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Abstract

Hemolysis is a common pre-analytical error that can affect the accuracy of biochemical assay
results. The aim of the study is to investigate the impact of hemolysis on the measurement of nine

emergency biochemical parameters: glucose, creatinine, calcium, potassium, sodium, Aspartate



Aminotransferase (AST), Alanine Aminotransferase (ALT), total bilirubin, and direct bilirubin. The
study included blood samples collected from various units of the maternity hospital, including
high-risk pregnancies follow-up, postpartum care, gynecology, neonatology, and intensive care.
The study employs a Hemolysis Index (HI) to monitor and assess sample quality, determining
their suitability for the analysis of the nine aforementioned biochemical parameters. The results
reveal that hemolysis can significantly affect the accuracy of tests results for the studied
parameters, particularly for potassium (increased 4-12 times) and AST (increased 1.47-48.55
times). Three of the studied substances showed a significant, negative, and moderate correlation
with HI after the osmotic shock was induced, including AST (r =-0.501, p = 0.006), ALT (r = -
0.516, p =0.004), and sodium (r =-0.598, p = 0.001). Conversely, no significant association was
found for the other parameters, which are: glucose (r = 0.079, p = 0.639); creatinine (r = 0.140, p =
0.402); direct bilirubin (r = 0.292, p = 0.075); total bilirubin (r = 0.272, p = 0.114); calcium (r =
0.215, p =0.196); and potassium (r = -0.188, p = 0.258). Our findings indicate that HI may not be
helpful for calculating a predicted value for samples with HI ranging between 87.30 and 295.9.
Therefore, it is crucial to establish a threshold for the degree of hemolysis beyond which releasing
the result would be considered potentially harmful to the patient especially new-borns and
premature infants. In conclusion, the appropriate use of HI in clinical laboratories can enhance
patient care quality by minimizing the risk of misdiagnosis leading to inappropriate treatment,

particularly when requesting a second sample is not feasible.

Introduction

Hemolysis is defined as the expulsion of red blood cells' cellular contents through membrane

rupture. It is considered "troublesome" in the field of medical analysis. Some authors use the term



"analytical error",! due to hemolysis, and others use the term "analytical interference".?* First of all,
it seems more relevant to distinguish between these two terms: an analytical error is a concept
linked to a result skewed by different factors affecting a given analyte's assay technique; analytical
interference is, as described in the article on technique validation, is “a perturbation: modification of
the measured signal, relative to a determined concentration, following the presence of a body
accompanying the analyte in the medium subjected to the analysis, modifying the accuracy of the
results.” It follows that interference is one of the causes of errors due to a spectral disturbance.
Hemolysis frequently causes errors in laboratory testing. The rate of hemolyzed samples received in
clinical laboratories is around 10%;? about 60% of these samples, are banned from analysis because
they are a frequent reason for rejection on rough visual observation.? Even stronger: some clinical
laboratories even systematically do not accept-hemolyzed samples.’> Hemolysis is visually
recognised at 0.1 g/L (1.55 umol/L) for some professionals.® or at 0.2 g/L (3.1 pmol/L) for others’.
But even though it remains invisible, it also constitutes a possible source of erroneous results? that
can compromise the clinical diagnosis as well as the follow-up of the patient.

There are two types of hemolysis: in vivo and in vitro, the first being much rarer than the second
(3.2% of all hemolyzed samples).? The causes of in vifro hemolysis are almost entirely related to the
preanalytical conditions.’ These include contact with foreign surfaces, sampling procedures,
transport conditions, and improper centrifugation or separation of samples.” Regarding in vivo intra-
vascular hemolysis, there are three common etiologies: hemolytic anemia, cardiovascular surgery,
patients under circulatory assistance.

Hemolysis Index (HI) is a reliable predictor of hemolysis.® This index is commonly used to assess
the presence of hemolysis in serum samples. Different wavelengths have been investigated for
measuring HI, with findings indicating that the optimal wavelength is precisely 571 nm.’ The use of
a reference chart aids laboratory personnel in determining if a hemolyzed sample is acceptable for

testing and provides guidance on result interpretation.!® The spectrophotometric assessment of cell-



free hemoglobin (fHb) concentration, correlated with HI, serves as a reliable marker of red blood
cell damage and can be used to screen patients suspected of having intravascular hemolysis.!!

The purpose of this work is to clarify the influence of hemolysis on the measurement of nine
biochemical parameters involving glucose, creatinine, calcium, Aspartate Aminotransferase (AST),
Alanine Aminotransferase (ALT), total bilirubin, and direct bilirubin which are assayed by
spectrophotometry and potassium, sodium, assayed by selective electrode and to validate or
invalidate the results of these measurements. This is crucial because the prognosis of a patient often
depends on the reliability of the values provided by the laboratory to the clinician, especially in

emergency structures.

Materials and Methods

Experimental design

Blood samples were collected from the maternity hospital in Sidi Bel Abbés, Algeria. Fifty samples
were collected from various units of the maternity hospital, including high-risk pregnancy follow-
up, postpartum care, gynecology, neonatology, and intensive care. The contents of each sample
were poured into two separate lithium heparin tubes. One of these tubes was subjected to induced
hemolysis. Osmotic shock was triggered by adding an equal volume of injectable water to the
blood.!? This causes an increase in the volume of erythrocytes followed by their rupture. All tubes
(normal and hemolyzed) were centrifuged at 3500 rpm for 10 minutes. To avoid any potential bias
due to hemolysis, only samples with normal serum bilirubin levels were selected and retained. Nine

serum biochemical parameters were evaluated before and after hemolysis (Figure 1).



Biochemical parameters assessment

Sodium and potassium levels were determined using an EasyLyte Na/K analyser (Medica
Corporation, Bedford, MA, USA). All other serum biochemical parameters were measured before
and after hemolysis using an XL-300 biochemistry analyser (Erba Diagnosis, Mannheim, Germany)
with its reagents and multi-calibrator. Dosing methods are described as follow: Glucose (Glucose
oxydase - Glucose peroxydase (GOD-POD)), creatinine (Jaffe’s reaction), calcium (Arsenazo III,
complexon), AST and ALT (International Federation of Clinical Chemistry, without pyridoxal

phosphate), total and conjugated (direct) bilirubin (Cetrimonium bromide, accelerator).

HI determination

HI level was determined using two points of photometric measurements according to the following

formula:
a = 1600
) 5 B = A700
HI = Z((y) (55) (@ - ,3)) y = 1570 ®
10 A=1271
B =12100
Where:

a, B and y represent the absorbance values of each wavelength that are obtained from
measurements of samples and phosphoric acid buffer and corrected by water blank, A and B are

constants.



Statistical analysis

Scatter plots and box plots were created using Microsoft Office Excel 365. The data were analysed
using IBM SPSS version 28 and expressed as mean and standard deviation, the mean difference is
presented at 95% confidence interval. The comparison between serum biochemical parameter levels
before and after hemolysis was done using a paired Student test and their association with the
Pearson correlation test. The association between serum biochemical parameter levels and HI after
hemolysis was tested using Pearson correlation test. All p-values less than 0.05 are considered as

statistically significant.

Results

HI

HI was slightly and significantly different before and after hemolysis (p = 0.021).

Glucose

The comparison between glucose levels before and after hemolysis was significant (p < 0.001) with
a mean difference of -75.6 mg/dL (Table 1). In addition, serum glucose levels were negatively,
strongly, and significantly correlated before and after hemolysis (r = 0.844, p < 0.001). Moreover, a
positive, weak, and non-significant correlation (r = 0.079, p = 0.639) was recorded between serum

glucose levels and HI after hemolysis (Figure 2A).



Creatinine

The measurement of serum creatinine level after hemolysis revealed a significant increase (p <
0.001), the mean difference was about -0.5 mg/dL (Table 1). In fact, serum creatinine level was
significantly proportional before and after hemolysis (r = 0.638, p < 0.001). Conversely, a positive,
weak and non-significant correlation between serum glucose levels and HI after hemolysis was

indicated (r = 0.140, p = 0.402) (Figure 2B).

Aspartate aminotransferase (AST)

AST assessment before and after hemolysis was markedly different (p <0.001), the mean
difference reached -279.6 UI/L (Table 1). Furthermore, a negative weak and non-significant
correlation between serum AST levels before and after hemolysis was shown. Besides, a negative
moderate, and significant correlation (r =-0.501, p = 0.006) between AST levels and HI after

hemolysis was found (Figure 3A).

Alanine aminotransferase (ALT)

A significant rise in ALT after hemolysis was marked (p < 0.001) with a mean difference of -50.2
UI/L (Table 1). Also, a positive, weak and significant correlation between serum ALT levels before
and after hemolysis was observed (r =-0.171; p = 0.351). Moreover, a negative, moderate and
significant correlation (r =-0.516, p = 0.004) between serum ALT levels and HI after hemolysis

was marked (Figure 3B).



Direct bilirubin

Higher levels of direct bilirubin were obtained after hemolysis (p < 0.001); the mean difference was
about -1.0 mg/dL (Table 1). What's more, direct bilirubin levels were significantly and moderately
proportional before and after hemolysis (r = 0.297; p = 0.038). Equally, direct bilirubin
concentrations increase moderately and non-significantly (r = 0.292, p = 0.075) with HI after

hemolysis (Figure 4A).

Total bilirubin

Serum total bilirubin values slightly decreased after hemolysis (p < 0.001), with a mean difference
in the range of 0.5 mg/dL (Table 1). Additionally, total bilirubin values were significantly and
moderately proportional before and after hemolysis. Similarly, total bilirubin concentrations

increase moderately but not significantly (r = 0.272, p = 0.114) with HI after hemolysis (Figure 4B).

Calcium

After hemolysis, a considerable change in serum calcium concentrations was found (p < 0.001); the
mean difference was about 48.9 mg/L (Table 1). This reduction was positive and significant before
and after hemolysis. On the other side, calcemia was weakly and non-significantly associated (r =

0.215, p = 0.196) with HI after hemolysis (Figure 5A).

Sodium

The ionogram revealed a significant decrease in sodium after hemolysis (p < 0.001); the mean



difference was around 35.8 mmol/L (Table 1). A positive moderate and significant correlation was
shown before and after hemolysis. Serum sodium concentrations were negatively, moderately, and

significantly correlated (r = -0.598, p = 0.001) with HI after hemolysis (Figure 5B).

Potassium

The kalemia increase was noticeable after hemolysis (p < 0.001); the mean difference was -37.0
mmol/L (Table 1). What's more, the kalemia levels were not significantly associated (r = 0.069, p =
0.628). Equally, no association (r = -0.188, p = 0.258) was found between kalemia and HI after

hemolysis (Figure 5C).

Discussion

The medical laboratory is confronted daily with the influence of hemolysis on clinical chemistry
tests. The technical staff involved in the sampling must be attentive to blood quality in order to
minimise the number of unsuitable samples.'*'* There is no yet consensus on the link between
analytical error and the value of fHb for a given analyte

In vitro hemolysis interference is a disturbance that causes inaccurate results. It may be due to the
release of constituents of the erythrocyte cytoplasm (including hemoglobin) into plasma or serum.
On the other hand, the intervention of hemoglobin as pseudo-peroxidase, in the chemical reaction
involving the generation of reactive oxygen species can also participate.!> Another cause is spectral
interference. !

There are three phenomena caused by hemolysis that affect the measured analytes. The first case is
the absence of interference with the parameters regardless of their values (normal, high, or low),

such as calcium and urea, for a hemoglobin concentration up to 1000 umol/L (16.1 g/L) or even



2000 umol/L (32.2 g/L). The second phenomenon is the elevation of the analyte, depending on HI.
The concentrations of certain parameters in erythrocytes are significantly higher than their
concentrations in plasma. (Example: HI is ascending and proportional to the increase in AST
concentration). The third phenomenon is physical or chemical interference compared to the plasma
value of the analyte. Overall, a noticeable influence of hemolysis is observed for normal values but
negligible for pathological values. An example of this interference is the overestimation of
creatinine for normal or low values; this increase never reaches double the true value. Multiplying
AST by 10 or 20 does not affect ALT in the same way, which can only double or triple (ALT is less
elevated in erythrocytes than AST).!6-2

The present study reveals significant alterations in several biochemical parameters following
hemolysis, highlighting the impact of this phenomenon on serum levels. Notably, we observed a
marked increase in AST (-279.6 £ 247.2 UI/L), potassium (-37.0 + 8.5 mmol/L), glucose (-75.6 =
36.2 mg/dL), creatinine (-0.47 + 0.32 mg/dL), and ALT (-50.2 &+ 55.2 UI/L), while a decrease in
total bilirubin (0.5 £ 0.5 mg/dL), calcium (48.9 + 15.4 mg/L) and sodium (35.8 = 11.6 mmol/L) was
observed. This pattern of changes highlights the complex interplay between hemolysis and serum
biochemistry.

These findings align with previous studies examining the impact of hemolysis on various
biochemical markers. Ercan®’ reported an increase in AST between 51.61-97.85%, ALT between
6.78-10.24%, potassium between 13.27-23.63%, creatinine between 2.5-3.57%, and a decrease in
total bilirubin between 7.41-1.85%, calcium between 0.52-0.83%, and sodium between 0.14-0.79%.
Koseoglu ef al.? observed similar trends, with increases in ALT between 4.8-20%, AST between
60-163%, potassium between 10.7-35.8%, and decreases in creatinine between 0-2.3%, glucose
between 1.2-8.3%, calcium, and sodium between 0-1.4%. While our study shows a decrease in total

bilirubin, Ercan®’ reported a decrease between 7.41-1.85% and Koseoglu et al.? observed a decrease



between 32.7-100%. Additionally, our study shows a decrease in direct bilirubin (-1.0 £ 0.6 mg/dL)
whereas Ercan? reported direct bilirubin to be 180% or indeterminate.

To address the issues related to the influence of hemolysis, it is necessary to rigorously recognise
and report any manipulation that may lead to in vitro hemolysis. There are three possible directives
for hemolysis. The first is the measurement of fHb.!” The second is to notify the clinician.!* The
third is to request a new sample if the first two guidelines fail.

Hemolysis can affect the accuracy of blood glucose measurements.'® It is therefore important to
consider the presence of hemolysis when interpreting blood glucose results, as it can lead to a
decrease in blood glucose. This decrease can be explained by two hypotheses: premature
decomposition of hydrogen peroxide (a chemical component in the GOD-POD method for blood
glucose measurement), or a dilution effect caused by the release of erythrocyte fluid content.!
Studies have shown that hemolysis can interfere with the measurement of creatinine in clinical
laboratory tests. In one study, samples with significant hemolysis were not accepted for creatinine
analysis.!® Another study found that the log (RBC-Hb/RET-Hb) ratio, which is a measure of red
blood cell survival and hemolysis, is significantly correlated with an overestimation of serum
creatinine.?’ Furthermore, a study comparing various methods of blood sample transport found that
samples transported by a pneumatic tube system had a greater occurrence of hemolysis and higher
median creatinine concentrations.?! According to Poupon et al.,? the effect of hemolysis on
creatinine varies depending on the two common analytical techniques available on the market
(Jaffe’s method at 510 nm, with an increase limited to twice the original value) or (PAP method at
340 nm, with no influence). These results indicate that HI can affect blood creatinine assessment if
the Jaffe’s method is used, further highlighting the importance of considering hemolysis when
interpreting creatinine results in clinical practice.

Studies have demonstrated that AST levels are particularly elevated in the presence of hemolysis. In

sickle cell disease, AST is released via intravascular hemolysis, leading to higher AST levels



compared to ALT.? Furthermore, another study found that HI can provide information on analytes
affected by hemolysis, and that AST was one of the analytes influenced by hemolysis.?* In patients
with chronic hepatitis C virus (HCV) infection, liver damage is less severe in those with normal
serum ALT levels compared to those with elevated ALT levels.?>? However, some patients with
normal ALT levels may still have advanced liver disease.?” These findings suggest that ALT levels
can be influenced by the hemolytic status and can reflect the severity of liver disease in HCV
infection. Therefore, the presence of hemolysis can impact AST levels, and the AST:ALT ratio can
be used as a marker for hemolysis.

The concentration of total bilirubin in hemolyzed samples decreases proportionally to the degree of
hemolysis.?® It is absolutely clear that the cause of the interference of hemolysis is not due to
physiologic conversion of plasma/serum heme groups to bilirubin in vitro.?’ The likely cause is the
pseudo-peroxidase activity of hemoglobin, which interferes with the formation of the diazonium
molecule (a product of the Pauly reaction, essential for the color development needed for
measurement).' This leads to an underestimation of total bilirubin.*°

There is a relationship between electrolytes and the serum hemolysis index. Studies have shown
that hemolysis can affect the measurement of electrolyte concentrations in blood samples.?!
Delgado et al. found that sodium-selective electrodes showed a decrease in results for this cation
with increasing hemolysis.?!

According to Wang and Felsher, there was no difference in the phosphorus content of serum and
plasma, whether or not the blood is hemolyzed.>?> However, the calcium content of non-hemolyzed
serum was slightly higher than that of plasma.*

Hemolysis can affect various parameters, but there are mechanisms by which certain parameters are
not affected or only slightly affected, such as albumin, uric acid, calcium, C-reactive protein,
myoglobin, NT-pro BNP, S100 protein, and urea.!® Furthermore, chloride and total protein are also

not significantly altered, even in heavily hemolyzed samples.*



The systematic implementation of serum indices, including the hemolysis index, in clinical
laboratories equipped with continuous flow analyzers can be beneficial for identifying hemolyzed
samples and ensuring reliable test results.>* Overall, the evidence suggests that the serum hemolysis
index is a reliable predictor of hemolysis and can be used to monitor and assess sample quality.
Possible causes of pre-analytical hemolysis include: the use of intravenous catheters and vacuum
sampling techniques, inappropriate puncture sites, complicated blood sampling, prolonged
tourniquet application, insufficient filling of tubes, and excessive agitation of samples.*> Hemolysis
can also occur during centrifugation if it is too long or repeated.'? Samples transported via
Pneumatic Tube Systems (PTS) are more prone to hemolysis than samples transported by hand.
Speed, distance, and impact forces during transport can affect the extent of hemolysis.!°

The limitations of HI include the difficulty of performing rigorous analysis to evaluate interference
in routine laboratories.!? The use of HI alone for monitoring phlebotomy performance may not be
straightforward, as specimens drawn from patients with intravascular hemolysis can be identified
and excluded from the analysis.!? The routine use of the hemiglobincyanide method, the current
reference method for measuring free hemoglobin (fHb), is unsuitable for a timely diagnosis of
intravascular hemolysis.*® The wavelength used for HI measurement varies in each laboratory,
leading to a lack of standardization.” Additionally, HI may not be able to accurately detect
hemolysis at low levels, as visually undetectable hemolyzed samples can be identified by other
methods.®

Table 1 could be used as a guide for clinicians and laboratory staff when resampling is not possible
for the nine studied biochemical parameters in hemolyzed samples. Specifically, it provides the
appropriate comment to use when dealing with samples exhibiting hemolysis indicated by an HI
ranging from 87.3 to 295.9. This table helps ensure consistent and informative documentation when

encountering these situations, ultimately aiding in accurate interpretation of results and patient care.



Several strategies can be adopted to mitigate the impact of hemolysis on laboratory test results,
optimising their accuracy for medical decision-making. These strategies include: proper blood
collection and handling; appropriate storage and transportation, and the use of HI, especially
automated statistical methods that correct results for a certain degree of hemolysis (although it is
generally advisable to repeat the test with a fresh sample when possible);? Other strategies include:
communication with clinicians regarding critical relationships between pre-analytical errors like
hemolysis and test results and alerting them for hemolyzed,® and continuing education and training
of phlebotomists and laboratory staff. Finally, establishing an acceptable threshold of hemolysis for

various tests based on the level of interference can be helpful.*

Conclusions

Hemolysis can significantly alter the accuracy of biochemical assay results, particularly for certain
parameters such as AST and potassium. HI is a useful tool for monitoring and assessing sample
quality and can be used in clinical laboratories specially in those equipped with continuous-flow

automation.

The establishment of an acceptable threshold of hemolysis for various tests based on the level of
interference can be advantageous in interpreting the results, especially for moderate hemolysis.
Rigorous reporting of any manipulation that may cause in vitro hemolysis is essential to reduce the
impact of hemolysis on assay outcomes. However, in cases of acceptable hemolysis, the results
could be released with the comment: "results subject to confirmation".

It is essential that further research is needed to examine the impact of hemolysis on other
biochemical parameters and assay with multiple materials. The advancement of more robust
analytical techniques that are resistant to interferences from hemolysis can enhance the accuracy

and reliability of biochemical assay results. The use of serum indices, including HI, in clinical



laboratories can improve the quality of patient care and reduce the risk of misdiagnosis or improper

treatment.
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Figure 1. Experimental design.
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Figure 2. Variation of serum glucose (A) and creatinine (B) levels and correlation with HI after

hemolysis.
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Figure 3. Variation of serum AST (A) and ALT (B) levels and correlation with HI after hemolysis.
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Figure 4. Variation of serum direct (A) and total bilirubin (B) levels and correlation with HI after
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Figure 5. Variation of serum calcium (A), sodium (B) and potassium (C) levels and correlation with

HI after hemolysis.

Table 1. Variation of the studied parameters using HI in the range of [87.30 - 295.9].

Parameters Before after Mean difference with 95% P value
hemolysis | hemolysis confidence interval
Na* (mmol/L) 142.5+£7.4 | 106.6+12.2 | 35.8£11.6[32.6; 39.1] <0.001
K* (mmol/L) 4.5+0.5 41.5+£8.5 -37.0+£8.5 [-39.4; -34.7] <0.001
Glucose (mg/dL) 111.2+64.9 | 188.0£63.7 | -75.6+£36,2 [-85.9; -65.3] <0.001
Ca? (mg/L) 80.3£11.9 | 31.4+13.9 48.9+15.4 [44.6; 53.3] <0.001
Creatinine (mg/dL) 0.9+0.3 1.4+0.4 -0.5+0.32 [-0.6; -0.4] <0.001
AST (UI/L) 18.2+5.8 286.54+244.3 | -279.6+£247.2 [-368.7; -190.5] | <0.001
ALT (UI/L) 11.3+4.3 64.7£59.4 -50.2+55.2 [-70.1; -30.3] <0.001
Direct bilirubin (mg/dL) | 0.2+0.1 1.2+0.5 -1.0+0.6 [-1.15; -0.8] <0.001
Total bilirubin (mg/dL) | 1.0+0.7 0.4+0.2 0.5+0.5[0.3; 0.7] <0.001




