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Themajor source of errors producing unreliable laboratory test results is the pre-analytical phasewith hemolysis
accounting for approximately half of them and being the leading cause of unsuitable blood specimens. Hemolysis
may produce interference in many laboratory tests by a variety of biological and analytical mechanisms.
Consequently, laboratories need to systematically detect and reliably quantify hemolysis in every collected
sample by means of objective and consistent technical tools that assess sample integrity. This is currently done
by automated estimation of hemolysis index (HI), available on almost all clinical chemistry platforms, making
the hemolysis detection reliable and reportable patient test results more accurate. Despite these advantages, a
degree of variability still affects the HI estimate and more efforts should be placed on harmonization of this
index. The harmonization of HI results from different analytical systems should be the immediate goal, but the
scope of harmonization should gobeyond analytical steps to include other aspects, such asHI decision thresholds,
criteria for result interpretation and application in clinical practice as well as report formats. With regard to this,
relevant issues to overcome remain the objective definition of a maximum allowable bias for hemolysis
interference based on the clinical application of the measurements and the management of unsuitable samples.
Particularly, for the latter a recommended harmonized approach is required when not reporting numerical
results of unsuitable sampleswith significantly increasedHI and replacing the test resultwith a specific comment
highlighting hemolysis of the sample.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The prevention of errors is a major goal in healthcare. Toward this
widely shared goal, laboratory errors have received a great deal of
attention due to their impact on the quality and efficacy of laboratory
performances and, in turn, on patient safety [1]. Despite the common
perception that excellence in Laboratory Medicine is synonymous
with analytical quality, there is an increasing body of evidence that
pre-analytical problems are the major source of laboratory errors,
accounting for 60–70% of total errors encountered within the total
testing process [2]. It is evident that pre-analytical errors not only may
lead to spurious test results, but also, more importantly, may influence
patient care, even dramatically [3]. Among the pre-analytical
nonconformities more repeatedly audited for inappropriate procedures
of sampling, handling and shipping specimens to the laboratory, the
inadequate quality of the specimen due to hemolysis is the most
frequent. As an example, in our university hospital significant hemolysis
occurs on average in 1.15% of all requested tests, affecting ~20,000
determinations per year, mostly from critical care clinical wards, i.e.
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neonatology, oncology, emergency department [4]. This paper aims to
address why hemolysis still represents a major problem in clinical
chemistry laboratories despite the availability of hemolysis index (HI)
on almost every platform and then suggests how to move toward
harmonization of both measurement of HI and criteria for the
application of HI in result interpretation.

2. Hemolysis

Hemolysis is the breakdown of erythrocytes in blood that frees the
hemoglobin and intracellular contents from the cells to the surrounding
plasma [5]. Hemolysis is visible, after centrifugation of the tube
containing the whole blood, as a pink to red coloration of the plasma
or serum, depending upon the concentration of free hemoglobin. Traces
of hemoglobin, i.e. b0.05g/l of free hemoglobin spectrophotometrically
determined, can be physiologically present in plasma [6]. Visible
hemolysis, the hallmark of red blood cell destruction, begins to appear
in both plasma and serum at hemoglobin concentrations of ~0.20 g/l,
which confers a slightly detectable pink tinge to the biological matrix;
however, bilirubin or lipemia/turbidity may hide even greater concen-
trations of hemoglobin at visual inspection of the sample. Hemolysis
becomes clearly visible in samples containing as low as 0.5%
pathologically lysated erythrocytes, roughly corresponding to 0.50 g/l
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of free hemoglobin [7]. Abnormal disruption of erythrocytes may occur
in vivo or in vitro, due to clinical or artifactual causes, respectively [8].
Many problems due to troublesome specimen collections or handling
may affect the samples and cause in vitro hemolysis, as thoroughly
reviewed by Lippi et al. [9]. In vitro hemolysis remains the leading
cause of unsuitable specimens both for outpatient and inpatient
samples, hemolyzed specimens accounting for 40–70% of all unsuitable
specimens, nearly five times higher than the second leading cause of
assay interference [4,10].

2.1. Mechanisms of hemolysis interference in laboratory testing

In clinical chemistry, ‘interference’ is any cause of clinically significant
bias in the measured analyte concentrations due to the effect of another
component or property of the sample [5]. Hemolysis can cause
interference in many laboratory tests for a variety of biological and
analytical mechanisms, the latter being not only optical, but also
chemical. In addition to the hemoglobin, hemolysis induces the release
of other intracellular components into the surrounding fluid. Some of
these components, i.e. lactate dehydrogenase (LDH), aspartate amino-
transferase (AST), potassium, phosphate and magnesium, are present
in high concentration in the erythrocytes and their release may produce
a significant positive interference when their concentrations are
measured in serum. Other erythrocyte contents also may affect
analytical determinations. For instance, intracellular proteases released
from erythrocytes when a sample is hemolyzed may degrade cardiac
troponin T released in blood after a myocardial injury, thus causing a
significant decrease in marker detection [11].

Besides the leakage of other components abundant in erythrocytes,
hemoglobin itself may have a direct effect on several tests through
multiple mechanisms which may at any one time combine to cause
interferences causing spuriously increased or decreased test results.
The spectral properties of hemoglobin, with the major absorbance
peak at approximately 420nmand significantly absorbing even between
340 and 440 nm and between 540 and 580 nm (Fig. 1), may cause a
spectrophotometric interference particularly for those assays based on
measurements at these criticalwavelengths [5,7]. Furthermore, chemical
reactions produced by heme or its iron atoms with reagent components
or the analyte itself can introduce a bias, either positive or negative, in
assays. The peroxidase activity of iron atoms causes interference in
reactions utilizing hydrogen peroxide and their oxidation–reduction
chemical reactivity may affect other assays, e.g. the Malloy–Evelyn
method for total bilirubin determination [12]. Mechanisms induced by
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Fig. 1. Absorbance spectrum of hemoglobin [red]. Bilirubin and lipemia/turbidity spectra
are also depicted [dotted lines] to show overlapping of the spectra that may affect the
serum index testing.
hemolysis may interfere not only in spectrophotometric tests, but also
in immunoassays [13] and coagulation tests [14]. In addition, released
hemoglobin can directly inhibit chemical reactions in polymerase chain
reaction-based assays of viral and bacterial DNA and RNA [5].

2.2. Detection of hemolysed specimens in the clinical laboratory

As a consequence of these issues, the correct identification of any
hemolysed specimen plays a central role in clinical laboratories
increasing the quality of the laboratory service by providing clinically
relevant information. Traditionally, hemolysis has been detected by
visual scrutiny of the specimens after centrifugation and the help of
pictures showing the color of specimens with increasing concentration
of free hemoglobin to make a direct comparison, but nowadays the
inherent limits of this procedure are fully described [15–17]. Visual
inspection is not sensitive enough to detect the low level of hemolysis
affecting determination of analytes more prone to the interference,
such as LDH, AST and potassium. Furthermore, it shows high inaccuracy,
being difficult (if not impossible) to standardize, andpoor reproducibility,
being subject to high inter-operator variability. Some studies of the
correlation between visually reported hemolysis and calculated indices
report that laboratory staff tend to be conservative and err on the side
of over-reporting hemolysis [16].

The clinical laboratory therefore needs a systematic process for
detection and reliable quantification of hemolysis in every received
sample. HI is the automated detection system for hemolysis in specimens
that offers an objective and consistent technical tool to assess sample
integrity. HI is a calculation, based on absorbance measurements
performed on serum or plasma at different wavelengths, which provides
semi-quantitative estimate of hemolysis detected in the sample [5].
Nowadays, almost all clinical chemistry platforms provide HI, together
with lipemia/turbidity and icteric indices, in a single test usually
described as “serum indices” which is included in the test menu. Serum
indices may gather useful information on sample quality before analysis
by capturing the presence of a major interfering substance or
combinations of these substances [5].

3. Hemolysis index: strengths and limitations

The use of automated HI estimation overcomes the inherent
limitations of classical visual estimation by providing a more objective
and accurate estimate of hemolysis. HI can be transmitted to the
laboratory information system (LIS) through middleware, where the HI
cut-offs indicating clinically significant interference for each test are
recorded, together with decision rules and actions to be taken in
handling test results. When HI is above the cut-off for an analyte
indicating significant interference, the test report is automatically
managed according to the criteria establishedby the laboratorymanager,
i.e. a comment to alert the clinician, flagging the result and/or rejecting
the sample [18]. In that way, detection of clinically significant hemolysis
interference, HI values and corrective actions taken are directly archived
into the LIS for further evaluations. Automated monitoring of serum
indices on every tested specimen is the only suitable approach to assess
sample quality in high-volume clinical laboratories, which use
continuous-flow automation with integration of pre-analytical and
analytical workstations, and to detect unsuitable specimens in “real
time” before results are released from conveyor belts [19]. Thus,
automation of the specimen inspection process has made hemolysis
detectionmore reliable, improving the efficiency of laboratoryworkflow
and enhancing the quality of reportable test results.

Despite these advantages, some differences exist in the way HI is
assessed and reported on different automated analytical platforms
with a degree of variability still affecting the HI estimate [20]. Several
parameters account for this variability: sample size, diluent used and
its volume, read wavelengths, calculations and estimate report, where
HI may be expressed in ordinal values (e.g. +1,+2,+3), actual mass
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concentration units of hemoglobin (e.g. g/l), hemoglobin molar units
(μmol/l) or unitless absolute value (absolute number).
4. Moving toward harmonization of hemolysis index results

Which steps should be considered tomove toward harmonization of
HI results across different analytical platforms? According to the Clinical
and Laboratory Standards Institute (CLSI) definition, harmonization is
“the process of recognizing, understanding and explaining differences
while taking steps to achieve uniformity of results, or at minimum, a
means of conversion of results such that different groups can use the
data obtained from assays interchangeably” [21]. However, the scope
of harmonization goes beyond harmonization of method and analytical
results to include all other aspects of laboratory testing, such as
terminology and units, report formats, reference limits and decision
thresholds, as well as criteria for result interpretation and application
in clinical practice [22].

With regard to HI assessment, the available evidence supports the
feasibility of a path leading to harmonization of HI results. First,
HI determination on platforms providing quantitative results has a
high repeatability. In a multicenter evaluation, the mean intra-assay
CV, calculated on triplicate sample determinations, showed a low
imprecision, ranging from 0.1% to 2.7% among four chemistry platforms
widely used in clinical laboratories [20]. In the same study, the triplicate
estimates on analyzers providing only semi-quantitative HI resultswere
always identical for all the samples tested. In addition, the quantitative
HI results obtained on the same platform evaluated in four different
facilities showed high reproducibility, as demonstrated by the excellent
correlation and the statistically insignificant variation among laboratories
[20]. Moreover, on each platform the estimated HI was linearly correlated
with the free hemoglobin concentration spectrophotometrically determined
by the reference cyanmethemoglobin method. However, assuming the
measured free hemoglobin concentration represents the true value, a
couple of systems from the same manufacturer showed a clear trend
toward overestimation of hemolysis [20]. In another study, specifically
evaluating the performance of serum indices on a platform different
from those included in the previous study, HI estimation showed good
correlation with the free hemoglobin concentrations as determined
photometrically using the Harboe method [23]. These data support the
generally good performance of the HI estimation across laboratory
platforms, a necessary prerequisite to reach harmonization of HI results.
In this respect, the efforts made by CLSI in developing guidelines, first
on interference testing in clinical chemistry [24] and then specifically on
serum indices as interference indicators [5], are a major contribution to
the harmonization of HI. The CLSI document EP07-A2 recommends the
use of fresh erythrocyte hemolysate for hemoglobin interference
evaluation and all manufacturers have followed this recommendation
when setting up respective HI detection processes. Using the same
material as the interference substance to establish HI in different
platforms makes the index roughly comparable. Nevertheless, in the
multicenter evaluation of HI not all the tested systems provided
satisfactory agreement and only after normalizing results according to
the instrument-specific alert value were discrepancies considerably
reduced [20]. These results confirm that more efforts are required to
achieve harmonization of HI. The CLSI document C56-A, released in July
2012, reports an example of a standard 4-step process for setting up
serum indices, including HI [5]. Briefly, 1) a series of samples, neat or
diluted in water, saline, buffer or reagent, containing varying known
concentrations of hemoglobin is prepared; 2) these samples are
measured using appropriate [i.e. bichromatic or multiple] wavelengths;
3) specific calculation algorithms are applied to distinguish hemoglobin,
bilirubin and lipemia/turbidity absorbances and derive the corrected
absorbance of hemoglobin that is then matched with the known
concentrations of the analyte; and 4) a calibration curve is prepared
using the various hemoglobin concentrations and corresponding
corrected absorbances and a linear regression of the concentrations (x)
and corrected absorbances (y) may be performed to establish HI.

Table 1 shows the variability of the parameters to estimate HI for
systems from different manufacturers. Some of these are critical for
test harmonization. For instance, the maximum hemoglobin concen-
tration, corresponding to the highest HI value, ranges from 5 to 20 g/l.
From the clinical point of view, it should be at least 10 g/l, because
hemolysis inducing release of hemoglobin up to 10 g/l is not
uncommon. An agreement on this finding should be reached among
manufacturers because it may affect the ability of HI to recognize a
specimen as suitable or not for testing some analytes, and show
significant interference only in grossly hemolysed samples. Next the
number of intermediate hemoglobin concentrations tested should be
harmonized across platforms. The sample volume required to estimate
HI varies among different analyzers, ranging from 1.6 to 14 μl. Volume
could be optimized on every platform to be as low as possible to
warrant HI testing for all types of critical care patient populations
where typically smaller volumes are collected. Performing the HI test
on undiluted or diluted sample should not cause discrepant HI
estimates, but the chemical characteristic of sample diluents eventually
used (water, saline or buffer) should be taken in account to avoid
precipitation of paraproteins. This effect does not directly affect HI but
instead induces spurious turbidity when the sample is mixed with
reagent hence affecting the turbidity/lipemia index and indirectly HI
calculation [25,26].

Although different analyzers vary in how they implement HI
estimation, all perform an HI calculation using absorbance readings at
several strategically selectedwavelengths. However, there is a variation
among manufacturers regarding the number of available wavelengths
and which ones are used, as well as the multivariate algorithm to
convert the absorbance readings into the HI value. Theoretically
assessment of spectral interference should be carried out on two or
more different wavelengths over the measured spectrum and
preferably at the absorbance peaks of the specific substance. While all
platforms monitor the absorbance using at least a bichromatic
wavelength pair, subtracting the absorbance of secondary wavelength
from that of primary wavelength and multiplying the results by
proprietary factors, the specific wavelengths are often different from
each other. Calculation of HI requires a set of predefined equations
based on several proprietary factors that subtract from the raw readings
of hemoglobin the eventual absorbance, corrected for turbidity. Systems
using more than a pair of wavelengths sum the results of each pair and
multiply the sum by proprietary factors. Some factors are sample
dilution dependent, others are unit dependent scaling factors that
must be applied to provide semi-quantitative HI results starting from
either conventional or SI units of hemoglobin. Lastly, correction factors
required to eliminate overlapping interference spectra of hemoglobin,
bilirubin and lipemia/turbidity are utilized. These are independent of
sample dilution since they are based on ratios of absorbances.

Considering all these aspects, what feasible steps can be taken to
accomplish equivalence among HI results or at least a closer
homogeneity than that shown so far? Practically, a proposed step
toward harmonization of analytical results can be through inter-
method comparison and normalization of each system results to the
overall mean [27]. In order to move toward this approach, the first
issue to overcome is the marked heterogeneity of HI result reporting.
Platforms produce both qualitative and semi-quantitative results, the
latter being available in different units, making any practical attempt
of numerical harmonization not feasible.

With regard to HI and other serum indices, quantitation of the
interfering substance has to be further compared with specific
thresholds that would determine if the sample is suitable or not for
testing a defined analyte. Thresholds depend upon the interference
effect of the same substance on each analyte method, may be markedly
method-dependent and should be assessed by accurately designed
interference studies [23]. Furthermore, interference is often not only



Table 1
Characteristics of hemolysis index [HI] test parameters on different commercial platforms.

Company/platform Interferent
material used

Maximum concentration
of hemoglobin tested [g/l]

Sample volume
for HI testing [μl]

Diluent type
[volume] [μl]

Read wavelengths [nm] HI report

Abbott Architect Fresh erythrocyte
hemolysate

20 5.3 Saline [200] 572/604; 628/660 5 levels

Beckman Coulter AU Fresh erythrocyte
hemolysate

5 2.0–1.6 Saline [150] 410/480; 600/800 6 levels

Beckman Coulter Synchron Fresh erythrocyte
hemolysate

5 14 Tris buffer
pH7.6 [200]

340, 410, 470, 600, 670 11 levels

Ortho Vitros Fresh erythrocyte
hemolysate

5–10 35a Undiluted 522/750 Concentration units

Roche Cobas & Integra Fresh erythrocyte
hemolysate

10 6 Saline [150] 570/600 Absolute numbers
[range: 1–1000]

Siemens Advia Fresh erythrocyte
hemolysate

5.25 5 Saline [100] 571/596 5 levels

Siemens Dimension Fresh erythrocyte
hemolysate

10 10 Water [150] 405/700 8 levels

Recommendedb Fresh erythrocyte
hemolysate

10 The lowest yielding
an accurate
measurement

Not giving rise
to paraprotein
precipitation

Detection methods should account
for the absorbance spectrum overlap
of hemoglobin, bilirubin and
lipemia/turbidity

Concentration unit
or absolute number

a HI analysis does not consume the sample.
b According to the Clinical and Laboratory Standards Institute document C56-A [5].
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method-dependent, but also dependent upon the analyte concen-
trations [28]. Unfortunately, assay package inserts usually contain
limited information on interference from endogenous constituents
and often only onwhat concentration of interfering substance interferes
with the assay, with no information on what analyte concentrations
were tested. A thorough description of the experimental design that
has been used to assess relevant interferences by high hemoglobin
concentrations is therefore required.

4.1. Establish acceptable hemolysis related bias

In evaluating hemolysis interference and then handling HI results,
the maximum allowable bias due to hemolysis should be defined for
each measured analyte and based on the clinical application of the
test. This allowable interference bias should be part of total allowable
error of the measurement.

The acceptance limits for the allowable amount of hemolysis are
traditionally set at an amount which may cause a 10% change in the
measured analyte [24]. However, it may be better to set the allowable
error for interference based on the biological variation of the analyte,
as recently recommended by Lippi et al. [7,29]. Even if there is still no
universal consensus on the way to define the interference decision
thresholds, we think that the latter approach is more suitable than the
N10% criterion, particularly because it considers the clinical application
of the test and uses a “hypothesis testing” statistical concept. By
applying this approach, the clinically significant interference is defined
as a result that in the presence of the interferent differs from the result
without the interferent more than 1.96 ∗ (CVA

2 +CVW
2 )1/2, where CVA is

the analytical CV of the assay and CVW is the within-subject biological
variation of the analyte [30].

The IFCCWorking Group on Allowable Errors for Traceable Results is
currently defining criteria for acceptable limits ofmeasurement error, at
the level of both manufacturer's product calibrator and patient results
[31]. In principle, a consensus exists that the uncertainty associated to
the calibrator material should not exceed 50% of the total allowable
uncertainty associated to the final result obtained on patient sample.
In this scheme, the allowable interference bias should not exceed a
definite part of the remaining 50% of total error budget (e.g. 10% of
this 50%). As an alternative, the consensus of clinical experts could be
used to establish thresholds of interference for every analyte [32].

Once objectively defined, decision thresholds for HI should be
applied to develop on automated platform software algorithms for the
detection of hemolysis interference and rule-based handling of samples.
This step probably will be a milestone on the path to harmonization of
HI use, because so far only empirical thresholds for acting or not acting
on the presence of an interference bias have been used. We expect
that the lack of internationally agreed data will prompt scientific
organizations (e.g. CLSI) to edit guidelines describing rigorous criteria
to define the maximum allowable bias acceptable for interference on
all analytes commonly determined in Laboratory Medicine.

4.2. Role of manufacturers in improving index quality and promoting
hemolysis index harmonization

Nowadays, the clinical laboratory fully relies on themanufacturers of
analytical systems to assess HI and document interference claims in the
product label. In defining HI thresholds for significant interference, the
manufacturer considers the magnitude of the observed bias, setting an
HI cut-off at ±10% bias from the basal value for most analytes, as
described in CLSI EP07-A2 [24]. Neither is information usually available
clearly describing the performance characteristics of the serum index
test (imprecision and bias, sensitivity and specificity, particularly with
regard to interference susceptibility), nor are appropriate control
materials provided for monitoring the performance of HI over time.

As HI is estimated using spectrophotometric measurements, it is
theoretically subject to drift and failure like any standard spectro-
photometric measurement. Failure to maintain consistent performance
over time may lead to changes in the effective criteria for accepting or
rejecting specimens received by the laboratory. In addition, difference
in performance between analyzers in the same laboratory may result
in inconsistent acceptance/rejection criteria. Lacking commercial
materials for monitoring HI imprecision, one option is to prepare
a home-made hemolysate, which can be stored frozen in aliquots at
−20 °C for use as internal control material. Hemoglobin-based control
materials prepared and stored in this way are stable for at least six
months [33]. Specific external quality assessment schemes (EQAS)
based on shipment of frozen materials can also be designed to monitor
inter-laboratory performance and harmonization [34].

Like any other spectrophotometric assay, serum indices may be
interfered with by either endogenous (e.g. green biliverdin, brown
methemalbumin, orange beta-carotenes) or exogenous compounds
that may be present in the specimen and overlap one or more
wavelengths used for serum index measurement. So far, positive
interference on HI estimation by rose bengal and negative interference
by Patent Blue V has been described [35,36]. Rose bengal is a substance
used as a topical drug for the treatment of severe melanoma lesions,
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which confers a visible red/pink tinge to the sample and has a
spectrophotometric peak absorbance at 562 nm, producing spuriously
elevated HI values on Roche platforms, but no interference by Beckman
Coulter Synchron HI assessment where the rose bengal peak is not
detected. Interestingly, on the latter platform, total bilirubin measure-
ments were significantly interfered with by the same compound [35].
Patent Blue V is an inert dye used during cancer surgery to identify
the sentinel lymph node, with a spectrophotometric peak absorbance
at 640 nm, producing a false positive interference of the lipemia/
turbidity index, which in turn induces a negative interference in both
HI and icteric indices and has a linear dose–response effect [36]. From
these studies, three findings are of major concern. Firstly, the negative
interference on the HI produced by Patent Blue V means that hemolysis
may remain undetected with potentially adverse clinical consequences
due to an inaccurate and unreliable result being issued to the clinician
(e.g. a potentially serious hypokalemiamaskedbyundetectedhemolysis).
Secondly, the three major interfering substances (hemoglobin, bilirubin
and lipemia/turbidity) are simultaneously estimated by the serum index
test. In the presence of more than one interferent they may interfere
with each other as well as with the calculation of other affected indices
[37]. As a precaution, if multiple elevated indices for a particular sample
are reported, a separate interpretation for each index is recommended.
Lastly, serum indices should not be considered assays free from
interference; rather, they should be used with the understanding that
there may be the potential for the presence of other as yet unknown
interferences. Manufacturers must improve evaluation of interferences
potentially affecting serum indices, starting by considering all the
consistent reports available in the literature then providing this
information in their package inserts.

4.3. Harmonize management of unreliable samples: the most challenging
issue?

Following the logical sequence of HI detection and handling, the
next step is how to manage the sample with a significantly positive HI
value for a specific test. This is probably the most challenging aspect
to which the harmonization efforts should be addressed, because
completely different decisions may be taken when the laboratory is
faced with an unsuitable sample. The possible actions may be
dichotomized to a) reporting the test result with a flag or warning
comment to alert the ordering clinician or b) not reporting the result
at all, informing the clinician about the specific interference found,
rejecting the sample and asking for a new sample. The third possibility,
i.e. adjusting test results carried out on specimen with positive HI
by predefined algorithms, has been definitely discouraged after
demonstration that the breakdown of erythrocytes largely depends on
the individual cell fragility and that the intracellular content of several
molecules is widely variable among subjects, which would make the
use of corrective formulas unreliable and even misleading [38,39].
Unfortunately, there is no consensus on this point and rather
heterogeneous policies are adopted among various laboratories [40].
To close the loop of HI harmonization however, we consider it
mandatory to apply the recommendation that results of the tests
interfered with by hemolysis, as detected by automated HI estimation,
should not be reported as a number but be replaced with a specific
comment (e.g. “hemolysed specimen”) in the laboratory report [29].
In this way, the clinical laboratory avoids producing spurious and
unreliable results, which may lead to diagnostic errors, cause clinical
confusion and worsen the patient outcome, and at the same time
informs the clinician about the presence of abnormal amounts of the
interfering substance [41]. In assessing the HI, this information may be
clinically relevant because it may suggest to clinicians to evaluate the
patient as potentially affected by in vivo hemolysis after the exclusion
of any cause of artifactual hemolysis [8]. In this specific case, results of
some analytes affected by hemolysis (e.g. LDH) have to be considered
reliable and useful to patient care.
5. Conclusions

A global and integrated project of harmonization in laboratory
testing should involve all steps of the process and, with regard to pre-
analytical phase, should also consider the harmonization of HI
assessment and use. The path toward this goal will not be smooth, but
some important steps have already occurred in the right direction.
After obtaining harmonization of HI results across automated platforms,
the most challenging issue will remain the definition of an evidence-
based maximum allowable bias for hemolysis interference and the
management of unsuitable samples. Only with a general consensus on
not reporting unsuitable test results that are affected by a clinically
relevant bias, the road to HI harmonization will be achieved. What we
urgently need now are guidelines prepared by leading scientific
organizations recommending the best approaches for: a) hemolysis
detection by HI; b) harmonization of HI results across different
platforms; c) establishment of HI thresholds for sample rejection;
d) role ofmanufacturers in improving theHI quality; and e)management
of unreliable samples. Only in this way can improvements bemade and a
standardized practice be implemented in next generation analyzers.
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