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Abstract
Background: Continuous renal replacement therapy (CRRT) is a complex, high-risk intervention for
critically ill patients with acute kidney injury and hemodynamic instability. Safe delivery requires nursing
competence, rapid troubleshooting, and adherence to protocols. However, conventional education is
difficult to sustain in intensive care units because of workload, rotating shifts, and competing clinical
priorities. This study evaluated whether a structured microlearning program was associated with
changes in CRRT knowledge, self-confidence, and satisfaction among intensive care nursing
professionals.

Methods: A retrospective observational pre-post study was conducted in the adult intensive care unit of
a Magnet-recognized hospital in São Paulo, Brazil. Nurses and nursing technicians validated to manage
CRRT completed 16 microlearning modules lasting 3–5 minutes. Knowledge was assessed using an 18-
item theoretical-practical questionnaire, self-confidence using a Likert scale, and satisfaction using the
Net Promoter Score (NPS). Pre-post comparisons used the Wilcoxon signed-rank test, with rank-biserial
correlation as the effect-size measure. Pearson and Spearman coefficients examined associations
between knowledge and self-confidence gains.

Results: Of 143 professionals, 126 completed the program, yielding an 88.1% retention rate; 63 were
nurses and 63 nursing technicians. Mean knowledge scores increased from 14.39 ± 1.46 to 16.73 ± 1.45,
an average gain of 2.34 points (p < 0.001; effect size = 0.92). Self-confidence increased from 9.47 ± 0.87
to 9.70 ± 0.90 (p = 0.003; effect size = 0.57). Knowledge gain was not correlated with self-confidence
gain. Satisfaction was high: 119 participants were promoters, five were passives, and two were
detractors, resulting in an NPS of 92.9%.

Conclusion: The structured microlearning program was associated with improved CRRT knowledge,
greater self-confidence, and high acceptability among intensive care nursing professionals. Its
sequential format was feasible across shifts and may offer a scalable approach to continuing education
for high-risk extracorporeal therapies. Further multicenter studies should evaluate long-term knowledge
retention, behavioral change, and patient-level safety outcomes.

Implications for Practice: Microlearning can complement competency validation, simulation, bedside
coaching, and audit-feedback strategies. Embedding concise modules within routine work may reinforce
CRRT protocols, standardize troubleshooting and monitoring practices, support multidisciplinary
escalation pathways, and reduce barriers to continuing education for shift-based teams in high-acuity
environments.

Background
Acute kidney injury is a frequent and serious complication among critically ill patients. When kidney
dysfunction is severe or accompanied by fluid overload, metabolic derangements or uremic
complications, kidney replacement therapy may be required. In hemodynamically unstable patients,
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continuous renal replacement therapy (CRRT) is commonly selected because it enables slower and more
continuous removal of fluid and solutes.(1–3, 11, 12) The clinical benefit of CRRT, however, depends not
only on the prescription but also on safe delivery at the bedside.(1, 2, 11)

Nursing professionals have a central role in CRRT delivery. Their responsibilities include preparing and
priming the extracorporeal circuit, assessing vascular access, monitoring prescribed and delivered
therapy, interpreting machine alarms, documenting fluid balance, observing anticoagulation-related
complications, preventing circuit clotting, maintaining infection prevention practices and recognizing
early clinical deterioration.(4–7) These activities occur within a dynamic intensive care unit (ICU)
environment characterized by high acuity, frequent interruptions and competing priorities. Errors or
delays during CRRT may lead to therapy interruption, blood loss, inadequate dose delivery, hemodynamic
instability and avoidable patient harm.(6, 7, 13)

Consequently, CRRT education must move beyond introductory training and support continuous
competence development. Conventional models commonly include lectures, supervised practice and
competency validation.(4–7) These strategies remain essential for initial skills acquisition, but they may
be difficult to repeat frequently in busy units with rotating shifts and a heterogeneous workforce. Long
educational sessions can also increase cognitive burden and may not align well with the way clinicians
acquire and retrieve information during clinical practice.(15, 25, 26)

Microlearning has emerged as an educational strategy that delivers concise content in small, focused
units.(15, 21) Its theoretical foundation is compatible with cognitive load theory, which recognizes that
working memory has limited capacity when learners process complex information.(26) By reducing each
learning unit to a specific theme or task, microlearning may make complex content more manageable. It
is also consistent with adult learning principles, as it can be delivered close to practice, revisited when
needed and integrated into routine work without requiring prolonged absence from clinical duties.(25, 26)

Health professions education literature suggests that microlearning may improve engagement,
knowledge acquisition, self-efficacy and satisfaction.(15–24) Recent nursing education studies and
reviews have expanded interest in mobile microlearning, small-dose learning and technology-enhanced
professional development.(16–24) However, evidence remains limited for high-risk extracorporeal

therapies, particularly CRRT in adult ICUs.(8, 13, 14) This gap is important because CRRT is both technically
complex and highly dependent on bedside nursing surveillance.(8, 13) A scalable educational intervention
that reinforces essential concepts over time could help standardize practice and strengthen patient
safety.(9, 10, 13)

The present study evaluated an institutional microlearning program implemented for nursing
professionals validated to manage CRRT in an adult ICU. The aim was to assess whether the intervention
was associated with changes in CRRT knowledge, self-confidence and satisfaction among intensive care
nursing professionals.
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Methods
This was a retrospective observational pre-post study based on data collected during an institutional
continuing education program for CRRT. The intervention had already been implemented as part of
routine professional development before the retrospective research analysis was conducted. The study
was performed in the adult intensive care unit of Hospital Israelita Albert Einstein, a tertiary referral
hospital in São Paulo, Brazil, which holds Magnet® designation from the American Nurses Credentialing
Center (ANCC). The institution maintains a structured nephrology support program and a formal
competency-validation process for CRRT management.

The target population comprised nurses and nursing technicians formally validated by the institutional
dialysis center to manage CRRT. The eligibility criteria included: currently working in the adult ICU; having
institutional approval to manage CRRT; being directly involved in CRRT care, such as setting up circuits,
monitoring parameters, and managing procedures; participating in the microlearning program; and
having both pre- and post-intervention educational assessments available. Professionals on medical
leave, no longer working in the institution, transferred out of direct care or without complete training
exposure were excluded from the analytic sample.

The educational intervention consisted of 16 sequential microlearning modules delivered weekly
(Table 1). Each module lasted approximately 3–5 minutes and focused on a specific component of CRRT
practice. The curriculum covered the complete nursing workflow, including principles of CRRT,
indications, circuit preparation, vascular access, anticoagulation, filter clotting prevention, alarm
management, fluid balance, dose delivery, laboratory monitoring, mobilizations, infection prevention,
dressing care, institutional flows, patient safety and prevention of adverse events. The short format was
designed to reduce cognitive overload, facilitate repetition and allow learning to occur alongside routine
ICU practice.
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Table 1
Microlearning curriculum

Module Topic Educational focus

1 Principles of CRRT Core concepts, terminology and therapy rationale

2 Indications and
contraindications

Clinical scenarios and institutional activation criteria

3 Circuit preparation Preparation, priming and readiness checks

4 Vascular access Assessment, positioning and access-related
complications

5 Anticoagulation Regional anticoagulation concepts and monitoring

6 Filter clotting prevention Risk factors, early recognition and preventive actions

7 Alarm management Prioritization and troubleshooting of machine alarms

8 Fluid balance Prescription, documentation and cumulative balance
control

9 Dose delivery Prescribed versus delivered therapy and interruptions

10 Laboratory monitoring Key laboratory tests and timing of collection

11 Patient mobilization Safe movement of patients undergoing CRRT

12 Infection prevention Aseptic practices and circuit-related precautions

13 Dressing management Catheter dressing surveillance and care

14 Institutional flows Local protocols and escalation pathways

15 Patient safety Checklist use and prevention of operational errors

16 Adverse event prevention Recognition, response and reporting of complications

Note. CRRT = continuous renal replacement therapy.

The primary outcome was the change in continuous renal replacement therapy (CRRT) knowledge,
assessed using an 18-item theoretical-practical questionnaire developed by the author and administered
before and after the program.The secondary outcomes were self-confidence in CRRT management,
assessed using a Likert scale at the same time points, and satisfaction with the educational program,
measured at the end of the intervention using the Net Promoter Score (NPS).NPS responses were
classified as promoters for scores of 9–10, passives for scores of 7–8 and detractors for scores of 0–6.
The final NPS was calculated by subtracting the percentage of detractors from the percentage of
promoters.

Data were analyzed using descriptive and inferential statistics. Continuous variables were summarized
as mean and standard deviation, and categorical variables as absolute and relative frequencies.
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Normality was assessed with the Shapiro-Wilk test. Because knowledge and self-confidence
distributions were non-normal, pre-post comparisons were performed using the Wilcoxon signed-rank
test. Effect size for paired non-parametric comparisons was calculated using the rank-biserial correlation
coefficient. Correlation between knowledge gain and self-confidence gain was assessed using Pearson
and Spearman coefficients. Statistical significance was defined as p < 0.05.

To reduce potential bias, only participants with complete pre- and post-intervention assessments were
included in the final analysis. The educational intervention was delivered uniformly across all shifts using
standardized content.

The sample size was determined by the number of nursing professionals eligible for the institutional
CRRT educational program during the study period.

This study was approved by the Research Ethics Committee of Hospital Israelita Albert Einstein (CAAE
No. 91130625.1.0000.0071; Ethics Committee Approval No. 8.296.998) and was conducted in
accordance with the ethical principles of the Declaration of Helsinki, the Brazilian National Health
Council Resolution No. 466/2012, and all applicable national regulations. The requirement for informed
consent was waived by the Research Ethics Committee because this retrospective observational study
used anonymized data collected during routine clinical practice, with no direct participant involvement.

Results
A total of 143 nursing professionals were eligible for the institutional program. Seventeen were lost to
follow-up, mainly because they were no longer providing direct care, were on medical leave, had left the
institution, had left the ICU or had not completed CRRT training. Thus, 126 participants completed the
intervention, corresponding to a retention rate of 88.1% (Table 2). The analysis included 126
professionals with matched pre- and post-intervention data.

Table 2
Participant flow

Stage n %

Eligible professionals 143 100.0

Completed the microlearning program 126 88.1

Lost to follow-up 17 11.9

Among the 126 completers, 63 were nurses and 63 were nursing technicians. Most participants were
female (n = 82; 65.1%). Mean age was 36.1 +/- 7.8 years. Mean time since professional training was 11.4
+/- 6.4 years, and mean time in the nephrology support team or CRRT-related role was 5.5 +/- 4.0 years.
Participants were distributed across day and night shifts, supporting the feasibility of the program
across different staffing patterns (Table 3).
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Table 3
Baseline characteristics of completers (n = 126)

Characteristic Value

Age, years, mean +/- SD 36.1 +/- 7.8

Female, n (%) 82 (65.1)

Male, n (%) 44 (34.9)

Nurses, n (%) 63 (50.0)

Nursing technicians, n (%) 63 (50.0)

Time since professional training, years, mean +/- SD 11.4 +/- 6.4

Time in nephrology/CRRT role, years, mean +/- SD 5.5 +/- 4.0

Day shift A, n (%) 32 (25.4)

Day shift B, n (%) 31 (24.6)

Night shift A, n (%) 34 (27.0)

Night shift B, n (%) 29 (23.0)

Note. CRRT = continuous renal replacement therapy; SD = standard deviation.

Knowledge improved after the microlearning program. Mean scores increased from 14.39 +/- 1.46 to
16.73 +/- 1.45, representing an average gain of 2.34 points on an 18-item instrument. The Wilcoxon
signed-rank test showed a statistically significant difference between pre- and post-intervention scores
(p < 0.001). The paired rank-biserial effect size was 0.92, indicating a large educational effect (Table 4).

Table 4
Educational outcomes before and after microlearning

Outcome Pre-
intervention

Post-
intervention

Mean
change

p-
value

Effect
size

Knowledge score (18
items)

14.39 +/- 1.46 16.73 +/- 1.45 + 2.34 < 0.001 0.92

Self-confidence Likert
score

9.47 +/- 0.87 9.70 +/- 0.90 + 0.23 0.003 0.57

Note. Values are mean +/- SD. Comparisons used the Wilcoxon signed-rank test. Effect size is rank-
biserial correlation.

Self-confidence also improved. Mean Likert scores increased from 9.47 +/- 0.87 before the intervention
to 9.70 +/- 0.90 after the intervention. Although baseline confidence was already high, the Wilcoxon
signed-rank test showed a statistically significant improvement (p = 0.003), with a moderate-to-large
rank-biserial effect size of 0.57.
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Knowledge gain was not correlated with self-confidence gain. Pearson correlation was − 0.011 (p = 
0.899), and Spearman correlation was 0.004 (p = 0.966). This suggests that participants with larger
knowledge gains were not necessarily those with larger changes in self-confidence, possibly because
confidence scores were high at baseline and showed a ceiling effect.

Satisfaction with the program was high. The mean NPS score was 9.70 +/- 0.80. Of 126 completers, 119
were classified as promoters, five as passives and two as detractors, resulting in an NPS of 92.9%
(Table 5). These findings indicate high acceptance of the microlearning strategy among ICU nursing
professionals.

Table 5
Satisfaction with the microlearning program (n = 126)

NPS category Definition n (%)

Promoters Scores 9–10 119 (94.4)

Passives Scores 7–8 5 (4.0)

Detractors Scores 0–6 2 (1.6)

Final NPS % promoters - % detractors 92.9%

Note. NPS = Net Promoter Score.

Discussion
This study found that a structured microlearning program was associated with significant improvements
in CRRT knowledge and self-confidence among nursing professionals working in an adult ICU. The
intervention also achieved high participant satisfaction, with more than 90% of respondents classified as
promoters. These findings suggest that microlearning can be integrated into critical care nursing
education for complex therapies without requiring prolonged classroom-based training.(15–24)

The increase in knowledge was clinically and educationally relevant. Participants improved by more than
two points on an 18-item questionnaire, and the effect size was large. This is important because CRRT
management depends on accurate recall and application of multiple technical and safety-related
concepts. Nurses and nursing technicians must recognize alarm priorities, protect vascular access,
prevent filter clotting, monitor fluid balance and respond rapidly to therapy interruptions.(4–7, 13)

Knowledge gaps in these areas may result in delayed troubleshooting or inconsistent application of
protocols.

The findings are consistent with the broader CRRT literature emphasizing structured training, specialist
teams and process standardization.(4–10) Recent multicenter survey evidence has shown that CRRT
knowledge, attitudes and practice are influenced by years of CRRT experience, education level, teaching-
hospital context and membership in specialist panels.8 These findings support the premise that CRRT
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competence is not a static attribute acquired once, but a professional capability shaped by repeated
exposure, local systems and continuing education.

Quality improvement studies in CRRT further reinforce the relevance of bedside nursing competence.
Initiatives that allow trained unit-based nurses to initiate or restart CRRT have been associated with
marked reductions in delays and improved treatment continuity.(10) Specialist quality-control program
have reported improvements in circuit life, unplanned interruption rates, catheter-related infection rates,
treatment costs and nursing satisfaction.(9) Collectively, these studies suggest that educational and
organizational interventions may contribute to safer and more efficient CRRT delivery.

Patient safety literature also highlights the complexity of CRRT as a sociotechnical process. Risk
assessments of CRRT identify clotted filters, anticoagulation-related bleeding, catheter-related
bloodstream infection, variability in machine-related proficiency, high nursing workload, staff turnover,
electrolyte disturbances, prescribing variability and communication failures as recurrent risk domains.(13)

The curriculum used in this study addressed many of these domains through focused modules on
alarms, anticoagulation, fluid balance, dose delivery, infection prevention, institutional flows and adverse
event prevention.

The improvement in self-confidence deserves careful interpretation. Baseline confidence was already
high, which may reflect the fact that all participants were previously validated for CRRT management.
Even so, confidence increased significantly after the intervention. This suggests that the program may
have reinforced prior knowledge, clarified institutional expectations and provided professionals with a
greater sense of preparedness. In high-risk therapies, confidence should not be understood as a
substitute for competence, but appropriate self-confidence may support timely decision-making and
reduce hesitation during troubleshooting.(7, 8)

The lack of correlation between knowledge gain and self-confidence gain is also informative.
Participants who improved most in knowledge were not necessarily those who reported the greatest
increase in confidence. Several explanations are possible. First, self-confidence scores were high at
baseline, creating a ceiling effect. Second, knowledge and confidence may represent related but distinct
educational outcomes. Third, some participants may have become more aware of the complexity of
CRRT after the program, which could temper confidence despite improved knowledge. Future studies
should include objective performance assessment, simulation-based evaluation or direct observation to
explore how knowledge, confidence and behavior interact.(14)

High satisfaction is another relevant finding. The NPS of 92.9% indicates strong acceptance of the
program. In ICU education, acceptability is not a secondary concern; even well-designed educational
strategies may fail if they are impractical for shift-based clinical teams. The short duration of each
module, weekly delivery and direct alignment with bedside tasks likely contributed to engagement. This
is particularly relevant for critical care settings, where staffing pressures and patient acuity often limit
participation in traditional education.
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Microlearning findings from nursing education are consistent with this interpretation. Studies involving
nursing students and ICU nurses have reported positive effects of microlearning or mHealth-based
microlearning on knowledge, self-efficacy, satisfaction, stress and anxiety.(16–24) Recent reviews have
also highlighted the value of mobile microlearning and technology-enhanced learning for continuing
professional development in nursing, particularly when educational content is distributed over time and
aligned with clinical practice.(15, 19, 21, 24) The present study extends this literature by applying
microlearning to CRRT, a high-risk extracorporeal therapy with direct implications for patient safety.

From a patient safety perspective, microlearning may provide a mechanism for reinforcing standardized
practices. CRRT involves many steps vulnerable to variation, including circuit setup, alarm response,
anticoagulation monitoring, fluid balance documentation and escalation of complications.(1, 6, 11, 13)

Short modules can be aligned with institutional protocols and repeatedly updated as practice evolves.
This format may help translate policy into bedside behavior, especially when paired with checklists,
competency validation and clinical leadership support.(9, 13)

The study also has implications for nursing leadership. Educational interventions in critical care should
be feasible, measurable and scalable. The program described here used existing institutional data,
achieved high retention and generated measurable outcomes. Such an approach can support
continuous professional development while producing evidence for quality improvement. Nurse leaders
may consider microlearning as part of a broader education strategy that includes simulation, bedside
coaching, audit and feedback, and periodic competency review.(10, 14) The program was implemented in
a Magnet®-designated institution, where organizational support for professional development, evidence-
based practice and continuous quality improvement may have facilitated staff engagement and program
adoption. However, the observed educational outcomes cannot be attributed solely to the Magnet®
environment and should be interpreted within the broader context of the intervention.

Several strengths should be noted. The intervention was implemented in a real adult ICU, involved both
nurses and nursing technicians, and included professionals across shifts. The sample was relatively
large for a single-center educational study, and the retention rate was high. The study also examined
multiple outcomes, including knowledge, self-confidence, satisfaction and correlation between
educational gains.

Future research should evaluate microlearning in multicenter designs and include longer follow-up
periods. Studies should assess whether gains in knowledge and confidence translate into behavioral
changes and improved CRRT quality indicators. Combining microlearning with simulation and bedside
competency assessment may provide a more complete educational model for high-risk extracorporeal
therapies.(14, 15, 21)

Limitations
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Limitations must also be acknowledged. The retrospective pre-post design does not allow causal
inference with the same strength as a randomized controlled trial. There was no control group, and
improvements may have been influenced by concurrent clinical exposure or other educational activities.
The study was conducted in a single tertiary hospital with an established CRRT validation process, which
may limit generalizability to institutions with different staffing models or educational infrastructure.
Knowledge retention was measured immediately after the intervention, and long-term retention was not
evaluated. Finally, the study did not assess patient-level outcomes, such as circuit life, treatment
interruptions, delivered dose, adverse events or documentation quality.(9–13)

Conclusion
A structured microlearning program was associated with improved CRRT knowledge, increased self-
confidence and high satisfaction among intensive care nursing professionals. The intervention was
feasible in a real ICU environment and may represent a scalable strategy for continuing professional
development in high-risk critical care therapies. Further studies should evaluate long-term retention,
behavioral outcomes and patient safety indicators.
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