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Abstract- The typical pre-analytic errors that may be
encountered in the clinical laboratory, which affect the
validity of diagnostic findings and add to the overall
healthcare expenses include phlebotomy redraws and
hemolysis. The current study investigates the effect of
pre-analytic checklists on the decrease of the rate of
phlebotomy redraws and hemolysis in a hospital
laboratory. The study is based on the design of an
interrupted time-series analysis where the data on blood
samples were compared before and after the
implementation of the standardized pre-analytic
checklists. The variables in the data were patient
demographics, sample quality (hemolysis rates and
redraw rates), and checklist compliance. The measures
used to evaluate the effectiveness of the intervention were
the use of descriptive statistics, process control charts,
and root cause analysis. The findings demonstrated a
substantial decrease in redraws and the rate of hemolysis
when using the checklists and the improvement of the
procedures of handling the samples and labeling them.
The results indicate that pre-analytic checklist
intervention helped in enhancing failure to comply with
laboratory protocols resulting in reduced sample
rejection or lack of diagnostic accuracy. Demographic
characteristics (age, gender, disease condition) were also
reported to be involved in sample quality, which
necessitates individual phlebotomy procedures. This
research highlights the significance of pre-analytic
checklists to improve the performance of the laboratory
and minimize phlebotomy error. The findings have a
practical implication on how to enhance training
programs and hospital protocols, which assumes that the
use of checklists in the standard operating procedure
should be adopted. The sustainability of the checklist use
should be considered in future studies, along with its
usage in different environments and with different
patient groups in hospitals.
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L. INTRODUCTION

The issue of phlebotomy redraws and hemolysis
occurrence is a frequent problem affecting the
quality of diagnostic results in the laboratory and
may lead to negative effects on their accuracy and
reliability. Redraw takes place when a blood sample
is inadequate or of low quality, this forces a second
attempt to get a decent sample. The breakdown of a
sample due to the destruction of red blood cells,
which is referred to as hemolysis, may cause bias and
the necessity to redo the test (Grant, 2023). Such
problems do not only contribute to the delay in the
diagnostic process; they also lead to the workload
burden of the laboratory staff and even put the life of
patients under jeopardy. It is of paramount
importance to address those challenges and ensure
the efficiency and accuracy of laboratory operations
and requires well-structured interventions that can
minimize the incidents of the problem.

One of the strategies that have proven to be
promising in enhancing the laboratory processes,
reducing laboratory errors like redraws and
hemolysis, is the implementation of pre-analytic
Standard Operating Procedures (SOPs). Pre-analytic
SOPs encompass standard procedures that patients
are recognized, how to collect blood, handle it, and
label samples (Shoaib et al., 2020). The purpose of
these protocols will achieve uniformity and
compliance with optimal practices, hence reducing
heterogeneity in sample collection and improving
specimen quality and reducing the number of
redraws or hemolysis. The importance of these
procedures is not limited to the efficiency of
operations, but they also help to improve the
outcomes of patients as the right and valid data are in
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the hands of the professionals to diagnose and plan
their treatment.

The major goal of the study is to determine the
efficiency of pre-analytic SOPs in the prevention of
redraws and the rate of hemolysis. In particular, the
following questions will be addressed in the given
study: (1) to identify the effect of pre-analytic
checklists on the rates of redraws and hemolysis in a
clinical laboratory, (2) to determine the correlation
between the SOP compliance and the accuracy of
laboratory results, and (3) to determine the possible
cost and efficiency outcomes of the identified
redraws and hemolysis reduction. This study will
contribute to essential information concerning the
need to use SOPs in improving the quality control
processes of the laboratory.

II. LITERATURE REVIEW

Pre-analytic Errors in Phlebotomy

The faults at the pre-analytic stage of lab procedure,
especially during phlebotomy, still remain a major
problem to the validity and reliability of lab findings.
A significant number of all laboratory errors may be
pre-analytic and include additional problems like
hemolysis, mislabeling and mishandling of the
samples which result in delays and laboratory mis-
diagnoses. One of the common causes of sample
rejection is the phenomenon of hemolysis, or, in
other words, when red blood cells are destroyed
during the collection of samples (Sumaia et al.,
2024). Also, inappropriate labeling, including failure
to include patient details in labels or labels misplaced
on tubes, can lead to mix ups, and may necessitate
samples to be re-collected. These mistakes do not
only result in wastage of time and resources but also
may compromise patient safety through failure to
resolve and in timely treatment. The necessity to
make a number of phlebotomies attempts which is
often necessitated by bad-quality samples leads to
patient discomfort and exposes them to a higher risk
of complications, including the development of
hematoma. The level of standardization of the
analytic processes in reducing pre-analytic errors is,
therefore, crucial in improving the quality of the
laboratory outcomes and patient care.

Impact of Demographics on Laboratory Sample

Quality
The quality and accuracy of laboratory outcomes
may be affected by the demographic variables age,
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sex and the presence of illness in an individual. The
research has revealed that the elderly tends to have
greater problems with obtaining venous access,
which increase the risk of failing to draw blood
successfully and increases the risk of hemolysis.
Also, sex disparities in vein immensity and
complacency can influence the liberty of how simply
blood could be portrayed and probability of sample
corruption. Patients who have some medical
conditions, including hemolytic anemia, liver
disease, or clotting disorders, are more likely to
experience hemolysis during sample collection
(Armenteros et al., 2017). Such patients might
possess more permeable blood vessels or they might
request a shift in blood composition, which makes it
harder to get quality specimens. Moreover, patients
suffering from chronic illnesses or undergoing
several treatment procedures might need to be drawn
more regularly with the higher risk of errors. This
way the role of demographic factors in phlebotomy
errors may be made better prepared enabling the
laboratories to handle them better, achieve more
accurate results and lessen the necessity of repetitive
samples.

Training and SOP Compliance in Laboratory
Performance

The importance of training and Standard Operating
Procedures (SOPs) can hardly be overemphasized to
enhance the performance of the laboratory. Well-
trained laboratory staff that conscientiously abides
by the protocols of blood collection will have
minimal chances of committing errors that may
affect the quality of samples. Training exercises of
proper venipuncture, proper use of collection tubes
and proper labeling have been demonstrated to
economize the occurrence of hemolysis and other
pre-analytic errors. The requirement of the SOP is
instrumental in the assurance that every step of the
phlebotomy procedure is performed correctly and
with the same accuracy in order to reduce the
possible mistakes that might occur because of human
factors. Research has also shown that a strict
adherence to SOPs by the laboratory staff results in a
higher quality of samples, which reduces redraws
and increases the validity of the test results (Sifora et
al., 2022). Besides, unceasing attention and audits of
the employee’s work allow maintaining the
awareness of performance values and support the
alignment of laboratory personnel with the latest
practices. Integrating SOPs and training in the aim of
minimizing errors, enhancing patient outcomes, and
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making laboratory services more efficient need to
become a part of the daily laboratory activities.

Synthesis and Implications for Current Study

According to the literature, the pre-analytic mistakes,
especially in phlebotomy, are still one of the most
critical sources of laboratory errors, which influence
the precision and dependability of laboratory
findings. Age, gender, and disease condition are the
demographic variables that may make the process of
blood collection more difficult and more prone to
hemolysis and sample rejection. Nonetheless, these
errors have proven to be mitigated by the
introduction of standardized procedures, as well as
proper training and observance of the SOPs, and this
results in enhanced laboratory functioning
(Almotairi et al., 2025). The study will be based on
these results and explore the effect of pre-analytic
checklists and SOP compliance on phlebotomy
errors, including how demographic variables affect
the quality of laboratory samples. The results of this
research will offer useful information on the
significance of training and standardization of the
procedures to enhance laboratory practice and
eliminate medical errors during clinical diagnostics.

III. METHODS

This research applies an interrupted time-series
analysis (ITSA) to test the effectiveness of pre-
analytic checklists in decreasing the rate of
phlebotomy redraw and hemolysis in a hospital
laboratory. ITSA is a quasi-experimental type of
design which evaluates the impact of an intervention
(pre-analytic checklists implementation in the
present study) by comparing the data points to be
observed before and after the intervention. The main
benefit of ITSA is that one is able to evaluate the
trend in the data over time which helps to understand
whether there is a significant alteration of the
redraws rate or hemolysis rate after the introduction
of the checklists (Gill, 2024). The study period is
classified into two segments, namely, the baseline
period that comes before the introduction of the
checklists and finally, the intervention period that
occurs after the introduction of the checklists. These
two phases may be compared to identify the
influence of the pre-analytic checklists and assess
them.

The interrupted time-series design is especially
applicable to the situations where it is not possible to
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do randomization, which occurs in clinical and
laboratory environments. It permits one to determine
the temporal influence of an intervention and remove
the workplace trends that can contribute to the
results. The pre-analytic checklists in this research
include a list of standardized steps that the employees
of the laboratory should observe when performing
phlebotomy to gain proper control of samples,
labeling, and moving them (Gill, 2024). The
objectives of these checklists are to lessen the human
error and enhance the quality of the blood sample,
and eventually to decrease redrawing and hemolysis.
These checklists are being analyzed in terms of their
influence on the laboratory performance, which is
evaluated by the decreased number of phlebotomy
errors.

This study was based on data gathered in the
laboratory of a hospital within 12 months. The
dataset will contain the data about the blood samples
taken on patients to do regular lab check-ups (Gill,
2024). The laboratory information management
system (LIMS) of the hospital, where the patient lab
data is documented, was accessed and the records on
every sample, based on the patient, the test request,
the date and time that the sample was collected, the
phlebotomist, and the reason the sample was rejected
because of hemolysis, mislabeling, or sample
inadequate volume, were extracted.

The information on the follow-up of pre-analytic
checklist is also present throughout the dataset
whereby laboratory personnel documented the
checklist after every sample collection. This
information was recorded in the form of binary (0 or
1), with 0 representing the zero category because the
checklist was not adhered to, and 1 representing the
one category because the checklist was adhered to
(Gill, 2024). The most important variables
considered in the study are phlebotomy redraws rate,
hemolysis rate, and the adherence rate to the pre-
analytic checklist. The laboratory employees
performed weekly compliance checks and the
information about the mistakes in collecting blood
samples were documented on a daily basis.

In the analysis, we have used data of two different
intervals, i.e. a baseline period (when the checklist
was not being applied) and an intervention period
(when the checklist was introduced). This data
helped us to monitor the errors and compliance rates
in the long term and make a clear comparison of the
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results in the pre-intervention period and the post-
intervention period (Gill, 2024). Other demographic
data like patient age, gender and medical conditions
(where necessary) was also provided to evaluate the
possibility of these factors affecting the sample

quality.

The data collected to conduct this study was analyzed
using several statistical techniques. Interrupted time-
series analysis (ITSA) was the major mode of
assessing the effects of the pre-analytic checklist
intervention. ITSA will allow us to determine the
phlebotomy error rate and tendency prior to and
following the implementation of the checklists. Our
modeled results were data points of time-series
where a group consisted of the pre-intervention
phase and another of the post-intervention phase. The
comparative analysis aimed at the evaluation of the
difference in redraws and hemolysis mean rates
during the two phases and the in addition to taking
into consideration any underlying trends.

Besides ITSA the performance of the laboratory over
a period was observed using process control charts.
Such charts served to monitor the redraws and
hemolysis rate and, therefore, we could notice any
notable changes or tendencies in the data after the
intervention. Process control charts allow presenting
the data changes graphically and indicate areas
where the intervention was very active (Gill, 2024).
Hemolysis rates control chart, such as one, was used
to evaluate how the sample rejection rate during the
post-intervention period was lower than during the
baseline period.

The root cause analysis was done in order to establish
the underlying factors behind phlebotomy errors.
This process includes analysis of the data on patterns
and those factors that contribute to redraws and
hemolysis either in the technique of phlebotomists,
demographic data of patients, and equipment failure.
Through the root cause analysis, we were able to
identify particular areas where the most common
mistakes took place and to find out whether the pre-
analytic checklists had dealt successfully with these
problems or not. Such statistical procedures enabled
us to evaluate the efficacy of the pre analytic
checklist intervention to enhance the performance of
the laboratories (Singh et al., 2024). The time-series
analysis, process control charts, and root cause
analysis helped to give a holistic perspective on
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account of how procedural standardization affects
phlebotomy errors reduction.

Iv. DATA ANALYSIS AND RESULTS

Descriptive Statistics

Descriptive  statistics of the main variables,
Hemoglobin and RBC, gives an understanding of the
central tendency and variability of these clinical
variables. The average level of Hemoglobin is about
11.99 g/dL shop being in the normal range of many
patients, but perhaps there are cases of mild anemia
in some people based on age and gender standards.
This standard deviation would be useful to determine
the variation about this mean, since this is not shown
in the present case. The RBC count is at 3.42 million
cells per microliter on average, which, as with
Hemoglobin, can be taken as an evidence of a slight
decrease in the number of red blood cells, which in
turn could also be anemia, but again, the variability
would play an important role in measuring it fully.
The values are crucial in the management of the
health of patients, particularly when they have a
condition associated with red blood cells. More
demographic division of these results into age,
gender, and disease status might provide additional
context in which clinical practice might be
considered.

Table 1
Average Hemoglobin by Disease, Gender, and Age

Group

Category Mean Hemoglobin (g/dL)

Disease

Anemia (1) 4.76

Asthma (2) 14.39

Infection (3) 14.55

Liver Disease (4) 14.35

Gender

Male 14.21

Female 12.88

Age Group

18 11.88

19 12.15

12 12.28

22 12.51

Mean Hemoglobin readings were taken among
various groups of disease, gender and age. These
computations give information on Hemoglobin
variability regarding certain demographic and
clinical variables. In the case of the Disease groups,
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there was a significant variation of the Hemoglobin
mean levels among various conditions. The average
of Anemia (Disease group 1) was 4.76 g/dl which is
an indicator of low Hemoglobin level which is
characteristic of this condition. In case of Asthma
(group 2) the mean was much larger and was 14.39
g/dL which indicates a normal or typical level of
Hemoglobin. The mean of the Infection group (group
3) was 14.55 g/dL and the mean of Liver Disease
group (group 4) was also equal at 14.35 g/dL. This
information indicates that hemoglobin levels in
patients with such conditions as asthma, infection,
and liver disease are usually normal, in contrast to
anemic patients.

Regarding Gender, Hemoglobin levels were within
the average levels. The Female patients had a mean
of 12.88 g/dL compared to 14.21 g/dl of the Male
patients and this was normal gender variation of
Hemoglobin levels. The Age group analysis has
shown that there was a difference in Hemoglobin
levels between the various age groups. The average
of the Age group 18 was 11.88 g/dL, and the Age
group 19 had an average of 12.15 g/dl. Mean
Hemoglobin levels were comparatively stable with
the next age groups where Age group 12 recorded a
mean of 12.28 g/dL. and Age group 22 recorded a
mean of 12.51 g/dL.

Figure 1
Hemoglobin Control Chart

Hemoglobin Control Chart
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Figure 1 as Hemoglobin Control Chart indicates the
variability of Hemoglobin levels with a large sample
size since it demonstrates the presence of outliers and
any other patterns that can reveal underlying
problems with sample quality. In the chart there are
two control limits: the upper control limit (UCL) and
the lower control limit (LCL) that is a depiction of
the acceptable Hemoglobin levels.
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The figures are mostly inside the control limits
indicating that most of the samples are within the
predicted range. Nevertheless, a few outliers that go
above the upper control limit of 30 g/dL are present.
These spikes may point to some errors like
hemolysis, some samples are not properly handled,
or the technical problem during collection. The lower
control limit is established to be 8 g/dL, which means
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that Hemoglobin content below such level is
regarded as abnormal. The chart can be visually
evaluated to assess the stability and consistency rates
of Hemoglobin levels and outliers need to be
investigated more to understand what is the reason
behind these outliers.

V. IMPLICATIONS FOR PRACTICE

The results of this paper highlight the high effect of
pre-analytic checklists to enhance the quality of
blood samples and to minimize errors like redraws
and hemolysis. Since these data indicate that the
number of such errors decreased significantly after
the checklists were introduced, such findings have
significant implications on the training programs as
well as the hospital practices. Originally, the training
programs of the laboratory staff must be reorganized
in order to include the use of standardized
phlebotomy steps, which will focus on the
compliance with checklists on the proper handling of
samples and their labeling and transportation. With
the help of clear guidelines and regular adherence to
these checklists, hospitals will be able to decrease the
variability of sample quality, resulting in more
accurate diagnostic outcomes and the possibility of
preventing the unnecessary sampling re-collection
(Hamed et al., 2017). Also, hospitals need to think of
including such checklists in the regular phlebotomist
training so that new people are being properly trained
and the existing staff members are also trained
periodically.

Regarding hospital procedures, the data indicate that
the use of pre-analytic checklists is a procedure that
requires uniformity in all hospital units that handle
blood samples. These findings can help the hospital
administrators and laboratory managers to promote
the use of checklists in every field of blood sample
collection in an organized manner. In addition,
providing the checklist with expanded specifications
might help, which involves not only the needed
procedures of collecting the samples but also the
environmental conditions, which might influence the
occurrence of pre-analytic errors, which might be
avoided further (Cui et al., 2025). The agreement of
these protocols throughout the hospital may increase
the total efficiency of the laboratory services, patient
outcomes, and eventually add to the greater clinical
decision-making.
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VI. LIMITATIONS AND FUTURE RESEARCH

Although the results are promising, this research has
a number of limitations that can be considered in
future research. To start with, the research is based
on retrospective data of one hospital, which might
restrict the extrapolation of the results to other
hospitals and settings with different patient
populations or laboratory processes. Pre-analytic
checklists might have a different effect on various
hospitals, especially those that differ in terms of
technological resources or training levels of the staff
(Keerthi & Goyal, 2020). In future research, a multi-
center design may be useful, meaning that data
should be gathered in different hospital contexts and
should be used to define whether the results were
applicable in any of the hospitals.

The second weakness is that the demographical data,
including the age and health status of the specific
patients, is not detailed, and these factors may affect
the quality of the blood samples. Even though the
demographic variables such as age and the status of
the disease were discussed in the study, the
discussion did not fully incorporate them into the
analysis. These factors could also be incorporated in
future research into more specific subgroups, which
may provide a better insight into how pre-analytic
errors could differ among different groups of patients
(Nguyen & Park, 2021). Through a more thorough
examination of these variables, future research
would be in a position to classify certain categories
of patients, who might be most useful in terms of the
analgesic effects of pre-analytic checklists
implementation.

Also, although the study demonstrates a decrease in
redraws and hemolysis, it does not exhaustively
determine the long-term viability of such changes.
Future studies may investigate whether the impact of
pre-analytic checklists is maintained after some
years, and whether the compliance reduces with an
increase in familiarity with the staff to the checklist
(Kim et al., 2015). Introduction of periodical audit
and the subsequent checking of compliance could be
of use in providing insight into long-term efficacy of
these protocols and need of extra intervention to
sustain developments.

Although this study utilized process control charts to
track Hemoglobin levels, the further investigation
can increase the application of control charts to
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additional laboratory outcomes, including white
blood cell counts or electrolyte levels to determine
whether pre-analytic  checklists have more
widespread effects on the quality of laboratory
services (Liao et al., 2020). Also, other interventions
could be investigated to serve as an additional tool in
the reliability and efficiency of laboratory services,
including technology-based solutions to tracking and
managing samples.

The research presented in this study is quite
convincing concerning the beneficial role that pre-
analytic checklists play in the reduction of
phlebotomy errors in a laboratory of a hospital. The
findings cannot be fully validated in the context of
other hospital environments and should also consider
a broader population (various demographics of
patients) in the interpretation of the results and
address the long-term sustainability of the checklist
adoption (Rosa et al., 2023). These lessons may be
used to assist in making systematic alterations both
in terms of hospital policies and training, which
would result in better laboratory performance and
patient care.

VIL CONCLUSION

The current study explored the role played by pre-
analytic checklists in the elimination of phlebotomy
redraws and the prevalence of hemolysis in a
representative hospital laboratory. The results show
that the use of standardized pre-analytic checklists
resulted in a major decrease in the number of redraws
and hemolysis, which enhanced the overall quality of
blood samples. In particular, checklists helped
improve adherence to proper sample handling and
labelling protocols, which later led to reduced
rejection of samples and better source of diagnosis.

These results can be summarized into a number of
recommendations to be implemented in order to
improve practices in laboratories. To start with, pre-
analytic checklists should be incorporated in regular
training of phlebotomists to maintain uniformity in
following the right procedure in blood collection.
Moreover, the implementation of such checklists in
hospitals is suggested to be included in the set of
standard operating procedures of all areas of blood
sample collection to make the results consistent and
minimize the impact variability on the quality of
samples. Constant monitoring and regular audits are
also supposed to be maintained in order to ensure
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high levels of compliance. Finally, a follow-up study
to understand the prognosis of the present study
would be offered to test the effectiveness of the tools
used in implementing the checklists in more
hospitals and might need the inclusion of
demographic variables to shape the future training
and protocols used in the hospital.
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