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Abstract

Renal diagnostics are central to modern nephrology, guiding the evaluation, staging, and management of chronic kidney
disease (CKD) and acute kidney injury (AKI). However, most laboratory errors occur in the pre-analytical phase, including
patient preparation, specimen collection, labeling, handling, transport, and storage. Such upstream failures can
significantly compromise the accuracy of kidney biomarkers such as serum creatinine, estimated glomerular filtration rate
(eGFR), albuminuria, and electrolytes. This review examines the classification, burden, and clinical impact of pre-
analytical errors in renal diagnostic testing, emphasizing their implications for kidney disease evaluation, patient safety,
and evidence-based clinical decision-making. A narrative synthesis of recent nephrology and laboratory medicine
literature was conducted, focusing on major categories of pre-analytical failure, including identification errors, specimen
collection problems, sample interferences, transport instability, and medication- or physiology-related confounders.
Specialized nephrology populations and emerging quality improvement strategies were also reviewed. Pre-analytical
errors may lead to CKD misclassification, inaccurate eGFR estimation, unreliable urine albumin-to-creatinine ratio
testing, and delayed AKI recognition. High-risk groups such as pediatric patients, lupus nephritis populations, oncology-
associated kidney injury cases, and perioperative surgical patients are particularly vulnerable. Clinical consequences
include inappropriate drug dosing, avoidable dialysis initiation, unnecessary hospital admissions, and increased healthcare
resource utilization. Standardization initiatives, quality indicators, harmonization frameworks, and innovations such as
artificial intelligence, delta checks, and smart sample tracking offer promising approaches to reduce preventable diagnostic
variability. Strengthening pre-analytical integrity is essential for accurate renal biomarker interpretation, guideline-
concordant CKD management, and improved patient outcomes.

Keywords: Pre-analytical errors; Renal diagnostics; chronic kidney disease; Patient safety; Laboratory quality assurance

1. Introduction

The modern nephrology environment relies on the
laboratory diagnostics as the means to identify, classify,
monitor, and treat kidney  diseases. The
biochemical/urinary  markers (serum creatinine,
estimated glomerular filtration rate, eGFR, urine
albumin-to-creatinine ratio, UACR, electrolytes) are the

primary points to evaluate chronic kidney disease
(CKD) and acute kidney injury (AKI) assessment. The
international nephrology models emphasize that
adequate laboratory testing would be a valuable
instrument in making sure that those affected by kidney
diseases are diagnosed, staged and the risk stratified in
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time both adults and children [1]. KDIGO 2024 clinical
practice guidelines strengthen the idea that clinical
decision-making, i.e., the initiation of renoprotective
therapy, timing of referral, and the choice of monitoring
strategies, is directly dependent on diagnostic thresholds
of eGFR fall and albuminuria [2]. Simultaneously,
guideline synopses emphasize the fact that nephrology
care is being more reliant on laboratory-identified
categories of risk, which dictate long-term management
courses [3]. In immune-mediated fatalities of kidneys
like lupus nephritis, laboratory diagnosis becomes even
more important as the level of treatment and prognosis
assessment are subject to accurate results of interpreting
renal function and urine dysfunctions [4]. In addition to
the diagnosis, laboratory tests are also critical in drug
safety and dosing, especially the drugs that need
modifications when affected by renal problems. The
clinical pharmacy practice has shown that improper
interpretation of renal markers can lead to the avoidable
adverse effects [5]. Recent revision of NICE and
implementation research shows that the laboratory
observation forms the core of implementing evidence-
based interventions, including sodium-glucose co-
transporter-2 inhibitors in the treatment of CKD [6]. In
this way, nephrology is still inseparable with laboratory
medicine, and the accuracy of diagnosing patients is a
fundamental pillar of patient safety and clinical
excellence.

Although there have been improvements in the
analytical instrumentation, most laboratory errors occur
prior to the onset of the testing, during the pre-analytical
phase. This stage involves the preparation of patients,
collection of specimen, labeling, handling, transporting,
and storing of the specimen. Extensive evidence
supports the notion that pre-analytical error is by far the
greatest number of errors in the overall laboratory testing
process, much greater than analytical and post-analytical
error [7]. Such errors are especially prone to renal
diagnostics due to the extreme sensitivity of kidney
biomarkers to procedure and biological variability.
Hemolysis is one of the most common pre-analytical
problems in clinical chemistry greatly interfering with
the creatinine and electrolyte levels. Standardized ways
of managing hemolyzed samples are prioritized by
practical recommendations of the European working
groups as they have clinical consequences on the
interpretation of diagnoses [8]. Any small pre-analytical
deviations can cause false hyperkalemia, incorrect
diagnosis of CKD stage or incorrect emergency
treatment. Greater scans of the laboratory quality
improvement emphasize that diagnostic excellence is
impossible without a systemic focus on pre-analytical
vulnerabilities, which are not sufficiently addressed in
spite of its deep-seated effects on patient outcomes [9].
Urine based testing such as albuminuria can also be
distorted by pre-analytical errors, which can influence
CKD staging, prognosis and referral decision. Literature
review of the sources and control interventions of pre-
analytical failures indicate that three reasons are
prevalent to cause diagnostic delay and avoidable harm:
human factors, workflow gaps, and insufficient
standardization [10]. Notably, the practice of nephrology
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is becoming more and more reliant on laboratory-based
guideline thresholds. The CKD care pathways based on
KDIGO presuppose renal markers reliability, i.e. the
possibility of upstream pre-analytical errors to impair
the evidence-based decision-making [11]. Other
diagnostic fields address the same issues, and a much
more thorough review of the diagnosis type prioritizes
prevention measures and  systematic  quality
arrangements to minimize pre-analytical variability [12].
Consequently, the pre-analytical stage is one of the most
significant determinants of correctness in the assessment
of kidney diseases, and it has direct consequences on
patient safety, clinical decision making, and medical
efficiency.

This review will investigate the clinical and mental cost
of pre-analytical errors in renal diagnostics in terms of
their effect on kidney disease assessment, patient safety,
and nephrology decision-making. It is an attempt to
summarize the existing body of knowledge on the
prevalent pre-analytical weaknesses of renal biomarkers,
their consequences to the guideline-based care of CKD
and lupus nephritis, as well as quality enhancement
approaches applicable to the laboratory-nephrology
interface. The importance of the standardized practices
and error-prevention models to increase the reliability of
the diagnosis of kidney care is given special
consideration.

2. The Pre-Analytical Phase in Renal Diagnostic
Testing

2.1 Definition and Components of the Pre-Analytical
Process

Pre-analytical stage entails all the activities before the
laboratory test that might include test requesting, patient
identification, preparation, collection of sample,
labeling, transportation, centrifugation and storage.
These are the measures that directly affect renal
biomarkers accuracy. The recent studies are focused on
the notion that the workflow at this stage can be assisted
by employing new technologies, such as artificial
intelligence and applied machine learning to minimize
errors and optimize the work process [13]. Preanalytical
quality has been regarded as an important construct in
quality diagnostics in the field of nephrology [14].

2.2 Frequency and Burden of Pre-Analytical Errors
in Clinical Laboratories

Pre-analytical errors constitute the most common cause
of failures in laboratory medicine with a high load of
clinical risk and diagnostic error. The emergence of new
information indicates that the problems of poor
handling, delays in processing, and insufficient
standardization are still prevalent in laboratories. These
mistakes are closely associated with diagnostic delay
and patient safety issues, which has been proven in case
of referral-based clinical assessments [15]. Thus, the
pre-analytical quality is a significant concern.

2.3 Pre-Analytical Vulnerabilities Unique to Renal
Diagnostics

Renal testing is exquisitely susceptible to pre-analytical
variability since creatinine, potassium and albuminuria
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are biomarkers that are subject to hydration, hemolysis,
and urine collection situation. The tests of urine
albumin-to-creatinine ratios are especially urgent to
optimize the CKD staging and referral decisions [16].
Wider precepts of sample integrity and international
standardization as are promoted in the biomarker
biobanking operations underpin austerity pre-analytical
control in the nephrology diagnostics [17].

3. Classification of Pre-Analytical Errors Relevant to
Kidney Testing

3.1 Patient Identification and Test Request Errors
One of the first and most grave failures in the pre-
analytical period of the renal diagnostics is patient
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identification and test request error. Misjudgment of
kidney functioning and incorrect staging of CKD might
be caused by inaccurate patient labeling and incorrect
requisition form or wrong choice of the test (Figure 1).
These errors can result in failure to diagnose in time,
redundant repeated testing or improper referral. The
European harmonization efforts focus on the need to
have standardized workflows and institutional
guidelines to help reduce such avoidable errors within
the healthcare systems [18]. In nephrology, where eGFR
thresholds and albuminuria levels significantly influence
the key treatment choices, a proper identification and
proper ordering of tests are critical to patient safety and
evidence-based management of kidney disease.

Pre-Analytical Phase in Renal Diagnostics

e Patient identification

e Patient preparation

» Specimen collection (blood/urine)
e Labeling and documentation

e Sample transport

o Centrifugation and processing

 Storage before analysis

1. Definition and Core Steps
o Test request and selection

=

A

4

Largest source of laboratory failures

Major contributor to diagnostic delay

Strong impact on patient safety

.

2. Frequency and Burden of Errors

Errors exceed analytical / post-analytical phases

.

3. Renal-Specific Vulnerabilities

Creatinine sensitivity to handling delays

Hemolysis affecting potassium results

Albuminuria / UACR influenced by urine collection conditions

Hydration status altering renal biomarkers

Need for strict standardization in nephrology testing

Figure 1. Key Elements of the Pre-Analytical Phase in Renal Diagnostic Testing

3.2 Specimen Collection Errors in Renal
Investigations

Specimen collection errors are one of the largest causes
of diagnostic mistakes in the renal investigations as
kidney biomarkers are highly sensitive to conditions
during the collection. The measurements of creatinine,
potassium, and albuminuria may be altered because of
poor venipuncture, choice of inappropriate tubes,
contamination, and poor urine sampling habits. These
deviations can distort the outcomes of kidney
functioning and possibly enhance the idea of the acute
aggravation or onset of the disease. The international
laboratory safety evaluations indicate that collection
failures are among the most prevalent reasons of pre-

analytical error load in clinical practice [19]. These are
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especially worrisome in the nephrology practice because
clinical judgments are premised on drug dosing, dialysis
arrangements, and CKD staging that relies on the proper
levels of biomarkers through properly gathered samples.

3.3 Sample Handling, Transport, and Storage Issues
Sample errors, such as mistakes in handling, transport
and storage are crucial weaknesses that can undermine
the reliability of renal diagnostic. The centrifugation
process can be slowed down, unsuitable temperature can
be exposed to, or even long transportation can lead to
destruction of sample integrity and renal chemistry data
could be distorted. The reason that such instability is
critical is especially important to the electrolytes, urea,
and urine protein markers, where the pre-analytical
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conditions need to be controlled. The organized creation
and application of laboratory quality indicators offers a
fundamental framework of control over these
weaknesses of handling and enhancement of the
consistency of the diagnoses at the institutions [20].
When it comes to kidney disease diagnosis, transport
logistics and timely processing must be ensured to
eliminate any unnecessary delays during the process and
assist in making the right clinical decision.

3.4 Hemolysis, Lipemia, and Interference in Renal
Chemistry Assays

One of the most common pre-analytical threats to renal
chemistry assays includes hemolysis, lipemia and other
interferences with the specimen. Hemolyzed blood
samples can give false high results on the potassium or
creatinine, and lipemic samples can interfere with
photometric measurements. Such interferences can
cause improper emergency treatments, unwarranted
hospitalizations, or a misclassification of severity of
CKD. Suggestions towards designing and carrying out
an extensive pre-analytical quality assurance programs
highlight the use of standardized rejection criteria and
correction procedures to ensure that unsuitable
specimens are not used to affect the care of the patient
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[21]. Since the practice of nephrology depends on the
presence of precise biochemical thresholds, it is
necessary to reduce the errors associated with
interference to preserve the integrity of diagnosis and
patient safety.

3.5 Medication-Related and Physiological Pre-
Analytical Confounders

Pharmacological factors and physiological parameters
are significant pre-analytical confounders, which impact
the interpretation of renal biomarkers. Hydration status,
intake of protein in the diet, posture and muscle mass
and recent administration of drugs can all change the
creatinine concentration before the laboratory analysis
(Table 1). Such deviations can cause poor estimation of
eGFR, and inappropriate categorization of CKD,
especially in long term renal functional monitoring. The
use of creatinine-based equations in research to assess
kidney function decline over a period of time has shown
the impact that biological and pre-analytical variability
can have on the outcome [22]. Clinical documentation of
medications and patient conditions in nephrology
practice should therefore be done carefully in order to
make laboratory results to be interpreted under the right
physiological context.

Table 1. Classification of Pre-Analytical Errors Relevant to Kidney Testing and Their Clinical Impact

& Test Request Errors

Error Category Examples in Renal Diagnostics Potential Clinical Impact " | Reference
Nephrology
. . . Wrong patient labeling, . . .
Patient Identification mismatched  requisition  forms, Misleading CKD staging, delayed [18]

inappropriate renal test ordering

diagnosis, incorrect referral decisions

Specimen Collection

Errors
samples

Poor venipuncture, wrong
collection tube, contaminated urine

False  creatinine/electrolyte  results,
misinterpretation of kidney function, | [19]
inappropriate treatment planning

Handling, Transport &

Storage Issues .
g v transport time

Delayed centrifugation, improper
temperature control, prolonged

Sample degradation, distorted renal
chemistry values, diagnostic delays in | [20]
CKD/AKI evaluation

Hemolysis, Lipemia &
Assay Interference

Hemolyzed blood causing false
hyperkalemia, lipemic sample
interference in photometric assays

Misclassification of CKD severity,
unnecessary emergency interventions or | [21]
hospital admissions

Physiological
Confounders

influence on creatinine

Medication-Related & | Drug interference, dehydration,
posture effects, dietary protein

Inaccurate eGFR estimation,
inappropriate CKD staging, flawed | [22]
longitudinal monitoring

4. Impact of Pre-Analytical Errors on Core Renal
Biomarkers

4.1 Serum Creatinine Measurement and Analytical
Distortion

Serum creatinine is the most commonly used biomarker
to measure kidney performance, but it is very susceptible
to pre-analytical error. Avoiding improper sample
collection, delay in processing, hemolysis, and patient-
related variability could pose a significant contributor to
creatinine concentration preceding analysis. Due to the
fact that creatinine is central to the estimation of the
glomerular filtration rate, any minor pre-analytical
errors can be misleading to the status of the kidney. The
consideration of core nephrology curriculum underlines
the fact that precise measurement of creatinine and
contextual interpretation are critical components of the
routine clinical practice especially when it comes to
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staging CKD and detecting AKI [23]. Therefore it is
essential to control pre-analytical conditions in order to
make diagnostic reliable.

4.2 Errors in Estimated Glomerular Filtration Rate
(eGFR) Interpretation

The creatinine-based equations are used to estimate
GFR, which is the basis of CKD diagnosis, prognosis
and therapeutic decision-making. The possible pre-
analytical errors affecting the creatinine values can
directly reflect to false estimation of eGFR thus a false
determination of the severity of kidney diseases. The
implications of this not only in nephrology but in
cardiovascular medicine are large because GFR
deterioration is increasingly becoming a clinical trial
endpoint, and a surrogate of systemic risk. The
difficulties in reading GFR deteriorate the significance
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of reducing upstream variability that can distort
longitudinal measurement [24]. Pre-analytical quality
control is thus relied on in order to have a reliably eGFR.

4.3 Albuminuria and Urine Albumin-to-Creatinine
Ratio (UACR) Testing Challenges

Albuminuria is one of the most important indicators of
kidney damage and cardiovascular risk, but because of
the urine-based test, pre-analytical inconsistencies are
especially likely. The results of urine collection may
produce a false UACR due to variation in the time of
urine collection, improper storage, contamination and
incomplete sampling. These errors can produce a false
impression of progression or improvement of CKD,
which affects the referral decision and escalation of
treatment. Research assessing GFR in estimating renal
performance in younger groups is also instrumental to
highlighting the greater issue of wvariability in
biomarkers across population groups and support the
need to scrutinize pre-analytical conditions in renal
measurement [25]. Urine testing standardization is an
urgent nephrology concern.

4.4 Pre-Analytical Factors Affecting Acute Kidney
Injury Biomarkers

Biomarker interpretation is important to the early
detection of acute kidney injury, and pre-analytic
variability may delay the identification of renal

* Hemolysis
» Delayed processing

» Collection variability

= False creatinine values

=p Distortion of Renal Biomarkers
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dysfunction. Sample instability, transport delay as well
as unreliable reporting of laboratory could obscure the
actual kidney injury, or overstate short-lived
fluctuations. The recommendation of the working group
of the National Kidney Foundation to implement race-
free CKD-EPI equations highlights the necessity that
labs should practice the same that will help them report
renal functions correctly and make appropriate clinical
decisions [26]. The pre-analytical error should also be
minimized in AKI settings to avoid failure to identify
diagnoses and enhance early intervention.

4.5 Electrolyte and Acid—Base Measurement Errors
in Renal Emergencies

Laboratory results require accuracy as they can help to
identify the electrolyte imbalance and acid-base
disorders typical of renal emergencies. There are pre-
analytical errors like hemolysis, late analysis, or
mishandling of samples that can give falsely abnormal
potassium, bicarbonate, or blood gas values resulting in
incorrect emergency treatment (Figure 2). The value-
based laboratory medicine underlines that it is necessary
to minimize the number of avoidable diagnostic errors to
enhance patient-centered outcomes and prevent
unwarranted interventions [27]. Pre-analytical integrity
of electrolyte and acid-base testing is thus a very
important aspect of patient safety in nephrology practice.

eGFR Interpretation

e Creatinine equation sensitivity
e Small errors amplified

CKD stage
misclassification

Albuminuria / UACR Testing

« Improper urine collection
= Storage delays
» Contamination

Inaccurate proteinuria
assessment

e i

AKI Biomarkers

* Sample instability
» Transport delays
» Reporting inconsistency

Missed or delayed AKI
detection
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Missed or delayed AKI
i erecri
etection

Figure 2. Impact of Pre-Analytical Errors on Core Renal Biomarkers
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5. Implications for Chronic Kidney Disease Diagnosis
and Staging

5.1 Alignment with KDIGO 2024 CKD Diagnostic
Criteria

The proper laboratory examination is required to match
CKD diagnosis with KDIGO 2024 standards that should
be based on the continued eGFR decline and the
presence of kidney damage, including albuminuria.
Nevertheless, these thresholds may be complicated by
biological and pre-analytical variation of renal
biomarkers. Research proves that plasma and urinary
measurements of kidney damage show high intra-
individual variability, especially in individuals (those
with established CKD), and thus, the importance of
constant-sampling conditions is highlighted [28]. Hence,
the pre-analytical control is required to be strict to allow
CKD diagnosis and monitoring to be guideline-
concordant.

5.2 Misclassification of CKD Stage Due to Pre-
Analytical Variability

With the pre-analytical variability, the misclassification
of CKD stage can be tremendous especially when slight
fluctuations in the creatinine or urine biomarkers alters
patients and shifts them across the diagnostic lines. This
is of particular concern with vulnerable populations like
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pediatrics whereby early biomarkers of kidney injury are
increasingly being used to detect and monitor this
disease. There is evidence on the diagnostic value of
urinary enzymes including N-acetyl-b-D-
glucosaminidase at the early AKI detection, although
they are also susceptible to pre-analytical procedures
and collection issues [29]. The absence of a set of
protocols can lead to late referral or ineffective
intervention.

5.3 Consequences for Risk Stratification and
Prognosis

Proper staging of the CKD is the key to prognostic
assessment, the prediction of cardiovascular risks, and
the planning of long-term care (Table 2). Pre-analytical
errors that may affect biomarker values and risk
stratification models include incorrect sample collection,
delay in transport, and the difference in patient
preparation. The pre-analytical variables reviews
underline that pre-analytical variables are still a
significant cause of laboratory error, and they have direct
clinical decision-making and patient safety implications
[30]. Such inaccuracies can cause overestimation of the
disease progression, or loss of opportunities of early
therapeutic intervention in CKD management.

Table 2. Implications of Pre-Analytical Variability for CKD Diagnosis, Staging, and Prognosis

Clinical Domain Pre-Analytical Issue Implication for CKD Evaluation Reference
Alignment with KDIGO | Intra-individual  biological and Difficulty ~applying fixed .KDIGO
. . . oy qe thresholds for eGFR decline and
CKD Diagnostic | sampling variability in plasma and o . . [28]
o . . o albuminuria persistence; risk of
Criteria urinary kidney injury markers . . . .
inconsistent diagnosis
Small pre-analytical shifts in | Incorrect CKD staging, delayed
CKD Stage | creatinine or urine biomarker levels | nephrology referral, inappropriate [29]
Misclassification due to handling and collection | monitoring intensity, especially in
differences pediatrics
. . Distorted prognostic models,
. . . Errors from improper collection, | . . .
Risk Stratification and . inaccurate  progression  estimates,
. transport delays, and patient . o [30]
Prognosis Lo ; . missed opportunities for early
preparation inconsistencies . .
intervention

6. Pre-Analytical Errors in Specialized Nephrology
Conditions

6.1 Lupus Nephritis and Immune-Mediated Kidney
Disorders

Lupus nephritis is a threatening type of kidney disease
that is based on an autoimmune mechanism and in which
the accuracy of the diagnosis is vital to inform the
immunosuppressive treatment and assess disease
progression. Errors at the pre-analytical level can greatly
falsify the interpretation of the biomarkers, especially in
the case of proteinuria, creatinine and new inflammatory
biomarkers. Poor handling of samples, slow processing
of urine or contamination may result in misleading
measurements of disease flare or remission. The
development of precision medicine indicates the
increasing significance of the biomarker-based and Al-
based diagnostic strategies in lupus nephritis, yet they
continue to rely on the strict pre-analytical integrity to
guarantee valid predictive modeling as well as the
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evaluation of treatment response [31]. Thus, in the case
of immune-mediated nephrology, it is essential to reduce
upstream variability.

6.2 Pediatric CKD and Pre-Analytical Sensitivities in
Children

CSKD in the pediatric patient is associated with some
peculiarities of pre-analytical issues, the reduced blood
volumes, the variability of renal biomarkers with
development, and the increased sensitivity of the test to
sampling variability. Creatinine-based measurements
and electrolyte measurements in children could be
disproportionately impacted by minor errors in
collection, hemolysis or poor tube selection. Also,
children may need a high frequency of monitoring,
which adds up to the cumulative risk of pre-analytical
variability. As something that could enhance early CKD
identification and monitoring access, community-based
point-of-care testing is suggested, although its impact is
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highly reliant on the good quality of pre-analytical
control and uniform operation practices [32].
Appropriate age diagnostic reliability is thus a
necessitate in pediatric nephrology.

6.3 Oncology-Associated Kidney Injury and
Biomarker Reliability

The patients with malignancies are especially
susceptible of having kidney injury because of
chemotherapy  exposure, risk of sepsis and
hemodynamic instability. The sensitive biomarkers
other than serum creatinine are becoming crucial in the
early diagnosis of AKI in cancer facilities. Nevertheless,
these biomarkers are very prone to pre-analytical
variability, such as incorrect storage, or delay in analysis
or interference in the assay. The reviews of AKI
biomarker development state that NGAL, KIM-1, and
other markers have potential to have earlier diagnosis
but their clinical utility would hinge on high standards
of sample collection and processing [33]. In the process

(Immune-Mediated Disorders)

e Proteinuria and creatinine
distortion

e Delayed urine processing

e Biomarker + Al prediction sensitivity

) Misleading flare/remission
assessment

Oncology-Associated
Kidney Injury
Chemotherapy-related AKI
vulnerability

Biomarkers sensitive to storage delays

F 8 Missed early AKI
detection
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of cancer care, therefore, pre-analytical reliability is
necessary to identify kidney injury correctly.

6.4 Renal Surgery and Precision Measurement of
Kidney Function

Perioperative kidney function monitoring is a necessary
requirement among patients of renal surgery since there
can be small changes in creatinine or electrolyte balance
that can be used to predict the presence of a developing
injury or lack of renal reserve. Such errors in pre-
analysis like fluid shifts, inconsistency of the time when
samples were taken, or hemolysis may blur actual
postoperative renal status (Figure 3). The proper
interpretation of biomarkers in the setting of surgical
nephrology will play a crucial role in preventing
preventable AKI, fluid management, and monitoring of
the postoperative period. Hence, adherence to
standardized pre-analytical protocols is especially
crucial in the perioperative kidney care as it enables safe
clinical decision-making.

» Small blood volume sampling
challenges

» Higher hemolysis risk

» Developmental biomarker variability

> Inaccurate CKD staging
in children

~

Renal Surgery and
Perioperative Monitoring
e Fluid shifts affecting creatinine levels
e Timing inconsistencies

e Hemolysis in perioperative samples

Imprecise postoperative
kidney function assessment

Figure 3. Pre-Analytical Errors in Specialized Nephrology Conditions

7. Patient Safety and Clinical Decision-Making
Consequences

7.1 Diagnostic Delay and Inappropriate Referral
Pathways

Diagnostic delay in nephrology may be directly caused
by pre-analytical errors, which may be caused by poor
quality of creatinine or urea results, leading to premature
CKD diagnosis. One area of research has been point-of-
care testing to enhance rapid renal testing, but it will be
highly unreliable unless pre-analytical handling and
validation are rigorous [34]. The miscarriage of justice
in the entire testing procedure, in the choice of the test to
be performed to misinterpreted failures during reporting

212 Kidneys

can lead to late referral or unneeded specialist visits [35].
Enhancement of pre-analytical processes is thus
necessary to the evaluation of kidney disease in timely
manner.

7.2 Incorrect Drug Dosing in Renally Impaired
Patients

Correct renal laboratory findings are essential in the
administration of medications particularly drugs that
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need a cut down to a patient with a compromised renal
system. Mistaken creatinine or electrolyte levels may
result due to pre-analytical interference such as
contamination, hemolysis or disruption of the assay by
drugs. Practical advice is that medication-related
interferences are a significant and underappreciated
cause of laboratory error, which directly creates risks of
toxicity or therapeutic failure [36]. Such inaccuracies
can negatively affect patient safety in the field of
nephrology by making an inappropriate dosage choice.

7.3 Avoidable Dialysis Initiation or Missed AKI
Detection

Pre-analytical variability in acute nephrology can lead to
falsely abnormal or falsely reassuring biomarker
outcome, which can be used to make high-stakes
decisions, such as starting dialysis. Evidence-based
laboratory medicine emphasizes that point-of-care
testing can help in making decisions faster as long as
pre-analytical integrity is preserved [37]. Inadequate
control of the conditions of sampling may either
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postpone the AKI recognition or over-emphasize
temporary fluctuations, which results in unnecessary
interventions. Thus, to provide proper emergency kidney
care, it is important to reduce instances of upstream
error.

7.4 Economic Burden and Healthcare Resource
Utilization

Pre-analytical failures add up a big economic pressure in
the form of repeat test, long term hospital stay, and
ineffective utilization of resources (Table 3). Mistakes in
molecular and diagnostic work point to the lack of
control in the pre-analytical stage as a factor that causes
avoidable waste and low efficiency of the clinics [38].
The consequences of improper renal outcome in
nephrology may include unnecessary renal imaging,
inappropriate escalation of referral, or delayed
treatment, which may advance the health care spending.
The necessity to focus on the pre-analytical quality,
therefore, manifests as a patient safety issue and not
another aspect of sustainable kidney care delivery.

Table 3. Patient Safety and Clinical Decision-Making Consequences of Pre-Analytical Errors in Nephrology

Clinical Consequence | Pre-Analytical Source of Error

Impact on Kidney Care and Patient

Safety Reference

Diagnostic Delay and
Inappropriate Referrals

Inaccurate creatinine/urea results,
poor sample handling, unreliable

Delayed CKD recognition,
unnecessary specialist consultations, | [34]

POCT validation inappropriate referral pathways
. Hemolysis, contamination, | Risk of drug toxicity or therapeutic
Incorrect Drug Dosing .o . .
. ; medication-related failure due to erroneous renal function | [36]
in Renal Impairment . .
interference estimates

Avoidable Dialysis or Pre-analytical variability

Missed AKI Detection .
biomarker values

false abnormal or falsely reassuring

Inappropriate  dialysis  initiation,
delayed AKI diagnosis, avoidable | [37]
emergency interventions

Economic Burden and | Pt testing,

Resource Utilization

CITOrS

workflow
inefficiency, preventable diagnostic

Increased hospitalization costs,
unnecessary investigations, inefficient | [38]
healthcare delivery

8. Quality Indicators and Standardization Strategies in Renal Laboratory Medicine

8.1 Pre-Analytical Quality Metrics and IFCC/EFLM
Recommendations

Quality indicators are an essential tool that will assist in
ascertainment of the weak points of the pre-analytical
phase and improving the quality of the renal diagnostics.
Laboratory diagnostics is gaining popularity as an
inherent goal in clinical decision making, and there is a
suggestion of the need to standardize performance
monitoring [39]. International programs also promote
standardized pre-analytical quality measures to reduce
the number of errors that can be avoided and improve
patient safety. The secret behind the regular application
of such recommendations in the nephrology sector
where the determination of the CKD staging is made by
the utilization of biomarkers such as creatinine.

8.2 Harmonization of Renal Testing Practices Across
Healthcare Systems

The differences in kidney biomarkers measurement and
interpretation can be harmonized to achieve similarity
among institutions in the renal laboratory practices. This
is particularly important in the field of transplant
medicine with risk assessment systems proposing the
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efficacy of the diagnostic procedures to support the
important stakes clinical decisions [40]. Standard
practices, in their turn, increase inter-laboratory and in
the provision of evidence-based nephrology care in the
healthcare sectors, it also increases comparability of
outcome aids.

8.3 Role of Delta Checks and Automated Surveillance
Tools

Automated surveillance programs (delta check and
digital monitoring programs) have gained more
importance in identifying the abnormal renal biomarkers
changes and diagnosing the potential pre-analytical
errors. Artificial intelligence is turning out to be a
groundbreaking technology in clinical labs as well, as it
assists to notice the errors in the very beginning of the
work and to streamline the working process [41]. The
systems-based biomarker safety analyses also indicate
how the best diagnostic reliability may be achieved
through sophisticated monitoring [42]. New clinical
recommendations also support the wvalue of
standardization of albuminuria testing as a vital bio-
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marker to monitor the kidney and cardiovascular system
[43].

9. Innovations and Future Directions

Renal laboratory medicine is becoming more digitally
innovative and reliant on artificial intelligence to
eliminate pre-analytical failures and enhance the
reliability of diagnostic outcomes. New Al-based
solutions will be able to assist in automated detection of
inappropriate  specimens, inappropriate workflow
diversion, and support predictive monitoring prior to
analysis. Digital decision-support systems may
additionally minimize mislabeling, processing time, and
unnecessary variability in reporting on renal biomarkers,
in combination with intelligent sample tracking systems
that are based on barcode verification, electronic
ordering, and automated transport monitoring. Such
developments are in line with these larger harmonization
initiatives in laboratory medicine and therefore,
requests, samples, measurements and reports are placed
on standardized structures to promote nephrology
diagnostics and patient safety [44]. At the same time,
increasing point-of-care testing in nephrology is an
advantage because the tests provide the rapid creatinine,
electrolyte, and acid-base tests in an emergency and
outpatient case, which aid in the prompt clinical
decision-making process. However, POCT also incurs
other risks, including discrepancies in the operators,
reduced supervision in the laboratories, and pre-
analytical variation. The delta check strategies that
compare the present value to previous patient values
provide a needed defense against the sudden change that
could have been caused by sampling errors and not by a
true renal failure and also improve the quality assurance
of the kidney care [45].

10. Practical Recommendations for Clinicians and
Laboratory Teams

10.1 Best Practices for Sample Collection in Kidney
Testing

Effective sample collection practice is the key to proper
assessment of kidney disease. Phlebotomy teams and
clinicians need to ensure that the patient has been
properly identified, the correct tube is chosen and that
standard venipuncture procedures should be observed in
order to minimize hemolysis and contamination. These
protocols are also to be observed in the urine sampling
especially in the case of albuminuria testing where
timing, storage and collection procedure all play a major
role in the results. Ascertainity of guidelines to the
patients regarding the state of hydration on one hand,
fasting on the other hand and revelation of medication
also increases the credibility of diagnosis. Personnel
involved in the specimen collection should be trained
and periodically assessed in order to curb the
unnecessary variability of the renal biomarkers.

10.2 Improving Communication Between
Nephrologists and Laboratories

The emphasis on close collaboration between
nephrology and laboratory specialists will result in the
decrease of pre-analytic errors and improvement of
clinical interpretation. Clinicians are supposed to
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provide relevant history of the patient including
comorbidities, medications, and recreational clinical
incidences that might affect the values of the biomarkers.
Their role, in their turn, should be to notify in real time
about an inappropriate specimen, abnormal interference
of some results that need an explanation. The systematic
consultation channels as an establishment would
facilitate in the development of knowledge and ensure
that lab information is applied in a satisfactory manner
in the diagnosis, staging and treatment of kidney disease.

10.3 Institutional Protocols for Error Prevention
Healthcare institutions are recommendable to implement
comprehensive measures that will target the prevention
of pre-analytical errors in the context of renal diagnostic
processes. These include standard procedures of
specimen labeling, the schedule of transport, storage
conditions and rejection of damaged specimen.. In
compliance with best practices, periodic audits,
enhancement programs and staff education programs are
useful in ensuring compliance to best practices. Manual
errors can also be minimized and traceability also be
enhanced with the inclusion of electronic tracking
systems and automated alerts. A culture of safety meant
to be embedded within the institution will guarantee that
pre-analytical quality is made a collective duty among
clinical and laboratory departments.

10.4 Integrating Pre-Analytical Safety into CKD
Management Guidelines

Pre-analytical safety is one of the principal parts of
guideline-based CKD management. Only reliable results
(laboratory) and when the diagnosis is carried out under
standard conditions, are diagnostic thresholds of eGFR
and albuminuria clinically meaningful. The introduction
of pre-analytical information to clinical pathways,
referral algorithm, and monitoring schedules enhances
the use of evidence-based decisions. Nephrology
expertise and laboratory quality frameworks (when
offered in a multidisciplinary approach can result in a
higher level of accuracy in diagnosis, less unnecessary
interventions, and improve the long-term outcomes of
the patients with kidney disease.

11. Conclusion

Pre-analytical errors are one of the most influential, but
less known in the literature, problems in renal
diagnostics, and their implications on kidney disease
assessment, patient safety, and clinical decision-making
are huge. Since the laboratory biomarker, including
serum creatinine, eGFR, albuminuria, and electrolytes,
is essential to the nephrology practice and can be used to
classify the CKD stage, detect acute kidney injury in a
timely manner, and provide the appropriate therapeutic
interventions, the error prior to the analysis may result in
the misclassification of CKD stage, the failure to
identify acute kidney injury in time, and the
inappropriate treatment. As noted in this review, the
major causes of pre-analytical failure are patient
identification errors, collection of the sample,
unfavorable conditions in handling and transportation,
interference of the samples like hemolysis and lipemia,
and confounding factors by physiological or medication.
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Significantly, diagnostic uncertainty does not just have
diagnostic consequences such as incorrect drug dosage,
unnecessary dialysis, unnecessary hospitalization, and
unnecessary use of healthcare resources. Certain
populations (such as patients with lupus nephritis,
kidney disease in children, kidney disease in cancer, and
kidney disease in surgery) are particularly vulnerable to
pre-analytical variability and, therefore, require specific
diagnostic protection. The improvement of the quality
indicators, standardization schemes, and institutional
guidelines are yet to be fully used in improving
reliability in the pathways of renal tests. Certain new
technologies such as artificial intelligence, automated
surveillance, delta checks, and smart sample tracking are
potentially effective solutions that will contribute to
reducing the number of mistakes that can be avoided and
enhance the partnership of laboratories and clinicians.
Lastly, pre-analytical safety should be presented as an
inseparable part of nephrology practices and guideline-
based interventions into CKD care as the key that will
allow improving its correct diagnosis, evidence-based
treatment, and improved patient with kidney disease
outcomes.
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