

Condlusions: This study confirms the efficacy of high-speed centrifugation protocol for all the considered analytes, excepting calcium, alkaline
phosphatase and total proteins.
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Introduction

Analytical interferences, such as lipaemia, haemol- In addition, lipaemia interfere with electrophoretic

ysis and icteria, if not detected can affect the valid-
ity of results delivered by clinical laboratory. Lipae-
mia is one of the most frequent analytical interfer-
ences in clinical laboratory and it is due to a high
concentration of fats, producing a naked eye de-
tectable turbidity in serum or plasma.

Lipaemia can affect the measurement of biochem-
ical analytes in different ways. Since lipid particles
are able to absorb light, they can interfere in spec-
trophotometric methods, especially with those us-
ing lower wavelengths.
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methods, modifying the morphology of the alpha-
2-globulin fraction, and with methods that meas-
ure analytes in total plasma volume, such as indi-
rect potentiometry decreasing electrolytes con-
centration. Finally, lipids particles are also known
to interfere in immunoassays, blocking antibodies
binding sites (1).

Until few years ago, presence of lipaemia was as-
sessed by the naked eye, a laborious and subjec-
tive method. Nowadays, analysers incorporate sys-
tems to detect interferences, known as warning
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index of haemolysis, icteria and turbidity. These
systems are based on the spectral characteristics
of haemoglobin, bilirubin and turbidity and ena-
ble the automatic detection of interferences, in-
creasing objectivity, sensibility and speed. Warn-
ing indexes are calculated taking into account ab-
sorbance values obtained in the sample at a cer-
tain wavelength (2). Focusing on lipaemia, if the
analyser detects the presence of turbidity, the
next step is to remove it. This way, the laboratory
ensures the delivery of real results.

According to Clinical and Laboratory Standards In-
stitute (CLSI), the gold standard method to elimi-
nate lipaemic interference is ultracentrifugation
(3). Ultracentrifuges obtain forces up to 100,000
rpm allowing the effective removal of lipids. Since,
ultracentrifuges are not available in many labora-
tories, commerical kits, such as Lipoclear, or organ-
ic polar solvents, such as polyethylene glycol, n-
hexane or cyclodextrin, have been developed and
used as an alternative to ultracentrifuge to remove
lipids from the sample. Organic solvents are able
to bind to the lipid particles due to their precipita-
tion and allow to obtain a valid measurement in
the supernatant (1).

However, these solvents do not eliminate the
whole lipaemic interference; in addition, they can
interfere in the measurement of some biochemi-
cal analytes (4,5). For this reason, some authors
recommend the use of high-speed centrifugation
as a valid alternative (4-6).

It is important for each laboratory to verify the em-
ployed lipaemic index (LI), because differences
could be observed comparing with those provid-
ed by the manufacturer. This information would
allow each laboratory to decide how restrictive
wants to be, and not automatically accept manu-
facturers’ Lls.

The aim of this study is to evaluate the efficacy of
high-speed centrifugation in eliminating lipaemic
interference and to define a custom LI for the stud-
ied biochemical analytes.
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Material and methods
Materials

From May 2020 to January 2022, a total number of
174 serum samples have been processed in a pro-
spective study. The research protocol has been de-
veloped in a clinical laboratory certified according
to 1SO 9001:2015.

Samples are drawn in gel separator tubes without
anticoagulant (Vacuette Z serum sep clot activator,
Greiner Bio-One, Kremsmiinster, Austria). Samples
used in this study are obtained from out-patients
referred to the laboratory for blood testing and
from in-patients. After laboratory testing is done,
remaining serum samples are used for the study
purposes. No additional blood sampling was
needed for this research.

The following biochemical analytes have been
evaluated in this project: albumin, alkaline phos-
phatase, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), calcium, creatinine, gam-
ma-glutamyltransferase (GGT), glucose, phos-
phates, total proteins, urea and total bilirubin.
Since not all the considered analytes were meas-
ured in the whole set of 174 serum samples, a spe-
cific number of measurements was obtained for
each specific analyte.

The study has been approved by the Hospital’s
ethics committee of clinical research (CEIM
code:2020672).

Methods

All analytes have first been measured in centrifu-
gated serum samples according to the protocol of
centrifugation of serum samples established by
the laboratory which indicates the centrifugation
of samples at 3000 rpm for 10 minutes. The centri-
fuge used was SL16 (Thermo Scientific, Waltham,
USA).

Then, the same serum has been centrifugated at
high-speed at 12,900 rpm for 15 minutes and the
same biochemical analytes have been measured
again. The centrifuge used for high-speed centrif-
ugation was MicroCL 17R (Thermo Scientific,
Waltham, USA).
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Analytes measurements have been obtained us-
ing a Cobas 8000 automated analyser (Roche Di-
agnostics, Mannheim, Germany). The specific
methods used for each analyte are shown in Table
1.

Statistical analysis

Data distribution has been analysed using Kol-
mogorov-Smirnov test (P < 0.05). Statistically sig-
nificant differences between centrifugation proto-
cols have been assessed using a Wilcoxon test.
When significant differences were observed, a cus-
tom LI was calculated and compared to the one
established by the manufacturer.

For each analyte, the calculation of the custom LI
is done in the following way. First of all, the per-
centage difference between the results obtained
before and after high-speed centrifugation is de-
termined. This percentage difference has been cal-
culated using the concentration of analyte after
high-speed centrifugation as denominator. Then,
a linear regression analysis is performed using the
value of lipaemia obtained in the primary tube
(centrifugation according to the usual protocol)
and the percentage difference. In order to estab-
lish the value of LI over which the studied interfer-
ence is considered significant, we selected the

maximum permissible error (MPE) in the quality
specification working paper of the Spanish Society
of laboratory medicine (SEQC-ML) (7). The value of
LI from which the MPE is exceeded is calculated
with the equation of the linear regression and the
selected MPE.

Due to lipaemic interference and the warnings de-
rived, some of the analytes couldn’t be delivered
by the laboratory. McNemar test is used to com-
pare the number of results provided by the labora-
tory before and after high-speed centrifugation.
This procedure was carried out considering all
samples of the study. In a separate test, only sam-
ples with lipaemia levels > 150 were considered,
since according to the manufacturer this is the
lowest lipaemic index affecting the analytes in-
cluded in the study (see Table 1).

The statystical analysis was performed using the
statistical software Analyse-it for Microsoft Excel
(version 5.9) (Microsoft, Leeds, United Kindom).

Results

Lipaemic index obtained in the samples analysed
before high-speed centrifugation ranged from 1
to 2699 (median: 113; interquartile range (IQR): 27-
249.5).

TasLE 1. Overview of methods used in the measurement of the biochemical analytes in the study

Biochemical magnitudes Methods LI (Roche)
Albumin Colorimetric method using bromocresol green 500
Alkaline phosphatase Colorimetric method using para-Nitrophenylphosphate (AMP buffer) 2000
Calcium BAPTA (Bisaminophenox tetraacetic acid) and EDTA 1000
Creatinine Colorimetric compensated test based on Jaffé method 800
GGT G-glutamyl-carboxy-nitroanilide - IFCC Ref. Proc., Calibrated 700
Glucose UV Enzymatic method using hexokinase 1000
Phosphates UV Phosphomolybdat 1250
Total proteins Colorimetric test. Purpureo Biuret 2000
Urea Kinetic test with urease and glutamate dehidrogenase UV 1000
Total bilirrubin Diazo colorimetric method 1000
ALT UV without pyridoxal phosphate activation 150
AST UV without pyridoxal phosphate activation 150

LI - the highest acceptable lipaemic index proposed by Roche (Roche Diagnostics, Mannheim, Germany) for each parameter. GGT
- gamma-glutamyltransferase. ALT - alanine aminotransferase. AST - aspartate aminotransferase. UV - ultraviolet.
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Statistically significant differences between results
obtained from standard and high-speed centrifu-
gation were observed for the following biochemi-
cal analytes: albumin, creatinine, GGT, glucose,
phosphates, urea and total bilirubin (Table 2). For
these analytes, the LI is calculated following the
protocol explained in the previous section. On the
contrary, no differences were observed for alkaline
phosphatase, calcium and total proteins, so LI have
not been calculated.

Descriptive statistics, the equation of the linear re-
gression analysis, and MPE used for custom Lls cal-
culation and the differences between the Lls pro-
posed by the manufacturer and the Lls obtained
in this study are shown in Table 2. A graphical rep-
resentation of the linear regression analysis is
available in Figure 1.

TABLE 2. Results of the studies for LIs definition

In order to test if the proportion of results deliv-
ered by the analyser without lipaemia warning has
increased after the high-speed centrifugation, a
McNemar test was carried out for the analysis of
creatinine, ALT and AST. Using the conventional
protocol 89%, 87% and 91% of creatinine, ALT and
AST results, respectively, did not show lipaemia
warning. After high-speed centrifugation 99%,
97% and 97% of creatinine, ALT and AST results, re-
spectively, did not present lipaemia warning and
could be delivered to the physician (Table 3). Con-
sidering the subset of samples with LI > 150, the
percentages of results delivered to the physician
significantly increased from 80% to 100% for cre-
atinine, from 67% to 96% for ALT and from 76% to
96% for AST when passing from the usual protocol
to high-speed centrifugation (Table 3). In all cases
the differences have been statistically significant.

Biochemical P value Before !\lgh-sPeed After h.lgh-sp.ieed Linear regression MPE u L
analytes N . centrifugation centrifugation . o

(unit) (Wilcoxon) median (IQR) median (IQR) equation (%)  (Roche) (study)
?g'i‘;m'” 13 P<0.001 40.3 (33.7-45.4) 40.9 (35-46.3) %DIF=099+0.01LI 52 550 593
Alkaline

phosphatase 127 P =0.112 89 (73-139) 89 (72-140) - 106 2000 -
(U/L)

Calcium 86 P=0498  2.32(2.17-2.44) 2.34 (2.17-2.44) - 3.8 1000 .
(mmol/L)

(CJ;a;'l;‘L';‘e 144 P<0001 78.32(56.55-100.18) 84.07 (68.94-102.92) %DIF=521+002L1 74 800 145
GGT (U/L) 126 P <0.001 41 (21-134) 40 (21-136) %DIF=-0.56+0.02L 8.8 700 612
Glucose o

mol/L) 143 P<0001  672(522-13.49)  6.66(5.33-13.66) %DIF=-0.09+0.01Ll 6.4 1000 1017
fmh‘rﬁgl'/’f)tes 90 P <0.001 116 (1-1.32) 119 (1-1.32) %DIF=077+001LI 51 1250 511
Total

oroteins (/) 96 P=0268  068(058-073 0.69 (0.59-0.73)  %DIF=-034+001LI 35 2000 -
g;fsol n 144 P <0.001 5.79 (4.50-7.58) 581 (4.61-7.53) %DIF=-094+001LI 89 1000 698
Total

bilirrubin 11 P<0001  6.15(3.76-10.26) 598 (3.59-991) %DIF=-9.64+001L1 135 1000 1691
(umol/L)

LI - lipaemic index. GGT - gamma-glutamyltransferase. MPE - maximum permissible error. IQR - interquartile range. Regression - %
DIF is the percentage difference of the results before and after high-speed centrifugation, LI is the lipaemic index measured by
Roche Cobas 8000 analyser in samples centrifuged by conventional protocol.
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FiGURE 1. Linear regression graphics. A) Albumin; B) Creati-
nine; C) Gamma-glutamyltransferase (GGT); D) Glucose; E)
Phosphate; F) Urea; G) Total bilirubin.
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TaBLE 3. Comparison of results delivered before and after high-speed centrifugation

Results delivered before

Results delivered after

Biochemical analytes N high-speed centrifugation high-speed centrifugation P
N (%) N (%)
Creatinine 164" 146 (89) 163 (99) <0.001
641 51(80) 64 (100) <0.001
ALT 149" 129 (87) 145 (97) <0.001
49t 33 (67) 47 (96) <0.001
151 138 (91) 147 (97) 0.013
AST
49t 38 (76) 47 (96) 0.003

*All samples. fSamples with Lls > 150. LI - lipaemic index. ALT - alanine aminotransferase. AST - aspartate aminotransferase.

Discussion

The current study demonstrates the usefulness of
high-speed centrifugation for the removal of li-
paemia interference. For most of the considered
analytes, high-speed centrifugation increases sig-
nificantly the percentage of valid results delivered
by our laboratory. Taking advantage of the data
generated in our study, custom LI values have
been obtained for the analytes for which signifi-
cant differences were observed between the usual
protocol and high-speed centrifugation.

Several studies indicate that the gold standard
method for the removal of lipaemic interference is
ultracentrifugation, which is a very expensive
method and therefore not available for all labora-
tories. Some authors have evaluated the efficacy
of high-speed centrifugation as well as the use of
organic solvents to remove lipids from the sam-
ples (4,5).

This study confirms that high-speed centrifuga-
tion can potentially improve the management of
lipaemic samples in the laboratory.

Custom LI were not obtained only for alkaline
phosphatase, calcium and proteins, for which no
differences were observed between the tested
protocols. Given the high LI suggested by the
manufacturer for the usual protocol, we believe
that the analytical methods used to measure the
concentration of these three analytes are not influ-
enced by lipaemia interference (Table 1).

Biochem Med (Zagreb) 2023;33(1):010703

In the case of creatinine, the custom LI is much
lower than the one suggested by the manufactur-
er (145 vs. 800). This result could explain the elevat-
ed number of undetectable results (< 15 pmol/L)
observed in patients not suffering from renal ill-
ness. In this study, 100% of the undetectable cre-
atinine results have turned detectable, showing
values within the reference interval after high-
speed centrifugation. Similarly to what reported
from Nikolac et al.,, for creatinine we observed a
discrepancy between the influence of lipaemia
declared by the manufacturer and the one ob-
tained experimentally, suggesting that lipaemic
interference was underestimated by the manufac-
turer (8). It is important to remark that this study
has been made with the creatinine measured by
Jaffé compensated method, and nowadays the
recommended method to measure creatinine is
the enzymatic method. Laboratories employing
enzymatic methods should verify their own Lls.

Likewise, for phosphates, GGT and urea, the Lis ob-
tained in this study have also been more restric-
tive than the ones proposed by the manufacturer.
On the contrary, for total bilirubin, the LI provided
by the manufacturer is more restrictive. Nikolac et
al. also reported overestimation of lipaemia inter-
ference for total bilirubin when investigating the
manufacturer’s LI for Roche reagents (8). We be-
lieve that the higher MPE chosen for custom LI cal-
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culation compared to the MPE selected by the
manufacturer, which is usually about 10%, could
explain the observed differences (Table 2). Finally,
for albumin and glucose, custom Lls and those
suggested by manufacturer were similar.

Interestingly, the results obtained from the analy-
sis of ALT, AST and creatinine demonstrates that
the application of high-speed centrifugation to
eliminate the lipaemic interference allows the lab-
oratory to deliver results that couldn’t have been
delivered otherwise, which in turn improves ana-
lytical quality and patient care.

One of the main limitations of this study is the im-
possibility of calculating the LI for ALT and AST.
Since for those analytes the interference was so
high, many of the results delivered by the analyser
produced lipaemic warnings. Moreover, even if
haemolysis index was measured, we did not inves-
tigate if it could affect our results. Since, the hae-
molysis index was similar before and after high-
speed centrifugation, we suppose that haemolysis
index should not affect our results. In addition,
high-speed centrifugation is not described in liter-
ature to remove haemolysis interference, further
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