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INTRODUCTION

lood transfusion is a complex and high-risk procedure that constitutes a critical aspect of modern medical care, with nurses

positioned at the frontline of ensuring its safety and effectiveness. Adverse events such as transfusion reactions and the

transmission of infectious diseases have highlighted the importance of strict adherence to established protocols and the
need for comprehensive knowledge among nursing staff (1,3,4). Despite the recognition of these risks, gaps in nurses’ understanding
and execution of blood transfusion practices continue to be documented globally, often attributed to insufficient formal education
and a lack of ongoing professional development opportunities (2,6,7). In many clinical settings, particularly those in resource-
constrained environments, these shortcomings translate into inconsistent application of safety procedures, suboptimal patient
monitoring, and incomplete documentation, all of which threaten patient safety(5,8,10).

The therapeutic use of whole blood or blood components demands precision at every stage—from donor selection and product
screening to the correct identification and administration to recipients (9,11). The World Health Organization has repeatedly
emphasized that rigorous training and continual assessment of knowledge are essential for nurses, who are often tasked with patient
identification, transfusion monitoring, and rapid recognition of adverse reactions(10,12). Observational studies and intervention trials
conducted across diverse healthcare settings have consistently revealed that nurse-led educational programs can enhance
compliance with transfusion protocols, improve documentation standards, and reduce errors that contribute to morbidity and
mortality (1,2,14,15). Nonetheless, variability in pre-existing knowledge, the challenges of integrating evidence-based guidelines into
busy clinical practice, and a lack of systematic evaluation of educational interventions represent persistent obstacles (6,17,19).

Recent evidence underscores the positive impact of structured training on nurses’ competence in blood transfusion, with statistically
significant gains in post-intervention knowledge and skill performance reported in both local and international studies (2,7,12,16,20).
However, most available research highlights that many nurses continue to display limited understanding of transfusion chain safety
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measures and documentation requirements before receiving targeted educational support, reinforcing the necessity for scalable,
context-sensitive interventions (9,13,18). Moreover, although educational modules demonstrate immediate improvements in
knowledge and reported practice, there is a paucity of studies that assess these effects in the context of private healthcare settings
in low- and middle-income countries, especially with respect to standardized blood transfusion protocols and their translation into
daily clinical routines(1,21,22).

In this context, the present study addresses the knowledge gap by evaluating the effect of a structured nursing intervention on the
knowledge and practices related to blood transfusion protocols among nurses working in a private hospital in Lahore, Pakistan. The
primary objective was to determine whether a targeted educational program could produce significant and clinically meaningful
improvements in both knowledge and the application of transfusion procedures among a cohort of nursing professionals. The central
research question was: Does a nurse-led educational intervention significantly enhance nurses’ knowledge and practical adherence
to blood transfusion protocols compared to pre-intervention levels? It was hypothesized that the intervention would lead to
statistically significant improvements, supporting the case for systematic, ongoing professional development to advance patient
safety and quality of care.

MATERIALS AND METHODS

A quasi-experimental design was implemented to evaluate the effectiveness of a structured educational intervention targeting
nurses” knowledge and practices regarding blood transfusion protocols. The study was conducted at a private hospital in Lahore,
Pakistan, over a six-month period beginning February 6, 2025, and concluding June 6, 2025. Eligible participants included nursing
interns, nursing students, and registered nurses aged between 19 and 30 years who were actively engaged in clinical care within the
institution. Physicians, transfusion specialists, and blood bank staff were specifically excluded to ensure that the focus remained on
frontline nursing practice. Participants were selected using purposive sampling to capture a homogeneous group likely to benefit
from the intervention and to minimize variability due to professional background.

Recruitment involved direct invitation by the research team, followed by detailed explanation of study objectives and procedures.
Written informed consent was obtained from each participant before enroliment. Data collection was performed in two phases: pre-
intervention (baseline) and post-intervention (following completion of the educational session). Both phases utilized a validated,
structured questionnaire to assess knowledge and an observational checklist to evaluate practical skills, developed based on national
and international guidelines for safe blood transfusion and pilot-tested for clarity and reliability. The intervention comprised a series
of interactive lectures, demonstrations, and practical workshops led by experienced nursing educators, with content emphasizing
key areas such as donor identification, blood product verification, aseptic technique, transfusion monitoring, and documentation.

All data collection was overseen by trained assessors who were blinded to the intervention phase to reduce assessment bias.
Participants’' responses were anonymized and coded for confidentiality. To ensure the reliability of outcome measures, each nurse
was observed individually during simulated and actual transfusion procedures, with the same evaluative criteria applied across pre-
and post-intervention assessments. Missing data were minimized through active follow-up, and complete case analysis was
performed as all 30 participants provided both pre- and post-intervention data. The primary variables were the total knowledge score
(range: 0-100) and the total practice score (range: 0-100), with operational definitions established for each component based on
consensus guidelines.

Sample size was determined pragmatically to include all available nurses within the specified inclusion criteria during the study
window, and the minimum number was justified by the feasibility constraints of a single-institution study. Data were entered and
analyzed using SPSS version 26. Paired t-tests were applied to compare mean knowledge and practice scores before and after the
intervention, with p-values below 0.05 considered statistically significant and p-values below 0.01 interpreted as highly significant.
Effect sizes were computed to quantify the magnitude of observed changes, and confidence intervals for mean differences were
reported. No imputation or adjustment for missing data was necessary. Throughout the study, ethical standards were maintained in
accordance with the Declaration of Helsinki, and the research protocol received approval from the institutional review board of Green
International University. All data were stored securely and used exclusively for research purposes to preserve participant privacy and
dataintegrity. The methodology was designed to maximize reproducibility by detailing each procedural step and ensuring consistent
implementation across all study phases.

RESULTS

All thirty nurses who participated in the study were female, between the ages of 21and 30 years, held a Bachelor of Science in Nursing,
and had one to five years of clinical experience. This uniformity in demographic characteristics ensured a homogenous study cohort,
minimizing the risk of confounding variables related to age, gender, qualification, or professional experience and thereby increasing
the internal validity of the findings (Table 1).

The primary outcome analysis revealed a marked and statistically significant improvement in both knowledge and practice scores
following the educational intervention. The mean pre-intervention score was 53.83 with a standard deviation of 2.63, indicating
moderate baseline competence but considerable room for enhancement. After the intervention, the mean score increased to 68.90
with a reduced standard deviation of 1.16, reflecting not only higher performance but also greater consistency among participants.
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The median score improved from 54.0 to 69.0, and the interquartile range narrowed substantially, further underscoring the shift
toward higher and more uniform achievement levels. The minimum and maximum scores rose from 48-58 pre-intervention to 65-70
post-intervention. The mean difference between pre- and post-intervention scores was 15.07(95% Cl: 13.45-16.02), with a p-value of
<0.001and a Cohen's d of 6.84, signifying a large effect size and a highly significant impact of the intervention (Table 2).

Further analysis of post-intervention outcomes demonstrated that a substantial majority of participants attained high competency
levels, with 73.3% achieving scores of 69 or above and one-third of the cohort attaining the maximum score of 70. These findings
indicate that the intervention not only elevated mean performance but also enabled a significant proportion of nurses to reach top-
tier competency, a critical threshold for clinical practice quality and patient safety (Table 3). The distribution of scores across
performance quartiles before and after the intervention illustrates a dramatic rightward shift, with all participants in the two lowest
pre-intervention quartiles advancing to higher quartiles post-intervention. Prior to the intervention, the lowest and second quartiles
contained more than half the cohort (50%), but post-intervention, all participants moved into the third or fourth quartiles, with 66.7%
in the highest quartile and 33.3% in the third quartile. This distributional change reflects not only individual improvement but also a
group-wide elevation in competence and reduced performance variability, supporting the effectiveness of the intervention in
standardizing clinical proficiency (Table 4). Inferential analysis using a paired t-test confirmed the robustness of these findings. The
comparison between pre- and post-intervention scores yielded a t-value of 30.19 (df = 29), with a highly significant p-value of <0.001.
The observed mean difference of 15.07 points was both statistically and clinically meaningful, and the large effect size (Cohen's d =
6.84) further highlighted the substantial impact of the educational program. The narrow confidence interval for the mean difference
(13.45-16.02) provides additional evidence of the precision and reliability of the intervention effect (Table 5).

Together, these results demonstrate that the structured, nurse-led educational intervention produced a significant and clinically
relevant improvement in knowledge and practice related to blood transfusion protocols among nurses. The intervention was
particularly effective in elevating low and mid-level performers to high levels of competence, thereby promoting safer and more
consistent patient care across the nursing staff.

Table 1. Demographic Characteristics of Study Participants (N = 30)

Variable Category n %

Gender Female 30 100.0
Age 21-30 years 30 100.0
Qualification BS Nursing 30 100.0
Experience 1-5years 30 100.0

Table 2. Descriptive and Inferential Statistics for Knowledge and Practice Scores Before and After Intervention

Time Point Mean SD Median IQR Min Max MeanDifference 95% CI(Diff) p-value Cohen'sd
Pre-intervention 53.83 2.63 54.0 52-56 48 58

Post-intervention 68.90 116 69.0 68-70 65 70

Difference 15.07 13.45-16.02 <0.001 6.84

Table 3. Proportion of Participants Achieving High Competency Thresholds

Score Threshold (Post) n %
269 22 73.3
70 (Maximum Score) 10 33.3

Table 4. Summary of Pre- and Post-Intervention Score Distributions by Performance Quartiles

Quartile Pre-Intervention: n(%) Post-Intervention: n(%)
01(Lowest) 8(26.7) 0(0.0)

02 7(23.3) 0(0.0)

03 7(23.3) 10(33.3)

04 (Highest) 8(26.7) 20(66.7)

Table 5. Paired t-Test Results for Pre- and Post-Intervention Scores

Comparison t-value df p-value Mean Difference 95% CI (Diff) Cohen’'sd

Pre vs Post Scores 30.19 29 <0.001 15.07 13.45-16.02 6.84
This figure presents the relationship between baseline knowledge score strata and post-intervention improvement among nurses
participating in the educational program. The teal scatter and smoothed line illustrate that nurses with lower baseline scores
demonstrated the greatest mean absolute improvement, reaching a gain of 18-19 points, while those with higher baseline scores
exhibited progressively smaller increases. The orange line represents the proportion of participants within each baseline group who
achieved the highest possible post-intervention score; this proportion rises steeply in higher baseline strata, from 0% among the
lowest performers to 71% among those initially scoring 58. These results emphasize that although the intervention benefited all
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groups, the most substantial gains occurred among nurses starting with lower knowledge levels, while the likelihood of achieving top
competency was highest among those with stronger initial performance. The dual-axis visualization highlights both the equity impact
of the intervention and its effectiveness in elevating participants to peak clinical competence.
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Figure 1Performance Gains and High Achiever Proportions by Baseline Score Group

DISCUSSION

This study provides compelling evidence that a structured, nurse-led educational intervention can produce significant improvements
inboth the knowledge and practical application of blood transfusion protocols among early-career nurses in a private hospital setting.
The observed mean increase of over 15 points in knowledge and practice scores following the intervention is consistent with prior
research demonstrating the value of targeted, evidence-based training programs in bridging competency gaps and standardizing
critical procedures(1,2,7,12,15). These findings are particularly relevant in environments where pre-existing knowledge is variable, as
theintervention not only improved average performance but also reduced variability, indicating a shift toward more uniform, protocol-
driven practice.

Comparative analysis with studies from both regional and international contexts further substantiates the generalizability of these
results. Similar interventions in tertiary hospitals in Pakistan, Malaysia, and Turkey have reported statistically significant post-
training gains in nurse competence and adherence to transfusion safety standards, with several studies noting reductions in
transfusion-related errors and enhanced confidence in practice (2,6,10,14,15,16). The current study's emphasis on practical
workshops and real-time feedback aligns with evidence suggesting that interactive, skills-based education is superior to passive
learning in sustaining improvements in clinical performance (12,20,23). Additionally, the reduction in standard deviation and error
post-intervention observed here mirrors findings from nurse education trials in Ghana and Iran, where cohort-wide training narrowed
the performance gap and facilitated a safer, more consistent clinical environment (4,18).

The clinical significance of these findings lies in the direct impact on patient safety. Blood transfusions are inherently high-risk
procedures, and errors at any stage—from product identification to monitoring for adverse reactions—can result in severe morbidity
or mortality (3,8,11). The observed increase in high achievers—those reaching or approaching perfect post-intervention scores—
underscores the intervention’s capacity not only to lift overall standards but also to enable a larger proportion of nurses to
consistently meet best-practice benchmarks. Notably, the greatest gains were seen in those with the lowest baseline scores,
highlighting the potential for educational initiatives to address inequities in competence and reduce the risk posed by knowledge
gaps within clinical teams. This equity impact is particularly valuable in busy, resource-limited hospitals where continuous
professional development may be sporadic or underprioritized.

Despite its strengths, including complete follow-up and the use of validated assessment tools, several limitations merit
consideration. The study’s quasi-experimental, single-center design and purposive sampling approach may constrain external
validity, as findings may not be directly generalizable to all nursing populations or healthcare settings. The homogeneity of the
sample—all participants were young, female nurses with similar qualifications and experience—may have reduced potential
confounding but limits insights into intervention effectiveness across a more diverse workforce. Additionally, the reliance on
immediate post-intervention assessment precludes conclusions regarding long-term retention of knowledge and skills, a gap
highlighted in the broader literature (19,22). Future research should therefore employ multicenter, randomized designs with larger
and more heterogeneous samples, and incorporate longitudinal follow-up to assess knowledge decay or maintenance over time. The
incorporation of objective patient safety outcomes, such as rates of transfusion errors or adverse events, would further strengthen
the evidence base and clarify the clinical impact of educational interventions.
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This study adds to the growing body of literature advocating for systematic, interactive education as an essential strategy for
improving blood transfusion safety and quality of care. The findings reinforce that nurse-led interventions can yield rapid and
meaningful improvements, particularly among those most in need of support, and provide a robust foundation for broader
implementation and further investigation (1,5,13,21,24).

CONCLUSION

This study demonstrated that a structured, nurse-led educational intervention substantially improved both the knowledge and
practical adherence to blood transfusion protocols among early-career nurses in a private hospital. The marked gains observed post-
intervention, particularly among nurses with lower baseline scores, underscore the necessity of continuous professional
development to ensure patient safety and reduce the risk of transfusion-related errors. These results support the integration of
interactive, competency-based training programs as a standard element of nursing practice to elevate the quality and consistency of
care in transfusion medicine.
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