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SYNOPSIS AND RELEVANCE
Chronic kidney disease (CKD), among the most impactful disease states in the United States, results in

significant morbidity and mortality, and is especially frequent in patients with chronic diseases such as
hypertension and diabetes mellitus. Late identification results in a delay of focused treatment and decreases the
chance for a timely renal transplant. Pathologists must be aware of the methods to diagnose and monitor the
progression of CKD. Recent guidelines on CKD classification by the Kidney Disease: Improving Global
Outcomes (KDIGO) organization, an international CKD working group,' and the College of American
Pathologists? rely on consistent monitoring of estimated glomerular filtration rate (eGFR) and albuminuria
(determined as the albumin-to-creatinine ratio [ACR]) for early identification and treatment. The National Kidney
Foundation recommends the race-free 2021 CKD-EPI eGFR equation, which removed race from the
calculations to enhance early recognition of CKD, especially in the African American population.

OBJECTIVES
1. Understand that the combination of albuminuria (albumin-to-creatinine ratio) and eGFR calculated by the

2021 CKD Epidemiology Collaboration (CKD-EPI) refit equation with race modification removed is the
current recommendation for classification and identification of CKD.

2. Recognize the “Kidney Profile,” a combination of eGFR and ACR championed by the National Kidney
Foundation as a test profile set to encourage complete evaluation of kidney health.

3. Understand that the combination of cystatin C with creatinine in estimating GFR is more effective than
creatinine alone, and that cystatin C should be offered in-house, when possible.

BACKGROUND

Chronic kidney disease (CKD) is a common condition that is recognized throughout the world. CKD has a high
prevalence among adults worldwide at 10%, which increases up to 50% in high-risk populations-® Early recognition is
paramount, as earlier stages of CKD are commonly asymptomatic and only uncovered via workup and laboratory
testing driven by other comorbidities. The downstream implications are immense, as early disease may be reversible
while late recognition and diagnosis lead to kidney failure. An understanding of CKD screening, diagnosis, and
monitoring is imperative to promote appropriate and effective laboratory test utilization. Rates of proper screening
remain low, as 80% of patients with diseases such as diabetes and/or hypertension do not receive a guideline-
compliant laboratory assessment.*

Modern laboratory-based definitions for CKD and recommendations for screening by laboratory testing are sourced
from the KDIGO 2024 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease.’
The definition of CKD is greater than (>) 3 months of abnormalities of kidney structure or function. Classification of
CKD by laboratory methods is predominantly based on two laboratory parameters: eGFR and albuminuria,
determined by the albumin-to-creatinine ratio (See Appendix A). The categories stratify risk of progression, and are
classified as low-, moderate- and high-risk. The introduction of the test ordering panel, “Kidney Profile,” an order set
containing eGFR and ACR, may be a means by which the laboratory may promote complete kidney function
screening using both tests.?

Glomerular filtration rate (GFR) is utilized to determine the amount of blood passing through the kidneys per minute,
and primary routine monitoring is via the eGFR. Laboratories calculate the eGFR by multiple methods such as the
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Modification of Diet in Renal Disease (MDRD) equation® or analogs, such as creatinine clearance, however, the CKD-
EPI equation® is recommended for adults because it allows more accurate stratification of early kidney disease
(Stages 1 and 2). Pediatric eGFR is determined by the Schwartz Equation3; however, routine screening via
calculation of eGFR is not recommended in children.

In 2021, the CKD-EPI equation was redesigned to address the large racial bias in the recognition of CKD.® As race
categorization can be subjective from the clinical team and/or the patient themself, the accuracy of non-biological
racial mathematical modification has been questioned. The 2021 CKD-EPI refit equation removes the non-biological
racial mathematical modification and updates the constants in the remainder of the equation.® This new equation is
designed to identify earlier stages of CKD for all patients and thus identify candidates for kidney transplantation more
rapidly, leading to better outcomes.

Of note, race-related complications are not the only population-based issue for kidney function laboratory test results;
hormones for transgender treatment have effects on creatinine and cystatin C levels, and thus the eGFR."

Evaluation of muscle mass, sex assigned at birth, and gender identity should be considered when evaluating eGFR
for CKD in transgender or non-binary populations.

The eGFR formulas use creatinine and/or cystatin C. As eGFR is highly dependent on creatinine measurement,
careful consideration of the method and instrument is needed, especially if using the Jaffe method.” Both the
enzymatic and Jaffe methods are considered acceptable, because both methods must be calibrated to be traceable
to the Isotope Dilution Mass Spectrometry (IDMS) standard, and all analytical interferents for the methods, such as
high bilirubin or glucose, beta-hydroxybutyric acid, and many drugs such as cephalosporins and dobutamine must be
understood. However, the Jaffe chemical method is simply much more susceptible to the above interferences,
despite modifications.

Calculating eGFR solely via creatinine concentrations may underestimate CKD so that cystatin C is an alternative to
creatinine. Cystatin C is not reabsorbed from the renal tubule; thus its level is more directly proportional to the GFR.
The CKD-EPI eGFR equation that uses both creatinine and cystatin C is more accurate than the creatinine-based
equation alone when comparing eGFR versus measured GFR.2 Adding cystatin C assessment has advantages, as in
one study 16% of patients were correctly identified as having CKD by assessing cystatin C or albumin-to-creatinine
ratios in addition to the creatinine eGFR results, which appeared to be normal.8 When interferents to creatinine
methods are present, or the creatinine-based eGFR is near a clinical decision point, use of cystatin C-based eGFR

or a creatinine/cystatin C-based eGFR is advised. However, we need to address that systemic inflammation,
adiposity, thyroid disease, and steroid use are recognized as non-GFR determinants of Cystatin C.

Proteinuria in the setting of hypertension or diabetes is an early marker of kidney disease. An initial assessment of
proteinuria commonly uses the urine albumin-to-creatinine ratio (ACR) or, less commonly now, the urine protein-to-
creatinine ratio (PCR). Early morning urine specimens are preferred®; however, spot urine can also be utilized as it
correlates well with results from 24-hour collections in adults. Persistent albuminuria is defined as two positive tests
over 3 months. The lower limit of quantitation for albumin on some instruments may limit the categorization of CKD,
so note the analytical sensitivity of the methods used. The specification for the laboratory’s albumin method should be
reviewed and methods with a lower limit of quantitation (LLOQ) higher than clinical decision limits should not be used.

INSIGHTS

e Primary screening for Chronic Kidney Disease should always include an eGFR and urine albumin-to-
creatinine Ratio (ACR).

e Laboratory eGFR calculations should use the race-free 2021 CKD-EPI creatinine formula, as
recommended by the College of American Pathologists.

e When possible, use the version of the eGFR 2021 CKD-EPI calculation that includes a combination of
cystatin C and creatinine.

o The Kidney Profile, a test order set that combines the urine albumin-to-creatinine ratio and eGFR, can be
added to the laboratory test menu to improve compliance with effective CKD screening.

e Adding cystatin C to the in-house test menu will enable the use of the 2021 CKD-EPI creatinine/cystatin C
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equation which is the most highly recommended version by the NKF and CAP.

INTERVENTIONS

1.
2.

3.
4.
5.

6.

Review the laboratory test menu to ensure an eGFR is reported with serum creatinine in adults.

Review order sets that monitor kidney function in applicable patients and ensure that they include both the eGFR
and albumin-to-creatinine ratio (ACR).

Champion the adoption of the Kidney Profile, especially for outpatient clinic-based monitoring.

Convert the laboratory eGFR calculation to the 2021 CKD-EPI refit equation without the race-based modifier.
Develop internal guidelines to encourage ordering ACR and eGFR once a year on all adults that meet
appropriate risk profiles.

If possible, bring cystatin C testing in-house.

INTERVENTION ANALYSIS

1.
2.

ook w

Determine the total number of adult outpatients with diabetes in one or more primary location(s). (A1).
Determine the number of adult outpatients from the selected location(s) with diabetes with both eGFR and
albumin-to-creatinine ratio ordered in the past year (A2).

Determine the percent of diabetic patients with appropriate test orders (A3).

Distribute educational materials on the regular use of ACR with eGFR for identification of CKD.

If possible, create a new test panel called Kidney Profile with both ACR and eGFR.

After education, determine the number of adult outpatients with diabetes over a new period of time in the same
primary location(s) (B1).

Determine the number of adult outpatients with diabetes with both eGFR and albumin-to-creatinine ratio ordered
in the same new time period (B2).

Determine the percent of diabetic patients with appropriate test orders (B3).

Calculate the change in the percent of patients with ACR and eGFR ordered in outpatients (C3).

LABORATORY TEST VOLUME INTERVENTION ANALYSIS
Calculate the percent change in the pre-intervention and post-intervention test volumes to find the
impact of the change(s) instituted by your laboratory during a year or other equal time period for

each review.

Description Pre-Intervention Post-Intervention Pre - Post Volume
Change

Number of adult A1 B1 A1-B1=C1

outpatients with

diabetes

Number of orders for A2 B2 A2 -B2=C2

eGFR and albumin

creatinine ratio for

diabetic patients

Ratio: A2/A1 x100% = A3% B2/B1 x 100% = B3% Ratio Change

Number of orders/ B3% - A3% = C3%

number of all diabetic

patients x100%




APPENDIX A

Current Chronic Kidney Disease (CKD) Nomenclature

KDIGO defines CKD as abnormalities of kidney structure or function, present for a minimum of 3 months, with
implications for health. CKD is classified based on Cause, Glomerular filtration rate (GFR) category (G1-G5),
and Albuminuria category (A1-A3)."

Persistent albuminuria categories
Description and range

Al A2 A3
KDIGO: Prognosis of CKD by GFR Normal to mildly ~ Moderately Severely
and albuminuria categories increased increased increased
<30 mg/g 30-300 mg/g >300 mg/g
<3 mg/mmol 3-30 mg/mmol >30 mg/mmol
G1 Normal or high =90
G2 Mildly decreased 60-89

S moderahfteilgllc’itte?:reased & -
- P e
G4 Severely decreased  15-29 ---
G5 Kidney failure <15 ---

Green: low risk (if no other markers of kidney disease, no CKD); Yellow: moderately increased risk; Orange: high
risk; Red: very high risk. GFR, glomerular filtration rate.

GFR categories (ml/min/1.73 m?)
Description and range

Reference: KDIGO 2024 clinical practice guideline for the evaluation and management of chronic kidney disease.
Kidney International (2024) 105 (Suppl 4S), S117-S314. doi:10.1016/j.kint.2023.10.018

QUESTIONS AND ANSWERS

QUESTION 1 OBJECTIVE
Recognize the “Kidney Profile,” a combination of eGFR and ACR championed by the National Kidney
Foundation as a test profile set to encourage complete evaluation of kidney health.

QUESTION 1
You are part of a task force for improving ambulatory care services at a health care system. A nephrologist is

concerned that the outpatients on the general medicine service are not all being screened properly for
chronic kidney disease. There have been many sponsored grand rounds, and the nephrologist knows there
is understanding of the importance, but only half of all eligible patients are being screened sufficiently to
stage them. He notes previous success using the EMR to help drive consistent ordering pattern changes.
What change could be made to help drive proper laboratory utilization?

A. None, education is the best answer. Sponsor more grand rounds and visit the clinics.
B. Create laboratory alerts and flyers, and distribute instructions on how to orders the right tests in the chart.
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C. Trigger automatic appointments to see the nephrology service when these laboratory tests are noticed to be
missing
D. Build the Kidney Profile, which results in an order for eGFR and an albumin-to-creatinine ratio as a set.

The correct answer is D. A kidney profile is a standard laboratory order set that drives the ordering of the tests
needed to stage chronic kidney disease without the physician having to order two separate tests.

A is incorrect because education has already proven insufficient.

B is incorrect because a lack of knowledge on how to utilize the EMR ordering system is not likely the driver of
improper utilization in this case.

C is incorrect because this would lead to overutilization of nephrology services for routine laboratory monitoring that
can be addressed by a general medicine service.

REFERENCE

Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2024 Clinical Practice Guideline for
the Evaluation and Management of Chronic Kidney Disease. Kidney Int. 2024; 105(4S):S117-S314.
doi:10.1016/j.kint.2023.10.018

QUESTION 2 OBJECTIVE

Understand that the combination of albuminuria (albumin-to-creatinine ratio) and eGFR calculated by the 2021
CKD Epidemiology Collaboration (CKD-EPI) refit equation with race modification removed is the current
recommendation for classification and identification of CKD.

QUESTION 2

The hospital in which you medically direct the laboratory is concerned that decisions to put its African
American patients on the kidney transplant list are not happening in a timely manner, leading to poor
outcomes. There have been no changes to staging patients from a laboratory perspective for several years.
Clinicians ask you if there is a change in process or a new technology that could identify some patients
earlier in order to improve outcomes. The best advice is to:

A. Advocate expansion of the clinic to see patients more often in order to help risk stratify patients.

B. Advocate more frequent screening to identify changes in biomarkers in a quicker time frame

C. Advise changing to the non-race based modified CKD-EPI to improve early identification.

D. Look at the laboratory instrumentation to determine if a modification to the method can improve sensitivity.

The correct answer is C. A large gap exists in identification of African Americans at an early stage of CKD for
eligibility and this modification is recommended to improve this performance.

A is incorrect because genetic testing is not a cost-effective method of screening and is not currently recommended.
B is incorrect because the frequency of testing is not the issue, therefore this will not solve the problem.

D is incorrect because changing parameters will not solve the base issue. In fact, changing calibration, etc may
generate a bias that could be unique to the instrument and interfere with the eGFR calculation.

REFERENCE
Pierre CC, Marzinke MA, Ahmed SB, et al. AACC/NKF guidance document on improving equity in chronic kidney
disease care. J Appl Lab Med. 2023;8(4):789-816. doi:10.1093/jalm/jfad022

QUESTION 3 OBJECTIVE
Understand that the combination of cystatin C with creatinine in eGFR estimation is more effective than
creatinine alone, and that cystatin C should be offered in house when possible.

QUESTION 3

Your laboratory is changing LIS vendors, and your chemistry section has been asked to evaluate the CKD-
EPI equation and suggest the best version to build given the most recent guideline updates. Which of the
following versions is recommended by the National Kidney Foundation approved guidelines?

A. CKD-EPI based on serum creatinine.

B. CKD-EPI based on serum creatinine and cystatin C.

C. CKD-EPI based on serum cystatin C.



The correct answer is B. An eGFR formula that includes both cystatin C and serum creatinine levels outperforms
formulas that use creatinine or cystatin C alone.

A is incorrect because use of a creatinine-based formula does not match measured GFR as accurately as use of an
equation that includes both analytes.

C is incorrect. While cystatin C is exclusively filtered by the glomerulus and is not affected by tubular secretion, its
performance is not superior to that achieved by a combination with creatinine.

REFERENCE
Dimeski G, Treacy O, Biochemical Tests for Diagnosing and Evaluation Stages of Chronic Kidney Disease. In: Nunes
ACF, ed. Chronic Kidney Disease — Beyond the Basics. IntechOpen; 2023. doi:10.5772/intechopen.1000205
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