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Abstract
Introduction: Reducing laboratory errors and improving patient safety is receiving a lot of attention. Lipaemic samples are cause of analytical errors and present challenges for laboratories, particularly for those without ultracentrifuges. Lipaemia can originate from physiological (postprandial
metabolism), para-physiological causes (e.g. IV administration of lipids) as well as metabolic disturbances (e.g. hypertriglyceridaemia).
Materials and methods: We have evaluated a procedure with 10 native lipaemic sample pools (triglyceride concentration range 11.6-42.7 mmol/L)
for the ability to reduce lipid concentration using a high speed micro-centrifuge (double centrifuged at 21.885 x g for 15 min) compared with an ultracentrifuge, and provide accurate results. Results of sodium, creatinine, urate, total protein, lactate dehydrogenase (LD), magnesium and, cholesterol and triglyceride analysis on a Beckman DxC800 analyser are presented.
Results: Data from our tertiary level hospital showed ~0.7% of the samples received for lipid studies have triglyceride levels > 10 mmol/L which
can potentially cause analytical interference. The mean differences from the neat aliquot to the ultracentrifuged and high speed centrifuged sample
pools were: cholesterol 4.9 mmol/L and 3.1 mmol/L; and triglycerides 17.4 mmol/L and 15.0 mmol/L respectively. The data confirms high speed centrifugation is almost as effective as ultracentrifugation in lipid reduction.
Conclusion: The procedure utilized in this study using a high speed micro-centrifuge showed it is effective in reducing lipid levels and provides a
suitable alternative to ultracentrifuged samples to provide accurate results.
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Introduction
Improvement in patient safety through error reduction is rightfully receiving a great deal of focus
in medicine including pathology as it plays a pivotal role in medical decision making (1). Published
data states that up to 80% of patient care decisions are based on pathology data (2), and in some
cases pathology data is the sole information used
in the clinical decision process. With the continuously increasing number of tests, pathology will
play even greater role thus laboratorians will need
to become actively integrated in the medical care
team and aid doctors with interpretation of laboratory results to reduce medical errors (3). Various
estimates have been provided on the sources and
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errors rates in chemical pathology. It is well accepted of the three phases of the pathology testing
cycle: the analytical phase is the least error prone
while the pre-analytical is the most error prone
(4,5). A lot of these errors can be linked to the analytical sample integrity of which lipaemia is a contributor. Even though lipaemic samples are not
frequently encountered, these samples continue
to provide challenges for a lot of laboratories, more specifically in establishing good practices for
processing lipaemic samples and providing accurate results for best patient outcomes (6).
The lipid induced interferences can originate naturally in the patient sample as a result of health-re-
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lated factors e.g. dietary, diabetes mellitus, alcohol
abuse, hypothyroidism, pancreatitis, drug-induced
such as oral contraceptives etc (7), from lipid emulsions used for nutritional need in critically ill patients such as newborns (8) and surgical patients
(9), and in treatment of lipophilic drug overdoses
(10). A review of literature shows it is sparse on lipaemic studies, and there was no published data
indicating the extent of the problem. Unlike haemolysis and bilirubin studies lipaemic studies are
often left in the too hard basket. This is because of
the lack of readily available standardized materials
like those used for bilirubin or haemoglobin to mimic many of the properties of native lipaemic samples to produce the lipaemic interferences complicates the evaluation of lipaemia (11). Lipaemia presents other unique problems which include differences in the final lipid composition from patient
to patient, the volume of single native sample normally being too small to do various studies, and
samples not being able to be frozen for future studies. An additional complication is increasing
hyperlipidaemia is associated with increased haemolysis “strawberry milk appearance”, possibly the
result of increased erythrocyte membrane fragility
induced by alterations in membrane lipid content
(12). Hence, artificial compounds i.e. lipid emulsion
e.g. Intralipid are used to perform lipaemic index
and analyte interference studies by manufacturers
and laboratories. Lipid emulsions consist predominantly of small, relatively dense, phospholipid-rich
liposomes and triglyceride-rich artificial chylomicrons and no complex mixture of lipoproteins (13).
Thus, because of these composition differences
there is poor association between lipaemic index
and triglyceride concentrations (14,15). Triglycerides are usually the most abundant lipids in lipaemia.
Sample turbidity from lipaemia affects most significantly the photometric assays (end point, rate,
nephelometric or turbidimetric) due to increased
light scatter and absorption of the light by the lipids (mainly chylomicrons and very low density lipoproteins) (16), and this includes coagulation assays (17). Furthermore, the extent of the effect will
be dependent on the sampling mechanism, the lipid composition of the sample and whether the
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sample is well mixed to minimise chylomicrons
settling out at the top of the sample. No blanking
method can overcome all the interferences from lipaemia. Such samples have the potential to equally affect all assays including immunoassays by binding of lipophilic compounds (e.g. drugs) and blocking/masking the binding sites with reagents to
produce timely and measurable end points (6). The
increase in the non-aqueous phase leads to volume displacement errors or exclusion effect with
methods that do not measure activity of the analyte (e.g. indirect ion selective electrodes used
exclusively on laboratory analysers) (18). Unlike
haemolysis the interference of lipaemia can be reduced to eliminate the interference by removal of
most of the interfering lipids. Methods for removal
include ultracentrifugation (the gold standard), high speed centrifugation and lipid clearing agents
e.g. LipoClear and n-hexane. The CLSI Interference
testing guidelines recommend clarifying the sample using ultracentrifuge (19) but not many laboratories are equipped with such centrifuges. However, just about all laboratories (large or small) possess high speed micro-centrifuges. We are aware
many laboratories use high speed micro-centrifuges for lipid reduction without having the effectiveness of the procedure confirmed. One such study found the recovery from high speed centrifugation (10.000 x g) of samples was unacceptable
for total bilirubin and CRP (20). The same study
found LipoClear treatment produced unacceptable recovery with GGT, CK-MB, total cholesterol,
HDL-cholesterol and CRP (20). In this study we
compare a procedure with one such high speed
micro-centrifuge with an ultracentrifuge for effectiveness in lipid reduction and suitability for routine use in native lipaemic patient samples using a
set of analytes we have observed over years to be
most affected by lipaemia on our Beckman DxC800
analysers.

Methods and materials
Samples
The samples used in this study were received in
several laboratories for routine analysis. The samBiochemia Medica 2011;21(1):86–92
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ples were selected for the study based on the triglyceride level alone in order to cover the highest
triglyceride concentration range possible. The
samples with similar triglyceride concentration levels were pooled to provide sufficient volume for
analysis: neat, post ultracentrifugation and post high speed centrifugation. All samples were native
serum, and no samples from patients receiving
nutritional lipid supplement (total parenteral nutrition – TPN) were used in preparing any of the
pools. The samples of interest were stored at 2-8
°C and analyzed within two weeks of commencing
the pooling to minimise any deterioration in sample quality. To our observation over many years
TPN samples containing lipid emulsions do not
exceed 20 mmol/L triglyceride concentrations,
most times they are < 10 mmol/L. In total 10 such
sample pools were analysed for sodium (indirect
ion selective electrode), creatinine (Jaffe), urate
(uricase)), total protein (biuret), lactate dehydrogenase (LD) (lactate to piruvate), magnesium (calgamite), cholesterol (cholesterol esterase) and triglycerides (glycerophosphate oxidase).
Samples were mixed by multiple inversions before
analysis to eliminate the chylomicrons and other
large molecules from forming a layer at the top of
the sample. The sampling probes of analysers only
descend 2-3 mm below the meniscus to aspirate
the test aliquot, and if the aliquot is aspirated from
a sample that is not well mixed (lipid rich component) the interference will be exaggerated (6).
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first expelling the air out of the pipette and then
immersing it to the bottom of the Micro tube to
aspirate ~2/3 of the sample/infranatant and prevent any bubbles being released during the pipette
descent through the supernatant and re-mixing
the sample. Furthermore, aspiration was carried
out slowly to minimise intermixing between the lipid poor infranatant and lipid rich supernatant
layers. This procedure was repeated post re-centrifugation, and ~2/3 of the clear infranatant was aspirated from the two Micro tubes into an appropriate aliquot tube for analysis.
The neat, ultracentrifuged and high speed centrifuged aliquots were analysed on a Beckman
DxC800 general chemistry analyser (Beckman
Coulter, Fullerton, CA, USA) at the same time on
the same analyser in the same rack and the same
order for each sample pool. The total analytical imprecision expressed by the between-run coefficient of variation (CV) for the analytes was as follows:
Na+ (1.0% at 132 mmol/L and 0.9% at 150 mmol/L),
creatinine (4.9% at 68 μmol/L and 1.8% at 491
μmol/L), urate (1.9% at 0.23 mmol/L and 1.5% at
0.49 mmol/L), total protein (1.8% at 41 g/L and
1.6% at 67 g/L), LD (2.7% at 156 U/L and 2.3% at
432 U/L), Mg (2.5% at 0.84 mmol/L and 2.3% at 1.63
mmol/L), cholesterol (1.7% at 3.0 mmol/L and 2.3%
at 6.5 mmol/L) and triglycerides (3.6% at 1.0
mmol/L, 2.7% at 2.0 mmol/L and 0.5% at 8.3
mmol/L).

Statistical analysis
Equipment
Each sample pool was split into three aliquots:
neat, ultracentrifugation and high speed centrifugation. The ultracentrifugation was performed in
a Beckman Coulter Airfuge for 15 minutes at
107.000 x g. The lipid reduced aliquot was then carefully transferred without disturbing the lipid
layer into an appropriate aliquot tube for analysis.
The high speed centrifugation was performed in a
Heraeus Biofuge Primo micro-centrifuge for 15 minutes at 21.885 x g in two Micro tubes (1.5 mL Ref
72.690.001 Sarstedt). The lipid cleared sample, infranatant (lower part of the sample) was transferred into clean Micro tubes using glass pipettes by
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The mean and standard deviation were calculated
for each analyte for each of the three aliquots.
From the imprecision data the least significant
change (LSC) (2.77 x √analytical coefficient of variation) was calculated to determine the maximum
allowable difference in test results between the
different aliquots.

Results
A search of our laboratory information systems
showed very small percentage of all the samples
requested for lipid analysis had elevated lipids.
Currently only ~0.7% and 0.2% of samples reques-

Dimeski G, Jones BW.

High speed centrifugation and lipid reduction

ted for lipid studies have triglyceride concentrations > 10.0 mmol/L and > 20.0 mmol/L respectively
in our tertiary level referral hospital.

ts were suppressed, no result was obtained due to
interference.

The procedure evaluated in this study using the
Biofuge Primo high speed micro-centrifuge
showed it is capable of providing a sample with
significantly decreased lipid levels close to those
obtained by ultracentrifugation (Table 1). The
mean differences from the neat aliquot for the ultracentrifuged and high speed centrifuged sample
pools were: cholesterol 4.9 mmol/L and 3.1
mmol/L; and triglycerides 17.4 mmol/L and 15.0
mmol/L respectively. The data confirms when several re-centrifugation steps are performed high
speed centrifugation is almost as effective as ultracentrifugation in lipid reduction. Although pools
one, two, three and eight had triglyceride levels >
10.0 mmol/L, no analyte results were suppressed
due to interference. The removal of the majority of
the chylomicrons during the high speed centrifugation is likely to have removed of the interference.

Discussion
The data indicates < 1% of samples requested for
lipid studies contain high enough triglyceride concentration (> 10 mmol/L) to potentially cause interferences in laboratory assays. When compared
with the total number of samples received in the
laboratory for biochemical analysis this represented one per ~4100 for the 2009-2010 period. For
this study even with the aid of several other large
laboratories outside our network it took more than
a year to accumulate sufficient volume of fresh
samples to prepare the 10 pools.
The lipaemic index along with the cholesterol and
triglyceride levels data in Table 1 indicates the high speed centrifugation process evaluated here is
effective in lowering lipid levels to allow sample
analysis and produce results that are within LSC limits as confirmed in Table 2. Although the urate
difference is outside the LSC limit, it is not considered clinically significant, < 10% difference (21). The
effectiveness of the process in obtaining the clearest sample will also depend on the lipid levels and
technique of aspirating the infranatant. For sam-

Apart from the urate result, all other results from
the tested analytes indicate the difference between the high speed centrifuged and ultracentrifuged aliquots were within the LSC limits (Table 2).
The total protein results in the neat sample aliquo-

TABLE 1. Comparison of cholesterol and triglycerides concentrations decrease post ultracentrifugation and high speed centrifugation.
Lipaemic Index
Sample

Neat

Cholesterol (mmol/L)

Triglyceride (mmol/L)

UltraHigh Speed
UltraHigh Speed
UltraHigh Speed
Neat
Neat
-centrifuged Centrifugation
-centrifuged Centrifugation
- centrifuged Centrifugation

Pool 1

10

1

3

15.1

6.6

8.6

28.4

9.4

11.8

Pool 2

8

1

2

9.8

4.8

6.8

25.5

7.1

11.1

Pool 3

>10

1

3

13.2

5.8

7.4

42.7

9.0

12.3

Pool 4

7

1

1

7.4

4.7

5.6

14.0

4.7

6.8

Pool 5

6

1

1

7.3

5.3

6.0

11.6

4.0

5.6

Pool 6

2

1

1

9.4

6.5

8.8

15.9

7.2

8.6

Pool 7

10

1

1

9.4

5.7

7.1

17.0

6.1

8.3

Pool 8

>10

1

2

13.0

6.2

8.6

38.5

8.2

12.0

Pool 9

9

1

1

9.1

5.9

6.7

18.0

5.9

6.8

Pool 10

>10

1

2

12.2

5.9

9.0

31.1

6.9

9.4

10.6

5.7

7.5

24.3

6.9

9.3

Mean
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TABLE 2. Results of analytes affected by lipaemia compared between neat, ultracentrifuged and high speed centrifuged aliquots.
Mean + SD

Mean Difference ± SD (%)
High Speed
Centrifuged
-Neat

High Speed
Centrifuged
-Ultra

LSC
(%)

2.8±1.1

1.7±1.0

-1.0±0.8

2.8

193±102

22.8±18.4

18.7±15.5

-3.2±2.8

4.6

0.48±0.07

0.46±0.07

31.0±17.4

24.8±13.7

-4.5±3.4

3.5

Suppressed

66±8.3

65±7.9

*

*

-1.0±1.9

3.5

LD (U/L)

306±150

337±161

329±158

11.9±15.6

9.0±14.1

-2.5±1.2

4.4

Magnesium
(mmol/L)

1.06±0.11

0.89±0.09

0.91±0.08

-19.6±9.9

-14.0±7.1

2.2±2.5

4.3

Analyte

High Speed
Ultracentrifuged
Centrifugation
-Neat

Neat

Ultracentrifuged

Sodium (mmol/L)

133±3.3

137±3.1

136±3.1

Creatinine
(μmol/L)

168±95

198±102

0.37±0.08

Urate (mmol/L)
Total Protein
(g/L)

*Suppressed – due to inter ference from lipaemia no results were obtained

ples with higher lipid levels (e.g. triglyceride levels
> 50.0 mmol/L) 3 or 4 centrifugations may be necessary provided there is sufficient sample available. Perhaps a request to the clinical unit to collect
more blood tubes may overcome such a problem.
This high speed centrifugation procedure appears
to be superior to the one utilized by Vemeer et al
(20), and this can be attributed to the much higher
centrifugation speed and the double centrifugation process used in our study. A limitation of the
study is not having performed a wider range of
analytes due to insufficient sample volume (e.g.
immunoassays) and suitable sample type (e.g. coagulation tests).
The Beckman DxC800 analyser measurable lipaemic index range is 0-10. Three of the pools with
triglyceride levels > 30.0 mmol/L exceeded the upper limit, which made the lipaemic index less suitable than the triglyceride level for lipaemic interference studies. Review of the Beckman individual
method inserts provides interesting information.
For sodium, urate and LD the lipid interference
studies used Intralipid concentration up to 500
mg/dL (in terms of triglycerides this equates to
~5.6 mmol/L), and it is reported there was no significant impact on any of these analytes. Our data
showed these analytes are affected when the
triglyceride concentration increases. For creatiniBiochemia Medica 2011;21(1):86–92
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ne, it is stated lipaemic index up to 8 produced no
significant impact, whereas with magnesium Intralipid concentration of 150 mg/dL produced an increase of ~0.16 mmol/L, and for total protein lipaemic index of 4 produced a decrease by 0.4 g/L,
which is in agreement with our findings. Simply
there is no standardized process with the lipaemic
interference studies, and no triglyceride levels are
provided for more direct comparison with our findings.
Native lipaemic samples in hospital environments
most often originate from emergency departments, diabetic endocrinology and gastrointestinal
units, lipid clinics etc which often require results
urgently. To minimise delays in turn-around times
of critical analytes such as sodium we analyse lipaemic samples first on blood gas analysers (bench top or portable) and report the electrolytes
while the sample is ultracentrifuged. Most laboratories rely on the lipaemic index and manufacturer
method recommendations for acceptable limits
that are almost always established by using emulsions spiked samples in performing interference
studies to determine if a sample will undergo ultracentrifugation or treatment. Others rely on
measuring the triglycerides level, the most abundant lipid component in lipaemic samples before
making a decision as how the sample will be pro-
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cessed because emulsions do not behave in the
same way as native lipaemic samples. Many other
laboratories use a combination of the two plus visually inspect the turbidity level, and this may be
impractical in laboratories with large numbers of
samples. It should be pointed that different analytical methods use different reagents and wavelength parameters, and will be affected differently
by lipaemia levels and other non-lipaemic causes
which includes lipaemic index methods. For example in most samples with triglyceride concentration > 11.0 mmol/L total protein on the Beckman
DxC800 analysers will fail to produce a result. The
Beckman lipaemic index method has been reported to produce high values due to non-lipaemic causes, precipitation of paraproteins (IgM kappa and lambda) in the Beckman serum index diluent (22). This requires samples with elevated lipaemic levels to be visually inspected for true lipaemia before reporting any results including the
lipaemic index. In our experience this false high lipaemic index values in samples that are not visibly
lipaemic can be correctly obtained by the use of
normal saline as the index diluent.
Our practice with lipaemic samples presenting for
the first time is to have lipids automatically performed even if they have not been requested by agreement with the hospital as a proactive service to
aid clinicians with accuracy in patient care decision. Such lipaemic samples are indicative of serious and clinically important patho-physiological
changes. This is now a standard procedure throughout our entire network of 33 laboratories servicing all the public hospitals in our state. Results re-
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ported from ultracentrifuged or lipid reduced samples are appropriately annotated to ensure clinicians are aware highest quality results have been
reported. However, it is not advocated every laboratory implement such steps until it is authorized
by laboratory management and clinical governance bodies of their hospital or health care institution.
One final point is the high speed centrifuges are
not recommended for centrifugation of whole blood samples but serum or plasma only. Ideally laboratories will need to validate this procedure with
there respective micro-centrifuges.

Conclusion
Not every laboratory can afford or will be equipped with an ultracentrifuge for the very small number of lipaemic samples that may be received per
year. The procedure utilized in this study using a
high speed micro-centrifuge showed it is effective
in reducing lipid levels and produce a suitable alternative to ultracentrifuged samples to provide
accurate analytical results. This procedure may serve as a standardized guideline in laboratories with
high speed micro-centrifuges to improve the handling of lipaemic samples and minimise analytical
errors.
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Lipemični uzorci: Učinkovit proces uklanjanja lipida centrifugiranjem s
velikim brojem okretaja u usporedbi s ultracentrifugiranjem
Sažetak
Uvod: Mnogo se pažnje pridaje smanjenju broja laboratorijskih pogrešaka i poboljšanju bolesnikove sigurnosti. Lipemični uzorci su uzrok analitičkih pogreški te time predstavljaju izazov za laboratorije, a posebno za one koji nisu opremljeni ultracentrifugom. Uzroci lipemije mogu biti fiziološki (postprandijalni metabolizam), parafiziološki (npr. intravenska primjena lipida) kao i metabolički poremećaji (npr. hipertrigliceridemija).
Ispitanici i metode: Ispitivali smo 10 nativnih mješavina lipemičnih uzoraka (raspon koncentracije triglicerida 11,6-42,7 mmol/L) primjenom
mikrocentrifuge s velikim brojem okretaja (centrifugiranje dva puta na 21,885 x g kroz 15 min) da vidimo mogu li se ukloniti lipidi te usporedili s
postupkom na ultracentrifugi, a sve to u svrhu dobivanja točnih rezultati mjerenja. Prikazane su koncentracije natrija, kreatinina, urata, ukupnih
proteina, razine laktat-dehidrogenaze (LD), koncentracije magnezija te rezultati analiza za kolesterol i trigliceride dobiveni na analizatoru Beckman DxC800.
Rezultati: Podatci iz naše kliničke ustanove pokazali su da ~0,7% primljenih uzoraka za ispitivanja lipida imaju koncentracije > 10 mmol/L
što potencijalno može uzrokovati analitičku interferenciju. Srednje vrijednosti razlike mjerenja na početku i završetku centrifugiranja mješavina
uzorka bile su: koncentracija kolesterola 4,9 mmol/L kod ultracentrifugiranja i 3,1 mmol/L kod centrifugiranja s velikim brojem okretaja i koncentracija triglicerida 17,4 mmol/L kod ultracentrifugiranja i 15,0 mmol/L centrifugiranja s velikim brojem okretaja. Podaci potvrđuju da je centrifugiranje s velikim brojem okretaja gotovo jednako učinkovito kao ultracentrifugiranje kod uklanjanja lipida.
Zaključak: Postupak centrifugiranja na mikrocentrifugi s velikim brojem okretaja primijenjen u ovom ispitivanju pokazao se učinkovitim kod uklanjanja lipida, što ga čini prikladnom alternativom ultracentrfugiranju uzoraka kako bi se dobili točni rezultati mjerenja.
Ključne riječi: lipemija; interferencija; ultracentrifugiranje; centrifugiranje s velikim brojem okretaja
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