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Abstract

Introduction: Hemolysis is still the most common reason for rejecting samples, while reobtaining a new sample is an important problem. The aim
of this study was to investigate the effects of hemolysis in different hemolysis levels for mostly used biochemical parameters to prevent unnecessary
rejections.

Materials and methods: Sixteen healthy volunteers were enrolled in the study. Four hemolysis levels were constituted according to hemoglobin
concentrations and they were divided into five groups: Group I: 0-0.10 g/L, Group II: 0.10-0.50 g/L, Group IlI: 0.51-1.00 g/L, Group IV: 1.01-2.50 g/L,
Group V: 2.51-4.50 g/L. Lysis was achieved by mechanical trauma.

Results: Hemolysis interference affected lactate dehydrogenase (LD) and aspartate aminotransferase (AST) almost at undetectable hemolysis by
visual inspection (plasma hemoglobin < 0.5 g/L). Clinically meaningful variations of potassium and total bilirubin were observed in moderately he-
molyzed samples (hemoglobin > 1 g/L). Alanine aminotransferase (ALT), cholesterol, gamma glutamyltransferase (GGT), and inorganic phosphate
(P) concentrations were not interfered up to severely hemolyzed levels (hemoglobin: 2.5-4.5 g/L). Albumin, alkaline phosphatase (ALP), amylase,
chloride, HDL-cholesterol, creatine kinase (CK), glucose, magnesium, total protein, triglycerides, unsaturated iron binding capacity (UIBC) and uric
acid differences were statistically significant, but remained within the CLIA limits.

Conclusion: To avoid preanalytical visual inspection for hemolysis detection, improper sample rejection, and/or rerun because of hemolysis, it is re-
commended in this study that, routine determination of plasma or serum free hemoglobin concentrations is important. For the analytes interfered
with hemolysis, new samples have to be requested.
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Introduction

Hemolysis is the most common preanalytical sour-
ce of error in clinical laboratories and responsible
for nearly 60% of rejected samples (1,2). It may oc-
cur both in vivo or in vitro. The ratio of in vivo he-
molysis is only 3.2% of all the hemolyzed specime-
ns (3). In vitro hemolysis occurs more often and it
is caused by improper sample drawing, handling
or centrifugation. Especially hardly collected sam-
ples, or stored and/or transported, have increased
risks for hemolysis.

Most of the hemolyzed samples are being rejec-
ted on pre-analysis stage according to the visual

detection of serum interferences, even if the
requested tests may not be interfered with hemo-
lysis. Besides, according to the reports, visual as-
sessment of sample hemolysis showed little agree-
ment with the actual concentration of hemoglobin
interferent (4-7).

Conversely, even if the hemolysis is not visible, the-
re is also a discharge of the cell constituents into
serum or plasma (8). So invisible hemolysis is an
important cause of false results and has to be de-
tected before the investigation procedure. Increa-
sed number of biochemical tests, number of sam-
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ples and increased automation obligated labora-
tory staff to study harder, give results faster, so
pre-analytical determination of hemolyzed sam-
ple and determination of interfered analytes befo-
re analysis became more important.

Since the knowledge of possible effects is impor-
tant for correct interpretation of the results, the
aim of the present work was to evaluate the effec-
ts of hemolysis interferences in different levels on
routine commonly used biochemistry tests. Resul-
ts of this study may help to prevent unnecessary
rejections of samples.

Materials and methods

The venous blood samples, collected from 16 heal-
thy volunteers, were taken into 5 different hepari-
nized tubes (Vacuette ® Greiner Labortechnik, Ger-
many) to study the effect of in vitro hemolysis.
Four samples were drawn through the needles of
5 mL syringe (1.5 inch, 21 gauge) speedily for 2, 4,
6 and 8 times respectively to lyze the cells by mec-
hanical trauma to obtain slightly, mildly, modera-
tely and severely hemolyzed samples. They were
all centrifuged at 1000 x g for 15 minutes. This met-
hod of cell lysis was chosen because blood tran-
sferring into a tube by pushing forcely down on
the syringe plunger is analogous to the mechani-
cal disruption of erythrocytes that frequently oc-
curs during blood collection. In this method there
is no standardization way of the force applied whi-
le transferring the blood by syringe. Besides every
patients’ fragility of red blood cell is different, so
free Hb concentrations of all samples were not cor-
related with the force.

After measuring free Hb concentrations of the he-
molyzed samples, the samples were grouped ac-
cording to their free Hb concentrations. The exclu-
sion criteria of a hemolyzed sample was the con-
centration of its free Hb concentration discordant
with the degree of hemolysis determined for each
group, so the number of samples were not equal
at each group.

Free Hb of the samples were measured spectrop-
hotometrically (Shimadzu Corporation; Kyoto, Ja-
pan) with Na,CO;, solution (10 mg/100 mL) as a rea-
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gent (9). Absorbances were measured at 415, 450
and 700 nm for all hemolyzed and diluted plasma.

Total plasma hemoglobin was calculated accordi-
ng to the formula:

Hb = 154.7 x (A425) - 130.7 X
(A450) — 123.9 x (A700) (9).

(Reference ranges: 0-0.1 g/L for plasma free Hb).

Specimens were categorized according to the Hb
concentrations into 5 groups:

Group | (0-0.1 g/L), nonhemolyzed (N = 15);

Group Il (0.10-0.50 g/L) slightly hemolyzed (N =
12);

Group 11 (0.51-1.00 g/L) mildly hemolyzed (N = 10);

Group IV (1.01-2.50 g/L) moderately hemolyzed) (N
=15);

Group V (2.51-4.5 g/L) severely hemolyzed (N =
12).

The results were analyzed to determine if slight,
mild, moderate or severe hemolysis had a signifi-
cant impact on the analyte concentrations.

All analytes were measured with Olympus ana-
lyzer with original reagents (Olympus AU2700 sy-
stem reagent, Olympus Diagnostica GmbH, Lis-
meehan, O’Callaghan’s Mills, Co. Clare, Ireland).

Plasma concentrations of albumin, alkaline phos-
phatase (ALP), alanine aminotransferase (ALT), a-A-
mylase, aspartate aminotransferase (AST), total bi-
lirubin, calcium, sodium, potassium, chloride, total
cholesterol (TC), creatine kinase (CK), creatinine,
gamma glutamyltransferase (GGT), glucose, high
density lipoprotein cholesterol (HDL-C), iron (Fe),
lactate dehydrogenase (LD), magnesium, inorga-
nic phosphate, total protein, triglyceride (TG), un-
saturated iron binding capacity (UIBC), urea, uric
acid were analyzed in all groups.

The effects of the hemolysis were evaluated accor-
ding to the total allowable error recommendatio-
ns of Clinical Laboratory Improvement Amen-
dments (CLIA'88) (10) (Table 1). CLIA" 88 regulations
have established fixed limits for assessing method
and laboratory performance for specific regulated
analytes. In practice, the total allowable error for a
given analytical method must be less than the res-
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pective CLIA fixed limits for the analyte in ques-
tion.

version 15.0 for Windows XP). Wilcoxon signed-ra-
nk test analysis was used; P values < 0.05 were con-

sidered statistically significant.
Statistical analysis

To compare the concentrations of the hemolyzed ~ Results

samples with nonhemolyzed samples, bias per-
centage was calculated by the formula:

[(CX = C1)/ C1)] x 100.

C1: concentration of nonhemolyzed sample,

As a result of the mechanical trauma, the median
free Hb concentrations for groups |, II, Ill, IV and V
were measured as 0.02, 0.27, 0.75, 1.27 and 3.34
g/L, respectively. At free hemoglobin concentra-
tion 0.5 g/L, hemolysis was visible by the red color
of the plasma.The results of the investigations we-
re all presented in Table 1 and shown in Figure 1.
Lactate dehydrogenase appeared to be most sen-

CX: concentration of hemolyzed sample.

All analyses were performed using Statistical Pac-
kage for Social Sciences statistical package (SPSS,

TasLe 1 Methods, median values of the analytes and free hemoglobin concentrations for each group, % bias of analyte concentra-
tions in comparison to the nonhemolyzed group, and + acceptable limits of CLIA’ 88, + desirable bias. Results with higher than CLIA
limits and statistically significant differences are marked in bold.

Free plasma hemoglobin, g/L

Analyte Method No lysis Desirable bias, + CLIA, +
0.27 0.75 1.27 3.34
Alburnin 475 49.1 48.1 49.8
(/L) Bromcresol green  47.8 (-1.2%) (+3.0%) (+0.6%) (+4.5%) 1.3% 10%
9 P=0.090 P=0646 P=0.069 P=0.002
ALP 90.5 83.5 96.0 71.5
(U/L, 37°C) PNPP 88.0 (-0.6%) (+8.5%) (+9.1%) (-9.5%) 6.4% 30%
! P=0473 P=0.034 P=0.592 P=0.050
ALT 13.0 17.0 22.0 21.0
(U/L, 37°C) UV without P5P 21 (+4.0%) (+3.0%) (+4.8%) (+20%) 12% 20%
! P=0.7177 P=0.244 P=0.347 P=0.004
Amvlase 47.5 45,5 50 50
(UL y37°c) CNP-triose 57 (-4.0%) (-7.2%) (-12.3%) (-16.7%) 7.4% 30%
! P=0.015 P=0.007 P=0.001 P=0.042
AST 200 21.5 24.5 32 50
(U/L, 37°C) UV without P5P ’ (+26.5%) (+22.5%) (+60%) (+163.2%) 5.4% 20%
! P=0.002 P=0.005 P=0.001 P=0.002
Bilirubin total /8 79 6 0.0
(umol/L) DPD, colorimetric 8.4 (-6.2%) (-15.6%) (-32.7%) (-100%) 10.0% 20%
H P=0.003 P=0.005 P=0.001 P=0.003
2.30 2.28 2.28 2.29
5 .
C?r'sx:l'/t?ta' Arsenazo Il 230 (+10%)  (06%)  (11%)  (0.0%) 0.8% m?~r}205| L
P=0.660 P=0.739 P=0185 P=0.348
Chloride lon- selective 106.5 106.5 106 106.5
(mmol/L) electrode 105 (-0.5%) (-0.5%) (+1.0%) (+0.5%) 0.5% 5%
P=0.121 P=0.161 P=0.007 P=0.025
Cholesterol enzymatic 4.54 4.70 4.63 >.04
(mmol/L) colo:limetri’c 4.47 (-0.9%) (+2.0%) (+3.5%) (+19.4%) 4.0% 10%
P=0.797 P=0.020 P=0.001 P=0.002

Biochemia Medica 2011,21(1):79-85
81




Koseoglu M. et al.

Hemolysis interference

Free plasma hemoglobin, g/L

Analyte Method No lysis 0.27 0.75 1.27 334 Desirable bias, + CLIA, =
K 81 86 97 112
(U/L, 37°C) UV-NAC activated 80.5 (-1.2%) (+6.8%) (+20.1%) (+16.7%) 11.5% 30%
' P=0.057 P=0.005 P=0.002 P=0.005
. 76 76.5 77.8 769
C(re;tc')rl‘/'f)e Jaﬁlirr:t‘; d/ 77.8 (-1.7%) (0.0%) (0.0%) (-2.3%) 3.4% 15%
H P P=0431 P=0783 P=0190 P=0112
GeT y-Glutamyl- 11 125 14 17
(U/L, 37°C) -carboxy- 14 (-12%) (-7.4%) (0.0%) (+25.9%) 10.8% -
! nitroanilide P=0.739 P=0107 P=0942 P=0.014
Glucose 494 4.36 4.72 4,58
(mmol/L) Hexokinase 477 (-1.1%) (-4.9%) (-1.2%) (-8.3%) 2.2% 10%
P=0.032 P=0.012 P=0.001 P=0.003
HDL-C direct, 1.18 1.18 1.09 1.10
(mmol/L) non-immuno- 1.12 (+1.1%) (+1.1%) (-2.3%) (-3.4%) 5.2% 30%
logic P=0.680 P=0.206 P=0.019 P=0.013
Iron 14.2 17.5 14.9 17.5
(umol/L) Tri-piridil-triazin 14.3 (+1.9%) (0.0%) (+3.8%) (+3.2%) 8.8% 20%
H P=0188 P=0.324 P=0.502 P=0476
LDH lactate-pyruvate 356 475.5 684 1297
(U/L, 37°C) S\)/l ! 279 (+21.1%) (+66.0%) (+145.2%) (+371.6%) 4.3% 20%
! P=0.002 P=0.005 P=0.001 P=0.002
Magnesium 0.82 0.84 0.82 0.90
(n’?moI/L) Arsenazo | 0.82 (0.0%) (+2.5%) (0.0%) (+12.8%) 1.8% 25%
P=0.564 P=0.083 P=0.001 P=0.002
Phosphorus Phospho- 0.90 0.84 0.94 1.02
(mrrﬁ)ol/L) -molybdate 0.90 (0.0%) (+2.0%) (+3.6%) (+10.5%) 3.2% 10%*
formation P=1.000 P=0.035 P=0.003 P=0.002
§ Potassium ion- selective 417 4.24 4.54 >-58 0.5
(mmol/L) electrode 4.10 (+3.5%) (+6.5%) (+10.7%) (+35.8%) 1.8% mmol/L
P=0.006 P=0.005 P=0.001 P=0.002
Protein. total 73.1 725 75.2 771
( /I,_) Biuret 74.7 (-1.4%) (+0.4%) (+0.7%) (+3.1%) 1.2% 10%
9 P=0.504 P=0.183 P=0944 P=0.002
§ Sodium ion- selective 143 142.5 142 140
(mmol/L) electrode 142 (+0.7%) (-0.4%) (0.0%) (-1.4%) 0.3% 4 mmol/L
P=0.262 P=0.731 P=0.377 P=0.205
Triglycerides enzymatic 1.34 1.34 115 0.90
(?nzqol 0 Colo)r’imetri'c 1.21 (13%)  (-0.8%)  (-5.6%)  (-19.4%) 10.7% 25%
P=0624 P=0.027 P=0.006 P=0.002
UIBC 379 38.2 38.5 38.7
(umol/L) nitroso-PSAP 38.8 (+1.7%) (+1.2%) (-0.9%) (+5.6%) - 10%*
H P=0.844 P=0641 P=0.683 P=0.011
Urea 443 4.26 4.51 493
(mmol/L) urease, UV 4.51 (-1.9%) (-1.9%) (0.0%) (+3.5%) 5.5% 9%
P=0.206 P=0.763 P=0.755 P=0.190
Uric acid 285.6 261.8 273.7 238
(umol/L) uricase, UV 285.6 (-3.0%) (-1.1%) (-4.7%) (-5.9%) 4.8% 17%
H P=0.380 P=0.132 P=0.003 P=0.003

To compare the values, both CLIA’88 allowable limits and Analytical Quality Specifications for desirable bias (14,18) were given.
* according to the studies (2,8).
§ To compare the values of calcium with acceptable limits, % results were converted to mmol/L: 0.6% (0.05 mmol/L), 1.1% (0.025 mmol/L).

§ To compare the results of potassium with acceptable limits, % results were converted to mmol/L: 3.5% (0.14 mmol/L), 6.5% (0.26 mmol/L), 10.7%
(0.44 mmol/L), 35.8 % (1.47 mmol/L).
§ To compare the results of sodium with acceptable limits, % results were converted to mmol/L: 0.4% (0.50 mmol/L), 0.7% (1.00 mmol/L), 1.4%

(2.00 mmol/L).
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sitive to hemolysis; the increase of ~ 1000 U of lac-
tate dehydrogenase per liter resulted in a 4.5-fold
higher enzyme activity at 4.5 g of hemoglobin per
liter of plasma than at 0.27 g/L. A considerable in-
crease of 30 U/L in aspartate aminotransferase ac-
tivity was a 2.5 fold increase in this enzyme’s acti-
vity in severely hemolyzed plasma (hemoglobin <
4.5 g/L).

In electrolytes, potassium values were most affec-
ted, in direct proportion to the increased plasma
free hemoglobin concentration, the average in-
crease in potassium concentration being 1.48
mmol/L for hemoglobin concentrations up to 4.5
g/L, or about 1.4 fold (Figure 1).

Table 1 summarizes the influence of hemolysis on
routine biochemistry testing. Differences are given
as median values and percentage relative bias
from the baseline specimens (no lysis). As expec-
ted, LD, AST and potassium values showed signifi-
cant increases approximately linearly dependent
on the free Hb concentrations in hemolyzed plas-
ma. There was a decrease (100%) in total bilirubin
concentration (Figure 1).

Values of inorganic phosphorus were significantly
increased linearly with the increased free hemog-
lobin concentrations comparing with the baseline
specimens. Clinically meaningful (approximately
1.2 fold) increases in enzyme activities were obser-

400 -

300

200 —o—LDH
° AST
« 100
S ——K+
o

0 ‘4&.\< ——T.Bil
-100
-200 -
0.02 0.27 0.75 1.27 3.34
Hemoglobin, g/L

Ficure 1. Interferogram for hemoglobin and measured para-
meters: LD, AST, potassium and total bilirubin.

ved for GGT and ALT at 4.5 g of hemoglobin per li-
ter of plasma.

Of the analytes evaluated, the bias values recor-
ded for albumin, alkaline phosphatase, amylase,
calcium, chloride, HDL-cholesterol, creatine kinase,
creatinine, glucose, iron, magnesium, sodium, to-
tal protein, triglycerides, unsaturated iron binding
capacity, urea and uric acid were lower than the
CLIA allowable limits even in specimens containi-
ng up to 4.5 g/L of plasma hemoglobin although
for some analytes variations were statistically sig-
nificant (P < 0.05) (Table 1).

Although there was no given acceptable limit for
GGT in CLIA’ 88 considerations, we assumed the li-
mit as 20% like most of the other enzymes. For the
unsaturated iron binding capacity the evaluation
was done according to some studies which was
determined as +10% (11,12).

Discussion

Analytic hemolysis interference occurs when the
constituents of the plasma are at lower concentra-
tions than the constituents in erithrocytes. The re-
lease of erythrocytic constituents can result in in-
creased values for serum. Dilution is another pos-
sible effect especially for gross hemolysis, and may
result in decreased values. While Hb absorbance
peaks occur at ~417, 540, and 575 nm and at 415
nm (Soret wave) absorbs light very strongly, there-
fore at these wavelengths, spectrophotometric in-
terference occurs due to an increase in the optical
absorbance or a change in the blank value (8,11-
13).

Cell contents at higher concentrations of potas-
sium, phosphate, AST and LD enter the surroundi-
ng plasma when lysis of erythrocytes occurs (8,14).
As expected in the current study AST, LD, and po-
tassium values showed clinically meaningful in-
creases like previous investigations (8,11-17,19). So
we can say that even if macroscopically invisible
hemolysis occurs, AST and LD measurements may
contribute to high values.

Free hemoglobin with its pseudo-peroxidase acti-
vity interferes in the bilirubin procedure by inhibi-
ting the diazonium color formation. In our study,
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we found statistically low values for all groups as
in literature (11) and biochemical testing has to be
done for this assay with a new sample at hemoglo-
bin concentrations higher than 1 g/L.

For cholesterol, increase in concentration was sig-
nificant at 2.5 g/L of Hb levels. According to a stu-
dy, the interference may result from Hb decompo-
sition of hydrogen peroxide. This effect can be
compensated for by using an appropriate sample
blank (15). For HDL-C, the interference was not cli-
nically significant up to 10 g/L of hemoglobin con-
centration with the same assay method (20).

Although Hb is the major source of iron, hemolysis
has a very little effect on the serum iron assay whi-
ch may be caused by spectral overlap and by a
chemical reaction between hemolysate and reac-
tion components like ALP, GGT, amylase and iron
assays (11,12,21).

We found a slight decrease in glucose and uric
acid. This effect may become from a premature
decomposition of hydrogen peroxide by Hb (15).
Dilutional effect caused by the leakage of intracel-
lular components into the surrounding fluid espe-
cially in severe hemolysis may cause lower values
for glucose, sodium and calcium (14,19). In this stu-
dy no lysate or any other solution was added in
specimens which may also has a dilutional effect
on the analysis.

Although CK is not a constituent of erythrocytes,
intracellular adenylate kinase has been attributed
to the interference in the CK assay (14,19). Correc-
tion can be done by adding inhibitors such as ade-
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Ucinci hemolize na rutinsko odredivanje biokemijskih parametara

SaZetak

Uvod: Hemoliza je jos uvijek najcesci razlog odbijanja uzoraka, iako je ponovno dobivanje uzorka velik problem. Cilj ovog istrazivanja je ispitati
ucinke hemolize u njenim raznim stupnjevima za najce3ce odredivane biokemijske parametre kako bi se sprijecila nepotrebna odbijanja.
Metode i ispitanici: U ispitivanje je ukljuceno Sesnaest zdravih dobrovoljaca. Prema koncentracijama hemoglobina odredena su Cetiri stupnja
hemolize, a ispitanici su podijeljeni u pet skupina: Skupina I: 0-0,10 g/L, Skupina II: 0,10-0,50 g/L, Skupina Ill: 0,51-1,00 g/L, Skupina IV: 1,01-2,50
g/L, Skupina V: 2,51-4,50 g/L. Liza eritrocita je postignuta mehanickom traumom.

Rezultati: Interferencija uslijed hemolize utjecala je na odredivanje aktivnosti laktat-dehidrogenaze (LD) i aspartat-aminotransferaze (AST) kod
gotovo neprepoznate hemolize pri vizualnom pregledu (koncentracija hemoglobina u plazmi < 0.5 g/L). Primijecene su klinicki znacajne varija-
cije koncentracije kalija i ukupnog bilirubina u umjereno hemoliziranim uzorcima (hemoglobin > 1 g/L). Kod odredivanja aktivnosti alanin-ami-
notransferaze (ALT), gama-glutamiltransferaze (GGT) te koncentracije kolesterola i anorganskog fosfata (P) nisu primijecene interferencije sve do
stupnjeva jake hemolize (hemoglobin: 2,5-4,5 g/L). Razlike u aktivnostima alkalne fosfataze (ALP), amilaze, kreatinin kinaze (CK) te koncentra-
cijama albumina, klorida, HDL-kolesterola, glukoze, magnezija, ukupnog proteina, triglicerida i mokracne kiseline te u nezasicenom kapacitetu
vezivanja Zeljeza (UIBC) bile su statisticki znacajne, no unutar dozvoljenih granica prema CLIA kriterijima (engl. Clinical Laboratory Improvement
Amendments, CLIA).

Zakljucak: Kako bi se izbjegla prijeanaliticka metoda vizualnog pregleda uzorka za prepoznavanje hemolize, neodgovarajuce odbijanje uzoraka
i/ili ponovno testiranje uslijed hemolize preporuca se rutinsko odredivanje koncentracije slobodnog hemoglobina u plazmi ili serumu, kao $to
pokazuje ovo istrazivanje. Za odredivanje koncentracije ili aktivnosti analita koji ¢esto podlijezu interferenciji zbog hemolize potrebno je zatraZiti
novi uzorak.

Klju¢ne rijeci: hemoliza; pogrjeske u prijeanalitickoj fazi; interferencija; analiti

Biochemia Medica 2011,21(1):79-85
85






