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INTRODUCTION

Background: Diagnostic laboratories are important to healthcare, providing critical
information for diagnosis, treatment decisions, and patient monitoring. The
reliability of laboratory results depends on maintaining quality at every phase of the
testing process. Deviation from established laboratory protocols may arise during
the pre-analytical, analytical, and post-analytical phases, thereby compromising the
quality of laboratory services.

Methods: A multicenter cross-sectional observational study was conducted over a
four-month period at designated public and private diagnostic laboratories. Five
public laboratories and three private laboratories were integrated. Routine
laboratory procedures were evaluated during morning shifts, five days a week, via
direct observation utilizing a prepared checklist consistent with established
laboratory standards. Observed deviations from standard protocols were noted
across the pre-analytical, analytical, and post-analytical processes in the
phlebotomy, hematology, clinical chemistry, microbiology, and clinical pathology
departments. Data were evaluated descriptively using frequencies and percentages.
Results: Protocol deviations were more prevalent in public laboratories, especially
during the pre-analytical phase. Pre-analytical variations accounted for almost 60%
of the detected discrepancies in public laboratories, compared with 10% in private
laboratories. Frequent discrepancies in public laboratories included inadequate
compliance with phlebotomy protocols, limited use of appropriate specimen-
collection materials, insufficient antiseptic measures, specimen-identification
challenges, and nonadherence to standard operating procedures (SOPs), while in
private laboratories, excellent efficiency had been observed in accurately use of
sterile containers for sample collection, proper labelling, barcoding, and a
standardized way of preparation and processing.

Conclusion: The pre-analytical phase is crucial and requires improvement,
particularly in public laboratories. Strengthening conformity with SOPs, ensuring
resource availability, and establishing rigorous quality monitoring may improve
laboratory results and patient safety.

Keywords: Diagnostic laboratories, protocol deviations, pre-analytical phases,
public laboratories, private laboratories, Pakistan

approach, involving the collection of specimens,

The diagnostics Laboratories are a fundamental
part of healthcare systems. It gives an important
information for the diagnosis of different diseases,
decisions regarding treatment, and patient
management and care. Given that about 70% of
clinical decision-making processes are
determined by laboratory reports, it is essential to
maintain reliable performance and precision to
safeguard patients and ensure proper clinical

care."? The laboratory quality management
system (QMS) includes the whole testing
7

their analysis, interpretation, and finally reporting,
dispatching and regular assessment of laboratory
proficiency.®

Laboratory testing is frequently divided into three
main phases: pre-analytical, analytical, and post-
analytical. 1SO 15189:2012 defines the pre-
analytical phase as the period from the physician's
request for investigation to patient preparation,
sample collection, and transportation to the
laboratory for further examination. The second
phase is the analytical phase, which includes
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specimen examination, method validation,
equipment calibration, internal quality control (IQC)
and proficiency testing, while the post-analytical
phase involves test result validation, interpretation,
and reporting to the clinician.*®

Laboratory disparities are deviations that occur at
any phase of the laboratory analysis process,
which may discredit the reliability, accuracy, and
interpretation of results.®” Although laboratory
errors are infrequent, their implication can
substantially affect patient treatment and care. To
effectively prevent laboratory-related deviations or
errors, it is crucial to identify high-risk procedures,
continuously observe vulnerable sections in
laboratory workstations, and follow rigorous
quality improvement strategies throughout all
phases of laboratory analysis.® In recent years,
laboratory quality indicators have served as
important  tools for analyzing laboratory
procedures and performance, inspecting key
activities to improve efficiency, and monitoring
indicators related to specimen quality and
turnaround time (TAT).®

Literature has shown that the majority of lab errors,
with incidence ranging from 46% to 68%, occur
predominantly during the pre-analytical period and
are frequently linked with patient identification,
specimen collection, labeling, transportation, and
handling protocols.'® Factors such as workload,
infrastructure, personnel practices, resource
availability, and the implementation of Quality
Management Systems (QMS) may influence the
incidence of laboratory deviations."

Additionally, disparities between public and private
diagnostic laboratories can affect laboratory
procedures in resource-constrained healthcare
systems. While private laboratories usually have

better access to standardized workflows,
monitoring systems, and quality improvement
techniques, public laboratories sometimes
manage large patient volumes with few

resources.'>'® However, there is little comparative
research, particularly in Pakistan, regarding
differences in laboratory procedures between
public and private diagnostic centers.

IQC, external quality assessment (EQA),
proficiency testing (PT), and adherence to
standard operating procedures (SOPs) are all
necessary for continuous monitoring of laboratory
quality.'* These approaches support corrective
actions, improve laboratory practices, and make it
easier to identify flaws. The purpose of this study
is to assess and contrast identified protocol
deviations in public and private diagnostic

laboratories during the pre-analytical, analytical,
and post-analytical stages.

Materials and Methods

Study Design and Study Period

A multicentric cross-sectional observational study
was conducted over a four-month period to
analyze laboratory deviations at each analytical
phase in both public and private laboratories.
Study Setting and Laboratory Selection

This study covers eight laboratories, including
three private and five public diagnostic
laboratories. Selected laboratories function as
independent diagnostic facilities, ensuring quality
patient care. Private laboratories were diagnostic
centers that maintained predefined protocols,
although public laboratories served as larger-
scale healthcare facilities.

Observation Procedure and Data Collection
Tool

Data were collected directly through observation
using the laboratory's standardized protocols
during the morning shift, five days a week, for four
months. Under the supervisor's supervision, we
prepared a thorough observation checklist that
contained defined laboratory protocols for sample
collection, processing, and reporting.

The research group had been split into subgroups,
and observers were distributed across distinct
laboratory sections. Observations were made
without interfering with routine standard laboratory
procedures; only deviations from standard
protocols were reported.

Assessment and Classification of Laboratory
Protocol Deviations

During this research study, protocol deviations
were defined as any activities that violated

recognized laboratory  standard  operating
procedures when carrying out routine laboratory
procedures.

The observed variations were categorized based
on all three laboratory testing stages:
Pre-analytical stage

Test ordering, patient preparation, sample
collection, sample labeling, transportation, and
handling before analysis.

Analytical stage

Processing of sample, testing procedures, quality

control, calibration standards, and result
generation.

Post-analytical stage

Result validation and verification, reporting,

interpretation, storage and disposal of sample.

Sections of the laboratory included: phlebotomy,
hematology, clinical chemistry, Clinical pathology,
and microbiology. The histopathology and blood
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bank sections were not included. Laboratory
sections included phlebotomy, hematology, clinical
chemistry, microbiology, and clinical pathology.
Data Analysis

All the observed deviations were classified on the
basis of laboratory class, stage, sections, and
category of deviations.

Data were analyzed using percentages and
frequencies. The findings were presented as a
typical distribution of error rate on all laboratory

samples.
Ethical Considerations
Ethical approval had been issued by the

Committee of Research Ethics of Riphah
International University prior to the beginning of
the project. Permission to conduct observations
was obtained from the relevant healthcare
institutions. The study involved observing
standard laboratory procedures without direct
involvement, and no identifiable information about
patients or personnel was collected. The
confidentiality of the data collected was
maintained throughout the investigation.
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Results

Over the four-month observation period, standard
laboratory practices were evaluated via direct
observation in five public and three private
diagnostic laboratories. Protocol deviations were
observed in the pre-analytical, analytical, and
post-analytical phases. Compliance with
standardized laboratory protocols was identified
between private and public laboratories, while
public laboratories reported a higher incidence of
protocol deviations.

The analysis of reported protocol deviations
during laboratory testing phases indicated that the
pre-analytical phase was the primary cause of
departure, especially in public laboratories. Pre-
analytical aberrations accounted for around 60%
of the detected discrepancies in public
laboratories, whereas a smaller proportion was
observed in private laboratories. Fig. 1 shows the
observed deviations in the pre-analytical,
analytical, and post-analytical phases, with pre-
analytical showing the greatest deviations among
all.

H Public laboratories
® Private laboratories

Post-analytical

Laboratory testing phase

Figure 1. The occurrence of reported observed deviations in protocol among the pre-analytical,
analytical, and post-analytical phases between private and public laboratories

A detailed examination of sample collection and
the handling protocols showed substantial
variations between private and public laboratories.
In public laboratories, widespread variations were
observed in standardized sample collection SOPs,
including inappropriate use of tourniquets,
incorrect use of antiseptic before venipuncture,
poor collection practices, lack of proper labelling
of samples, lacking of barcoding, non-sterile

containers for urine, poor mixing of blood
specimens after collecting and incorrect transfer
of blood specimens from the syringes to the tubes,
Meanwhile, private laboratories showed higher
compliance with defined handling and specimen
collection techniques. The observed techniques
involved the use of personal protective equipment
(PPE), robust antiseptic use, recommended
phlebotomy patient positioning, sterile containers
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for sample collection, barcoding of the tubes for
patient identification, gentle mixing of blood, and
good handling practices. Table 1 demonstrates a

comparison of reported observed sample
collection and handling methods between private
and public laboratories, as illustrated in Fig 2.

Table 1. Comparison of Observed Specimen Collection and Handling Practices Between Public

and Private Laboratories

Observed practice

Public laboratories

Private laboratories

Tourniquet use during
venipuncture
were observed

Inconsistent use and deviation
from recommended practice

Appropriate use according to
routine procedure was observed

Skin antisepsis before blood

Antiseptic application is

Consistent antiseptic practice

collection frequently not observed observed

Patient positioning during blood | Variable practices observed Standardized positioning

collection followed

Use of gloves during specimen Inconsistent practice observed Routine use observed

collection

Specimen labeling and Labeling errors and incomplete Proper identification and

identification identification practices were labeling are maintained
observed

Barcode-based identification Not routinely observed Routinely applied

system

Urine specimen collection Non-standard containers Sterile containers used

containers observed

Blood sample mixing after Inadequate mixing practices Gentle and appropriate mixing

collection were observed performed

Transfer of blood from the

syringe to the collection tube observed

Forceful transfer practices

Standard specimen transfer
procedures followed

Use of a vein finder for Not observed

venipuncture

Observed in some laboratories

Evaluations showed that the phlebotomy section
was the most significant and major source of
reported observed variations, subsequently
followed by hematology, clinical chemistry,
microbiology, and clinical pathology sections, as
represented in Fig 3. A significant number of
variations found in phlebotomy were associated
with sample handling and collection SOPs,
emphasizing the relevance of the pre-analytical
stage for ensuring laboratory quality.

The subsequent observed evaluation between the
pre-analytical and post-analytical stages found
variations in laboratory operating protocols, quality
control standards, document records, validation of
the result, and reporting processes. Meanwhile,
these variations occurred less frequently relative
to those found during the pre-analytical phases.
Discussion

A consistent framework for laboratory quality that
can detect, track, and reduce aberrations in
diagnostic testing is necessary to guarantee
patient safety. The three interconnected stages of
laboratory testing are pre-analytical, analytical,

10

and post-analytical. Previous studies and the
current study support the idea that the pre-
analytical period is the most vulnerable stage for
laboratory errors 815

This study found that the pre-analytical stage was
the main cause of protocol deviations, accounting
for over 60% of changes found in public
laboratories. Inadequate patient preparation,
inconsistent application of appropriate collection
techniques, incorrect specimen identification and
labeling, inappropriate management of collected
specimens, and noncompliance with established
laboratory practices were the main causes of the
discrepancies found. These findings align with a
recent study showing that the pre-analytical phase
plays a significant role in quality assurance
problems; further studies have shown that a large
proportion of laboratory errors occur prior to
sample analysis.'®'” The use of many manual
procedures and strict compliance with established
guidelines is the main cause of this phase's
vulnerability.
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Figure-2: Comparison of sample collection and handling practices between public and private
laboratories. A) Urine sample collected in an unsterile and open container and examined without
centrifugation in a public laboratory. (B) Urine sample collected in a sterile and close container, and also
barcoded. (C) In a public laboratory, blood was collected without a tourniquet and antiseptic swab,
violating specimen collection SOPs. (D) The private laboratory shows standard SOPs for using
tourniquets, antiseptic swabs, and a vein finder for easy blood draw.
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Figure 3. Representation of reported observed deviations of protocols among all laboratory
sections
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Various variations in sample collection and
handling techniques between public and private
laboratories were also observed throughout the
analysis. Deviations from standard protocols and
SOPs were commonly observed in public
laboratories in the phlebotomy section:
inadequate antiseptic use, manual labeling of
samples or no labeling, non-sterile containers,
inadequate blood sample mixing, and no proper
protocols for transferring samples from collection
areas to the laboratory and for sample storage.
On the other hand, private laboratories follow
standard protocols, including rigorous and precise
sample collection procedures, a barcoding system,
and more efficient procedures. These disparities
may stem from differences in organizational
monitoring procedures, workload categorization,
quality management system implementation, and
resource  accessibility rather than solely
personnel-related factors.

Previous research indicates similar variations in
laboratory quality standards and performance
across hospital settings, highlighting the
importance of staff training, infrastructure and
resource availability, and adherence to SOPs for
laboratory reliability.'® Common challenges faced
by public laboratories are heavy patient flow and
workload, lack of resources and funding, and
poor-quality improvement strategies. All these
findings emphasize the urgent need for systemic
changes rather than relying solely on personal
performance. A strong quality system, daily
monitoring and constant improvement are needed
to advance laboratory operations.

These findings underline the urgency of
implementing targeted measures to strengthen
pre-analytical quality management. To minimize
avoidable deviations, continuous competency-
driven training strategies, efficient SOP
implementation, regular  monitoring using
laboratory quality parameters, and upgrades to
sample-handling approaches need to be
implemented. Qualitative indicators can provide
fundamental information on  compromised
procedures, helping laboratories deploy
preventive and corrective actions. In addition,
adopting automated and modern technologies,
sample barcoding, and laboratory information
systems (LIS) may strengthen record-keeping,
minimize human error, and increase overall
laboratory performance.

Future research should focus on the successful

outcomes of certain quality development
programs, specifically in large-scale public
laboratories. Further research encompassing
12

more laboratories, longer observation periods,
and assessment of intervention-related
consequences may improve knowledge of the
actions required to address gaps in laboratory
protocols. Furthermore, exploring the significant
impact of laboratory automation, LIS, and
continual professional development efforts may
contribute to the establishment of sustainable
approaches for patient safety and accurate
diagnostics.

Limitations

This paper found that violations of standard
protocols were more common in public
laboratories than in private laboratories. The pre-
analytical phase was recognized as the main
challenge. The limited number of laboratories
included in this study may affect the
generalizability of the outcomes across multiple
laboratories. Collected data were limited to
morning shifts; thus, protocol deviations in the
evening and night shifts are likely unless properly
observed. This study noted protocol deviations yet
neglected to evaluate the immediate effect on
diagnostic  accuracy. Additional multicentric
research among morning, evening and night shifts
needs to evaluate their implications while
improving standardized protocols.

Conclusion

The techniques used for sample collection and
handling, notably in phlebotomy SOPs, greatly
contribute to the observed deviations. These
deviations across multiple laboratories show the
importance of further strengthening adherence to
SOPs, developing sample collection protocols,
and implementing standard quality control
procedures. Competency-specific learning,
resource optimization, and improved quality
assurance could decrease these deviations and
further strengthen diagnostic accuracy and
enhance patient safety.
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