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Abstract

Objectives: Chronic kidney disease (CKD) is a global health
issue, ranking as the third leading cause of death worldwide.
CKD diagnosis and management depend on clinical labora-
tory tests, necessitating consistency for precise patient care.
Global harmonization of CKD testing through clinical prac-
tice guidelines (CPGs) is recommended. Prior to CPG devel-
opment, assessing the current CKD testing landscape is
crucial. In 2022, the European Federation of Laboratory
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Medicine (EFLM) conducted an online survey among Euro-
pean laboratories associated with EFLM, evaluating CKD
testing practices, including new glomerular filtration rate
(GFR) estimation methods. This report summarizes the 2022
survey findings and offers recommendations for improving
CKD test standardization.

Methods: An online survey was conducted in November
2022 using a questionnaire hosted on LimeSurvey sent to
European laboratories affiliated with the EFLM. The survey
results were recorded in Excel files and analysed.

Results: The results highlight significant discrepancies
among countries in unit expression, methods, cystatin C use,
and GFR calculation equations. Additionally, limited atten-
tion to pediatric renal biology specifics, varied proteinuria
and albuminuria result expressions, and limited awareness
of GFR measurement methods through iohexol clearance are
noted.

Conclusions: In an effort to enhance the standardization of
crucial biomarkers utilized in nephrology for evaluating
renal function and diagnosing kidney injuries, the EFLM
Task Group on CKD suggests nine practical recommenda-
tions tailored for European laboratories. The group is
confident that implementing these measures will minimize
result expression discrepancies, ultimately leading to
enhanced patient care.

Keywords: creatinine; cystatin C; glomerular filtration rate;
recommendations; equations; survey

Introduction

Chronic kidney disease (CKD) is a significant health condi-
tion characterized by long-term abnormalities in kidney
structure or function. In 2019, CKD was responsible for 41.5
million disability-adjusted life years (DALYs) and resulted in
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697 million deaths globally. CKD has risen to become the
third leading cause of death worldwide and the 11th in the
global rankings [1].

Given that CKD often progresses silently, clinicians
heavily rely on clinical laboratory results to diagnose, classify,
treat, and monitor patients. The Kidney Disease: Improving
Global Outcomes (KDIGO) Guidelines play a crucial role in
categorizing CKD patients into six stages based on the esti-
mated glomerular filtration rate (eGFR), which is derived
from the serum concentration of creatinine [2]. The guide-
lines also define three levels of kidney damage based on
albuminuria. These factors, along with the underlying cause
of the disease, form the foundation for assessing the severity
and risk associated with CKD. Hence, achieving a high level
of harmonization and common practices in these tests
globally, or at least within regional contexts, is essential to
ensure consistent and accurate results across clinical labo-
ratories, thus avoiding confusion and enabling optimal
patient care.

To facilitate this harmonization, the development or
proposal of clinical practice guidelines (CPGs) specific to CKD
on a global scale is highly recommended [3]. However,
before proceeding with such guidelines, it is crucial to gain a
comprehensive overview of the current state of CKD testing
in national or supranational environments. In 2019, the
International Federation of Clinical Chemistry and Labora-
tory Medicine (IFCC) Committee on Kidney Disease (IFCC
C-KD) designed a questionnaire [4] that was subsequently
transformed into an internet survey, enabling clinical lab-
oratories to provide a snapshot of the CKD testing landscape.
Building upon this initiative, the European Federation of
Laboratory Medicine (EFLM) Task-Group on Chronic Kidney
Diseases (EFLM TG-CKD) took the opportunity to administer
the questionnaire to European clinical laboratories in 2022.
This allowed for a new assessment of the evolution of CKD
testing, particularly in light of important developments, such
as the emergence of new equations for estimating glomer-
ular filtration rate (GFR).

In this report, we will summarize the findings of the 2022
survey. Additionally, we will propose simple recommenda-
tions aimed at enhancing the harmonization of commonly
used tests in the field of CKD.

Methods

The questionnaire, together with all the translations in eight languages,
can be found elsewhere [4]. For the purpose of the survey, the English
version was transformed into a LimeSurvey (https:/limesurvey.org)
online survey tool under the supervision of the EFLM Communication
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Committee chaired by Dr. Daniel Rajdl. The 2022 version of the ques-
tionnaire was slightly modified and adapted to the changes that
occurred since 2019, notably the introduction of the 2021 “race-free”
CKD-EPI and 2019 EKFC equations [5, 6]. The survey was sent in
November 2022 to National societies affiliated with the EFLM only since
it was an initiative of the EFLM TG-CKD limited to European labora-
tories. A reminder was sent to increase the number of participants and
the survey was closed after about 2 months. The results of the survey
were extracted on an Excel files that was analysed by one of the authors
(EC). For the representativeness of the participation by country, the
results were normalized by million of habitants per country. We used
Adobe PDF X-Change Editor (Adobe Systems Incorporated, San Jose, CA)
to graphically represent the results on European maps that were
imported from d-maps website (https://d-maps.com). For the sake of
space and clarity, we used the ISO 3166-1 alpha-2 codes to designate the
participating countries.

Results

Thirty-five countries, member of the EFLM, have partici-
pated to this survey. These countries were Albania (AL),
Bosnia and Herzegovina (BA), Belgium (BE), Bulgaria (BG),
Switzerland (CH), Cyprus (CY), Czechia (CZ), Germany (DE),
Denmark (DK), Estonia (EE), Finland (FI), France (FR), Greece
(GR), Croatia (HR), Hungary (HU), Ireland (IE), Italy (IT),
Lithuania (LT), Latvia (LV), Montenegro (ME), Portugal (PT),
North Makedonia (MK), Norway (NO), Poland (PL), Romania
(RO), Russian Federation (RU), Serbia (RS), Slovenia (SI),
Slovakia (SK), Spain (SP), Sweden (SE), The Netherlands (NL),
United Kingdom (UK) and Turkey (TR). We did not receive
any results from Austria, Island, Luxemburg and Ukraine.
For technical reasons, it was not possible to receive results
from Israel and Georgia.

Six hundred and seventy-five participants have attemp-
ted to connect to the questionnaire. Among these, 568 have
declared measuring creatinine: 19.4 % from primary care fa-
cilities and private laboratories, 47.2 % from general hospitals
and 42.6 % from academic ones. The participation varied from
country to country. Figure 1 proposes the normalization of the
participation country by country per million of habitants.

The methods used to measure creatinine were uncom-
pensated Jaffe (11.3 %), compensated Jaffe (46.1 %), enzymatic
(39.1%) and dry chemistry (0.9 %). Twenty-four facilities
(4.2 %) used a point of care to measure creatinine on whole
blood. Figure 2 presents the type of method predominantly
used for creatinine measurement by country.

Regarding the units to express creatinine, 47.1 % of the
participants used ponderal ones (mg/dL) with either zero or
one digit (10.4 %) or two digits (36.7 %) whereas international
units (ug/L) were used by 51.8 % of the participants (42.8 %
without any digit and 9.0 % with one digit). Both ponderal
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Figure 1: Percentage of laboratories who have participated to the 2022 EFLM survey normalized by million of inhabitants.
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Figure 2: Distribution of the most widely used method for measuring serum creatinine per country: enzymatic (light green) or Jaffé (light blue).

and international units were proposed by 1.4 % of the par- inside the same country, the choice of the unit (ponderal vs.
ticipants. The unit chosen varied according to the country international) was very homogenous. Figure 3 presents the
and was very different from country to country. However, unit predominantly used in each country.
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Figure 3: Distribution of the most widely used units for the expression of serum creatinine results per country: molar (dark green) or ponderal (dark
blue).

The majority of the participants (69.9 %) automatically reported an eGFR only when requested by the clinician. Of note,
reported an estimation of the GFR in adults with a formula 15.7% of the participants did not report any eGFR. Figure 4
when creatinine determination was prescribed, whereas14.5% represents the habits on reporting GFR for each country.
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Figure 4: Percentage of automatic reporting of GFR when serum creatinine is requested per country.
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Among the formulas used to report eGFR, the CKD-EPI
2009 equation [7] was the most largely used (53.4 %). The
second most frequently used equation was the 2021 “race
free” version of the CKD-EPI equation [8] which is now
proposed by 20.1% of the participants, followed by the
MDRD formula [9] (17.1 %). Twenty-eight (6.6 %) laboratories
also mentioned using the Cockcroft-Gault equation [10], six
laboratories the revised Lund-Malmo one [11]. Three labo-
ratories were using the FAS equation [12] and three other the
new EKFC one [6].

The “race” factor for the CKD-EPI 2009 equation was not
used by the majority of the laboratories (75.0 %). The labo-
ratories provided a calculation with a race factor when the
clinician or the patient provided the information in 17.2 % of
the cases, mentioned a comment proposing the adaptation
for black race in 7.8 % of them or systematically provided
both results in 6.9 % of the situation.

Ten laboratories (1 in BE, SI, NO; 2 in FR and 5 in SE)
measured the GFR by iohexol clearance by LCMS/MS or
HPLC/UV. Two laboratories in SP mentioned their will to
set-up iohexol clearance for measuring GFR.

A vast majority (71.5 %) of the participants do not mea-
sure cystatin C (CysC). The use of CysC is however rather
country dependent (Figure 5). Regarding the measuring
technology, turbidimetry is more often used than nephe-
lometry (65.0 vs. 28.5 %, respectively). Among the labs who
measure CysC, 43.9 % of do not provide systematic eGFR. The
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equations which were mostly used to report CysC eGFR in
adults were the 2012 CKD-EPI ones [13], either using CysC
alone (25.2 %) or/and both creatinine and CysC (8.4 %). The
2021 creatinine and CysC-based equation to estimate eGFR
without race [5] has been implemented in 15 (14 %) of the
laboratories. CAPA equation [14] was used in 5 laboratories
(all in SE), Larsson [15], FAS and Hoek [16] equations in one
laboratory each.

The majority of the participants (72.2 %) measuring CysC
used the mg/L as unit, either with one digit (47.2 %) or two digits
(25.0 %). The 27.8 % remaining used the mg/dL unit, either with
two digits (18.5 %), one digit (7.4 %) or even no digit (n=2; 1.9 %).

Approximately the same percentage of participants
(61.6 %) have provided a response for the question on eGFR
based on creatinine for children. The original [17] and
revised [18] Schwartz formulas were the mostly used (by 19.0
and 20.5 % of the participants), followed by the EKFC equa-
tion (11 participants; 3.2 %), the FAS equation (n=5), and the
Lund-Malmo one (n=3).

Sixty-eight percent of the CysC users also measure it in
children (n=73) but the majority of them (53.4 %) did not
provide any CysC-based eGFR. The 2012 CKiD [19] was the
mostly used equation (n=18; 24.7 %). The other equations
used to estimate eGFR in kids was the 2021 creatinine and
CysC-based equation to estimate eGFR without race (n=6;
8.2 %), the CAPA equation (n=5; 6.8 %), the FAS equation
(n=3), the Larson and the Filler equation (n=1 each).
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Figure 5: Percentage of the use of cystatin C per country.
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Proteinuria and albuminuria were measured by 346 and
273 participants, respectively. Strips aiming at a qualitative
estimation of urine proteins or the albumin to creatinine
ratio were used by 198 and 51 participants, respectively.
Urine proteins were quantified by turbidimetry (50.3 %),
colorimetry (38.4%) and nephelometry (9.5%) whereas
albuminuria remained mainly quantified by turbidimetry
(90.8 %) compared to nephelometry (9.2 %).

Albuminuria results were provided to clinicians in
different forms and units. The cut-offs varied according to
the expression of the results (i.e. <20 mg/L, <30 mg/g creati-
nine, <30mg/24 h, spot sample, <2mg/dL, <2.5 (or <3.0)
mg/mmol creatinine, <20 pyg/min).

Discussion

The results of this survey reflect the behaviour of different
European laboratories regarding the most important bio-
markers used in nephrology to assess renal function and
diagnose kidney injury.

Jaffe or enzymatic methods to measure serum creati-
nine (sCr) are rather equivalently used by European labo-
ratories. However, the repartition is very country-related
since some countries have clearly totally abandoned the
Jaffe methods for the enzymatic ones whereas, in some other
European countries, Jaffe methods are still massively used. If
we can argue on the interest of the enzymatic technique in
adults, especially in CKD patients, there is no doubt that
enzymatic methods should be the only ones to be used in
children due to their better accuracy in the lower con-
centration ranges [20, 21]. Regarding the units used to ex-
press sCr concentration, a similar repartition was observed
between molar and ponderal units. Even if the “umol/L” unit
is recommended from a metrological perspective, it is
more important that the same unit is used in the same
region. The results from the survey show that, within the
same country, the same unit is used, which is reassur-
ing. Regarding the number of digits, we observed some
disparity of the responders, which should be improved. To
avoid such disparities, we recommend rounding to the
nearest whole number when sCr results are expressed in
umoL/L (i.e.: 87.6 umol/L — 88 umoL/L) and, for ponderal
units (mg/dL), to round to the nearest 100th of a whole
number (i.e.: 1.21 mg/dL, NOT 1.2 mg/dL or 1.213 mg/dL).

The KDIGO guidelines recommend the automatic esti-
mation of GFR when serum creatinine is available. However,
in 2022, 30 % of laboratories were still not adhering to this
recommendation, indicating a need for improvement. This
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situation appears to be more prevalent in certain countries
such as BA, GR, KS, RO, and RS. Therefore, these countries
will require a concerted effort to ensure compliance with the
KDIGO recommendation.

In terms of equations used to estimate GFR, the 2009
CKD-EPI equation was employed by just over half of the
European laboratories. Interestingly, the newer “race-free”
CKD-EPI equation emerged as the second most commonly
utilized equation in Europe, with approximately 20 % of
laboratories reporting its use. The transition from the 2009
equation to the 2021 equation appears to be a logical pro-
gression, particularly for laboratories that were already
employing the 2009 CKD-EPI equation. However, two Euro-
pean Scientific Societies, EFLM [22] and ERA [23] (European
Renal Association) have written position papers against the
use of this equation in Europe, but these papers have been
published during the second half of 2022. Also, the EFLM has
favoured the EKFC equation, established and validated in
European populations, but this new formula has also been
recently published (2021) and European laboratories might
not be aware of it. As a European Society, we favour the
use of European equations, either EKFC or Lund Malmo
ones since they have been established and validated in a
European population. The most important remains
however to avoid too much disparity at the regional
level. Laboratories should also avoid using more than
one equation to estimate sCr based eGFR.

Approximately 70 % of European laboratories do not
measure CysC. The cost of the test, as well as potential na-
tional policies that do not provide reimbursement, are likely
reasons why CysC is not widely used in some countries, such
as the UK, while virtually all labs in other countries, like SE,
utilize it. This discrepancy could also be attributed to the
influence of national opinion leaders and/or guidelines. The
survey reveals that approximately half of the laboratories
that measure CysC do not provide a cystatin C-based eGFR,
even though they do so when creatinine is requested.
Among those that do provide eGFR, some laboratories use
an equation that only considers CysC, while others utilize
equations that incorporate both CysC and creatinine. It is not
the purpose of this paper to determine whether CysC should
be measured in addition to or instead of SCr, but we believe
itis important for laboratories to provide an eGFR when
CysC is requested. When both SCr and CysC are reques-
ted, an equation that calculates the eGFR based on both
biomarkers should be provided. As for the equations to
be used, we prefer European ones such as CAPA, Lars-
son, or EKFC, which was published in the New England
Journal of Medicine a few months after the survey’s
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completion. However, regional harmonization should
also be pursued in this regard.

There seems to be some disparity regarding the units
used to express CysC, even in the same country, which is an
issue. We recommend that serum cystatin C concentra-
tion are expressed in mg/L and rounded to the nearest
100th of a whole number (i.e. 1.21 mg/L, NOT 1.2 mg/L or
1.213 mg/L).

This survey reveals that an important work should be
done to improve the reporting of results for children and
adolescents. Indeed, among the 60 % of the overall partici-
pants that provided a response to the question of the eGFR
based on creatinine for children, around three quarters of
them (74.7 %) did not provide any creatinine-based eGFR for
children or adolescents, either with creatinine or CysC. This
situation calls for immediate improvement. We strongly
recommend using an eGFR equation in children and
adolescents. In this regard, we advocate for the utilization
of European equations such as the CAPA or the EKFC
equations. The EKFC equation is particularly noteworthy
as it allows for a seamless transition from paediatric to
adult equations without any artificial “jump,” making it
suitable for use across a wide age range starting from 2
years old and extending into adulthood.

Only a small number of laboratories currently use the
reference method (iohexol clearance) for measuring GFR. In
the majority of countries, this technique is not available,
whereas in countries like SE, it is commonly practiced. We
have identified only a few countries (BE, DE, FR, IT, NL, NO,
SE, SI, TR and UK) where at least one laboratory offers the
measurement of iohexol using HPLC/UV or LCMS/MS. With
the discontinuation of inulin and the nuclear medicine
technique SICr-EDTA clearance, and also the emergence of
new, commercially available methods to measure iohexol,
there is an opportunity for clinical laboratories to fill this
gap. We recommend that at least one laboratory in each
European country is capable of measuring iohexol to
measure GFR. Interestingly, many survey participants re-
ported that they do not receive requests for measuring GFR.
However, it is intriguing to note that a significant number of
participants mistakenly consider creatinine clearance based
on 24-h urine collection as a reference method for measuring
GFR, which is entirely incorrect.

Interpreting the results of the survey about proteinuria
and albuminuria is more challenging. These tests were
performed by most of the participants, who unfortunately
provide results in different units. Also, the cut-offs used
for albuminuria varied according to the expression of
the results (i.e. <20 mg/L, <30 mg/g creatinine, <30 mg/24 h,
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spot sample, <2 mg/dL, <2.5 (or <3.0) mg/mmol creatinine,
<20 pg/min). The responders of the survey also disagree
on the best sample needed to measure albuminuria.
Accordingly, a real confusion exists for this highly
relevant biomarker of renal damage, which is totally
unfortunate. We recommend using the normalisation of
albuminuria by urine creatinine (ACR) and to express
the results either in mg/g or mg/mmol. There again, a
regional harmonization is of greatest importance.
Cut-offs should thus be <30 mg/g or <3 mg/mmol. The
recommended sample should be first urine sample
collected during mid-stream voiding in the morning.
The term “microalbuminuria” should be abandoned
and replaced with the term “albuminuria”.

In conclusion, the EFLM TG-CKD conducted a survey on
the practices of European clinical laboratories in managing
biochemical tests related to CKD. While the participation was
significant, it should be noted that these results only offer a
partial reflection of the actual situation. Some countries were
underrepresented, while others were overrepresented due to
the extensive participation of their laboratories. The findings
emphasize crucial areas for improvement, for which we have
proposed recommendations.

Specifically, there is a need to harmonize the reporting
of significant figures for serum creatinine and cystatin C.
Additionally, the equations used for eGFR based on serum
creatinine should be standardized, and the 2021 CKD-EPI
equation should not be used in Europe. Instead, European
equations should be favoured. Furthermore, the utilization
of cystatin C is expected to increase in the coming years,
warranting improvements. Laboratories measuring cystatin
C should provide cystatin C-based equations, both indepen-
dently and in combination with serum creatinine, again
prioritizing European equations.

The results also shed light on the inadequate service
provided by clinical laboratories for children, and we have
put forth recommendations to address this issue. Further-
more, the prominence of measured glomerular filtration
rate (mGFR) is expected to grow in the future, but currently,
only a few laboratories/countries can offer this service.
Efforts should be made to improve this situation, particu-
larly through the development of commercially available
solutions.

Lastly, the survey highlighted the challenges associated
with measuring albumin in urine. To benefit clinicians and
ultimately improve patient care, we have provided recom-
mendations to address these issues and establish a stan-
dardized approach. These recommandations are summarized
in Table 1.
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Table 1: Summary of the recommendations of the EFLM Task Group on Chronic Kidney Diseases to improve harmonization of the practices of the
European clinical laboratories for biomarkers of kidney function.

Biomarker

Aspect

Recommendation

Serum creatinine
Serum creatinine
Serum creatinine
Creatinine-based eGFR

equations

Cystatin C-based
equations

Cystatin C

eGFR equationsin children

Measured GFR

Albuminuria

Analytical determination

in children
Units

Number of digits

Equation

Equation

Units and number of
digits
Equation

Availability of iohexol
clearance
Normalization of the
results

Units

Best sample

Correct spelling

Enzymatic methods should be the only ones to be used in children due to their better accuracy in
the lower concentration ranges

Even if molar units are recommended from a metrological perspective, it is more important that the
same unit is used in the same region/country

We recommend rounding to the nearest whole number when sCr results are expressed in pmoL/L
and, for ponderal units (mg/dL), to round to the nearest 100th of a whole number

As a European Society, we favour the use of European equations, either EKFC or Lund Malmé ones
since they have been established and validated in a European population. The most important
remains however to avoid too much disparity at the regional level. Laboratories should also avoid
using more than one equation to estimate sCr based eGFR

Itisimportant for laboratories to provide an eGFR when CysC is requested. When both SCr and CysC
are requested, an equation that calculates the eGFR based on both biomarkers should be provided.
As for the equations to be used, we prefer European ones such as CAPA, Larsson, or EKFC. However,
regional harmonization should also be pursued in this regard

We recommend that serum cystatin C concentration are expressed in mg/L and rounded to the
nearest 100th of a whole number

We strongly recommend using an eGFR equation in children and adolescents. In this regard, we
advocate for the utilization of European equations such as the CAPA or the EKFC equations. The
EKFC equation is particularly noteworthy as it allows for a seamless transition from paediatric to
adult equations without any artificial “jump,” making it suitable for use across a wide age range
starting from 2 years old and extending into adulthood

We recommend that at least one laboratory in each European country is capable of measuring
iohexol clearance to measure GFR

We recommend using the normalisation of albuminuria by urine creatinine (ACR) and to express
the results either in mg/g or mg/mmol. There again, a regional harmonization is of greatest
importance.

Cut-offs should thus be <30 mg/g or <3 mg/mmol.

The recommended sample should be first urine sample collected during mid-stream voiding in the
morning.

The term “microalbuminuria” should be abandoned and replaced with the term “albuminuria”.
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