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Ordfoérandespalt

Yngve Thomas Bliksrud

Av og til ma det veere lov a tenke
pa noe annet enn laboratorieme-
= disin, selv hender det at jeg tenker
litt pa sjakk. I november 2016
tenkte jeg i grunnen ganske mye
» Pa sjakk. Den norske verdensmes-
teren Magnus Carlsen forsvarte
nemlig sin VM-tittel ved & spille
til sammen 16 sjakkpartier mot Sergej Karjakin, en
fryktet motstander fra Russland, verdens sterkeste
sjakknasjon. Det ble en meget jevn og spennende
kamp, men Magnus Carlsen forsvarte tittelen og kan
stadig kalle seg verdensmester. Hvorfor skriver jeg
om dette i ordférandespalt i Klinisk Biokjemi i Nor-
den? Jo, fordi en aldri s liten del av suksessen i dette
verdensmesterskapet kan tilskrives et inspirerende
eksempel pa nordisk samarbeid i et laboratorium! La
meg forklare hvordan.

I en slik kamp i sjakk mann mot mann over mange
partier er nemlig forberedelsene meget viktige og
omfattende. I mange maneder pa forhand gjor ikke
spillerne noe annet enn 4 legge planer for matchen.
De studerer motstanders tidligere partier og spillestil
i detalj, forseker & tenke seg serlig hvilke dpnings-
systemer som motstanderen vil benytte, og ikke
minst perfeksjonerer de sine egne yndlingssystemer.
I apningsfasen av et sjakkparti kan man nemlig hape
pa & overraske motstanderen og ta styringen med nye
og ukjente trekk som er gjennomtestet av mennesker
og computere. Det er ikke enkelt & finne de beste
svarene pa slike forberedte varianter i praktisk spill
mens klokken tikker ubgnnherlig.

For matchen var det nettopp Karjakins forbere-
delser som kanskje Carlsen fryktet mest. I forbere-
delsene sto Karjakin nemlig slett ikke alene. Ingen
andre land har sa mange sterke sjakkspillere som
Russland. 9 av 16 verdensmestere i sjakk kommer
fra nettopp Russland eller gamle Sovjetunionen. To
ganger har Russland/Sovjetunionen stilt opp alene
mot resten av verden i en match over 10 bord og
vunnet. Med andre ord kunne Sergej Karjakin med
letthet etablere et aldeles fryktinngytende sjakklabo-
ratorium av mesterspillere til & hjelpe seg som ingen
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annen enkeltnasjon kan matche, hvis han ville. Og
det ville han.

Hvordan gikk det s& for Magnus Carlsen i den
skumle dpningsfasen, trakket han feil i Karjakins
minefelt av overraskelser? Langt ifra. Tvert imot var
det Carlsen som tok styringen og forte det ene partiet
etter det andre i de retningene han selv ville. Ikke
en eneste gang fikk Karjakin spilt en av sine giftige
forberedelser fra sjakklaboratoriet. Hvordan klarte
Carlsen dette? Selvsagt mest fordi han er verdens
beste sjakkspiller, men ogsa fordi Carlsen heller ikke
var alene for matchen. Ogsd Magnus Carlsen hadde
etablert et imponerende sjakklaboratorium til hjelp i
forberedelsene. Og ikke minst fikk han hjelp av nord-
iske venner. Hans viktigste samarbeidspartner er nok
Danmarks sterkeste spiller Peter Heine Nilsen. Men
ogsa Sveriges sterkeste sjakkspiller Nils Grandelius
stilte opp for Magnus Carlsen. Flere medlemmer av
Carlsens laboratorium er hemmelige, sa vi vet ikke
om flere nordiske land er representert. Men det er
ikke utenkelig. Island har en imponerende sjakktra-
disjon med det storste antall verdensklassespillere i
verden sett i forhold til folketallet. Og Finlands beste
spiller Tommi Nyback er en av de fé spillere i verden
som har slatt Magnus Carlsen og stadig har positiv
score mot ham.

Norden kan altsa méle seg med de storste nasjoner
bade med sine stralende enkelttalenter, men ogsa
gjennom et sterkt og fruktbart samarbeid. Nordiske
eksepsjonelle sjakktalenter har vi sett for. Faktisk
i begge matchene mellom Russland/Sovjetunionen
resten av verden var verdenslaget toppet av en nordisk
spiller pa forste bord, i 1970 av Danmarks sjakkgeni
Bent Larsen og i 1984 av Sveriges «uslaelige» Ulf
Andersson.

La oss bruke de Nordiske triumfene péd sjakk-
brettet som inspirasjon til mer Nordisk samarbeid
i medisinsk/klinisk biokjemi. I dette nummeret av
KBN minner vi for eksempel om at NFKK i 2017
arrangerer sitt andre spesialiseringskurs for leger,
«The 2nd Nordic Course in specialist training”. Alle
unge leger bor fa det med seg! Og i pausene kan de
jo spille noen sjakkpartier?
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XXXVI Nordic Congress
in Clinical Chemistry
12-15 June 2018
Helsinki, Finland

e —

Invitation to participate

We are delighted to invite you to the 36th Nordic Congress in Clinical Chemistry, which will
take place on 12 - 15 June 2018 in Helsinki, Finland.

We hope to gather all professions in clinical chemistry in the Nordic countries to meet, discuss
and share knowledge with the aim of promoting research, education and practice.

Details of the scientific program will continuously be published and updated on our
conference website www.nfkk2018.fi.

Our ambition is to present you with information beyond numbers, such as up-to-date topics
and examples of the use of biomarkers in risk assessment and diagnosis, day-to-day challenges
and best practices in clinical laboratories.

We hope that during this meeting and the planned social programme, you will meet and make
friends and establish important future connections with colleagues in the field of clinical chemistry.
We are very much looking forward to seeing you in Helsinki in 2018!

On behalf of the Organizing Committee
Solveig Linko

6 | Klinisk Biokemi i Norden - 1 2017



ACUSERA® Live Online

QC software with real-time peer group statistics

Now automatically calculating

Uncertainty of Measurement
& Sigma Metrics

www.randox.com/acusera-24-7-interlaboratory-data-management

RAND®X

QUALITY CONTROL

0 00O

marketing@randox.com



Validation and verification in clinical chemistry

Elvar Theodorsson, Department of Clinical Chemistry and Department of Clinical and

Experimental Medicine, Linkoping University, Linkoping, Sweden

elvar.theodorsson@liu.se

§ Abstract

Measurement systems used in
clinical chemistry are usually
manufactured by international
companies working according to
in vitro directive (IVD) - regu-
lations. This means that medical

laboratories do not need to vali-
date commercially available measurement systems,
but are obliged to verify that their properties found
during the producers validation can be reproduced
in the users laboratories. Developments in healthcare
and accreditation standards including ISO 15189
focus increasingly on customer needs which may
call for the validation of entire conglomerates of
laboratories and measurement systems catering for
the needs for the same patient population. Such vali-
dation practices are, however, still in their infancy.
The purpose of the present paper is to offer prac-
tical details on the common practice of verification
of single measurement systems and add perspectives
on the validation of conglomerates of laboratories
and measurement systems. Method validation across
conglomerates of laboratories using verified com-
mercially available measurement systems can only be
performed by the laboratories — users themselves in
their own circumstances. The use of patient samples
in split- sample techniques is especially valuable in
this contexts in order to avoid compatibility issues.

Introduction
Validation and verification of measurement met-
hods are procedures aiming at establishing realistic
expectations with the analyst and confidence with
the end-user that the methods are fit for the intended
purposes (1, 2).

Measurement systems already validated by their
manufacturers need only to be verified by the end
users in their own circumstances. Verification means
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that the users study the bias and imprecision of the
measurement system and compare their results with
the ones observed by the manufacturers during their
validation (1, 3-11).

The basic principles and procedures of validation
are shared amongst all fields of bioanalysis with
some differences in emphasis depending on the par-
ticular fields of work (12-14). In the early 1990s the
U.S. Food and Drug Administration (FDA) initiated
and supported conferences and harmonization work
on bioanalytical method validation which in 2001
resulted in the guidelines “FDA Guidance for Indu-
stry — Bioanalytical Method Validation” (13, 15). This
document is widely used as standard reference for
validation of bioanalytical measurement methods in
addition to the European EM A Guidelines on Valida-
tion of Bioanalytical Methods (16) and the Eurachem
guide for method validation (17).

There are theoretically no limits to the extent of
validation and verification procedures, but also sub-
stantial time- and economic constraints in practice.
It is therefore crucial that verification and validation
efforts are optimized in order to minimize their cost/
benefit ratio.

Method verification
Single laboratory method validation is not needed
when a measurement system is manufactured by
a company or other responsible source which has
performed proper method validation (18, 19) and
is providing you with the detailed results of that
validation. A study of the bias and imprecision of
the new measurement system is needed, establis-
hing whether you are able to reproduce in your own
laboratory the data found by the company during
method validation.

The most common instance of method verification
is when old measurement systems are replaced by
new. This is the example dealth with here.



Verifying bias and imprecision

Measurement bias is a quantitative concept - the
“closeness of agreement between the average of an
infinite number of replicate measured quantity values
and a reference quantity value” (12). Trueness is the
corresponding qualitative concept for bias.

Measurement precision is a qualitative concept
- the “closeness between indications or measured
quantity values obtained by replicate measurements
on the same or similar objects under the specified
conditions of measurement” (12). The quantitative
expression of precision is imprecision - the standard
deviation (SD) or the relative standard deviation (CV/
CV %) of a method.

Method A can be qualitatively expressed to be more
or less precise than method B. But when you need
to quantify precision, we measure its opposite — the
imprecision - by repeated measurements of control-
or patient samples.

Measurement accuracy is a qualitative concept
describing the “closeness of agreement between a
measured quantity value and a true quantity value
of ameasurand” (12). It encompasses both systematic
and random error components.
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Improved precision

Figure 1: A graphical illustration (using target analogy) of
the qualitative concepts precision and trueness and their
combination accuracy. Bias is decreased by increased tru-
eness and precision improved by decreasing imprecision.
Accuracy can be improved by improving precision or tru-
eness or both.

Verification practices have been established over
time and are frequently influenced by accredita-
tion- and certification authorities. There is by now a
general agreement on what is required (1, 9-11) and
supported by guidelines including CLSI EP15 (3) and
EP9(20). The European IVD directive (19, 21) requi-
res that the in vitro diagnostic device in the hands
of its end users must achieve the performance stated
by the manufacturer including analytical sensitivity,
limits of detection, diagnostic sensitivity, analytical
specificity, diagnostic specificity, accuracy, repeata-
bility, reproducibility and control of known relevant
interferences. In practice user verification is usually
restricted to comparison of methods experiments to
establish bias, replication experiments to establish
imprecision and a linearity check to determine the
reportable range and sometimes analysing reference
samples to verify the reference interval.

Estimating bias
At least 20 natural patient samples having as wide
concentration range as possible are commonly mea-
sured using both the method being replaced and the
new method. Stable materials for internal quality
control with known expected concentrations are also
measured to estimate imprecision and preferably also
appropriate reference materials as independent mea-
sures of bias. Larger number of samples than 20 may,
however, be required if minute differences between
the old and the new method need to be estimated.
The results of the measurements are summari-
zed using bias- Bland-Altman plot and orthogonal/
Deming regression as described below.

Estimating imprecision

Suitable stable materials for internal quality control
are measured at two concentration levels in at least 2
replicates for at least 5 consecutive days for estimating
imprecision and for establishing initial control limits
for the internal quality control procedures.

Summarizing the results

Orthogonal linear regression (22, 23), bias-plot (24, 25)
and analysis of variance (26, 27) techniques are used
to determine bias, imprecision, matrix effects etc. An
example is given below of the results of the analysis of
20 patient samples using two measurement systems.
SigmaPlot 12.5 (https://systatsoftware.com/) was
used for the purpose in this manuscript, but Analyse-
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it (https://analyse-it.com) SPSS (http://www.ibm.
com/analytics/us/en/technology/spss/ ) and MS
Excel (https://www.microsoft.com) are examples
of highly appropriate alternatives.

Raw data
The raw data used in the current example are listed
below

Method 1 Method 2
1,99 2,22
5,03 5,22
1,48 1,78
2,35 2,76
3,25 3,37
3,24 3,39
2,13 2,43
1,12 1,4
1,93 2,11
1,91 2,23
1,36 1,61
0,89 1,03
1,44 1,59
1,66 1,85
2,42 2,59
3,64 3,71
2,44 2,61
1,48 1,6
2,37 2,51
4,33 4,35

Bias plot = Bland-Altman plot

The main purpose of the bias/Bland-Altman graph is
to facilitate the graphical interpretation of the data by
showing an expanded view of the distribution of the
differences between the measurement methods along
the entire plotting space. An advantage of the bias/
Bland-Altman graph compared to common linear
regression is that it uses the entire space available in
the graph to illustrate the differences found. In the
ordinary linear regression depicted above, most of the
space available for the graph is blank since the two
methods normally show very similar results distribu-
ted along the equal line. The mean of the differences
should also be calculated. Optionally the mean dif-
ference for each quartile of the data may be calculated
to express proportional error and also the “limits of
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agreement” for the difference data - the mean of the
difference (bias) + 1.96 * standard deviation of the
difference (24, 25, 28-30). In Figure 2, the confidence
limits are also provided.

Method 1 versus Method 2

Method 2
w

Method 1

Bland-Altman Graph
05

0.4

Maan + 1,0650

0,3 1 o o

Mean
0,2 - -

0.1

Difference Method 2 - Method 1
fe

o Mean - 1,9650

0.0

Average of Method 1 and Method 2

Figure 2: Bias/Bland-Altman plot (SigmaPlot 12.5) used for
summarizing the bias when comparing two measurement
methods. The upper graph is an ordinary linear regression
which also depicts the equal line in red. The lower graph is
the bias/Bland-Altman plot proper which shows the diffe-
rence between the two measurement methods on the Y-axis
and the average of the measurement results of the two met-
hods depicted on the X-axis.



Ortogonal regression/Deming graph

In ordinal regression commonly available in statisti-
cal packages MS Excel etc., all the error are taken to be
found in the data on the Y-axis (in the vertical direc-
tion) (Figure 3). The regression line is drawn in order
to minimize the sum of squared distance from the
data points to the regression line in the vertical direc-
tion. This method makes for convenient formulas for
calculation, but is only fully appropriate in method
comparison studies when the method plotted on the
X-axis is substantially metrologically superior to the
method plotted on the Y-axis, e.g. when comparing a
routine method to isotope-dilution masspectrometry.

A B

Figure 3: The basic principles of ordinary linear regression
(A) compared to orthogonal/Deming regression (B). The
sum of squared distances in the vertical direction is mini-
mized in the ordinary linear regression (A) whereas the sum
of the squared distances perpendicular to the regression line
(B) is minimized in orthogonal/Deming regression.

Whan comparing an old method (plotted on the
X-axis) with a new method (plotted on the Y-axis)
there are ample reasons to suppose that the new
method is at least as accurate as the old method. It
is therefore reasonable to use orthogonal regression
which supposes that the errors occur in both the old
and in the new method.

Simple Deming
Regression
fredag, november 04, 2016, 10:26:16

Data Source: Data 1 in Metodjimf6relse
X-data: 1-A
Y-data: 2-B

Standard deviation for each X-measurement: 1,0000
Standard deviation for each Y-measurement: 1,0000

Number of observations. ..................... 20
Number missing ..........coovuiiiiiiinenn.n. 0
Data correlation coefficient................ 0,9967
Chi-square statistic....................... 0,0710
Reduced chi-square....................... 0,0039
Degrees of freedom.......................... 18

Deming Graph
8 Figure 4: Ortogonal/Deming regres-
sion of the data in table 1 (solid dots )
5 created by Sigma plot 12.5
4
BL]
o 3
>_
2 .
1 4
—— X-Deming 1 vs Y-Deming 1
0 ® AvsB
0 % é :'3 "1 é 6 O X-Means 1 vs Y-Means 1
—— 95% Confidence Band
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Coefficient Std. Error 95% Conf-L 95% Conf-U
Intercept 0,2688 0,0473 0,1693 0,3682
Slope 0,9683 0,0186 0,9293 1,0072

The standard deviation for each observation is only
known up to some common scaling factor. The stan-
dard errors for the parameters have been corrected
by an estimate of this factor, the square root of the
reduced chi-square.

Hypothesis Testing:
Test for slope = 0
F = 5295,9198 P =<0,0001
Test for slope = 1
F =2,8469 P =0,1088

Table 2: The parameters of the ortogonal/Deming regression
as calculated by SigmaPlot 12.5.

Recalculating results

For the data above (tables 1 and 2) the slope of the
Deming regression line is 0,9683 and the intercept on
the Y-axis is 0,2688. This means that if you are mea-
suring samples for a study which extends in time over
the change of methods you will multiply the results
performed with the new method by 0,9683 and add
0,2688 in order to transform all results to the same
measurement level as the one which existed during
the time period of the old method.

Provided you wish to transform the results of the
old method to the results performed with the new
method you subtract 0,2688 from the results of the
old method and divide by 0,9683.

Commutability

Commutability is basically a characteristic of samples
which expresses their ability to result in very similar
measurement results using different measurement
systems. More formally it is a property of a material/
sample demonstrated by “the closeness of agreement
between the relation among the measurement results
for a stated quantity in this material, obtained accor-
ding to two given measurement procedures, and the
relation obtained among the measurement results
for other specified materials”. (31). Natural patient
samples are by definition commutable.
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When comparing measurement methods during
verification and validation, it is crucial to include
natural patient samples as commutable materials in
a very substantial part of the the procedures in order
that the results ultimately measured in the patient
samples are comparable.

Medical laboratories process very substantial num-
ber of patient samples and have usually material to
spare that can be used for maintaining and increa-
sing the quality of the measurement methods used
in the laboratory. Medical laboratories therefore have
through the availability of patient samples a very
substantial advantage compared to the manufactu-
rers of measurement systems and methods when it
comes to the availability of patient samples in their
quality processes.

Method validation

Method validation (13, 16, 17) is commonly thought
of as a highly standardized single linear process, when
it actually consists of several dimensions of repetitive
sub-processes as depicted in figure 5.

In addition to the repetitive sub-processes for opti-
mation, there are a number of principally different
validation processes appropriate for the context that
the method(s) will be used in as follows.

Single laboratory method validation

Single laboratory method validation is appropriate
when one method is used for a specific purpose in one
laboratory (13, 16, 17). This is the type of validation
provided by manufacturers to end-users.

Full method validation

Full method validation in a conglomerate of labo-
ratories includes, in addition to the procedures of
single laboratory validation, a study of the fitness
for purpose of measurement systems in a number of
locations, several operators etc. including a study of
the performance characteristics of the measurement
systems over extended periods of time including the
effects of lot-to-lot variations etc.



New method/
Purpose

(Re)-validation plan

Tesling

for purpose

Implement: verify local
performance

Continued
performance
verification

Full diagnostic validation
Full diagnostic validation is used for establishing the
diagnostic properties of the method in health and
disease (32-34). It is a major research undertaking
demanding that the diagnosis in question is inde-
pendently established by other methods than the one
being tested. It is usually performed by a research
team using a single measurement system in order to
reduce measurement uncertainty. In contrast, when
the method is used in real-life healthcare circum-
stances, sample from the same patient are likely to
encounter several measurement systems with bias and
imprecision profiles substantially different from the
ones encountered during the original full diagnostic
validation study. These properties are commonly
more unfavourable regarding diagnostic properties.
Galen and Gambino (35) pioneered in establishing
the statistical and epidemiological principles of full
diagnostic method validation and showed that “com-
mon sense” interpretation of data prevalent in clinical
medicine should be replaced by rational principles.

New method/Purpose

. Decide fitness

Figure 5: The sub-processes of method validation.
Subsequent to receiving a proposal for a new met-
hod a process of method design, followed by method
development takes place. The development process in
itself is also an iterative process of testing and change
(shown to the right) in order to optimize the fitness
for purpose of the method. Continuted performance
testing during the use of the method in practical situ-
ations may show need for improvements that subse-
quently serve as input in a new design process which
serves as bases for a new development cycle. Such new
cycle is also warranted when the method is put to use
in new circumstances. Redrawn figure. Copyright ©
2007 LGC Limited - All Rights reserved. Material
reproduced from ‘Method Validation: Principles and
Practice’ seminar (September 2007) by permission of
LGC Limited. No part of this material may be repro-
duced without LGC Limited’s express consent.

Recent excellent literature in the field includes the
books by Pepe (36) and Zhou et al. (37).

The basis of characterizing diagnostic performance
is to have a well-accepted gold standard for the diag-
nosis and estimating how well the diagnostic method
being validated performs in relation to the gold stan-
dard method. Data are depicted in a classical 2x2 table
(Figure 7) and the parameters/concepts depicted and
defined in table 1 are calculated.

Diagnostic validation in conglomerates of laboratories
Diagnostic validation in conglomerates of laborato-
ries investigates to what extent a conglomerate of
measurement systems that samples from a patient
are likely to encounter can reproduce the conditions
that existed during the original full diagnostic vali-
dation. Included in the diagnostic validation are also
estimates of the pre- and postanalytical errors which
are encountered using systems for registering the inci-
dence of non-conformance. The author is not aware of
any reported full diagnostic validation of a conglome-

Participants
With disease Without disease
Positive test True positives False positives (type I error) Total positive [PPV]
Negative test False negatives (type II error) True negatives Total negative [NPV]

Total with disease

Total without disease

[Sensitivity]

[Specificity]

Figure 6: A 2x2 table serving as basis for calculating sensitivity, specificity, predictive values and likelihood ratios (Table 1).

PPV = positive predictive value, NPV=negative predictive value.
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rate of laboratories, and is not aware of any guidelines
or standards for the purpose. It is, however, evident
that the sensitivity, specificity, predictive values etc.
of measurement results produced by a conglomerate
of laboratories may differ from those found during
the original full diagnostic validation because the
overall measurement uncertainty is larger. In prac-
tice conglomerates of laboratories therefore focus on
minimizing bias amongst their measurement systems
and their imprecision.

Full method validation depends on the healt-
hcare and laboratory organizations

Healthcare laboratories are commonly organised
into larger laboratory conglomerates encompassing
several physical laboratories catering for diagnostic
services for a defined population. This caters for
important new opportunities for re-defining the
concept of a “laboratory” to encompass all laborato-
ries and measurement methods measuring the same
measurand for a population of patients.

A single laboratory validation/verification is suf-
ficient if the same measurement system is always
used when analysing all samples from a population
of patients (situation “B” in figure 7). However, only
one measurement system used for measuring patient
samples is seldom the case in clinical chemistry.
Patients are commonly diagnosed and treatment
combined with monitoring initiated at large Univer-
sity hospitals to be continued at a smaller hospital and
one or two primary health-care physicians (Figure 7.)

Summary

Verification of measurement methods already valida-
ted by manufacturers is amongst the most common
activities in medical laboratories. A practical proce-
dure for verification using at least 20 natural patient
samples and measuring stable control samples during
one week is presented here, sufficient for most situa-
tions. Measurement systems are used in a plethora
of different situations where a sample for a patient
may encounter several measurement systems over
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Figure 7: The consequences of a conglomerate of laboratories catering for a patient population compared to a single labora-
tory. Hospital laboratory B caters for all samples for measuring a certain analyte. Validation of the single laboratory method
validation established by the manufacturer is in this case sufficient. In the case of other analytes measured in more than one
hospital laboratory and point of care, there are ample reasons to validate the fitness for purpose for diagnosing and monito-

ring treatment effects of the conglomerate of laboratories.
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time. Full diagnostic validation of the entire conglo-
merates of laboratories may become increasingly in
demand as healthcare becomes increasingly aware of
the need to make sure that the diagnostic properties
including reference intervals and decision limits are
optimal within conglomerates of laboratories. The
use of patient samples in split-sample techniques is
especially valuable in this contexts in order to avoid

compatibility issues.
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Introduction

The ongoing vast automation of the laboratories helps
reducing the number of errors related to the labo-
ratory, but preanalytical errors remains a challenge,
and studies has reported that up to 75% of laboratory
errors occur in the preanalytical phase (1,2,3), where
the blood sampling procedure is a pivotal area: It is
well-known that phlebotomy errors can influence the
diagnosis and also affect patient care in a harmful way
(4,5), and recent reports on the un-harmonised train-
ing in European countries of the personnel performing
phlebotomy (6) and the lack of adherence to guidelines
by e.g. the Clinical and Laboratory Standards Institute
(CLSI) (7) and the International Organization for
Standardization (ISO) (8) is therefore alarming (9).
The European Federation of Clinical Chemistry and
Laboratory Medicine (EFLM) Working Group for the
Preanalytical Phase (WG-PRE) has therefore recom-
mended monitoring phlebotomy quality regularly
in order to ensure the quality of the blood collection
procedure (9). Quality control (QC) of phlebotomy is
however challenging because errors associated with
phlebotomy covers a variety of aspects such as patient/
sample misidentification, prolonged use of tourniquet,
inadequate patient preparation, low blood collection
volume, and impeded healthcare worker safety (3). A
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structured QC assessment of the blood sampling pro-
cedure is therefore needed: This will not only assure the
blood sampling quality, but also enable documentation
of the sampling quality, and last but not least assess-
ment of untrained personnel will make it possible for
the laboratory organization to ensure the blood sample
quality for all samples arriving at the laboratory as
requested in the ISO 15189:2012.

A continuous QC of the blood sampling procedure
was introduced at our university hospital using a
structured observation scheme as suggested by the
EFLM WG-PRE (9). The hypotheses were that i) an
observational QC would enable identification of some
critical issues in the blood sampling procedure, and
ii) implementation of corrective actions (education of
the staff) would result in better adherence to the gui-
delines. The aim of our study was to assess the level
of compliance with the local phlebotomy guideline, to
investigate if the tool could help identifying necessary
focus items, and finally to study whether continuous
QC of the phlebotomy procedure over time would
improve adherence to the phlebotomy guideline.

Materials and methods

The investigation was conducted at Odense Univer-
sity Hospital, Denmark, as an observational study in
two phases: a pilot study and a follow-up study.

Pilot study

All staff members performing phlebotomy at Depart-
ment of Clinical Biochemistry and Pharmacology,
Odense University Hospital, Denmark, were obser-
ved. At Odense University Hospital the vast majority
of blood samples are drawn by professionally trained
laboratory technicians, an education that includes



specialised training in phlebotomy. Blood sampling
takes place at either the outpatient phlebotomy ward
or at the hospital wards, but are carried out by the
same phlebotomist staff. Due to work rotation all
phlebotomists were not observed the exact same
number of times.

During a three-month period (September -
November 2014) blood sampling was observed at
the outpatient phlebotomy unit and at the hospital
wards, respectively. Three blood collections by the
same phlebotomist were observed at each session, and
all observations were performed by the same trained
staff specialist (Tine Lindberg Seemann) using a
structured checklist.

The observation checklist for phlebotomy QC was
constructed based on the scheme designed by the
EFLM WG-PRE (9) and adjusted to local procedures
resulting in an observation scheme containing 19
observation items (Figure 1). Observation item #2
concerning patient identification was mandatory to
be correct, as it was assessed as potentially severely
harmful. If patient identification was performed
incorrect, the observer intervened immediately and
assured correct identification. Otherwise, this was
strictly an observational study without interruption
by the observer. Results were recorded as yes/no for
all phlebotomists in each setting and later calculated
for the two settings, respectively.

Follow-up study

Based on the pilot study the observation scheme
was optimised by removing four items that was all
correctly performed in the pilot study and altering
one item resulting in a new observation scheme con-
taining 15 items (Figure 2). The follow-up study was
performed during a three-month period (January -
March 2016) by the same procedure as described for
the pilot study except the alteration that only two
blood samplings were observed at each session (for
logistic reasons).

Statistical analysis
The results of the observational study are reported
as percentage incorrect phlebotomies per item out
of the total number of observations, reported for the
phlebotomy ward and the hospital wards, respectively.
Differences between results at the two settings
(the phlebotomy ward and the hospital wards) were
analysed with Fisher’s exact test. Also, changes in

observations between the pilot study and the follow-
up study was analysed using Pearson’s Chi-Square
test. A p-value < 0.05 was considered significant;
analysis was performed using GraphPad Prism 6 (La
Jolla, California, USA).

Results

Pilot study

A total of 126 phlebotomies, 59 at the phlebotomy

ward and 67 at the hospital wards, were performed

by 39 different phlebotomists. The errors are shown

in Figure 3.

o At the phlebotomy ward, the most frequent error
was performing hand hygiene contrary to the
described procedure (item #3, 42%). Second-most

Foto: Henrik Alfthan.
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Quality control on blood sampling

Dept. of Clinical Biochemistry and Pharmacology
Odense University Hospital
Observer

Date

Phlebotomist

Sample No

YES

NO

Item # 1
Is the requisition correctly filled out?

ltem # 2
Was the patient identified according to the CLSI guideline?

ltem # 3
Was the instruction for correct hand hygiene followed?

ltem # 4
Did the phlebotomist assure that the patient was properly prepared (e.g. fasting)?

Item #5
Was the tourniquet placed correctly?

Item #6
Did the phlebotomist select a suitable venipuncture site?

ltem #7
Was an appropriate venipuncture device used (not a Safety-Lok™ Blood
Collection Set)?

Item # 8

Was the venipuncture site disinfected properly?

Item #9

Was the alcohol allowed to evaporate before the venipuncture?
ltem # 10

Did the venipuncture site remain untouched after disinfection?
Item # 11

Did the phlebotomist assure that the fist was not clinched when blood flow
began?

Item # 12

Was the tourniquet released immediately after blood flow began?
Item # 13

Was the correct order of draw followed?

Item # 14

Were the blood tubes filled properly?

Item # 15

Were all blood tubes mixed immediately after sampling?

Item # 16

Was a cotton ball or gauze placed over the venipuncture site after sampling?
Item # 17

Were syringes etc. disposed correctly immediately after sampling?
Item # 18

Was the patient advised not to bend the arm?

Item # 19

Were the tubes labelled in presence of the patient?
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Quality control on blood sampling

Dept. of Clinical Biochemistry and Pharmacology

Odense University Hospital
Observer

Date
Phlebotomist
Sample No YES NO

Item # 1
Was the patient identified according to the CLSI guideline?

ltem # 2
Was the instruction for correct hand hygiene followed?

Item # 3
Did the phlebotomist assure that the patient was properly prepared (e.qg. fasting)?

Item # 4
Was the tourniquet placed correctly?

Item #5
Was an appropriate venipuncture device used (not a Safety-Lok™ Blood
Collection Set)?

Item # 6

Was the venipuncture site disinfected properly?

ltem# 7

Was the alcohol allowed to evaporate before the venipuncture?
ltem# 8

Did the venipuncture site remain untouched after disinfection?
Item #9

Was the tourniquet released immediately after blood flow began?
Item # 10

Was the correct order of draw followed?

Item # 11

Were the blood tubes filled properly?

ltem # 12

Were all blood tubes mixed immediately after sampling?

Item# 13

Was the venipuncture site inspected for bleeding before the patient left?
Item # 14

Were syringes etc. disposed correctly immediately after sampling?
Item # 15

Were the tubes labelled in presence of the patient?

« Figure 1.
The questionnaire used in the pilot study.

A Figure 2.
The questionnaire used in the follow-up study.
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frequent was that 24% did not follow the correct
order of draw (item #13), followed by improper
mixing of samples by 19% (item #15).

o At the hospital wards, the most frequent error was
also 42% performing hand hygiene erroneously
(item #3), while the second-most frequent was the
25% that did not mix the samples properly after
drawing blood (item #15). Finally, 18% did not
follow the correct order of draw (item #13). An
infrequent, but crucial error is the patient identi-
fication process, which was performed incorrect in
two instances at the hospital wards.

Altogether, the three most frequent errors were identi-

cal at the two settings. Two of them did however differ
significantly between the two phlebotomy settings,
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as incorrect order of draw were more frequent at the
phlebotomy ward (p=0.04), while mixing of tubes
were more frequent at the hospital wards (p=0.04). No
other errors differed significantly between settings.

Follow-up study

In the follow-up study, a total of 84 phlebotomies, 30

at the phlebotomy ward and 54 at the hospital ward,

were performed by 34 different phlebotomists. The

errors are shown in Figure 4.

o At the phlebotomy ward, the by far most frequent
error was the new item #13, where only one out
of thirty inspected the venipuncture site for blee-
ding before sending the patient off (Figure 4). The
second-most frequent error was that 20% did not
use the appropriate venipuncture device (item #5),



followed by item #10, where 13% did not use the
correct order of draw. At one phlebotomy session,
the patient identification process was not perfor-
med correct.

o At the hospital wards, the most frequent error was
also the new item #13 with 69% not inspecting
the venipuncture site correctly. The second-most
frequent was item #12, where 13% did not mix the
samples properly after drawing, followed by 11%
that did not use the correct order of draw (item #10).

The error frequencies that differed significantly

between the two phlebotomy settings (phlebotomy

ward and hospital ward) were items #13 (p=0.01), #12

(p=0.02), and #5 (p=0.03).

Differences between the pilot study and the follow-up
study

The number of phlebotomies with improper hand
hygiene were significantly lower in the follow-up
study, namely 10% vs 42% (both settings) in the pilot
study (p<0.01). Also, lack of tube mixing improved
from 19% at the phlebotomy ward to 3% (p<0.01)
and from 25% at the hospital wards to 13% (p=0.01).
Finally, the number of erroneous order of draw
declined significantly from 21% (mean for both set-
tings) to 12% (p=0.01). Unfortunately, the number of
samplings using the improper venipuncture device
(according to the standard operating procedure)
increased significantly from 8% to 20% at the phle-
botomy ward (0=0.01), while remaining unaltered at
the hospital wards.

Discussion

This observational study describes a continuously
used phlebotomy QC system based on the EFLM WG-
PRE guideline (9), first during an implementation
phase and later in a follow-up phase. The pilot study
revealed a number of items in need of focused atten-
tion and increased staff teaching, while the follow-up
study showed significant improvement for the three
major issues found in the pilot study, namely hand
hygiene, order of draw and mixing of samples. The
QC therefore seems to enable the laboratory to focus
on critical key issues, improve sampling quality, and
to ensure documentation of the sampling QC.

In the pilot study, hand hygiene was performed
erroneously in 42% of the phlebotomies performed at
both settings, while the follow-up study showed that
the error rate had declined significantly to 10%. In

comparison, the EFLM WG-PRE study revealed that
25.8% of the observed phlebotomies deviated from
the procedure recommended by CLSI regarding hand
hygiene (9). As the error frequency was the same at
the phlebotomy ward and at the hospitals ward, the
major reason does not seem to have been availability
of hand sanitizer, which one could have suspected, but
rather missing alertness on the issue. Hand hygiene
is traditionally regarded as the single most important
infection prevention, and all control measures availa-
ble must therefore be instituted to improve adherence
to the guidelines on this issue. Routine hand hygiene
audit by direct observation has been recommended in
order to identify local problems and improve practice
(10). This is however not specifically related to blood
sampling, but rather to health care personnel in gen-
eral and nurses in particular, where implementation
of automated group monitoring has been shown to
improve hand hygiene (11). Compatible with this we
found a significant improvement using the contin-
uous observational QC described here along with a
dedicated focus on the issue.

Another frequent error was the order of draw,
where 21% did not follow the correct procedure in
the pilot study (24% at the phlebotomy ward and 18%
at the hospital ward). There are no good explanation
for the significantly higher proportion of incorrect
draw-order at the phlebotomy clinic compared to the
hospital wards (p=0.03) as one would expect it to be
the opposite due to working conditions etc. However,
the actual difference in numbers are quite low (14 vs
12 phlebotomies), so it could be a coincidental differ-
ence. After the issue was addressed specifically, the
frequency of incorrect order of draw fell to 13% at the
phlebotomy ward and 11% at the hospital ward. This
is alittle higher than the error frequency found in the
EFLM study (9), where 8.1% did not follow the cor-
rect order of draw, and a new procedure has therefore
recently been introduced, where the order of draw is
shown at the labels following the requisition, which
makes the correct order more evident. The impor-
tance of a specific order of draw as recommended in
the CLSI guideline H3-A6 (7) has often been ques-
tioned, and some studies has indicated that incorrect
order of draw under ideal phlebotomy conditions
does not cause contamination if a closed blood collec-
tion system is used (12,13). It is however evident that
a significant frequency of sample contamination does
occur (14,15), and as this study shows ideal phlebot-
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omy conditions are not always present. It is therefore
generally recommended to follow the order of draw
as stated in the CLSI guideline H3-A6, which is also
the procedure at our laboratory.

The third-most frequent error was improper mix-
ing of the samples: 19% did not perform this appro-
priately at the phlebotomy ward, while the number
was 25% at the hospital ward. In comparison, the
error frequency in the EFLM study for this item was
30.4% (9). The significant difference between the
phlebotomy settings could indicate that the working
conditions at the phlebotomy ward are more aligned
with proper laboratory standards, whereas sampling
at the hospital wards often are performed under
more tumultuous conditions. The blood sampling
QC offers a possibility to document a possible critical
impact on the sampling procedure and the following
analysis result. Therefore, the fact that blood sam-
pling conditions are challenging at the hospital wards
can be documented in order to obtain optimal work-
ing conditions for the phlebotomists. Studies have
shown that especially for coagulation testing mix-
ing of the sample is crucial (16), and a recent study
showed that 24% of the rejected tests during a year
was due to a clotted specimen (17). Results of coag-
ulation testing are often needed fast, and improper
mixing must therefore be avoided, e.g. by using an
automated roller mixer, which can be transported to
the hospital wards (18). In the follow-up study, the
error frequency had declined to 3% at the phlebotomy
ward and to 13% at the hospital wards. Again, a clear
focus on a specific procedure needing improvement
appears to have been prosperous, but still there is
room for improvement at the hospital wards.

None of these three most frequent errors were in
the red zone described in the EFLM study as having
the highest combination of impact and probability (9).
An error in the red zone is however the patient identi-
fication process, which according to the CLSI H3-A6
is crucial, and it relies entirely on the phlebotomist
to ensure that the phlebotomy is actually performed
on the individual designated on the request form (7).
Patient identification was performed incorrect in two
instances in the pilot study and once in the follow-up
study. In comparison, the frequency of patient identi-
fication error was as high as 16.1% in the EFLM study
(9), being more frequent among outpatients than
at the hospital wards. No matter what, this type of
error is unacceptable and must be avoided at all cost.
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Recently, harmonisation of the patient identification
procedure was suggested by the EFLM WG-PRE in
order to prevent patient identity mix-up (19), and
hopefully such harmonized procedures will improve
patient safety in the future.

A new item was introduced in the follow-up study,
namely proper inspection of the venipuncture site to
assure that bleeding indeed had stopped. The study
showed that this was an important issue to include as
it was almost neglected at the phlebotomy ward (only
correctly performed in one out of 30 phlebotomies),
and also very critical at the hospital wards (an error
frequency of 69%). This strongly emphasizes that
the observation scheme must evolve continuously
to exploit new areas, where focus is needed. With
renewed focus on this small item, it will hopefully be
possible to show improvement in the error frequency
for this issue also.

The follow-up study showed that continued focus
on critical key issues do result in significant improve-
ments for the three major issues found in the pilot
study. It is however not enough to identify and deal
with such issues, it is also necessary to maintain focus
on the phlebotomy process and future alterations in
this pivotal procedure. This study was not designed
to demonstrate the possibility of such “maintenance
value” using a QC system, but it is our strong believe
that it is capable of maintaining the focus on the phle-
botomy procedure as it is seen for other QC systems
used by the laboratory every day. More importantly,
the QC system will also be an important asset outside
the laboratory: In the health care system, increasing
fiscal demands and a need of faster turn-around times
are inevitable, which has increased the interest in hav-
ing other professionals than trained phlebotomists to
perform blood sampling. A likely future scenario is
therefore an increased number of decentralised blood
samplings (e.g. by doctors or nurses at the hospital
wards). From a laboratory point-of-view it will be
essential to ascertain the phlebotomy quality, which
will be possible through a blood sampling QC.

In conclusion, continuous QC of the blood sam-
pling procedure using a structured observation
scheme was feasible and useful. It revealed a number
of items that were not conducted compliant with the
phlebotomy guideline. Also, it supported significant
improvements in the adherence to the recommended
phlebotomy procedures and facilitated documenta-
tion of the phlebotomy quality.
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Drogtestning utnyttjas inom flera
omréaden i samhillet som en vik-
tig objektiv metod for kontroll av
. alkohol- och narkotikaanvindning
%" och for uppfoljning av behand-
; lingsinsatser. Laboratorieanalyser
» ) av narkotika inriktas huvudsakli-
— gen pé ett fatal enskilda substanser
eller substansgrupper — amfetaminer, bensodiazepi-
ner, cannabis, kokain och opiater - vilka linge varit
de vanligast féorekommande missbruksmedlen och
som alla dr narkotikaklassade (1). Under senare ar har
dock utbudet av narkotiska substanser 6kat kraftigt,
genom forsdljning av nya, oklassade strukturvari-
anter av traditionella droger (”designerdroger”) via
oppen Internethandel. De nya substanserna ar ofta
daligt dokumenterade ur toxicitetshdnseende och
inte kliniskt testade, vilket har orsakat problem i
sjukvdrden genom ett 6kande antal allvarliga férgift-
ningar och dédsfall (2). Vilka nya substanser som &r
inblandade forblir dock ofta oként, eftersom de inte
omfattas av den rutinmissiga drogtestningen (3).

”Nya psykoaktiva substanser”, eller nitdroger
Designerdroger dr inget nytt fenomen utan har fore-
kommit tidigare, exempelvis i USA dér olika fenta-
nylanaloger orsakade manga dodsfall fran slutet av
1970-talet. Den nu pagaende forekomsten av desig-
nerdroger, eller "nya psykoaktiva substanser” (NPS)
som de numera kallas med ett gemensamt namn,
startade i slutet av 2008 da ortblandningar avsedda
for rokning (rékmixar) med produktnamnet ”Spice”,
som gav cannabisliknande symtom utan att inne-
hélla tetrahydrocannabinol, visade sig vara tillsatta
med syntetiska cannabinoider (4). En sddan grupp
av cannabinoider kallas JWH, efter initialerna pa
den kemist som ursprungligen utvecklade dem som
lakemedelskandidater.
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De forst identifierade syntetiska cannabinoiderna
utreddes och reglerades snart som narkotika, vilket i
Sverige maste ske individuellt f6r varje substans, men
Spice-produkterna ersattes da med andra, oklassade
strukturvarianter vilket mojliggjorde fortsatt 6ppen
Internethandel av ”legala” droger (4). Denna katt- och
rattalek har fortsatt sedan dess, och enbart i JWH-
gruppen finns det fler 4n 450 olika strukturvarianter
att vilja mellan. Forutom cannabinoider har dven
andra psykoaktiva substansgrupper introducerats
som NPS, inledningsvis i férsta hand olika stimulan-
tia (exempelvis katinoner) och hallucinogener, men
senare dven dissociativa droger, bensodiazepiner och
opioider. Sedan 2009 har sammanlagt fler &n 500 nya,
unika droger och hundratals forsdljningshemsidor
rapporterats i Europa, enligt information frdn EU:s
narkotikakontrollorgan EMCDDA (5).

Spice har kommit att anvindas synonymt for alla
former av rokmixar tillsatta med syntetiska cannabi-
noider. Andra vanliga namn pa NPS ér Internetdro-
ger eller natdroger, eftersom de ofta forsiljs genom
Internethandel.

STRIDA-projektet
I borjan av 2010 startade Karolinska Universitets-
laboratoriet, Karolinska Institutet och Giftinforma-
tionscentralen (GIC) ett ”Samverkansprojekt kring
toxicitetsutredning och riskbeddmning av Internet-
droger baserat pa laboratorieanalyser” (STRIDA) i
syfte att samla information om férekomst, farlighet
och metabolism av NPS, samt sprida kunskap om
detta orovickande drogfenomen (6). Ett annat viktigt
mal var att utveckla analysmetoder for NPS, vilka
saknades for de flesta nya substanser. STRIDA var
en utvidgning av ett pdgdende projekt om véxt- och
svampdroger (7).

I STRIDA-projektet insamlas och analyseras blod-
och urinprover fran patienter med akuta forgift-



ningssymtom som misstdnks vara orsakade av NPS.
Projektet inkluderar fall fran landets akutmottag-
ningar och intensivvardsavdelningar, efter inle-
dande konsultation med GIC, och drogtestningen
ar kostnadsfri. Klinisk information fran analytiskt
bekriftade NPS-forgiftningar sammanstills sedan
for utvirdering av substansernas symtombilder och
farlighet (8, 9).

Analys av nitdroger

Drogtestning av narkotika sker traditionellt i tva
steg, forst en preliminar sallningsanalys ("screening”)
som ofta utfors med ospecifika immunokemiska
metoder, och sedan, vid ett positivt screeningre-
sultat, en bekrdftande specifik kvantitativ analys
(Pverifikation”) med masspektrometri (MS). Detta
analysforfarande ar vilutvecklat f6r de traditionella
missbruksmedlen men saknades fér NPS (1).

Under utvecklingen av analysrutiner f6r NPS inom
STRIDA-projektet visade det sig visserligen att nagra
immunokemiska rutinmetoder for klassiska drogsub-
stanser ibland kunde utnyttjas dven for prelimindr
screening av NPS (10, 11), eftersom antikropparna
inte klarade av att skilja pa de ofta snarlika kemiska
strukturerna (korsreaktion). Rutinen for verifika-
tionsanalys med en multimetod baserad pa vitske-
kromatografi kopplat till tandem-MS (LC-MS/MS)
blev dock snabbt ohallbar (12), beroende pa det stora
antalet substanser som lopande maste introduceras
och valideras. Under 2014 och 2015 rapporterades
arligen ungefar 100 nya substanser i Europa, det vill
sdga 1 genomsnitt tva i veckan (5). Losningen blev
att istdllet overga till en multiscreeningmetod base-
rad pa hogupplosande MS (LC-HRMS) (13) eller,
for substanser med identisk exakt massa och snarlik
retentionstid och for verifikation, LC-HRMS/MS.

I dagslaget omfattas totalt fler 4n 300 olika miss-
brukssubstanser (NPS, klassiska droger, vaxt- och
svampdroger, likemedel, eller deras metaboliter) av
analyser i STRIDA-projektet. De nyutvecklade ana-
lysmetoderna for NPS har dven kommit till nytta for
rutinmassig drogtestning, exempelvis inom beroen-
devarden dér anvidndning av nya missbruksmedel
utgor ett vixande problem.

Resultat frin STRIDA-projektet

Fran starten 2010 till och med 2015 har drygt
2600 forgiftningsfall som misstankts involvera NPS
fran akutmottagningar i hela landet inkluderats i

Antal STRIDA-fall

STRIDA-projektet. Antalet fall 6kade stadigt under
de forsta dren till en hogsta arssiffra pa 749 under
2014 (Figur 1), vilket alltsa motsvarar i genomsnitt
tva allvarliga forgiftningar varje dag i Sverige. Det
ska papekas att firre dn hilften av samtliga telefon-
konsultationer fréan sjukvarden till GIC blir STRIDA-
fall, eftersom det ocksa krivs att blod- och urinprover
skickas in for drogtestning. Det verkliga antalet all-
varliga NPS-forgiftningar har foljaktligen férmod-
ligen varit minst det dubbla. Den héga arssiffran
for 2014 beror sannolikt pé att det under hosten det
aret intrédffade ett stort antal allvarliga férgiftningar
med nya, hogpotenta syntetiska cannabinoider, till
exempel MDMB-CHMICA, 5F-CUMYL-PINACA
och FUB-AKB48, vilket resulterade i allmant 6kat
fokus pa NPS-problemet.

Alderspannet pi patienterna i STRIDA-projektet
under hela tidsperioden var 8-71 (median 24) ar,
varav narmare 60% var 25 ar eller yngre. Tre fjir-
dedelar av patienterna var mén. I ungefir 80% av
alla blod- och urinprover har en eller flera NPS och/
eller traditionella drogsubstanser pavisats. Av nya
substanser har hundratals syntetiska varianter till-
horande de psykoaktiva kemiska klasserna hittats.
Forutom redan nimnda cannabinoider har speciellt
forekomsten av opioider pa NPS-marknaden skapat
stora hilsoproblem, eftersom denna substansgrupp,
med typiska och livsfarliga 6verdossymtom som
andningsdepression och medvetandesinkning, ar
starkt férknippad med drogrelaterad dodlighet (14).
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Figur 1. Arlig statistik over antalet misstinkta allvarliga
forgiftningsfall med nya psykoaktiva substanser (“ndtdro-
ger”) fran akutmottagningar och intensivvardsavdelningar i
Sverige vilka har analyserats i STRIDA-projektet.
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En sddan NPS-opioid ar MT-45, en lakemedelskan-
didat fran 1970-talet, som under 2013 introducerades
som nitdrog. MT-45 visade sig i vissa fall ha flera
allvarliga biverkningar som dévhet, héravfall och
albinism, inflammation i hud och harsackar, och i
efterforloppet dven operationskravande katarakt (15,
16). Andra farliga opioider som blivit allt vanligare
ar olika strukturvarianter av fentanyl som dr extremt
potenta substanser vilket innebér stor risk for 6verdo-
sering och dodsfall. Substanserna siljs ofta i form av
nésspray dér varje produkt innehaller manga dodliga
doser (Figur 2). Under de senaste tva aren har det
intréffat manga allvarliga forgiftningar och dédsfall
med fentanylanaloger, senast bland annat kopplade
till akrylfentanyl (17, 18).

Figur 2. Oklassade strukturvarianter av den potenta opio-
iden fentanyl har under senare dr sdlts som nya psykoaktiva
substanser (“ndtdroger”), ofta i form av ndsspray ddr varje
flaska innehdller manga dodliga doser.
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Konklusion

Genom STRIDA-projektet har en vilfungerande
rutin fér 16pande 6vervakning av NPS inom sjukvar-
den etablerats. Den nyutvecklade analysmetodiken
baserad pa multikomponent-HRMS gor det mojligt
att rutinmassigt pavisa ett stort antal nya substanser
i urin- och blodprov, vilket inte var mojligt tidigare.
Snabb tillgang till referensmaterial dr dock ett stin-
digt problem. Strategin att fokusera pa forgiftnings-
fall inom akutsjukvarden identifierar sannolikt "top-
pen av ett isberg” men samtidigt ockséd de farligaste
substanserna. Sammantaget utgoér resultaten fran
STRIDA-projektet ett virdefullt komplement till
andra kunskapskéllor vid farlighetsbedomning av
NPS, som exempelvis resultat fran rattsmedicinska
undersokningar av drogrelaterade dodsfall.

En viktig anledning till STRIDA-projektets fram-
gang dr sannolikt att drogtestningen varit kostnadsfri
for sjukvarden, vilket méjliggjorts genom forsknings-
bidrag fran Folkhilsomyndigheten. Fran 2016 avslu-
tades dock den finansieringen varfor projektet har
tvingats ga pa sparlaga och avslutas nu helt.
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For meget af det gode: spaedbern forgiftede af

D-vitamintilskud
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Vi kan som leeger pd de klinisk biokemiske afde-
linger fa skudt i skoene, at vi gemmer os vaek med
vores analyser og forskning. En alvorlig sag fra i
sommer viser imidlertid, at vi kan spille en cen-
tral rolle ved handtering af potentielle medicinske
katastrofer. 1 sommeren 2016 blev der i Danmark
konstateret flere tilfeelde af D-vitaminforgiftning
hos born i alderen 0-2 dr pga. utilsigtet overdose-
ring af D-vitamintilskud. Vi beskriver her, hvor-
dan vi i @Qstdanmark (Region Hovedstaden og
Sjeelland) héindterede sagen.

Kort om sagens forlob

Fredag den 22. juli alarmerede Sundhedsstyrelsen
(SST) og Styrelsen for Patientsikkerhed om, at virk-
somheden Inno Pharma, der producerer en reekke
kosttilskud pa gkologisk basis, havde solgt D3-vita-
mindraber med 75 gange hejere koncentration af
D-vitamin end deklareret (1, 2). Det blev opdaget pa
baggrund af en sver forgiftning pévist hos et barn
indlagt pa berneafdelingen pa Odense Universitets-
hospital. D3-vitamindrabeproduktet (Figur 1) var
blevet solgt i detailhandlen og over internettet i et
omfang af ca. 300 flasker i alt, over en periode pa
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Figur 1:
Inno Pharmas
D-drabeprodukt.
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fire méneder. SST udsendte den 25. juli en skrivelse
via regionernes akutte medicinske koordinations-
centre (AMK) til hospitalerne i Danmark. Den fore-
skrev, at born, der var blevet givet de pagaldende
D-vitamindréber, skulle have taget blodprever til
maling af ioniseret calcium og D-vitamin. Beskeden
formidlede AMK dog ikke til de biokemiske afdelin-
ger, som herte om sagen via patienter og praktise-
rende leeger. Nye guidelines fra SST blev udsendt d. 27.
juli, hvor en repreesentant fra klinisk biokemi havde
veeret inddraget ved udarbejdelsen (3). Guidelines
blev forsegt udbredt via Dansk Selskab for Klinisk
Biokemi (DSKB) og lokalt regionalt, men grundet
sommerferie skete det med nogle dages forsinkelse.

Hvordan lgste vi udfordringen pé de klinisk bio-

kemiske afdelinger?

Pé de klinisk biokemiske afdelinger var vi involve-
rede bade i diagnostikken og dermed afklaringen af
problemets omfang, og i opfelgningen af de forgiftede
bern. Prevetagning pad smé bern er udfordrende, og vi
vidste ikke hvor mange patienter, vi kunne forvente i
de enkelte ambulatorier. For at opnd et tilstraekkeligt
blodvolumen til analyserne, matte bioanalytikerne
ty til kapillerblodpreve i healen pa nogle af de helt
smé bern. Kapilleerblodpreverne er ’abne’ prover,



og pH stiger derfor. Stigende pH vil oge andelen af
proteinbundet calcium og dermed udlese et fald i
koncentrationen af frit calcium (6). Et hejt pH van-
skeliggor maling af ioniseret calcium pa ABL, da der
ikke automatisk korrigeres for pH ved pH > 7,60. For
at fa et nogenlunde skon af niveauet af ioniseret cal-
cium, matte vi derfor foretage beregning af ioniseret
calcium ud fra formlen (Radiometer):

Ca?+ (7,4) = Ca2* [1-0,53 x (7,40-pH)]

Det var nedvendigt at udgive svar med forbehold
til rekvirenten i denne akutte situation for at kunne
hindtere de forgiftede bern i henhold til SSTs
anbefalinger. Proverne med hejt indhold af 25-OH-
vitamin D3 (eller -D3+D2) (i nogle tilfeelde > 2000
nmol/L), matte fortyndes ud og genanalyseres. En
del af de heje veerdier blev praciseret vha. mas-
sespektrometri. Det var nedvendigt for klinikerne
at folge niveauet af 25-OH-vitamin D og effekten
af deres behandling, og evt. systemmzaessige speer-
ringer pa gentagne D-vitaminanalyser skulle derfor
lgbende fjernes.

I Danmark anbefaler SST tilskud af D-vita-
min til personer i risiko for mangel, herunder
bern i alderen 0-2 ar. Anbefalingen er 10 ug
(400 1E) som D-vitamindraber (5). Indhol-
det i fem draber af D3-drabeproduktet fra
Inno Pharma var 75 gange hgjere end den
anbefalede dosis til bern i alderen 0-2 ar. P4
D3-drabeproduktet var fem draber angivet
som den anbefalede dosis, men ikke hvor
meget D-vitamin det svarede til. De bern, hvis
foraeldre har fulgt Sundhedsstyrelsens anbefa-
linger vedrerende D-vitamintilskud, har ind-
taget 750 ug 1 stedet for 10 pug dagligt. Toksisk
dosis for bern < 9 ér er angivet til > 250 pg
(10.000 IE) dagligt i > én uge (3). SST anslog
i august, at ca. 150 bern under 2 ar havde
indtaget de fejlproducerede D-draber. Heraf
havde 87 et D-vitaminniveau >150 nmol/L,
hvoraf 18 bern havde svar hypercalcemi
med ioniseret calcium >1,49 mmol/L (SST).

UV-lys Hud

7-dehydrocholesterol

«

Vitamin D3

25-hydroxylering pa «— Indtag af vitamin D2 og D3 via kost

25-OH-vitamin D3

N

1%-hydroxylering | —> 1,25(0H),D3

Figur 2. Dannelse og omscetning af D-vitamin.

Kort om dannelse og omstning af D-vitamin
D-vitamin spiller sammen med parathyreoidea-
hormon (PTH) en central rolle for reguleringen af
koncentrationen af frit calcium. Maengden af frit
calcium er ngje reguleret, og selv sma forskydninger
kan vaere klinisk betydende og storre forskydninger
livstruende. Den primere kilde til D-vitamin er
den endogene produktion, der sker ved eksponering
af huden for sollys. En mindre andel stammer fra
kosten, og endelig indtages en varierende meangde
som kosttilskud. D-vitamin kan opdeles i cholecal-
ciferol (vitamin D3) og ergocalciferol (vitamin D2).
En skematisk oversigt over dannelse og omsatning
af D-vitamin er vist i Figur 2. Den aktive metabolit
calcitriol (1,25(0OH);D3) dannes ved la-hydroxylering
i nyrerne, hvilket er stramt reguleret af PTH og
underlagt negativ feedback af 1,25(0OH),;D3, calcium,
fosfat og fibroblast-vaekstfaktor. Det betyder, at kon-
centrationen af 1,25(0OH);D3 ikke nedvendigvis er
svert forhejet ved hypercalceemi eller direkte korre-
leret til koncentrationen af frit calcium i blodet (7).
Halveringstiden af cirkulerende 25-OH-vitamin D3
er 2-3 uger (6), hvorimod den i fedtveev er omkring
to maneder. Halveringstiden for den aktive metabolit
1,25(0OH)2D3 i blod er blot femten timer (8).

Hvorfor er et hojt indtag af D-vitamin farligt?

1,25(0OH)2D3 inaktiveres af enzymet 24-hydroxylase.
Kapaciteten af dette enzym er mindre hos spadbern
end hos voksne individer. Dermed er spadbern i
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seerlig risiko for forhejet niveau af 1,25(0OH)2D3 ved
storre indtag som kosttilskud (9). Spadbern ernzres
af modermzlk/modermaelkserstatning, som er rig pa
calcium, og der kan potentielt absorberes store maeng-
der calcium pa kort tid, som vil vedligeholde hyper-
calceemien. Der er gennem tiden rapporteret flere
tilfeelde af D-vitaminforgiftning hos enkeltpersoner
eller mindre grupper af bade voksne og born (10-22).
Symptomerne pa forgiftning hos bern er relativt
uspecifikke og relaterer sig til hypercalceemien. Der
ses nedsat appetit, darlig trivsel, slovhed, irritabilitet,
dehydrering og polyuri. Hypercalcemi kan resultere
i udfeldninger af calcium i nyrer og centralnervesy-
stemet samt ved meget hoje calciumniveauer kardielle
arytmier og hjertestop. Langtidseffekterne af overdo-
sering af D-vitamin til mennesker er ikke klarlagt.
Risikoen for varige skader pa nyrer og i centralner-
vesystemet er ikke velbeskrevet, og humane forsog er
uetiske. Overdoseringsforseg pé dyr har resulteret i
arteriosklerose pa baggrund af mineralisering, samt
knoglesmerter og muskuleer svaghed (23).

Regler om kontrol af kosttilskud versus
leegemidler

Producenten af D3-vitamindréberne markedsforte
produktet som et kosttilskud (24). Kosttilskud beskri-
ves af Legemiddelstyrelsen som ... produkter, der
supplerer den normale kost med naringsstoffer, fx
almindelige vitamin- og mineralpraparater”. Kost-
tilskud skal overholde fedevarelovgivningen og under
denne Kosttilskudsbekendtgorelsen, men kosttilskud
skal ikke godkendes for markedsforingen (25). Ifolge
Fodevarestyrelsens bekendtgerelse om kosttilskud
maé indholdet af D-vitamin i kosttilskud maksimalt
vaere 10 ug som anbefalet daglig dosis. Anmeldel-
sen af et kosttilskud til den lokale fedevareregion
skal ske ved, at der skal indsendes ’en model af den
merkning, der anvendes for varen”. Der er ikke krav
til regelmeessig kontrol af indholdet af aktivt stof,
hverken i den danske lovgivning (26) eller i et tilha-
rende EU-direktiv (27). Forgiftningssagen beskrevet
her viser, at denne udeladelse af kontrol kan have
alvorlige konsekvenser.

Hvad kan vi leere af denne sag?

Vibeskriver her er et eksempel pa, hvordan de klinisk
biokemiske afdelinger kan udfylde en central rolle
ved handtering af potentielle katastrofer berorende
andre specialer og afdelinger, og at vi kan blive ‘glemt’
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i planleegningen af et katastrofeberedskab. Tidlig
orientering og involvering af klinisk biokemiske afde-
linger ber ske ved en fremtidig lignende sag, om ned-
vendigt pa nationalt plan. Pa de klinisk biokemiske
afdelinger var vii direkte kontakt med rekvirenter af
forhgjede D-vitaminanalyser, og vi kommunikerede
lobende med regionens berneafdelinger. Samarbejdet
mellem de biokemiske afdelinger og berneafdelin-
gerne har veret velfungerende og fleksibelt. Overalt
var der stor velvillighed til at bidrage og sikre den
bedst mulige handtering af forlobet. I skrivende stund
er de fleste af de involverede born i et opfelgende for-
lgb pa deres lokale berneafdeling og er blevet tilbudt
atindga i et forskningsprojekt iveerksat nationalt med
en repraesentant fra klinisk biokemi (Fie Juhl Vojde-
man). Dermed sikres det, at vi far storst muligt fagligt
udbytte af forgiftningssagen i form af ny viden, og at
evt. D-vitaminforgiftede patienter i fremtiden far den
optimale behandling.Kontrollen med kosttilskud har
tydeligt vist sig at veere utilstreekkelig. Fremadrettet
ber disse produkter enten klassificeres som leegemid-
ler og here ind under gaeldende lovgivning herfor
inklusiv krav til batchkontrol, eller reglerne for kon-
trol af kosttilskud ber tilferes krav til batchkontrol.
Sagen forventes at fa et politisk efterspil.
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Kobalaminmangel har tradisjonelt veert knyttet til
eldre mennesker og assosiert med ulike nevro-
degenerative tilstander, som gir nevropsykiatriske
symptomer for de typiske hematologiske endringene
manifesterer seg med anemi, okt MCV og hypergra-
nulerte neutrofile leukocytter [1]. I den senere tid har
det imidlertid kommet flere rapporter som tyder pa
at kobalaminmangel er hyppig ogsa hos unge kvin-
ner [2] og spedbarn [3]. En adekvat kobalaminstatus
er nodvendig for normal fertilitet og et godt svang-
erskapsutfall og mangel er assosiert med ekt risiko
for preeklampsi, prematur fodsel, lav fodselsvekt og
nevralrersdefekter hos barnet [4]. Kobalaminmangel
i spedbarnsalderen er vist & kunne ha en negativ
pavirkning pa psykomotorisk utvikling [5].

Spedbarnets kobalaminstatus er avhengig av mors
status under svangerskapet og postpartum, sa lenge
barnet fullammes [3, 6]. Svangerskap og spedbarnsal-
der, og til en viss grad ogsa ammeperiode, er preget
av fysiologiske endringer som pévirker biokjemiske
parametre i varierende grad [7]. Tolkning av kobala-
minstatus kan derfor vere vanskelig hos gravide og
ammende kvinner og spedbarn..

Endringer av kobalaminstatus i svangerskap og
ammeperiode

Serum kobalamin reduseres under hele svangerskapet
og stiger postpartum [8]. Det reduserte serumnivéet i
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svangerskapet skyldes gkt plasmavolum, gkt glome-
ruler filtrasjon [7] og endret nivé av bindeproteinet
haptokorrin, som folge av okt estrogenniva [9]. I
tillegg taper mor kobalamin ved at vitaminet trans-
porteres aktivt over placenta og lagres i fosteret, og
nivaet i navlestrengsblod i siste trimester er 2-3 ganger
heyere enn i maternelt blod [10].

Begge de metabolske markerene homocystein
(tHcy) og metylmalonsyre (MMA) er lavere i svang-
erskapet enn hos ikke gravide kvinner og de stiger
postpartum [11]. Nivéet av tHcy er redusert allerede
fra svangerskapsuke 8 og reduseres ytterligere til
30-60% av ikke-gravide verdier i andre trimes-
ter[12]. Deretter holder tHcy seg stabil eller stiger
frem mot fodselen [13], men tHcy nivaet er lavere
hos gravide som tar kobalamin eller folattilskudd i
svangerskapet.

MMA nivaet er redusert i forste og andre trimester
og stiger i tredje til niva ofte over det man ser hos
ikke-gravide kvinner [13, 14]. Holotranskobalamin-
nivaet er rapportert & vere stabilt [13] eller stige [15]
i svangerskapet, med en reduksjon postpartum [16].

Hemodynamiske og hormonelle svangerskapsin-
duserte endringer antas & veere normalisert 5 til 6 uker
etter fodselen [17]. Imidlertid er amming assosiert
med hormonelle endringer, som for eksempel gkning
av prolaktinnivaet [18]. Nivéet av bade kobalamin,
tHcy og MMA stiger postpartum og ofte til verdier
over det man ser hos ikke-gravide kvinner [8, 19].
Kvinner som ammer har saledes et hoyt niva bade av
kobalamin og av de metabolske markerene. Kobala-
min i morsmelk er korrelert til mors serumnivé og
en mulig forklaring pa de biokjemiske endringene
man ser postpartum, er at amming medvirker til
at intracelluleert kobalamin frigjeres til blodet, noe
som sekundzert vil medfore en gkning av kobalamin-
nivéaet i morsmelken, men da pé bekostning av mors
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intracellulere kobalaminstatus. Mors kobalaminniva
holdes stabilt utover i ammeperioden, men er redu-
sert ved langvarig amming [20]. Kobalaminnivéet
i morsmelk er hoyt de forste ukene etter fodsel, og
reduseres utover i ammeperioden [16].

Endringer i kobalaminstatus hos spedbarn og
eldre barn

Nivaene av kobalamin, folat, tHcy og MMA endrer
seg betydelig gjennom barnealderen. I lopet av de
forste ukene etter fodsel reduseres kobalaminnivéet
i serum, samtidig som tHcy og MMA nivaene stiger
[21]. De laveste kobalamin og de heyeste tHcy og
MMA verdiene ses mellom 6 uker og 6 maneder.
Etter 6 -8 maneders alder stiger serum kobalamin og
nér en topp ved 3-7 ar, mens tHcy synker og forblir

lavt frem til det gradvis begynner & stige ved 7 ars
alder. MMA nivaet stiger i ukene etter fodsel og kan,
spesielt hos barn som ammes, na svert hoye nivaer,
uavhengig av kobalaminnivaet. MMA er derfor ingen
god parameter pa kobalaminstatus hos spedbarn.
Etter spedbarnsalderen faller MMA og forblir lav
gjennom hele barndommen (< 0,26 pmol/L). Folat-
nivéet er sveert hoyt hos spedbarn og faller forst i 1-3
ars alder gradvis mot de verdiene man ser i serum
hos eldre barn og voksne [21].

I spedbarnsalderen er siledes folatnivaet hoyt,
mens kobalaminnivéet er lavt. Dette er bakgrun-
nen for at tHcy, som pavirkes bade av kobalamin og
folatstatus, hovedsakelig er en kobalaminmarker i
spedbarnsalderen, mens den hos eldre barn og voksne
hovedsakelig er en folatmarker.
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Kobalaminmangel hos spedbarn og effekt av
tilskudd

Kobalaminnivéet i morsmelk reduseres fra 2-4
maneder postpartum og flere studier har vist at
kobalaminmangel er vanlig hos spedbarn som ful-
lammes utover 4 maneder [16, 22]. Omkring 66 %
av norske fullammede spedbarn under 6 méneders
alder har et moderat lavt serum kobalamin og et
heyt plasma tHcy, forenlig med en biokjemisk koba-
laminmangel [21].

Symptomer pa kobalaminmangel hos barn varierer
med barnets alder, med grad og varighet av mangel.
Publiserte kasuistikker har vist at alvorlig kobala-
minmangel kan gi permanente kognitive utviklings-
defekter [5]. Ogsd moderat kobalaminmangel hos
spedbarn er vist 4 gi diffuse og uspesifikke sympto-
mer, som irritabilitet, forsinket motorisk utvikling,
spisevegring, obstipasjon og manglende trivsel [23].

Randomiserte intervensjonsstudier med kobala-
mintilskudd har vist at det er mulig bade & endre
den biokjemiske profilen og bedre grovmotorisk
utvikling hos spedbarn med en moderat kobalamin-
mangel [22, 24, 25]. Spedbarn som ved 6 ukers alder
fikk 400 pg kobalamin intramuskulert, hadde ved
4 méneders alder et 39% lavere plasma tHcy niva
enn de barna som ikke fikk tilskudd. I gruppen som
fikk kobalamin var 97,5 persentilen for plasma tHcy
6,5 umol/L ved 4 maneders alder, og dette nivaet er
foreslatt som en aksjonsgrense for kobalaminmangel
hos spedbarn [24]. Barn som fikk kobalamin viste en
signifikant bedring i grovmotorisk utvikling allerede
etter 3 uker [22, 25], noe som er en indikasjon p4 at
en adekvat kobalaminstatus i spedbarnsalderen er
viktig for normal motorisk utvikling.

Konklusjon

En adekvat kobalaminstatus er viktig for et optimalt
svangerskapsutfall og utvikling av spedbarn. Koba-
laminmangel er vist a veere hyppig, ogsa hos unge
mennesker og spedbarn i véar del av verden. I svang-
erskap og spedbarnsperiode skjer det store fysiolo-
giske endringer som kan vanskeliggjore tolkningen
av kobalaminstatus. Som et ledd i oppfelgingen av
gravide kvinner og spedbarn, er det derfor nedvendig
a etablere spesifikke aksjonsgrenser for kobalamin-
mangel hos disse pasientgruppene.
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Medisinsk biokjemisk forskning i Norge anno 2016

Tor-Arne Hagve

Tverrfaglig Laboratoriemedisin og Medisinsk Biokjemi, Akershus Universitetssykehus og
Institutt for Klinisk Medisin, Campus Ahus, Universitetet i Oslo

tor-arne.hagve@ahus.no

Fagomréadet “medisinsk biokjemi
og fysiologi” ble formelt godkjent
som medisinsk spesialitet i 1946.
Etter det har spesialiteten endret
navn, via klinisk kjemi, til medis-
. insk biokjemi. Det meste av labo-
/ ratorieaktiviteten pa sykehus var i
de tidlige ar knyttet til de kliniske
avdelinger der hver avdeling hadde sitt lille labo-
ratorium. Pa Ullevél sykehus ble det i tillegg til de
lokale laboratorier etablert et Sentrallaboratorium
sd tidlig som 1937, mens Rikshospitalet fikk sin
egen laboratorieavdeling forst i 1953. Asbjorn Fol-
ling ble sistnevnte avdelings forste sjef samt landets
forste professor i medisinsk biokjemi. Det var forst i
begynnelsen av 1960 arene at forskningsaktiviteten
innen fagomrédet medisinsk biokjemi tok av og ikke
unaturlig var det fokus pa regulering av biokjemiske/
metabolske prosesser sarlig vinklet mot arvelige
stoffskiftesykdommer. For eksempel ble Institutt for
klinisk biokjemi (IKB) UiO/Rikshospitalet etablert i
1961 hvor det i tidens lgp er pavist flere nye arvelige
stoffskiftesykdommer og som var pionerer innen
feltet, ogsa internasjonalt. I denne tiden ble det pa
alle universitetssykehusene etablert forskerstillinger
med rekruttering av entusiastiske unge talenter og
en betydelig okning i forskningsaktivitet. Medisinsk
biokjemi har alltid blitt sett pa som en medisinsk
spesialitet som gir god anledning til forskning og
utvikling og har tradisjonelt veert attraktiv for forsk-
ningsaktive leger.

I dag er det i "Norsk forening for medisinsk biok-
jemi” (fagmedisinsk forening under Den norske
legeforening) 140 medlemmer og av disse har 72
doktorgrad (PhD). P& universitetssykehusene er det
totalt fire professor I-, ni professor II- og fem forstea-
manuensis stillinger.

Den strukturerte og langsiktige forskningsaktivi-
teten foregdr naturlig nok i all hovedsak pa univer-

il
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sitetssykehusene. I 2015 ble det fra de medisinsk bio-
kjemiske miljoene pé universitetssykehusene publisert
103 artikler i internasjonale indekserte tidsskrifter
og for 32 av disse var forste- og/eller sisteforfatter
fra fagomradet medisinsk biokjemi. Dette er i god
overenstemmelse med resultatene fra en undersekelse
fra 2005 som viste at bare 20% av artikler publisert fra
de medisinsk biokjemiske miljeer pa de store sykehus i
Sverige utgikk primeert fra denne spesialiteten (1). En
senere upublisert undersgkelse som omfattet 30 syke-
hus i Norden viste likeledes at ca. 30% av publiserte
artikler hadde forsteforfatter fra medisinsk biokjemi,
og at det ikke var forskjell mellom universitetssyke-
hus og andre storre sykehus. Dette kan tolkes dithen
at for 70-80% av publiserte artikler er medisinsk
biokjemi ”bare” del-leverander av analyseresultater
til klinisk initierte studier og i beste fall medforfatter
pé publikasjoner. Dette kan synes som mye. Men, det
er ikke unaturlig at medisinsk biokjemi er involvert i
kliniske prosjekter. Det ble i 1996 hevdet at laborato-
rieanalyser er viktig for 60-70% av alle diagnoser som
stilles (2). Med bakgrunn i den betydelige teknologiske
utviklingen som har preget laboratoriefagene de siste
ti-ar er denne andelen sannsynligvis betydelig hoyere
i dag. Laboratorieanalyser er selvsagt sentral i en stor
del av den kliniske forskning og medvirkning som
aktiv medforfatter fra laboratoriene er viktig for alle
parter, under forutsetning av at Vancouverreglene
folges. Laboratorieavdelingen ber involveres sa tidlig
som mulig i et klinisk prosjekt, helst i forbindelse med
utforming av protokoll, og senere i registrering og
prosessering av data samt utforming av manuskript.
Det er imidlertid en bevisst strategi i fagmiljoet at det
er ngdvendig 4 satse mer pa egeninitiert forskning.

I 2007 ble de vitenskapelige programmene pa to
kongresser (Nordisk og Europeisk) gjennomgatt for
a kartlegge fokusomréder for forskning og utvikling
(3) og folgende generelle problemstillinger peket seg
ut: klinisk nytte av nye biomarkerer, ssmmenligning



av analytiske metoder, forbedring av metoder og pro-
sedyrer, kvalitetssikring, forbedring av referansema-
terialer, etablering av biobanker, og utvikling, utpre-
ving og etablering av ny teknologi. De siste drene har
det veert mye fokus pa nye gentester og nyvinninger
innen kromatografi (massespektrometri) og avansert
flowcytometri, samt fokus pa genomics, proteomics
og metabolomics og den tilherende behandling av
“big data”. For a fa et bedre bilde av natid og fremtid
er det nedenfor gitt i kortform noen eksempler pa
de forskningsomradene som de medisinsk biokje-
miske miljoene pa norske universitetssykehus angir
a arbeide med na:

« Studier av metabolomet og proteomet i biologiske
veesker ved endokrinologiske sykdommer og med-
fedte metabolske sykdommer

« Metodeutvikling avimmunoassays: Etablering og
validering av nye analyser spesielt med tanke pa
analysering av legemidler og tumormarkerer

o Studier av ekstracelluleere vesikler i biologiske
vaesker

« Inflammasjons og koagulasjonsmarkerer ved
meningokokksykdom

« Identifisering og karakterisering av hemoglobino-
patier

« Hormonell dysfunksjon etter kreftbehandling

o Metylerende argininvarianter og deres betydning
som kardiovaskulere risikomarkerer

« Statistisk kvalitetskontroll i laboratoriet — utvikling
av forbedrede metoder

o Laboratoriediagnostikk av svangerskapsdiabetes

o Regulering av jernstoffskiftet, serlig i forhold til
anemi og hemokromatose

o Betydning av komplementsystemet for koagu-
lasjonsaktivering i en human fullblodsmodell for
sepsis

« Tannhelse, kosthold, inflammasjon og biomarke-
rer ved akutt intermitterende porfyri

« Betydningen av mikro RNA og komplementsyste-
met for inflammasjon i en human fullblodsmodell

« Bruk av biomarkerer i forbindelse med sykdom i
hjerte, nyresykdom, porfyrisykdom, allergi, koa-
gulasjonsforstyrrelser samt mikronzringsstoffer
og preanalyse

o Nytte av ulike betennelsesmarkerer (CD64, PCT,
hepcidin, copeptin) ved postoperativ infeksjon

+ Undersokelse av SNPs i osteopontin genet som
markerer for utvikling av brystkreft

« Pavisning av blaster ved automatisert differensial-
telling

o Kolorektal kreft: tidlig deteksjon ved hjelp av ikke-
invasive biomarkerer og overvaking av intestinal
bakterieflora

o Analyse av glykert albumin hos pasienter med
diabetes mellitus hvor HbAlc ikke er egnet

« Miljogifter og helseskade

o Serumkonsentrasjonen av vitamin Ds betydning
ved ulike sykdomstilstander og calsitriols cellulaere
effekter.

Hvilken kvalitet har s& medisinsk biokjemisk forsk-
ning? Det er vanskelig & bestemme og beskrive kva-
liteten pa forskningsaktivitet. H-indeks oppfattes av
mange som et brukbart, men ikke optimalt mal pa
forskningskompetanse. Aktive medlemmer i "Norsk
forening for medisinsk biokjemi” hadde i 2012 en
gjennomsnittlig h-indeks pa 10 (range 0-29) hvo-
rav de med universitets tilknytning (professorer og
amanuenser) hadde 18 (3-29) og overleger uten uni-
versitetstilknytning hadde 5 (0-23). Gjennomsnittlig
antall publikasjoner var i de respektive tre gruppene
22, 68 og 15. Dette sier kanskje lite fordi det er intet
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a sammenligne med. Denne type bibliometriske data
finnes ikke for andre spesialiteter i Norge, og det
finnes lite data internasjonalt. Leseren kan selvsagt
sammenligne resultatene ovenfor med sin egen (og
kollegers) h-indeks og dermed fa et visst inntrykk av
nivaet pa forskningskompetanse innen medisinsk
biokjemi (www.webofknowledge.com). Det er imid-
lertid klare indikasjoner pd at kompetansenivéet og
forskningsaktiviteten innen medisinsk biokjemisk
i Danmark er heyere enn i Norge vurdert ut fra
h-indeks og antall publikasjoner. Professor I har i
gjennomsnitt publisert 223 artikler i Danmark (4)
mens tilsvarende tall er 96 i Norge (3). Noe av denne
forskjellen kan skyldes at forskning er organisert ulikt
i Norge og Danmark, ved at “medisinsk biokjemi”
inkluderer mer basal forskning i sistnevnte enn det
som er tradisjon i Norge.

Hvilken retning ber medisinsk biokjemisk forsk-
ning ha for fremtiden? For det forste ma man vere

Foto: Henrik Alfthan.
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bevisst at en stor del av resultatene fra de mange
samarbeidsprosjektene som til enhver tid gar i labo-
ratoriene er nyttig bade for fagmiljeene, helsevesenet
og pasienten. Det er viktig at det fortsettes med denne
type samarbeidsforskning, og det bor gjores mer.

For det andre m4 det fokuseres mer pé egeninitierte
prosjekter. Det er vanligvis klinikken som tar initiativ
til samarbeidsprosjekter hvor laboratoriet bidrar med
betydelige ressurser bade intellektuelt, gkonomisk og
praktisk mens gevinsten er begrenset til et navn midt
i en lang rekke medforfattere. Det ber vare vel sa
naturlig at de kliniske avdelinger bidrar med pasienter
til laboratoriets egne, velfunderte prosjekter, eksem-
pelvis ved utpreving av nye biomarkerer.

Og helt til slutt: Den mest siterte artikkel noen-
sinne innen alle fagomrader er OH Lowrys artikkel
fra 1951 som beskriver metode for proteinkvantite-
ring med 326.750 siteringer (Web Of Knowledge juli
2016) (5). Den mest siterte artikkel i Norge er kanskje
ikke uventet ogsé fra laboratoriemedisin med 14.970
siteringer (6). Den omhandler Arne Beyums utvik-
ling av metode for separering av blodceller. Labora-
toriemedisin har noe a strekke seg etter.
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Den vandrande vetenskapsmannen
Hepatit som konst - konst som hepatit

Per Simonsson
Siemens Healthcare AB
per.simonsson@siemens-healthineers.com

Levern mé, for oss biokemister,
vara metabolismens konung men
nidr kungen abdikerar véntar
; skammen.

Det ar heroiskt att dverleva en
hjartinfarkt, men skamligt att sta
i ko for en levertransplantation.
Hepatologi doftar surt av mas-
sivt alkoholintag, intravendst missbruk, oskyddat
sex. Och nu - med dagens explosion av fettlever —
soffsittande, sockermissbruk och 6vervikt. S& det

ar

har ansetts limpligast att diskret dolja de drabbade,
undanhalla diagnosen fran alla utom de ndrmast
sorjande. For fa tillstand 4r sa undangémd som
leversjukdom.

Nu vill hepatologin bérja synas. Det vill patient-
féreningarna ocksa. Kan diabetologerna och diabeti-
kerna fa plats i rampljuset och tillforsikras tillborlig
respektabilitet s kan vil ocksé hepatologin.

De finns goda skil. Hepatit B och C skall nu utro-
tas, det lovar WHO, med vaccination och med nya
likemedel. Leversjukdomarna som orsakas av var tids

Julia Llerana “Undetectable” (Foto: Per Simonsson)
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levnadsvanor skall upp pa distriktslakarnas agenda
sd att framtida cirroser kan forebyggas. Leverpatien-
terna skall inte langre forpassas till gastroenterolo-
gins vintrum.

European Association for the Study of Liver har
startat ett spainnande projekt. De vill blanda konst
och vetenskap, konst och medicin. Narmare bestamt
hepatit C. De vill ge ett nytt perspektiv pa sjukdomen.
Tillsammans med konststudenter i Valencia har de
skapat ett internationellt narverk av unga konstnéirer
som gett sig ut ur ateljéerna, triffat riktiga patienter,
ansikte mot ansikte. Vid tio olika konstakademier
runt om i virden har 77 studenter lyssnat, funderat
och fattat penseln, eller kameran. Metod och tonart
spanner brett. Liksom sjukdomen i sig, frdn hopp till
trivialiteter, fran humor till fértvivlan.

Resultatet 4r en utstdllning vid den internationella
leverkongressen i Barcelona varen 2016. Det har bli-
vit en spinnande samling méten med méinniskorna
bakom levervirdena, ett mote mellan konstnér och
patient. Firger och moénster, olja och foto, konkreta
ansikten och abstrakta ytor. Det ar sdllan nagra
direkta hepatologiska avbildningar, med undantag av
ett svartvitt portritt i olja av en levertransplanterad
mans buk, med arr och allt, och en rosa Jesus som
héller fram en rosa lever.

Hir visas ett broderi 6ver en leverutrednings alla
ringlande stigar. Och en stor duk 6ver den gamle
patienten, med 40 ars anamnes. Duken gar i rott,
mannen star med ena handen pé fiolen och med ett
kranium pa bordet invid. Dédr har den legat, stin-
digt paiminnande genom alla dessa decennier. Men
star gor han fortfarande, den gamle patienten, och
spelar sin fiol.

Det finns bara ett verk med mer direkt labmedi-
cinsk koppling: Julia Lleranas “Undetectable”, dir
fotografier av en bergtopp speglar sig i analyssvar fran
ett virologiskt laboratorium. Den unga konstnéiren
resonerar kring vara laboratoriesvar: 600 000 virus-
kopior/mL det kan ju liknas vid 600 000 cm, vilket ar
det samma som 6000 meter, vilket 4r ett hogt berg,
ett mycket hogt berg. Dir star den sjuke ensam och
utsatt. For att sen, efter 14ng terapi, atervanda till oss
andra, vi som lever bekvamt vid havsytan.

Sa kan man ocksa se ett labsvar. Analysresultatets
siffror omtolkade till ett tillstdnd: 6 000 meter Gver
havet. Kallt, ensamt.

Pé den vindpinade och syrefattiga bergstoppen ér
det inte fraga om genotyp eller fibrosmarkor. Dér dr
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det madnniskan bakom siffrorna som far sta och frysa.
Dir star midnniskorna som vi ar till for att hjalpa med
vara analyser. Minniskorna, inte deras levervarden.
Pa hepatologernas kongress har de stigit ner, likt
inkriktare i vetenskapens vita kongresskorridorer.
Plotsligt uppdykande ansikten i forskningens svala
hogborg. Pa stora dukar och i diskreta teckningar.
Sé kan ocksé leversjukdom illustreras, eller kanske
snarare tolkas, nir levervirdena inte ldngre ricker.

Perspectives — Art, Live diseases and Me

European Association for the Study of Liver, Barcelona
13-17 April 2016

Utstdllningen finns ocksd samlad i en katalog, som
gavs till kongressens alla deltagare.

Foto: Henrik Alfthan.
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Good News: You're automating your lab.
Best News: We perform over 900werkflow consultations each year.

Siemens Healthineers consultants ensure that your automation solution—
from concept to completion—will help you deliver the outcomes you demand.

A91DX-9426-A3-4A00.

You've decided to automate your lab, but what's the As your long-term partner, Siemens will be there—from

next step? How do you find the right partner to meet design and implementation to ongoing optimization of

your growth and productivity needs? your laboratory’s performance. That's why so many
customers have trusted us for their first and replacement

With nearly two decades of automation experience, automation solutions. You can always expect our

Siemens will work closely with your team to define and commitment to a seamless transition to your new

help you achieve your goals. Utilizing our Lean analysis solution, giving you confidence and peace of mind.

tools and proprietary simulation models, our healthcare And that's the best news of all.

consultants help establish new processes, redefine

workflow, and improve staff utilization. And our project Get more good news at siemens.com/automation-leader.

management team partners with you to make sure your
implementation is a success.



