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patient samples on emergency clinical biochemistry tests
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Abstract. Hemolysis is one of the most frequent causes of
pre-analytical errors in the emergency department (ED), and it
can lead to inaccurate blood results and often requires repeat
testing. The purpose of the present study was to evaluate the
effects of true hemolysis occurring in ED blood samples on
routine clinical biochemistry tests using the VITROS® 5600
Integrated system. A total of 92 pairs of blood samples were
collected from 92 ED patients. Each pair of samples included
one hemolyzed sample and one successful (non-hemolyzed)
redraw from the same patient. A total of 21 common labora-
tory analytes and the hemolytic index (HI) were examined.
The degree of hemolysis (slight, mild, moderate and heavy)
was determined based on the HI. A clinically significant
difference in one analyte was defined as a difference greater
than its Clinical Laboratory Improvement Amendments
of 1988 (CLIA'88) total allowable error (TAE) limits. The
results demonstrated that the mean differences in 11 serum
analytes (unconjugated bilirubin, Ca**, equivalent CO,, CI',
creatinine, glucose, Mg?*, phosphorus, Na*, urea nitrogen and
uric acid) in hemolyzed and non-hemolyzed samples were
within their CLIA'88 TAE limits, while the differences in the
other 10 analytes [alanine aminotransferase (ALT), albumin
(ALB), amylase (AMYL), aspartate aminotransferase (AST),
total bilirubin (TBIL), creatine kinase (CK), CK-myocardial
band isoenzyme (CK-MB), lactate dehydrogenase (LDH), K*
and total protein (TP)] in paired samples in at least one of
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the four groups were greater than their CLIA'88 TAE limits.
These results suggest that hemolysis had a notable impact on
ALT, ALB, AMYL, AST, TBIL, CK, CK-MB, LDH, K* and
TP levels. Furthermore, for ALT, AMYL, TBIL and TP, wet
chemistry methods displayed superior anti-hemolytic ability
compared with dry chemistry methods. Notably, a high
concentration of AST was less affected by hemolysis.

Introduction

The accuracy of clinical laboratory tests is crucial for deci-
sion-making in the diagnostic process. Hemolysis is one of the
most frequent pre-analytical errors. The prevalence hemolysis
is 3.3% of all laboratory samples (1) and 6-30% of blood
samples drawn in the emergency department (ED) (2-4). Most
hemolysis events occur in vitro in the ED (5), which could be
induced by improper techniques during blood collection and
processing (6). Hemolysis leads to inaccurate results and often
requires repeat testing, which can increase patient discomfort,
ED costs and throughput time (5), and thus, hemolysis has
a negative impact on the delivery and quality of healthcare.
Therefore, it is important to investigate the effects of hemo-
lysis of blood samples in clinical chemistry tests, particularly
in samples collected in the ED.

Most automated analyzers can assess the red blood cell
(RBC) hemoglobin content, thereby grading the degree of
hemolysis, expressed as the hemolytic index (HI), for all
plasma/serum samples. The influence of hemolysis on clinical
biochemistry tests has been investigated in previous studies,
which used three common methods (osmotic shock, freeze
or shear) to prepare the hemolysates (6-10). The hemoly-
sates obtained using the latter two methods contain cellular
constituents from all types of blood cells (RBCs, leukocytes
and platelets), whereas hemolysates obtained using the first
method (osmotic shock) only contain cellular constituents
from RBCs (11). Although the osmotic shock method was
recommended for use in the preparation of hemolysates (11),
all three methods mimic the hemolysis that may occur in
patient samples. In addition, these studies are almost always
performed using wet chemistry analyzers. Given the lack
of studies on hemolysis interference using a dry chemistry
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analyzer and the lysis methods, which do not completely reflect
true hemolysis in published results (6-10), 92 paired ED blood
samples were collected in the present study. Each pair included
one hemolyzed sample and one successful (non-hemolyzed)
redraw from the same patient, and 21 common laboratory
analytes were measured using the VITROS® 5600 dry slide
chemistry analyzer. The effects of true hemolysis occurring
in patient samples on routine clinical biochemistry tests were
evaluated. The results of the present study may help ED clini-
cians to adjust test results from hemolyzed samples without
resampling, thus improving the diagnostic accuracy and
enabling timely treatment of patients admitted to the ED.

Materials and methods

Blood specimen and clinical data collection. A total of
92 pairs of venous blood samples (3 ml) were collected by
venipuncture in vacuum tubes from 92 patients admitted to
the ED between August, 2018 and December, 2019 at the
Second Hospital of Tianjin Medical University (Tianjin,
China). One hemolyzed sample was identified by visual
detection, another blood sample was immediately drawn from
the same patient within 20 min, and the two blood samples
constituted one pair. The 92 patients did not receive any drug
treatment prior to the second blood collection. Furthermore,
the demographic and clinical data of the 92 patients were
collected, with a female/male ratio of 48/44, and a median age
of 75 years (3-103 years) and preliminary clinical diagnosis
(cancer, chronic kidney disease, diabetes mellitus, hyperten-
sion, etc.). Written informed consent was obtained from the
participating patients, or the parents or guardians of any
patients who were under the legal age of consent, and the study
protocol was approved by the Research Ethics Committee of
The Second Hospital of Tianjin Medical University (approval
no. KY2018K092).

Biochemical assays. Each pair of samples was examined
within 1 h after collection. Analyte concentrations and the
HI were measured on a VITROS 5600 Dry Slide Chemistry
Analyzer (Ortho Clinical Diagnostics, Inc.), which adopts
MicroSlide multi-coating film dry sheet technology instead of
colorimetric cups for wet chemistry. All serum analytes were
measured by dry chemistry, and for analytes that were highly
inconsistent with previous studies, the wet chemistry method
was used for comparison and verification. The following
21 serum analytes were measured: Alanine aminotrans-
ferase (ALT), albumin (ALB), amylase (AMYL), aspartate
aminotransferase (AST), total bilirubin (TBIL), unconjugated
bilirubin (Bu), Ca**,equivalent CO, (ECO,),Cl ', creatine kinase
(CK), CK-myocardial band isoenzyme (CK-MB), creatinine
(CREA), glucose (GLU), lactate dehydrogenase (LDH), Mg**,
phosphorus (PHOS), K*, Na*, total protein (TP), urea nitrogen
(UREA) and uric acid (URIC). According to descriptive
statistics (M, mean; SD, standard deviation; min, minimum;
max, maximum) for the HI, four hemolysis levels were deter-
mined, including slight hemolysis (SH; min<HI<M-SD), mild
hemolysis (MHI1; M-SD<HI<M), moderate hemolysis (MH2;
M=<HI<M + SD) and heavy hemolysis (HH; M + SD<HI<max)
groups. Differences in absolute or percentage analyte concen-
trations in paired serum samples were compared with total

allowable error (TAE) for the analytes established by the latest
update of Clinical Laboratory Improvement Amendments of
1988 (CLIA'88) (12,13). A clinically significant difference
in one analyte was defined as a difference greater than its
CLIA'88 TAE limit.

Statistical analysis. The paired samples t-test or Wilcoxon
signed-rank test were used for continuous variables, and a
y” test or Fisher's exact test were used for categorical variables.
A two-sided P-value <0.05 was considered to indicate statisti-
cally significant differences. SPSS version 25.0 (IBM Corp.)
was used for all statistical analysis.

Results

Patients and samples. A total of 92 pairs of blood samples
were collected from 92 ED patients. The primary reasons for
visiting the ED were fever (n=39; 42.4%), respiratory disease
(n=26; 28.3%), heart disease (n=24; 26.1%), and cerebrovas-
cular disease (n=11; 12%) (Table I). In addition, three pairs of
normal blood samples were collected from 3 of the 92 patients
who suffered a syncope, and the concentrations of blood
biochemical parameters change rapidly during syncope (GLU,
LDH and K*) were measured and found to have changed signif-
icantly (the values depicted as hemolyzed—non-hemolyzed):
GLU (n=3; 5.39—6.13, 6.63—5.2, 6.58—4.71), LDH (n=1,
875.3—1,028.2) and K* (n=1; 5.6—6.2).

Hemolytic effects on laboratory analytes. The effects of
hemolysis on 21 analytes were analyzed according to the
four hemolysis levels (SH, MH1, MH2 and HH; Table II). In
SH, MH1, MH2 and HH, the mean differences in 11 serum
analytes (Bu, Ca?*, ECO,, Cl', CREA, GLU, Mg**, PHOS, Na*,
UREA and URIC) between hemolyzed and non-hemolyzed
samples were within their CLIA'88 TAE limits; however, the
differences of the other 10 analytes (ALT, ALB, AMYL, AST,
TBIL, CK, CK-MB, LDH, K* and TP) in paired samples in at
least one of the four groups were greater than their CLIA'88
TAE limits. In SH, MH1, MH2 and HH, the concentrations
of ECO,, GLU, CREA and URIC in hemolyzed samples
were slightly lower compared with those in non-hemolyzed
samples, while the concentrations of Ca?*, Mg** and UREA
in hemolyzed samples were slightly higher compared with
those in non-hemolyzed samples. In SH, MH1, MH2 and
HH (with the exception of AST and CK-MB in MHI, and
of TP in SH), the differences in the levels of AST, CK-MB,
LDH, K* and TP between paired samples were greater than
their TAE limits. The difference of AST in MH1 within its
limit was possibly related to a small increase in AST levels
between five hemolyzed and non-hemolyzed samples with
high concentrations of AST. Of note, AST levels in seven
paired samples (non-hemolyzed vs. hemolyzed: 233.07+63.69
vs. 219.08+70.49; -6%) from 7 of the 92 patients suggested
that, in certain samples with initially high concentrations of
AST, the increase in AST with hemolysis was not significant.
In MH2 or HH, the differences in the levels of ALT, ALB,
AMYL, TBIL and CK between paired samples were greater
than their TAE limits, which indicated that only moderate or
heavy degrees of hemolysis could have a significant impact on
the detection of these analytes. The concentrations of these
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Table I. Clinical characteristics of 92 ED patients, from whom
92 pairs of venous blood samples were collected.

Characteristic Value, n=92
Median age (interquartile range), years 75 (57.5-84)
Sex, n (%)
Female 48 (52.2)
Male 44 (47.8)
Comorbid conditions, n (%)
Hypertension 9(9.8)
Diabetes mellitus 13 (14.1)
Heart disease 24 (26.1)
Respiratory disease 26 (28.3)
Hepatic disease 11 (12)
Chronic kidney disease 21 (22.8)
Cerebrovascular disease 11 (12)
Old cerebral infarction 3(3.3)
Cancer 3(3.3)
Shock 4(4.3)
Acute abdomen 7(7.6)
Trauma 4(4.3)
Symptom, n (%)
Fever 39 (42.4)
Syncope 33.3)
Emesis 4(4.3)

analytes, the differences in which they were greater than their
TAE limits, were statistically significantly different between
hemolyzed and non-hemolyzed samples (with the exception of
CK-MB in SH). In addition, the concentrations of Bu, PHOS,
AST, LDH, K* and TP in hemolyzed samples were higher
compared with non-hemolyzed samples, and their differences
in paired samples gradually increased (with the exception of
AST in MH1), with the increase in hemolysis levels partly
due to the release of PHOS, AST, LDH and K* from lysed
RBCs (14,15). Interestingly, the differences in URIC levels
were greater than their TAE limits only in six paired samples,
and the corresponding ED patients (n=6) were all women.

Discussion

Given that the lysis methods in published results (6-10) do not
completely reflect true hemolysis, 92 paired ED blood samples
were successively collected, each including one hemolyzed
sample and one successful (non-hemolyzed) redraw from the
same patient within 20 min in the present study. Taking into
consideration that most contemporary biochemical analyzers
can provide a HI, the classical hemolysis grading chart was
abandoned and replaced directly by the HI value; further-
more, total results analyzed were classified into four groups
according to the dispersion degree of HI (16). In addition, as
the effect of hemolysis on a particular analyte differs in terms
of direction of bias and magnitude of the bias in different
instruments (15), it was deemed necessary to build a hemolytic
interference threshold in the emergency laboratory using a dry

chemistry analyzer, which adopts MicroSlide multi-coating
film dry sheet technology instead of colorimetric cups for wet
chemistry, in order to compare with wet chemistry analyzers
used in previous similar studies (8-11,17). Dry chemistry
analyzers have few or no other supporting facilities or devices,
and analyses are easily performed in a timely and convenient
manner; therefore, their application may be more suitable for
emergency clinical biochemistry tests. However, wet chem-
istry analyzers are more suitable for mass detection of general
inpatients and outpatients, due to the considerably lower cost
of reagents. In the present study, all 21 serum analytes were
measured by dry chemistry, and for analytes (ALT, AMYL,
TBIL and TP) that were highly inconsistent with previous
studies, the wet chemistry method was used for comparison
and verification.

The effects of hemolysis may be categorized into three
mechanisms, as described by Lippi et al (1). First, hemolysis
may falsely increase blood constituents, such as K*, AST,
PHOS and LDH, as their content in RBCs is high and they
are released upon RBC lysis (14,15). Second, hemoglobin
released by hemolysis can falsely increase or decrease colori-
metric/turbidimetric results for other substances. Hemoglobin
absorbs strongly at 415, 540 and 570 nm, and will therefore
affect the concentration of analytes, the quantification of which
relies on measurements close to these wavelengths, such as
TBIL and AMYL, amongst others (1,9). Third, hemolysis can
falsely inhibit biochemical reactions, such as the generation of
spuriously high CK activity due to the competitive activity of
RBC adenylate kinase (8). Notably, no previous articles had
compared the difference between the two methods, most of
samples adopted in the present study were collected from old
patients. However, the previous studies all used samples from
healthy volunteers. Thus, the present study was closer to the
actual situation in a hospital.

In the present study, hemolysis had a small impact on
the detection of serum parameters of renal function (CREA,
UREA and URIC), serum electrolytes and metals (Ca**,
ECO,, CI', Mg*, PHOS and Na*), and Bu and GLU. The small
influence of hemolysis on the readings of these parameters
(CREA, UREA, URIC, Ca*, ECO,, Na*, Bu and GLU) was
also reported by previous studies (8-11). In HH, the differ-
ence in PHOS levels between paired samples within its TAE
limit was inconsistent with previous reports (9,10), which may
be due to the small number of samples in the HH group in
the present study. An increase in CK and CK-MB levels in
hemolyzed samples compared with non-hemolyzed samples
may reflect a false elevation caused by adenylate kinase release
from RBCs (15,18,19). The negative hemolysis interference
with ALT in the present study was also inconsistent with
previous studies (8-10,20-22), which showed no significant
interference of hemolysis with ALT. The AMYL and TP
levels increased in samples with hemolysis, and the increases
were greater than their TAE limits in the MH2 and HH
groups. However, previous reports only showed a mild inter-
ference of hemolysis with AMYL and TP levels (8-10,15,19).
TBIL levels also increased notably in hemolyzed samples
compared with non-hemolyzed samples, in accordance
with previous studies (10,11,21,22). However, other previous
studies only showed a mild interference of hemolysis with
TBIL (8,9,20). These inconsistencies between the present and
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previous investigations are likely attributed to the differences
between dry and wet chemistry methods. Compared with
wet chemistry methods [(AMYL, continuous monitoring
method (wavelength, 405 nm); TBIL, diazonium salt method
(wavelength, 540 nm) or vanadate oxidase method (wave-
length, 450 nm)], the wavelengths [AMYL, kinetic method
(540 nm); TBIL, diazonium salt method (540 nm)] used by dry
chemistry methods are all within the region of 510-620 nm,
where hemoglobin absorption occurs (23), which may be the
primary reason for the interference of hemolysis with these
two parameters. Another 20 paired ED blood samples were
collected and operated on the same principle to detect ALT
and TP simultaneously using dry and wet chemistry methods.
Their differences using dry chemistry methods (n=20; ALT:
-19.1%; TP: 14.3%) were greater compared with those using
wet chemistry methods (n=20; ALT, -4.44%; TP, 4.8%).
These two inconsistencies between the present and previous
investigations are more likely to originate from the different
antihemolytic properties of dry and wet chemistry methods
for detecting ALT and TP. Compared with dry chemistry
methods, wet chemistry methods may exhibit considerably
better anti-interference ability when exposed to hemolyzed
samples.

In addition, it was previously indicated that certain comor-
bidities, such as diabetes mellitus, cancer, multiple sclerosis,
the postmenopausal state, and patients undergoing therapeutic
interventions and treatments, such as chemotherapy, anticoagu-
lant therapy or injection of contrast media, could increase RBC
fragility, which can yield in vitro hemolysis (15). Regrettably,
no similar conclusions could be drawn in the present study,
which was possibly due to the small sample size.

Additional limitations of the present study included the
reliance on the VITROS 5600 Dry Slide Chemistry Analyzer,
the fact that most samples were obtained from elderly patients,
and the small sample sizes. Further studies are required to
increase the number of samples and investigate the mecha-
nisms underlying the hemolysis-mediated changes in blood
biochemical parameters.

In summary, the mean differences in the levels of 11
serum analytes (Bu, Ca**, ECO,, CI, CREA, GLU, Mg*,
PHOS, Na*, UREA and URIC) between hemolyzed and
non-hemolyzed samples were within their CLIA'88 TAE
limits, while the differences in another 10 analytes (ALT,
ALB, AMYL, AST, TBIL, CK, CK-MB, LDH, K* and TP)
between paired samples in at least one of the four HI grading
groups were greater than their CLIA'88 TAE limits. For ALT,
AMYL, TBIL (vanadate oxidase method) and TP, wet chem-
istry methods appeared to display excellent anti-hemolytic
ability compared with dry chemistry methods. Notably, a
high concentration of AST was less affected by hemolysis,
and the blood levels of certain biochemical parameters (such
as GLU, LDH and K*) may change rapidly during certain
symptoms/complications, such as syncope. Hemolysis may
impact the results of laboratory measurements, particularly
when HI=MH?2 (HI=136.97); otherwise, more attention must
be paid to AST, LDH and K* levels. Of note, the degree of
the influence of hemolysis differs between dry and wet chem-
istry methods. The results of the present study may assist ED
clinicians in improving the pragmatism of disease diagnosis
and treatment.
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