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Farewell message from the editor-in-chief

Gabor L. Kovacs, M.D., Ph.D., DSc

Dear Colleagues,

Thisisthe lastissue of the eJIFCC that | editin my
capacity as the editor-in-chief of the journal. The
two terms, i.e. a six-year period of service | held
in the Communication and Publication Division
of the IFCC, have elapsed rapidly. Looking back,
a lot of things have happened to us including a
large variety of changes we were involved in,
or we initiated. 14.000 laboratorians from 93
countries receive the journal mass-mailed to
their computers quarterly. Most importantly,
eJIFCC is now indexed by PubMed Central, a
development that has largely increased our vis-
ibility. A year ago, we submitted our application
to Web of Science as well as to Scopus index-
ing; these processes, however, take years. We
have also become member of the Committee
of Publication Ethics (COPE).

The Editorial Board has been extended con-
siderably during this period. In addition to the
“old” members, twenty new members accept-
ed to volunteer for the journal’s editorial activi-
ties, all of them renowned laboratory scientists
from different continents. Thanks to them, |
almost never received a reviewer invitation re-
jected. The editorial board members were also
most helpful in reviewing the presentations of

IFCC’s e-Academy, a new and highly successful
product of the Communication and Publication
Division. | specially thank the help of my two as-
sociate editors, Dr. Harjit Pal Bhattoa (Hungary),
responsible for the linguistic editing, and Dr.
Reinhard B. Raggam (Austria), the case-report
editor of the journal.

The journal, the editorial board and the edi-
tor has always had the full support of Dr. Ellis
Jacobs and Dr. Khosrow Adeli, the two chairs of
the Communication and Publication Division,
who followed each other in my editorial period.

The professional help of Insoft Digital in the e-
publication of the journal needs to be acknowl-
edged as well. They have greatly improved the
professional appearance of the journal.

Last, but not least, | have to thank Mrs. Silvia
Colli-Lanzi at the IFCC Office in Milan. Without
her enthusiastic and highly professional assis-
tance, neither the IFCC, nor the e-journal would
be the same.

| wish the new editor and especially the labora-
torians out there on all the continents further
great success with the eJIFCC!

Pécs, November 13, 2017
Gabor L. Kovacs
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Foreword of the editor
Editor-in-Chief: Gabor L. Kovacs, MD, PhD, DSc

This special issue has been dedicated to the
laboratory diagnosis of chronic kidney diseases.
The IFCC Task Force on Chronic Kidney Disease
sheds light on several aspects of the field, from
basic research to daily clinical practices, uniting
many IFCC member countries working in dif-
ferent aspects of the laboratory in chronic kid-
ney care. Dr. Flavio Ferraz de Paes e Alcantara
(Brazil), the chair of the task force and Dr. Vanja
Radisi¢ Biljak (Croatia), a member of the task
force, were asked to guest-edit the issue.

Dr. Flavio Ferraz de Paes e Alcantara graduated
in medicine in Santos, Brazil. He earned the
specialization degree in clinical pathology after
finishing medical residency at the clinical hos-
pital of the University of Sao Paulo. Worked as
a post-doctoral fellow at The Scripps Research
Institute (USA), from 1996 to 2001. In 2001,
he came back to Brazil as associated direc-
tor of a medium size private clinical labora-
tory (IACS), working there part time, and as of
2012 became the leading director of IACS. Dr.
Alcantara also works part time at the University
of Sdo Paulo. Initially as a research fellow, since
2006 he holds a tenure position as assistant
physician at the Central Laboratory Division -
Molecular Biology Section, the largest public
hospital in South America. Dr. Alcantara is an
active member of the Brazilian Society for
Clinical Pathology and Laboratory Medicine,
where he is frequently invited for lectures and

meetings. In 2010, Dr. Alcantara started a term
at the IFCC-WASPaLM Task Force on Chronic
Kidney Diseases, and became the chair person
for the 2016-2018 term.

Dr. Vanja Radisi¢ Biljak, PhD, from Zagreb,
Croatia, studied medical biochemistry at
the Faculty of Pharmacy and Biochemistry,
University of Zagreb (1999-2004). In 2005,
she started her postgraduate doctoral study in
medical biochemistry and defended her doc-
toral thesis ,Chronic obstructive pulmonary
disease and glutathione cycle” in 2010, gaining
her PhD degree. Since 2010 she has been em-
ployed in Merkur University Hospital where she
started her residency in Medical Biochemistry
and Laboratory Medicine and graduated in
2014. Her major interest shifted towards ne-
phrology, diabetes, and medical informatics.
In 2010, she got a scholarship for EASD Young
Scientists Training Course “Reactive metabo-
lites in late diabetic complications” (University
Hospital Heidelberg, Dept. of Medicine | and
Clinical Chemistry) in Heidelberg, Germany. In
2013, she received a travel grant for the EFLM
Postgraduate Course in Clinical Chemistry and
Laboratory Medicine New Trends in Diagnosis
and Monitoring using POC Instruments. In
2016, she was awarded as the best young sci-
entist for 2015. The award was presented by
the Croatian Society for Medical Biochemistry
and Laboratory Medicine.
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EDITORIAL

This series of articles is a milestone not only for the
International Federation of Clinical Chemistry and
Laboratory Medicine (IFCC) and the World Association
of Societies of Pathology and Laboratory Medicine
(WASPaLM) Task Force on Chronic Kidney Disease (TF-
CKD) integrated project, but also an important outline
on the role of the laboratory on assessment of the
renal function in different scenarios. It sheds light
on several aspects of the field, from basic research
to daily clinical practices, uniting many IFCC member
countries working with different aspects of the labo-
ratory in CKD care.

In the initial article “We have come a long way” (1),
a brief history of the Task Force is narrated. The IFCC
leadership with WASPaLM partnership formulated a
TF which amalgated the two major International sci-
entific societies in Laboratory Medicine. The initial
idea of “forging a global consensus” has shifted onto
“helping to create and implement national guidelines
in each country through corresponding members”, and
later using the KDIGO 2012 guidelines (2) as a frame
document.

IFCC has succeeded in gaining acceptance as a global
partner for CKD care (3).
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KDIGO 2012 guidelines classifies CKD based on
cause, Glomerular Filtration Rate (GFR) category,
and albuminuria category (CGA) (2), thus empha-
sizing the role of laboratory medicine in manage-
ment of CKD. One of the major laboratory tests
involved in CKD management is certainly cre-
atinine and consequently estimation of GFR via
estimating equations (2). The group of authors
on behalf of the Société Francaise de Biologie
Clinique in the article “Did creatinine standard-
ization give benefits to the evaluation of glomer-
ular filtration rate” (4) evaluate some limitations
of creatinine and emphasize the importance on
using IDMS traceable enzymatic assays and the
reporting of eGFR.

Regarding albuminuria measurement, the arti-
cle “Moving Toward Standardization of Urine
Albumin Measurements” (5) reports on the
continuing effort undertaken by the NKDEP
Laboratory Working Group following their suc-
cess on the standardization of creatinine mea-
surement. It mentions their work on pre-analyt-
ical issues, the current state of measurements
evaluating their precision and accuracy, the strat-
egy undertaken defining a candidate reference
method and for producing certified reference
materials, including an evaluation of several al-
bumin methods as previously published (6).

KDIGO 2012 guidelines also recognize the value
of estimating GFR using Cystatin C measurements
as a biomarker alternative to creatinine (2). In the
article “Cystatin Cis indispensable for evaluation
of kidney disease” (7) a good case is made for
using Cystatin C instead of other biomarkers for
GFR. In fact, given their expertise, the Swedish
have realize the importance of using both
eGFR__ and eGFRcysc, providing not only the best
estimate GFR, but more importantly, yielding the
mean eGFR__ and eGFRcySc value. This eGFR__,
when in close agreement with each of the single
eGFR results, is the best evaluation of GFR; in
situations where the disagreement is above
~1/3 (eGFRcys < 60% eGFR__ ), the decreased

C

cystatin C filtration signals the presence of the
recently described “Shrunken Pore Syndrome”,
predicting increase in mortality and morbidity
while elucidating key pathophysiologic aspects
on kidney diseases.

Nevertheless, neither creatinine nor Cystatine C
present the ideal marker for estimating GFR. The
“Novel Filtration Markers for GFR estimation”
(8) article includes an update on the past and
present research on two Glomerular Filtration
Rate markers: the 11.8 kDa Beta Trace Protein
(BTP) and the 23-29 kDa Beta 2 Microglobulin
(B2M), some equations designed for their use
in GFR estimation and the experience in spe-
cific patient cohorts using these markers, com-
ments on approaches using panels of markers
such as eGFR__, eGFRCyS, eGFR_,,, and eGFR_, .
Additionally, there is a glimpse on the use of
metabolomic on studies searching for markers
associated with eGFR__.

“A pathway to national guidelines for laboratory
diagnostics of chronic kidney disease —examples
from diverse European countries” take us on
the path travelled by several countries toward
improvement of CKD care (9). Various scenarios
on developing and implementing national CKD
guidelines are described, ranging from as early
as 2002 when the Sociéte Francaise de Biologie
Clinigue (SFBC) formed the “Creatinine Working
Group”, later joined by Sociéte de Nephrologie,
until 2017 and releasing the newest recom-
mendations from Croatian Working Group for
Laboratory Diagnostic of CKD.

The last article of the series “A summary of
worldwide activities in chronic kidney disease
(CKD) testing” (10) includes examples of coun-
tries with different settings. National CKD activi-
ties from almost every continent are presented,
which makes the very first step in achieving the
national CKD guidelines as a final goal.

A world of CKD has been depicted and different
activities have been summarized. Unfortunately,
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a lot has not been told and several fundamental
authors and settings were not included, due to
time and space constraints. Still, different levels
of maturity on CKD care can be grasped upon. In
laboratory, the saying goes that “quality is not
an end point but a journey”, we hope the road
ahead may now have some additional marks for
the travelers.
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ABSTRACT

Chronic Kidney Disease (CKD) is an important medical
condition where diagnosis, staging and monitoring is
largely based on routine laboratory tests. During the
last 15 years there have been many important chang-
es in the clinical management of CKD described in
key international guidelines. In order to successfully
implement these guidelines, laboratories must col-
laborate with clinicians to provide a co-ordinated ser-
vice, including accurate measurements and of creati-
nine and urine albumin and reporting of an estimated
glomerular filtration rate (eGFR). The IFCC/WASPaLM
Task Force on Chronic Kidney Disease (TF-CKD) was
established in 2008 and since that time has worked to
improve laboratory testing in CKD. Key aspects of the
work of the TF-CKD include supporting national labo-
ratory medicine organisations to develop CKD testing
guidelines, recognition of the vital role of collabora-
tion between laboratory and clinical organisations,
the importance of accurate measurements, and en-
dorsement of the KDIGO 2012 CKD guidelines. A key
function of the TF-CKD has been to facilitate sharing
and learning between countries to provide the best
outcomes.
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INTRODUCTION

One of the great ways that progress is made is
through the power of people working together.
The current practices for laboratory testing for
Chronic Kidney Disease (CKD) in many countries
is the product of many different collaborations.
The players involved in these collaborations in-
clude laboratory scientists, chemical patholo-
gists, nephrologists, general practitioners, re-
searchers, diagnostic manufacturers and many
others. Often the mechanism for these collabo-
rations is through professional societies and oth-
er organised structures.

| believe the IFCC Task Force on Chronic Kidney
Disease (TF-CKD) has played an important role in
promoting good laboratory practice in this field
through collaboration on a range of levels. In
this paper | outline the activities of the TF-CKD
and its role in laboratory testing for CKD.

For this purpose | will consider three separate
aspects: the formation and early years; the rec-
ommended approach to organising CKD testing;
and the effects of sharing.

Graham JONES (AUS)
Edmund LAMB (UK)
David SECCOMBE (CAN)

Joris DELANGHE (BEL)

John ECKFELDT (USA)

A BRIEF HISTORY OF THE TF-CKD

The TF-CKD was formed in 2008 on the initiative
of then IFCC President Mathias Mller who rec-
ommended the formation of a Working Group
on Screening for Chronic Kidney Disease (WG-
CKD). The members of the WG included labo-
ratory scientists, nephrologists and a chemi-
cal pathologist. In 2009 the terminology was
changed to “Task Force” (TF-CKD) and an invita-
tion was extended to the World Association of
Societies of Pathology and Laboratory Medicine
(WASPaLM) to be a joint sponsor of the TF, rec-
ognising the importance of pathologists as well
as laboratory scientists and with the aim of get-
ting the widest professional and organisational
coverage. The invitation was accepted and the
initial full membership is shown in Table 1.

These members had experience with develop-
ing and implementing CKD testing guidelines, in
research in the field of CKD testing, of the mea-
surement of serum creatinine and in the clinical
application of the laboratory tests. Importantly
the membership also had key roles in clinical, re-
search and guideline organisations outside the

Joe CORESH (USA)

Andy NARVA (USA)

Mauro PANTEGHINI (IT)

Adagmar ANDRIOLO (BRA)

(replaced by Flavio ALCANTARA (BRA) during 2010)
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laboratory medicine community allowing com-
munication and collaboration. The membership
remained very similar for the first six years and
some original members remain active today.

The following Terms of Reference were adopt-
ed at the first meeting:

e To achieve global consensus on the labora-
tory strategy (including reporting) for the
identification, diagnosis, and monitoring of
chronic kidney disease.

e To collaborate in the preparation of inter-
national diagnostic guidelines with relevant
clinical organisations by providing guidance
on laboratory aspects of chronic kidney dis-
ease testing.

e To facilitate the guideline implementation
within IFCC member organizations and reach
improvement over the current situation.

EARLY ACTIVITIES OF THE TF-CKD

While the initial plans for the TF-CKD were aimed
at preparing a global guidance document, the
first major activity was a survey of current prac-
tice in laboratory testing related to CKD. At that
time the latest international guidelines were
the United States National Kidney Foundation
Kidney Disease Outcome Quality Initiative (K/
DOQI) 2002 guidelines which provided, amongst
many items, a clear definition of CKD and also
recommended routine reporting of an eGFR
with serum creatinine (1). The survey was con-
ducted in 2010 and distributed amongst IFCC
and WASPaLM member organisations with 25
responses with the aim to assess uptake of the
K-DOQI recommendations. It is likely that the re-
sults were skewed to countries with an interest
in the topic. Of the respondents 42% had nation-
al guidelines on eGFR reporting, with the guide-
lines being produced either by, or in collabora-
tion with a renal medicine organisation. Fewer
than half the responding countries estimated

that over 80% of laboratories routinely reported
an eGFR and many were using creatinine assays
which were not aligned to the reference meth-
od (isotope dilution mass spectrometry, IDMS).
A key feature was a strong positive reaction to
guestions about willingness to share experience
and to receive assistance in this area.

Members of the Task Force were also indepen-
dently active in developing guidelines in their
own countries, speaking at national and inter-
national meetings, and with involvement in re-
search on laboratory and clinical issues. For ex-
ample, in 2011 Task Force members presented at
meetings in Berlin, China, Malaysia and Mexico.

ORGANISING CKD TESTING

As stated above, the original goals of the TF-
CKD included “to achieve global consensus on
the laboratory strategy (including reporting) for
the identification, diagnosis, and monitoring of
chronic kidney disease.” However over time it
became apparent to the membership that CKD
testing programs are best organised at the na-
tional rather than global level. The examples of
structured CKD testing that were in place were
organised at the national rather than the inter-
national level. For example by 2010 the sur-
vey showed that at least nine countries were
known to have national CKD testing programs.
Other organisational categories may be regional
(a number of countries acting together) or at a
state or provincial level within a country. There
are many reasons for thinking that way. Firstly
the available resources, including laboratory fa-
cilities, doctors, medicine, are often very differ-
ent in different parts of the world. Importantly
an organisational structure is required to for-
mulate then implement change. The relevant
structures include laboratory and clinical pro-
fessional organisations, medical education (pre-
and post-graduate), medical and laboratory
funding and governments.
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Thus the recommendation of the TF-CKD be-
came to assist countries (or regions or states) to
develop and implement CKD testing programs,
as opposed to recommending the same ap-
proach for everyone. The issues that need to
be considered can be addressed by, and owned
by, local organisations and people. The role of
the TF-CKD then is to support these national
activities.

The other major international event in the
field of CKD was the publication of the Kidney
Disease Improving Global Outcomes (KDIGO)
2012 Guideline on the diagnosis and manage-
ment of CKD (2). It is hard to overestimate the
quality and importance of this document in the
field of CKD testing and management. Building
on the 2002 KDOQI guideline, it contains a bal-
anced and evidence based-approach to achiev-
ing the aims in the document title. Importantly
it also describes key aspects of laboratory test-
ing including creatinine standardisation, eGFR
reporting and interpretation and urine albumin
measurement. The document also provides a
way of approaching the data, for example rec-
ommending the use of the CKD-EPI formula for
estimation of GFR, unless there is evidence that
an alternative formula can improve the accuracy
of the result. The use of a common guideline to
support both clinical and laboratory activities
ensures that laboratory testing is supportive of
the clinical goals in caring for patients with kid-
ney disease.

In response to the publication of this document,
the TF-CKD formally recommended that any
CKD testing programs should be based on this
document. To put these last two items together,
the TF-CKD, in 2013, recommended that CKD
testing programs should be organised nation-
ally, using the 2012 KDIGO guidelines as a basis
with changes as required for local adoption.

SUPPORT FOR NATIONAL ACTIVITIES

The original membership of the TF-CKD was
limited to individuals with known expertise in
the area. In 2012 the concept was raise of in-
viting “corresponding members” from as many
member organisations as wished to join. A cor-
responding member needed to have an interest
in the field and the support of the relevant na-
tional biochemistry or pathology organisation.
The effect of this was to markedly expand the
membership and include people with an active
interest, but possibly limited specific knowledge
in the field.

One assessment of this expansion is that it has
produced the greatest effects of the TF-CKD. By
becoming a member and participating at meet-
ings and in e-mail discussions, there was an op-
portunity to learn and then facilitate activities
in the home country. A key example of this ap-
proach in action was the TF open meeting held
at the Paris IFCC congress in 2015. The format
of the meeting was presentations from mem-
bers about the state of progress in CKD testing
in their home country. There were presentations
from thirteen countries from six continents en-
abling a period of sharing experiences and cre-
ating new contacts. The countries presented
were at many stages of the process of develop-
ing or implementing CKD guidelines. Following
on from this meeting members have played key
roles in the development of CKD guidelines in
Croatia (3) and Turkey (4).

In an offshoot from the TF-CKD, a similar process
has started under the auspices of the Asia Pacific
Federation of Clinical Biochemistry (APFCB).
At their regional meeting in Taiwan in 2016, a
meeting of national representatives of seven
Asian countries again shared experiences and
challenges in the area.
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THE FUTURE OF THE TF-CKD

With the rise of the numbers of corresponding
members, as well as corporate representatives,
in 2017 the TF includes 26 members represent-
ing 23 countries (5).

There remains much work to be done. A recent
international survey by the International Society
of Nephrology has indicated that measurement
of serum creatinine with eGFR reporting was ei-
ther not available or only rarely available in 63%
of countries worldwide, and creatinine alone ei-
ther not available or only rarely available in 35%
of 119 countries assessed (6). A follow-up paper
has identified the IFCC as a partner organisation
forimprovement in laboratory testing in CKD (7).

There also persists a need for activity to promote
improvements in assay quality. Specifically cre-
atinine is the basis of GFR assessment in most of
the world and clinicians rely on laboratories for
quality results. While the quality of assays used
in the developed world has improved markedly,
in the developing world it is often difficult for
a laboratory scientist to even identify whether
a creatinine assay is traceable to international
standards (8).

| believe that the TF-CKD has been, and will con-
tinue to be an active force for change in improv-
ing the use of laboratory testing to identify and
manage patients with CKD. The mechanisms
are to promote the development of appropri-
ate national programs through collaboration of
laboratory medicine and other organisations.
This assistance may be through providing a list
of issues to address, partnering with individual
countries, advising on the processes or technical
issues, providing guest speakers or other ways.

It has been my pleasure to be involved in CKD
testing for over 12 years during which it is fair
to say the world has changed (9). The improve-
ment of laboratory medicine is an adventure we
all should play a part in.
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During the last decade, a lot of efforts has been
made to improve the evaluation of renal functions.
Measured Glomerular Filtration Rate (GFR) remains
the only valuable test to confirm or confute the status
of chronic kidney disease (CKD) and is recommended
by Kidney Disease Global Outcomes guidelines when
estimation of GFR is not reliable. However, in routine
clinical practice, serum creatinine remains the one
of the most prescribed biological parameters and is
an undeniable factor, alone or in association with
other parameters, of the estimation of GFR. Since
many years, a great improvement in the creatinine
measurements was realized because of the standard-
ization of the methods and fabrication of an inter-
national standard with concentration near to physi-
ological ones (SRM967). Standardization according
to Isotopic Dilution Mass Spectrometry dramatically
improves the analytical performances of creatinine
assays resulting in a more accurate estimation of
GFR using creatinine based equations. Indeed, the
standardization of creatinine improves the analytical
performance by reducing the bias and removing the
influence of the interfering substances.
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However, biological variability of creatinine is
not affected by analytical standardization and
remains a limitation to the use of creatinine in
some selected populations, having extreme ages
or weights like children, elderly subjects, obese
or malnourished populations. Standardization of
creatinine assays result in a clear improvement
of estimated GFR in general population but al-
ternative methods should be used when creati-
nine production or metabolism is impaired.

00 0% o% o% <%
0’0 0’0 0’0 0.0 0.0

INTRODUCTION

Today, serum creatinine (SCr) is still one of
the most prescribed analyses in medical labo-
ratories to estimate the glomerular filtration
rate (GFR) [1] and it is now recommended to
integrate its value in a predictive equations.
But creatinine is still used in some parts of the
world to evaluate kidney function. Since meth-
ods for measuring SCr is potentially prone to
several interferences, e.g. with bilirubin or
pseudochromogens [2-4], the imprecision of
the SCr measurement has been improved from
the initial manual Jaffe method with important
innovations. Earlier in the 1970s, the automa-
tization of the methods began [5-7], followed
by the development of kinetic measurements
and by the emergence of enzymatic methods,
almost free from interference by pseudochro-
mogens like proteins [2-4, 8, 9]. Finally, the
development of GC-IDMS or LC-IDMS as refer-
ence methods allowed the emergence of IDMS
traceable assays [10].

However, limitations of creatinine as a poten-
tial GFR biomarker is not restricted to analyti-
cal considerations. First, creatinine levels are
dependent of muscle mass since creatinine is a
product of muscle catabolism of creatine phos-
phate [11, 12, 13]. Extremely low or extremely
high muscular mass could result in a misinter-
pretation [14, 15]. Secondly, a tubular secretion

of creatinine exists and this secretion could be
responsible for an overestimation of GFR espe-
cially during the course of chronic kidney dis-
ease [11, 16-18]. Third, Serum creatinine can
also be influenced by diet. Meals rich in pro-
teins such as cooked red meat can increase the
serum creatinine. The GFR itself also increases
with such food intakes [11, 13, 19-21]. Fourth,
some authors have described extrarenal clear-
ance of serum creatinine, possibly by intestinal
bacteria, which could be relevant in advanced
chronic kidney disease (CKD) [22]. Finally, the
production of creatinine, from muscular cre-
atine, could be influenced negatively in severe
hepatic disease and positively in rhabdomyoly-
sis [11, 23].

These sources of imprecision are “physiologic
limitations” of serum creatinine and one can
only be conscious of them. But the standardiza-
tion of methods is actually required for reduc-
ing analytical errors like bias in the creatinine
measurement. We present here the actions
made during the last decade resulting in stan-
dardization of creatinine measurements and
their possible consequences on GFR estimation.

HOW CAN WE STANDARDIZE CREATININE
MEASUREMENT METHODS?

The concept of the standardization of creati-
nine measurement was simple. The Creatinine
Standardization Program was created by NKDEP’s
Laboratory Working Group in collaboration with
the International Federation of Clinical Chemistry
and Laboratory Medicine (IFCC) and the European
Communities Confederation of Clinical Chemistry
(now called the European Federation of Clinical
Chemistry and Laboratory Medicine) to reduce
interlaboratory variation in creatinine assay ca-
libration. The National Institute for Standards
and Technology (NIST) has released a standard
reference material (SRM 967 Creatinine in Frozen
Human Serum) for use in establishing calibrations
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for routine creatinine measurement proce-
dures, with demonstrated commutability with
native clinical specimens in routine methods.
These materials were value-assigned with the
gas chromatography (GC) -isotope dilution mass
spectrometry (IDMS) and liquid chromatogra-
phy (LC)-IDMS reference measurement proce-
dures [24]. A concentration of 88,4 umol/L
(Img/dL) was chosen since this value is com-
prised in the critical range 1.0-1.5 mg/dL that al-
lows clinical laboratories to verify that method
performances follow recommendations (Total
error in creatinine measurement should not in-
crease the variability in eGFR more than 10% in
eGFR at a serum creatinine concentration of 1.0
mg/dL) [3]. A new SRM 967a was prepared with
two sub-pools, with one having normal levels of
creatinine (Level 1, 0.8 mg/dL+0.1 mg/dL), and
the other spiked with crystalline creatinine to
achieve an elevated level of creatinine (Level 2,
4.0 mg/dL%0.2 mg/dL) to explore a wide range
of creatinine values.

Since the Creatinine Standardization Program
has requested the manufacturers to standard-
ize their creatinine assays to an IDMS reference
measurement procedure, we can theoretically
expect that the same sample will give the same
result in any laboratory in the world, whatever
the method (Jaffe or enzymatic) and manufac-
turer, since the calibrators will all be “traceable”
to the higher-order method [25, 26].

But several independent studies have shown
that results obtained with so-called IDMS trace-
able methods (notably Jaffe assays and some
dry enzymatic methods) still provide results that
were quite far away from the “true value,” as
determined with a reference method [27, 28].
Importantly, this occurs most of the times when
dealing with lower creatinine values, whereas,
once again, this is the range of values with the
largest impact on eGFR variability. Finally, we can
assert that most enzymatic assays on the mar-
ket in 2017 are IDMS-calibrated [29]. Enzymatic

assays have reached the goal to decrease the
inter-assay variability and thus to decrease sys-
tematic differences (i.e., bias) between assays
[30]. However, the systematic error due to the
bias inherent to calibration is only one part of
the potential error linked to the serum creati-
nine measurement.

WHY CREATININE STANDARDIZATION
LED TO REDUCING INTERFERENCES
IN CREATININE METHODS?

The first goal to reach when you try to standard-
ize a method is to find a process which allows
you to get a specific method. Two types of meth-
ods are used to determine creatinine concentra-
tions: enzymatic and Jaffe’s methods. Both are
colorimetric methods but since the first ones are
using enzymatic reactions, they are more specif-
ic than the Jaffe’s ones [27].

In 1886, Jaffe [31] described complex forma-
tion between picric acid and creatinine in an
alkaline environment. Since then, several colo-
rimetric methods based on Jaffe’s observation
were commercialized [32]. The total error bud-
get of colorimetric methods was rather due to
bias than to imprecision, in particular for low
creatinine concentrations. This bias is due to
the analytical interference by pseudo-chromo-
gens for the Jaffe group [33] or to the calibra-
tion used in the dry chemistry method [34]. The
earlier processes to reduce the interference of
pseudo-chromogen effect of proteins [35] on
the reactions based on alkaline picrate were de-
proteinization or dialysis. Today, however, ana-
lyzers use untreated serum or plasma, making
creatinine assays using alkaline picrate reaction
prone to the so-called “protein error”” [33]. On
average, this effect produces a positive differ-
ence of 27 umol/L creatinine compared with
enzymatic methods [33]. Moreover, before
standardization, each assay was calibrated with
specific material provided by the manufacturers
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and particular processes. For example, differ-
ent Jaffe assays would lead to different serum
creatinine results [3, 25, 34, 36, 37]. Compared
to non-calibrated assays, using IDMS traceable
creatinine (and creatinine-based equations
specifically developed for such standardized as-
says) leads to a modest but significantly better
performance for eGFR [38].

However, harmonization of creatinine measure-
ment between laboratories is especially impor-
tant in population studies and on the longitudi-
nal monitoring of renal function in individuals,
with great influence on the establishment of
reference intervals. Ceriotti et al., when try-
ing to identify universally applicable reference
intervals for creatinine via a systematic review
of the literature, concluded that only data ob-
tained with enzymatic assays had to be consid-
ered because of the higher specificity of this
analytical approach [39]. They explained their
choice because the subtraction of 18-25 pumol/L
to eliminate protein-related unspecific inter-
ference on alkaline picrate assays significantly
improves the correlation of these assays with
enzymatic ones. In this situation, the obtained
reference intervals are very similar to those of
the enzymatic methods. However, on individual
samples, especially at the low creatinine con-
centrations found in children, large differences
can be seen.

Indeed, since the relationship between sCr and
eGFR is actually exponential, it implies that
small sCr differences will greatly impact the GFR
values at low SCr values (corresponding to high
GFR values) but the same difference will have
minimal impact at high SCr values (correspond-
ing to low GFR values). Therefore, if we consider
an analytical error of 17.6 umol/L in creatinine
measurement for a 60 year-old man presentinga
creatinine value of 98.6 umol/L, this value is not
different from 116.2 pmol/L. The correspond-
ing GFR values with the CKD EPI study equation
will be 71 or 58 ml/min/1.73 m2, respectively.

The same example with a serum creatinine of
264 umol/L and 281.6 umol/L with the other as-
say will give CKD-EPI results of 22 and 20 mL/
min/1.73 m2, respectively [3, 40-43]. A relative
low analytical error of 17.6 umol/L creatinine
can therefore be responsible for a misclassifica-
tion in the staging of CKD.

Is standardization responsible for the improve-
ment of the imprecision of creatinine assays?

Comparing the analytical imprecision of both
methods, the coefficient of variation (CV) is
systematically better for the enzymatic assays
[2, 44]. For low creatinine concentrations pre-
sented by children [2], the serum creatinine
concentrations measured with the Jaffe reac-
tion will be higher than with the enzymatic
assay. Therefore, one may prefer enzymatic
assays in specific populations like in children
or in patients with hyperfiltration but also in
specific situations where some Jaffe’s methods
are subject to interferences like bilirubin, keto-
acidosis etc.

The gain in imprecision (due to a smaller ran-
dom error) with the enzymatic assays as com-
pared to Jaffe assays is an intrinsic character-
istic of the assay and is totally independent of
the standardization procedure, which only im-
proves the systematic error.

DID STANDARDIZATION
GIVE BENEFIT TO EGFR?

Another source of variability of creatinine is bio-
logical variation expressed in an intra-individual
CV. This variation is physiological, independent
of the analytical CV and cannot be reduced by
standardization [44].

Indeed, when combining the intra individual CV
(5.95%) and analytical CV for Jaffe (5.5%) and
enzymatic (2%) methods, in a 60-year old man,
this means that for a given GFR, the serum cre-
atinine concentration may vary for a creatinine
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concentration of 88.4umol/L between 80.1 and
117 umol/L if the Jaffe assay is used or between
85.4 and 111.8 umol/L if the enzymatic assay is
used. Using the CKD-EPI equations, this range
of non-different sCr values leads to eGFR values
that may vary between 58 and 92 mL/min/1.73
m?2 for Jaffe serum creatinine and between 61
and 84 mL/min/1.73 m2 for the enzymatic as-
say results. The intrinsic variability of creatinine
is thus not so negligible when it is used in the
eGFR equation. The relevance of this variation
will be, once again, important in adults with
normal or close to normal serum creatinine val-
ues and especially in children.

CONCLUSION

Standardization of creatinine assays is effective
in 2017. This improvement in creatinine mea-
surements has decreased the analytical compo-
nent of creatinine variability and for assessing
the transferability of creatinine results, a rela-
tively simple recommendation is to use enzy-
matic assays (to decrease the random error)
and IDMS traceable assays (to decrease the sys-
tematic error). Today enzymatic methods have
shown to be effectively calibrated to IDMS [29,
44]. However, with an analytical imprecision of
2% (for usual assays), the error due to intra-in-
dividual biological variation still remains. Thus,
to overcome this limitation in selected popu-
lations (extreme age or body size, muscle dis-
eases including severe denutrition, vegetarian
diet...) recommendation is to measure GFR [1].
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ABSTRACT

Measurement of urine albumin is important for de-
tecting and monitoring kidney disease. At the pres-
ent time, measurement of urine albumin is not stan-
dardized due to the lack of a reference system, which
includes both a reference measurement procedure
and certified reference materials. Developing a refer-
ence system will provide a means for clinical labora-
tory measurement procedures to become standard-
ized and will enable successful use of uniform clinical
decision points. Currently, urine albumin results vary
in excess of 40% depending on which commercially
available measurement procedure is utilized for mea-
surement. Clinicians may struggle with classification
of kidney disease in part due to differences in mea-
surements from lack of agreement among labora-
tory methodologies employed when assessing urine
albumin concentrations. This report focuses on cur-
rent findings in urine albumin testing, highlights im-
portant measurement and reporting considerations,
and presents strategies for developing a reference
measurement procedure to enable standardization
of urine albumin measurements.
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INTRODUCTION

Urine albumin is a diagnostic and prognostic
marker for chronic kidney disease (CKD), dia-
betes and cardiovascular disease.?> When in-
terpreting measurements of urine albumin,
providers must consider the type of urine col-
lection and the methodology used for analytical
measurement. The historical standard for mea-
suring the amount of albumin excreted into the
urine, known as the urine albumin excretion
rate, has been to measure the albumin con-
centration obtained from a 24-hour urine col-
lection.? In clinical practice, 24-hour urine col-
lections present problems in terms of specimen
storage and timing accuracy. Thus, assessment
of urine albumin from shorter collection times is
a common clinical practice and presents a more
convenient collection option. In untimed situ-
ations, the urine albumin result should be in-
dexed to urine creatinine concentration and re-
ported as the albumin to creatinine ratio (ACR).
The ACR accounts for hydration and produces
a ratio that has similar diagnostic performance
as a 24-hour urine albumin excretion rate.*® A
caveat to these different timing approaches is
differences in classification of albuminuria de-
pending on timing of collection. Therefore, the
collection method should remain consistent
throughout studies.” Recommendations are to
report the ACR along with the albumin con-
centration, preferably collect the first morning
void specimen, and follow-up findings from ran-
dom urine collections with first morning void
collections.*#10

A variety of testing methodologies have been
employed to monitor urine albumin including
turbidimetry'**?, dipstick'®, radioimmunoas-
say**®, immunoturbidimetry'®, immunoneph-
elometry!’*8 high performance liquid chro-
matography?®®, liquid chromatography mass
spectrometry?®?!, and liquid chromatography
tandem mass spectrometry (LC-MS/MS)?2,

Some of these methods are known to have is-
sues with analytical specificity when measuring
urine albumin. One essential attribute for a ref-
erence measurement procedure is that it must
be specific for the measurand it is intended to
qguantify and not be influenced by matrix effects
or interfering substances that can be present in
patient urine.

This report highlights standardization recom-
mendations for urine albumin measurements
and focuses on methodologies likely suitable for
use as a reference measurement procedure for
standardizing such measurement results.

PREANALYTICAL AND STORAGE
CONSIDERATIONS FOR URINE ALBUMIN

Several precollection factors have been shown
toincrease urine albumin excretion such as exer-
cise?®, posture?* and fever®. These factors should
be considered when assessing albuminuria for
comprehensive renal workups. Interventions
may not be indicated in patients with the above
conditions unless the albuminuria persists
when the confounding physiological conditions
are no longer present. Nonspecific binding of
albumin to urine collection containers does not
contribute to measurement error, as binding to
the container has been estimated to be <1% de-
pending on the container hydrophobicity, which
is considered inconsequential.?®

A fresh midstream collection for urine albumin
measurement is preferred.®?” Albumin can
remain stable in urine for up to 8 weeks when
stored under refrigerated conditions at 4 °C.%° For
long term frozen storage of urine albumin sam-
ples, a temperature -70 °C or lower is required.
Degradation of albumin in urine causing mea-
surement issues has been reported when stored
at -20 °C over periods of 2 weeks to 3 years.?*
Therefore, careful attention must be paid to the
storage conditions for urine specimens particu-
larly for investigations using stored samples.
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CURRENT STATE OF URINE
ALBUMIN MEASUREMENTS

While the utility of this biomarker is clear, ap-
plying disease specific cutoffs for albuminuria
becomes compromised near the decision val-
ues due to non-standardized measurement pro-
cedures used in clinical laboratories. In a study
that evaluated the state of agreement among
16 quantitative clinical laboratory immunoassay
measurement procedures from in-vitro diag-
nostics manufacturers, who distribute globally,
results from 332 freshly collected non-frozen
urine albumin samples had total coefficients
of variation (CVs) of 5.2-8.1% and the effects of
sample-specific influences were < 10% for most
measurement procedures.3!

Table 1

However, bias was found to cause a significant
lack of agreement among measurement pro-
cedures. The median difference range for rou-
tine measurement procedures vs. a compara-
tor LC-MS/MS procedure was approximately
40%. Mean biases ranged from -35% to +34%
for concentrations near 15 mg/L and -15% to
+18% for concentrations near 30 mg/L. The re-
sults of this study demonstrate that fixed de-
cision thresholds cannot be effectively utilized
due to lack of agreement among routine mea-
surement procedures and therefore standard-
ization is needed.

The College of American Pathologists offers an
Accuracy Based Urine Survey that uses unaltered
pooled frozen human urine as the samples.

Median bias .
Median Vs Low value Al
Sample Methods N. Labs L LC-MS/MS, L value,
o mg/L
%
Siemens Dimension
Vista (IN) 7 16 -1.8 16 18
Abbott Architect c
Systems (IT) 10 13 -20.2 11 13
Beckman AU
Series (IT) 8 13 -20.2 11 14
Roche cobas
500 Series 9 12 -26.4 10 13
Vitros 5.1
FS/4600/5600 > 15 8.0 8 16
All methods 58 13 -20.2 8 18
LC-MS/MS - 16.3 - - -
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Siemens Dimension
Vista (IN) 7 38 4.1 37 38
Abbott Architect ¢
systems (IT) 10 32 -12.3 30 33
Beckman AU Series 7 31 151 30 32
(IT)
Roche cobas
500 Series 11 32 -12.3 30 34
Vitros 5.1
FS/4600/5600 > S 14 25 38
All methods 59 32 -12.3 25 39
LC-MS/MS - 36.5 - - -
Siemens Dimension 7 192 41 178 195
Vista (IN) '
Abbott Architect ¢ 9 164 111 161 167
Systems (IT)
Beckman AU 7 167 9.4 149 169
Series (IT)
Roche cobas
500 Series 11 155 -15.9 130 173
Vitros 5.1
FS/4600/5600 5 166 -10.0 133 180
All methods 58 164 -11.1 130 195
LC-MS/MS - 184.4 - - -

@ Data used with permission from the College of American Pathologists
(IN) - immunonephelometric, (IT) - immunoturbidimetric
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Table 1 shows participant results compared to an
LC-MS/MS candidate reference measurement
procedure. Although there were a small number
of participants, the information is representative
and consistent with the previously mentioned
larger study based on individual patient urine
samples.®! The median bias vs. the comparative
method was larger at lower concentrations of
urine albumin with the all methods bias -20% at
16 mg/L,-12% at 36 mg/L, and -11% at 184 mg/L.
The joint committee of the Laboratory Working
Group of the National Kidney Disease Education
Program and the International Federation of
Clinical Chemistry and Laboratory Medicine
Working Group for Standardization of Albumin
in Urine recommended desirable and optimal
bias goals of <13% and <7%, respectively, vs. a
reference measurement procedure.

These survey results suggest that some mea-
surement procedures can meet these bias goals,
but many do not. The survey also reported ACR
values. Reference measurement procedure re-
sults were not available for urine creatinine but
comparison of mean results among different
methods in the survey had differences of 17%,
8.8% and 14% at mean concentrations of 55
mg/dL, 69 mg/dL and 89 mg/dL (4.8 mmol/L,
6.1 mmol/L and 7.9 mmol/L), respectively.
When both creatinine and albumin were used
to calculate the ACR, the differences between
the lowest and highest ACR values for all meth-
ods combined were 76% at 15 mg/g, 49% at 60
mg/g, and 65% at 237 mg/g. These differences
will cause misclassification of risk of kidney dis-
ease at the commonly used albuminuria deci-
sion values of 30 and 300 mg/g creatinine (3.4
and 34 mg/mmol creatinine).

A reference system is in place for urine creatinine
and perhaps needs to be more stringently imple-
mented. However, a reference system does not
yet exist for urine albumin and is the focus of this
report.

METHODS FOR MEASURING
URINE ALBUMIN

To improve the analytical selectivity in the
measurement of urine albumin, liquid chroma-
tography mass spectrometry (LC-MS) methods
were utilized.?>?! A comparison study of one
LC-MS method to an immunoturbidimetric
method found the comparability between the
methodologies greatly improved when both
methods employed the same calibrators with
the same calibrator value assignments. Mean
bias improved from -37.8% to 2.2% using the
same calibrators on both platforms.* A poten-
tial shortcoming of the LC-MS urine albumin
method was the lower limit of quantitation of
10-20 mg/L, which is above the level expected
in specimens with normal albumin concen-
trations.?>*® Other possibilities that could in-
troduce error with this methodology are the
presence of urine albumin fragments contain-
ing the N-terminal fragment used in the analy-
sis, which could falsely elevate albumin levels
or modification to the N-terminal portion used
in analysis that would change the mass, which
could falsely lower albumin levels.

In an effort to improve the lower limit of quan-
titation for urine albumin, a LC-MS/MS meth-
od was developed.?? This method employed
proteolysis of urinary proteins to produce pep-
tides of albumin as well as peptides from other
proteins present in urine. Large variations in
pH (4.5-8) and specific gravity are expected in
the urine of patients with or without a kidney
abnormality.3* pH variations could adversely
affect the trypsin proteolysis process, which
is a critical preanalytic step that occurs prior
to LC-MS/MS measurement. Therefore, buff-
ering conditions and dilutions were employed
that provide an optimal environment for tryp-
sin proteolysis. Peptides known to be unique
to albumin were analyzed and quantitated to
represent the quantity of intact albumin. One
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of the key components of this method was the
incorporation of an internal standard that con-
sisted of a recombinant form of human serum
albumin isotopically labeled with °N.

The internal standard served dual purpose:
1. to normalize for any differences in the
proteolytic processing among specimens;

2. to provide normalization for LC-MS/MS
analysis.

Several peptides unique to human serum al-
bumin were quantitated and referenced to a
calibration curve. The lower limit of quanti-
tation for the LC-MS/MS measurement pro-
cedure was found to be 3.13 mg/L.??> Method
comparison studies have been performed ex-
amining commercially available immunoassay
platforms to the LC-MS/MS method.3'3> The
LC-MS/MS measurement procedure was used
to perform the comparison study of 16 com-
mercially available measurement procedures
previously described.

Potential challenges for a LC-MS/MS method
include the possibility of albumin fragments in
the urine, post-translational modifications of
the unique peptides monitored, or factors that
inhibit albumin proteolysis. Further investiga-
tion of this technique compared urine albumin
concentrations before and after ultrafiltration
using a 10 kDa molecular weight cutoff filter
where differences in the results were small
and suggested minimal signal contribution
from fragments of albumin.?® With the above
cautions appropriately addressed in the mea-
surement procedure details, the LC-MS/MS
method is a good candidate reference mea-
surement procedure for urine albumin. This
method provides the necessary sensitivity to
assess urine albumin concentrations <5 mg/L.
The ability to quantitate the albumin molecule
with a high degree of analytical specificity by
using proteotypic peptides of albumin that are
not known to be subject to modification and

do not appear in other human proteins, pro-
vides support for use of the LC-MS/MS method
as a reference measurement procedure. To en-
sure high quality results, the LC-MS/MS mea-
surement procedure requires an isotopically
enriched form of albumin as an internal stan-
dard. Procedures for making labeled albumin
have been described.?*

A HIGHER ORDER REFERENCE SYSTEM
FOR CALIBRATION TRACEABILITY

A higher order reference system is needed to
enable all measurement procedures to imple-
ment common calibration traceability to achieve
equivalent results for urine albumin irrespective
of the measurement procedure used. A refer-
ence system for urine albumin that follows the
International Organization for Standardization
standard 17511 for calibration traceability hier-
archy®” includes three main components:

1. A pure human albumin primary reference
material.

2. Areference measurement procedure.

3. A human urine matrix based secondary
reference material.

The National Institute for Standards and
Technology (NIST) in the USA is qualifying a re-
combinant human albumin certified primary
reference material expected to be released in
2018 as SRM 2925. SRM 2925 will be a highly
purified solid substance intended to be used
to prepare calibrators for a mass spectrometry
based reference measurement procedure. SRM
2925 is not intended to be used to prepare cali-
brators for immunoassays. NIST is also prepar-
ing an albumin in frozen human urine certified
reference material designated SRM 3666 that
will include four concentrations intended to be
used to establish the metrological traceability of
calibration for clinical laboratory measurement
procedures, including immunoassays.
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SRM 3666 will be value assigned using a NIST
reference measurement procedure that is cur-
rently in development. The commutability of
NIST SRM 3666 will be validated to ensure it is
suitable for use as a calibrator for manufactur-
er’s selected measurement procedures as well
as for clinical laboratory measurement proce-
dures. It is not known at this time when either
the reference measurement procedure or the
SRM 3666 will be available from NIST.

Since SRM 2925 pure albumin will be avail-
able soon, development of suitable refer-
ence measurement procedures will provide the

SRM 2925
Human albumin
(stg/L)

SRM 2925 in Solution
as Calibrator

Panel of Patient
Urine Samples

Manufacturer’s
Working Calibrator
(Master Lot)

Manufacturer’s
Product Calibrator

Caffbra a

Patient’s Result

Calip rate

Caﬁbra e

pssigl valus

LA

essential components of a reference system to
allow standardized calibration traceability for
commercially available clinical laboratory urine
albumin immunoassay procedures.

A reference measurement procedure intended
for use in a calibration traceability hierarchy for
clinical laboratory measurement procedures
must have performance characteristics to en-
sure acceptable uncertainty in values assigned
to patient samples used as calibrators in the
traceability hierarchy, as described below. In
addition, a reference measurement procedure
must be operational in at least two sites to

Procedures for Identity
and Mass Balan