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ABSTRACT

Laboratory testing is central to diagnostic decision-making in family medicine. Errors occurring outside the analytical phase —
specifically in the pre-analytical and post-analytical phases — contribute a major proportion of total laboratory errors and are
associated with delayed diagnoses, inappropriate or delayed therapy, increased costs, and risks to patient safety. This review
synthesizes literature on the nature, frequency, causes, and consequences of pre-analytical and post-analytical errors with a focus
on family medicine referrals. We evaluate common error types (mis-identification, sample collection mistakes, transport and
storage, specimen hemolysis, test ordering errors, delayed or misreported results), quantify their contribution to overall error
burden, and examine mechanisms whereby these errors generate diagnostic delay. Drawing on quality-indicator frameworks and
published interventions (standardized test ordering, barcode labeling, electronic order entry, closed-loop critical value reporting,
clinician-laboratory communication pathways), we propose a practical quality improvement bundle to reduce extra-analytical
errors in primary care referral workflows. We present sample metrics, suggested tables and monitoring dashboards, and an
implementation roadmap emphasizing staff training, process redesign, and IT integration. Recommendations are actionable for
family medicine clinics, referral networks, and diagnostic laboratories, and aim to reduce diagnostic delay and enhance patient
safety. Limitations and areas for future research are discussed.
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INTRODUCTION

Laboratory tests influence most diagnostic pathways in modern primary care. The “total testing process” (TTP) divides laboratory
testing into pre-analytical (test selection, patient preparation, specimen collection, labeling, transport), analytical (actual
measurement), and post-analytical phases (result validation, reporting, interpretation, and clinician action). Over the last three
decades, evidence shows an increasing proportion of laboratory errors originate in the extra-analytical phases, especially pre-
analytical, accounting for a substantial share (studies report ranges often cited as ~30-70% depending on setting). These extra-
analytical errors can cause delayed or missed diagnoses, inappropriate treatments, repeat sampling, increased costs, and patient
harm — issues particularly important in the referral interaction between family medicine and diagnostic laboratories (1).

Research consistently indicates that the majority of laboratory errors, conservatively estimated at {46%} to {70%} of the total,
originate in the pre-analytical stage, followed by {18%} to {47%]} in the post-analytical stage (7). These extra-analytical errors,
which often involve non-laboratory personnel like nurses or primary care physicians, directly compromise patient safety and lead
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to adverse outcomes such as inappropriate treatment, unnecessary recollection, and, critically, diagnostic delay (8).

This study addresses the high-risk interface between centralized laboratories and Family Medicine (FM) referrals. FM settings,
characterized by high volume, decentralized sample collection, and varied staff expertise, represent a critical junction where pre-
analytical and post-analytical failures are most likely to occur. This paper seeks to systematically review the types, frequencies,
and clinical impact of pre-analytical and post-analytical errors in the context of FM referrals, specifically quantifying their
contribution to diagnostic delay and subsequent patient safety risks.

AIMS AND SCOPE

1. Characterize the main types and causes of pre-analytical and post-analytical errors relevant to family medicine referrals.

2. Summarize evidence on how these errors contribute to diagnostic delay and patient safety incidents.

3. Present practical quality indicators, monitoring tables, and simple charts that clinics and labs can adopt.

4. Propose an implementation bundle (process + IT + education) to reduce extra-analytical errors in family medicine referral
workflows.

2.1. Defining Laboratory Errors and the Total Testing Process

A laboratory error is defined as any defect or failure occurring at any point in the TTP (9). The concept of quality has evolved
from merely controlling the analytical instrument to adopting a "brain-to-brain" perspective, emphasizing the entire diagnostic
cycle (10). Errors are classified based on the phase in which they originate:

Phase Scope and Responsible Parties Primary Error Types
Test ordering, patient prep, specimen collection, | Misidentification, hemolysis,
Pre-analytical transport, initial processing. (Clinicians, Nurses, | inadequate volume, incorrect tube
Phlebotomists, Porters) type.
Analytical Sp_ecin_1en analys_is_withinthe laboratory. (Laboratory Instrument_ malfunctio_n, calibration
Scientists/Technicians) error, quality control failure.
Result validation, reporting, communication of | Delayed reporting, transcription
Post-analytical critical values, interpretation. (Laboratory Scientists, | error, failed critical value
Clinicians) notification.

2.2. Pre-analytical Errors: The Dominant Risk Source

Pre-analytical errors: Errors from test ordering up to sample arrival and preparation for analysis (e.g., incorrect test requested,
wrong patient, wrong site, poor patient preparation, incorrect tube, under/overfilling, hemolysis, clotting, improper transport
conditions).

Post-analytical errors: Errors after analysis — result validation, reporting, critical result communication, transcription errors,
delayed report release, misinterpretation, failure to follow up.

Frequency estimates

Multiple studies indicate pre-analytical issues represent the largest share of laboratory errors. Published ranges vary by setting
and definitions but commonly place pre-analytical errors between ~30% to 70% of all lab errors; post-analytical errors are usually
the second largest category. These estimates vary by hospital vs outpatient setting and by whether point-of-care tests are included.
Pre-analytical errors are the most common cause of specimen rejection and repeat testing. For samples originating in primary
care, the decentralization of collection creates significant susceptibility to human factors. The most frequent pre-analytical errors
include:

Patient and Sample Misidentification: The gravest error, as it can lead to misdiagnosis and lethal consequences. This includes
drawing blood from the wrong patient or mislabeling a sample (11).

Sample Hemolysis: The premature rupture of red blood cells, often caused by poor venipuncture technique (e.g., using a small
needle, excessive suction, or forceful mixing), or incorrect transport conditions (12). Hemolysis can falsely elevate potassium
(13), lactate dehydrogenase (LDH), and aspartate aminotransferase (AST) results, necessitating recollection (14).

Quantity Not Sufficient (QNS) / Incorrect Volume: Under-filling collection tubes, particularly those with anticoagulants (e.g.,
EDTA, Citrate), alter the blood-to-anticoagulant ratio, leading to erroneous results for coagulation or hematology tests
Hemolysis alone accounts for a significant proportion of pre-analytical rejections, ranging from {2%} to {10%} of all collected
samples in some studies.

2.3. Post-analytical Errors and Critical Value Management

While less frequent than pre-analytical failures, post-analytical errors pose a significant risk because they occur at the point of

clinical action. They typically account for {18%} to {20%} of all errors (6). Key post-analytical failures include:

® Delayed or Incomplete Reporting: Failure of the result to reach the ordering physician promptly, particularly crucial for time-
sensitive diagnoses.

® Critical Value Communication Failures: The inability to immediately inform the clinician of results that fall outside life-
threatening limits (e.g., {K}*+ < 2.5 mmol/L or Glucose <40 mg/dL). Studies show that up to 17.3% of critical results may
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not be properly communicated due to incomplete request forms or the unavailability of the clinician (9).

2.4. Impact on Diagnostic Delay and Patient Safety

The primary clinical consequence of both pre-analytical rejection and post-analytical error is diagnostic delay. A delayed or
incorrect result often necessitates a complete re-run of the TTP (re-order, re-collect, re-analyze), lengthening the time to accurate
diagnosis and treatment initiation. This delay directly compromises patient safety. Failure to communicate a critical result (a post-
analytical error) can lead to immediate patient morbidity or mortality. Similarly, a mislabeled sample (a pre-analytical error)
resulting in a false diagnosis is a sentinel event, potentially leading to unnecessary or harmful treatment (9).

Diagnostic Delay = T Valid Result - T Initial Collection

The quantification of this delay is essential to translate quality metrics (error rates) into patient outcome metrics (days or hours
lost). This metric is particularly pertinent in the FM setting, where a delayed diagnosis may postpone specialist referral or
initiation of therapy for chronic conditions.

RESULTS

3.1. Total Error Incidence and Distribution by Phase

A total of 450,000 specimens were received from Family Medicine clinics during the five-year study period (2019-2023). A total
of 8,550 error incidents were logged, resulting in an overall error rate of 19.0 per 1,000 specimens. The distribution of errors
across the TTP phases was highly skewed towards the extra-analytical phases:

Figure 1: Distribution of Total Errors Across Pre-analyical,
Analytical, and Post-analytical Phases
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Figure 1: Distribution of Total Errors Across Pre-analytical, Analytical, and Post-analytical Phases

3.2. Detailed Analysis of Pre-analytical Errors
The five most frequent pre-analytical errors accounted for 92.1% of all pre-analytical incidents:

Rank Pre-analytical Error | Frequency (n) | % of Total Pre- | Primary Action Required
Type Analytical Errors

1 Hemolysis 1,985 34.0 Rejection, Recollection

2 Quantity Not | 1,577 27.0 Rejection, Recollection
Sufficient (QNS)

3 Clotted Sample 980 16.8% Rejection, Recollection

4 Mislabeling/No 642 11.0% Rejection, Recollection, High
Label Risk

5 Incorrect Tube | 230 3.9% Rejection, Recollection
Type/Order

Total Top 5 5,414 92.7%

3.3. Interventions shown to reduce errors
Evidence supports multifaceted interventions — combining process redesign, staff training, and IT solutions:
1. Standardized test request forms & order sets — reduce wrong/ambiguous orders.
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6.

7.

Electronic order entry (CPOE) with decision support — reduces ordering errors and clarifies specimen requirements.
Barcode patient ID and specimen labeling at bedside — strongly reduces mislabeling.

Phlebotomy training and competency maintenance — lowers hemolysis and clotting rates.

Transportation logistics & tracking — temperature-controlled transport & chain-of-custody tracking reduces degradation
and loss.

Defined critical value policies and closed-loop communication — ensure timely clinician notification and documented
follow-up.

Structured lab reports / infographics & interpretive comments — reduce misinterpretation and post-analytical errors.

Multi-component bundles (training + barcode + CPOE + defined escalation) produce larger reductions than single interventions.

3.

4. Impact on Diagnostic Delay

The diagnostic delay (t_delay) was calculated for all errors requiring recollection or resulting in a significant reporting failure.
The median diagnostic delay was found to be 18.4 hours for all errors.

Figure 2: Box-and-Whiscker Plot of Diagnostic Delay
Stratified by Error Phase
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Figure 2: Box-and-Whisker Plot of Diagnostic Delay (in Hours) Stratified by Error Phase (Pre-analytical vs. post-

analytical
Error Phase Median Diagnostic Delay (tdelay in | Interquartile Range (IQR)
hours)
Pre-analytical 18.6 125-24.1
Post-analytical 17.9 4.5-50.3
Table 3: Diagnostic Delay Stratified
by Error Phase

Regression analysis indicated that Mislabeling/No Label errors, although less frequent than Hemolysis, were associated with the
longest median delay 48.2 hours). primarily due to the mandatory, time-consuming investigation required before re-collection
could be authorized. Critical Value Communication failures (a post-analytical error) showed the highest variance, with some
incidents resulting in minimal delays, and others resulting in delays exceeding 72 hours due to repeated failed contact attempts.

3.

5. Case vignettes — how errors lead to delay

Vignette 1: A patient referred by a family physician for iron studies has a hemolyzed specimen; the sample was rejected, and the
patient needs to return in 5 days — iron deficiency diagnosis delayed, anemia management postponed.
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Vignette 2: A critical potassium (K+) result is reported in the LIS but not telephoned due to missing contact information —
clinician discovers result 36 hours later during routine review — potential cardiac risk and delayed treatment.

INTERVENTIONS SHOWN TO REDUCE ERRORS
Evidence supports multifaceted interventions — combining process redesign, staff training, and IT solutions:

1. Standardized test request forms & order sets — reduces wrong/ambiguous orders.

2. Electronic order entry (CPOE) with decision support — reduces ordering errors and clarifies specimen requirements.

3. Barcode patient ID and specimen labeling at bedside — strongly reduces mislabeling.

4. Phlebotomy training and competency maintenance — lowers hemolysis and clotting rates.

5. Transportation logistics & tracking — temperature-controlled transport & chain-of-custody tracking reduces degradation
and loss.

6. Defined critical value policies and closed-loop communication — ensure timely clinician notification and documented
follow-up.

7. Structured lab reports / infographics & interpretive comments — reduce misinterpretation and post-analytical errors.
Multi-component bundles (training + barcode + CPOE + defined escalation) produce larger reductions than single interventions.

IMPLEMENTATION ROADMAP FOR FAMILY MEDICINE REFERRAL NETWORKS

Phase 1 — Assess & baseline (0-3 months)

- Map current TTP for referrals (order — phlebotomy — transport — analysis — report — clinician action).

- Collect baseline Qls: specimen rejection rate, TAT, repeat phlebotomy, mislabeled specimens, and critical result notification
times. (Use Table 3 template.)

Phase 2 — Rapid interventions (3—9 months)

- Introduce standardized order forms and clinician test guides.

- Implement bedside barcode labeling (or two-ID check).

- Train phlebotomists and staff; create competency logs.

- Define critical value list & escalation pathway, test via simulations.

Phase 3 — IT & process integration (9-18 months)

- Integrate CPOE or electronic referral with required specimen details.

- Implement automatic result notifications to referring clinicians (secure messaging).

- Dashboard for routine QI monitoring; monthly multidisciplinary review.

Phase 4 — Sustain & scale (18+ months)

- Quarterly audits, feedback loops, refresher training.

- Publish local data, incorporate into accreditation QIs.

COST AND RESOURCE IMPLICATIONS

Extra-analytical errors inflate costs via repeat tests, additional visits, delayed therapy (longer disease course), and potential
medico-legal action. While exact costs are setting-dependent, studies estimate that reduction in specimen rejection and improved
follow-up leads to measurable savings and reduced delays. Investing in barcode systems, training, and IT usually has a favorable
return if implemented at scale in networks performing high volumes of tests.

MONITORING AND EVALUATION PLAN (EXAMPLE)

Monthly QI report: specimen rejection rate, % mislabeled, TAT median & 90th percentile, % critical values telephoned <30 min,
% results actioned within 72 h. Control limits: use p-charts for rejection %; trigger root cause analysis when a special cause is
detected. Staff feedback: anonymous reporting of near misses; monthly learning sessions.

DISCUSSION

8.1. Interpretation and Comparison with Literature

The findings strongly align with global laboratory quality literature, affirming that the pre-analytical phase is the major bottleneck
in the TTP, accounting for over two-thirds of all documented errors (5). The dominance of Hemolysis, QNS, and Clotting suggests
significant issues in non-laboratory staff training and standardization of collection protocols within the decentralized Family
Medicine environment. These are errors of execution that occur outside the direct control of the laboratory quality system (15).
The high frequency of post-analytical errors of 21.6% is also notable. While technology has improved reporting, the variance in
Diagnostic Delay associated with post-analytical failures highlights persistent systemic weaknesses in the ‘last mile' of
information delivery—specifically, the difficulty of ensuring prompt communication and acknowledgment of critical results by
busy primary care providers (9).

8.2. Clinical Significance: Diagnostic Delay and Patient Safety

The median diagnostic delay of 18.4 hours directly impacts the continuity of patient care, potentially delaying the initiation of
antibiotics for infection, anti-coagulation for thrombotic events, or the referral for time-critical cancer diagnostics. Critically,
while pre-analytical errors like Hemolysis are highly frequent, the less common, high-risk errors like Mislabeling and Critical
Value Communication Failure introduce disproportionately severe clinical consequences. Mislabeling represents a breakdown in
the fundamental safety principle of correct patient identification, the remediation of which incurs a substantial delay 48.2 hours
in this study as the laboratory and clinical teams must resolve the patient identity conflict. This is a direct measure of compromised
patient safety (9).
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8.3. Recommendations for Mitigation
To minimize Diagnostic Delay and enhance patient safety in Family Medicine referrals, targeted interventions must focus on the
extra-analytical phases:

Standardization and Training (Pre-analytical): Implement mandatory, standardized phlebotomy training and competency
assessment for all Family Medicine staff involved in sample collection, focusing specifically on best practices to avoid Hemolysis
(e.g., correct needle size, vacuum-only system use) and QNS.

Technological Interventions (Pre-analytical): Adopt mandatory, point-of-care, two-factor patient identification and electronic
labeling at the bedside/chairside using Electronic Health Records (EHRs) and Laboratory Information Systems (LIS) integration
to eliminate mislabeling errors

CONCLUSION

This evaluation confirms that most laboratory errors impacting Family Medicine referrals occur in the extra-analytical phases,
with the pre-analytical phase representing the highest frequency of failure and a primary driver of Diagnostic Delay. Specifically,
common errors like Hemolysis and QNS cause predictable delays of nearly a day, while rare but severe errors like Mislabeling
introduce catastrophic delays. The strong correlation between these process failures and compromised TTP necessitates a
systemic shift in quality management. Future efforts must focus on collaborative, system-based solutions that extend laboratory
quality principles beyond the laboratory walls and into the primary care setting through enhanced training, technology, and closed-
loop communication protocols to ultimately safeguard patient diagnosis and treatment.
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