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A B S T R A C T

Background: Among hospitalized adults in medical settings, delayed recognition and incomplete
bundle-based care may contribute to progression, longer hospitalization, and poorer renal recovery.
Adherence to AKI care bundles remains inconsistent, in resource-limited hospitals with staffing,
workflow, and documentation constraints.
Methods: We conducted a single-center before-and-after improvement audit over two cycles, preceded
by a pilot phase that refined case identification and data collection. The source population comprised
consecutive adult medical inpatients meeting KDIGO AKI criteria during admission. In cycle one,
120 patients were assessed. The intervention included a paper-based AKI checklist, staff education,
nephrotoxin-prescribing prompts, and escalation triggers. A re-audit of 118 patients was performed,
followed by a 3-month sustainability review. Process indicators and outcomes were analyzed using
methods and compared across cycles. Patients already under active inpatient nephrology care when
AKI was identified were included in the overall cohort but excluded from the nephrology-referral
denominator.
Results: Baseline compliance was suboptimal across key care domains. The intervention was associated
with improved AKI recognition from 65.0% to 87.3%, medication review from 51.7% to 78.0%, and fluid
assessment from 48.3% to 76.3% (all p<0.001). It was also associated with a reduction in progression
to severe AKI from 33.3% to 23.7%, and a decrease in mean length of stay from 7.9±3.4 to 6.6±3.0
days. Improvements were sustained at 3 months.
Conclusion: A paper-based AKI bundle was associated with improved recognition and care processes,
with changes in outcomes, supporting feasibility in resource-limited settings, although causal inference
is limited by design. Further multicenter studies are warranted.

1. Introduction
Acute kidney injury (AKI) is a common and clinically consequential
syndrome encountered across medical and nephrology services. It
affects approximately 8% to 22% of hospitalized patients and is
defined by an abrupt reduction in renal function of varying severity
[1]. AKI is strongly associated with adverse outcomes, including
increased mortality, with reported risk rising by approximately 1.4
to 15.4 times [2]. It also predisposes patients to the development
of chronic kidney disease or progression of pre-existing renal
dysfunction [3]. In addition, AKI is associated with increased
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morbidity, prolonged hospital stay, higher healthcare costs, and a
greater risk of recurrent AKI after discharge [4, 5].
In acute medical settings, AKI is often multifactorial, commonly
arising from sepsis, hypovolemia, nephrotoxic exposure, obstructive
uropathy, or hemodynamic instability. Importantly, outcomes are
frequently influenced not only by the initial insult but also by delays
in recognition, incomplete evaluation, and inconsistent application
of supportive care measures [6].
The Kidney Disease: Improving Global Outcomes (KDIGO) guide-
line provides a standardized framework for AKI diagnosis based on
serum creatinine changes and urine output criteria, and emphasizes
early recognition, volume assessment, medication review, and timely
specialist input where appropriate [7]. Similarly, National Institute
for Health and Care Excellence (NICE) guidance highlights the
importance of identifying at-risk patients, monitoring renal function
systematically, and avoiding preventable harm from nephrotoxins or
delayed escalation [8]. Despite these recommendations, AKI care
in routine practice remains variable. In resource-limited settings
in particular, delays in reviewing creatinine trends, incomplete
urine output monitoring, and continued exposure to nephrotoxic
medications are commonly observed [5, 9].
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Figure 1: Study flow diagram.

This quality improvement audit was undertaken in response to these
gaps in routine care. The objective was to assess baseline AKI
recognition and management and to evaluate changes in practice
following implementation of a structured, low-cost intervention
within a tertiary care hospital in a resource-limited setting. A closed-
loop audit design was used, incorporating a pilot phase to refine data
collection and a subsequent sustainability check to explore whether
observed changes were maintained over time.

2. Methods
This was a prospective, single-center, before-and-after quality im-
provement audit conducted in the adult medical inpatients admitted
to the Departments of Medicine and Nephrology at MTI-Khyber
Teaching Hospital, a tertiary care teaching hospital in a resource-
limited region. The source population comprised consecutive adult
patients aged 18 years or older who met KDIGO criteria for
AKI during hospitalization, whether the AKI was identified on
the medical ward, during acute admission, or after nephrology
consultation. Patients already receiving active inpatient nephrology
consultation at the time AKI was first identified were retained in
the overall AKI cohort for process and outcome analyses, but were
excluded from the nephrology-referral analysis because referral had
already occurred and was therefore not clinically applicable.
The audit was carried out in four phases: (Phase 1) a pilot phase to test
the data collection tool and confirm feasibility of case identification,
(Phase 2) a baseline audit cycle, (Phase 3) implementation of
a structured intervention package followed by a re-audit cycle,
and (Phase 4) a 3-month sustainability assessment to explore

maintenance of observed changes in routine clinical practice. The
audit was conducted over a defined nine-month period from 1 January
2025 to 30 September 2025. The baseline audit cycle was carried
out from 1 January 2025 to 31 March 2025. This was followed
by an implementation phase from 1 April 2025 to 30 April 2025
during which the intervention bundle was introduced and staff
training was completed, with a defined 2-month gap between re-audit
completion and sustainability assessment to assess durability rather
than continuous measurement. The re-audit cycle was conducted
from 1 May 2025 to 30 June 2025. A sustainability assessment was
subsequently performed from 1 September 2025 to 30 September
2025 to evaluate maintenance of observed changes in routine clinical
practice. Each cycle was sufficiently long to mitigate the potential
influence of short-term seasonal variation in admissions and case
mix (Figure 1).

2.1. Case Identification and Eligibility
The inclusion criteria were deliberately broad to reflect real-world
inpatients. Adults aged 18 years or older were included if they met
KDIGO criteria for AKI during admission, whether the AKI was
identified on the medical ward, during acute admission, or after
nephrology consultation.
AKI was defined and staged according to KDIGO criteria using
serum creatinine and/or urine output. Baseline creatinine was
determined using the most recent value within the preceding 3
months where available. If prior creatinine was unavailable, the
admission creatinine was used as a reference and AKI was defined
based on subsequent changes during hospitalization, consistent with
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pragmatic approaches in resource-limited settings. Urine output
criteria were applied where reliable charting was available.
Patients already on chronic dialysis and renal transplant recipients
were excluded because their renal trajectory and management
pathway differ substantially from standard AKI care. To reduce
duplicate counting, each admission was assigned a unique hospital
and admission identifier, and only the first AKI episode per admission
was included. Where a patient was readmitted during the audit period,
the episode was counted again only if it represented a clearly separate
admission. A 90-day look-back was also used to identify and exclude
duplicate episodes. Identifiers were collected temporarily only for
linkage and deduplication purposes. A separate password-protected
linkage file contained the hospital and admission identifiers needed
to identify repeat episodes and verify eligibility. This linkage file
was accessible only to the principal investigator and was not merged
into the analytic dataset. After finalizing the dataset and checking
for duplicates, all direct identifiers were removed from the working
dataset. AKI was classified as community-acquired if present at
admission or within 48 hours of admission, and hospital-acquired
if developing thereafter. Patients already under active nephrology
inpatient care at the time of AKI identification were excluded from
the analysis of nephrology referral to avoid incorporation bias.

2.2. Patient Flow and Study Population
During the baseline cycle, 132 patients with suspected acute
kidney injury were screened. Twelve patients were excluded due
to pre-existing end-stage kidney disease, renal transplant status, or
incomplete diagnostic criteria, leaving 120 eligible AKI episodes
for analysis. In the re-audit cycle, 126 patients were screened; eight
were excluded for similar reasons, resulting in 118 included episodes.
During the sustainability phase, 64 patients were screened and four
were excluded, leaving 60 patients for analysis.

2.3. Case Identification, Numerators, and Denominators
Acute kidney injury was defined according to KDIGO criteria
using serum creatinine and urine output. Baseline creatinine was
determined from values available within the preceding three months.
When prior creatinine was unavailable, admission creatinine was
used as the reference, and subsequent changes during hospitalization
were used to define AKI. Urine output criteria were applied when
reliable documentation was available.
For all process measures, the denominator consisted of all eligible
AKI episodes unless otherwise specified. AKI recognition within 24
hours was assessed in all included patients. Repeat serum creatinine
within 24 hours was assessed in all patients in whom ongoing ad-
mission blood sampling was clinically indicated. Medication review,
fluid status assessment, urine output monitoring, and urinalysis were
assessed in all eligible patients. Nephrology referral was assessed
only in patients meeting predefined escalation criteria as per the
study protocol. Nephrotoxin withholding was assessed in patients
who were receiving at least one potentially nephrotoxic medication
at the time of AKI recognition.

2.4. Process Measure Definitions
AKI recognition was defined as documentation of AKI diagnosis
in the medical record within 24 hours of meeting KDIGO criteria.
Medication review was defined as a documented clinical review
of all medications within 12 hours of AKI recognition, including
adjustment or discontinuation of nephrotoxic or renally cleared
agents where appropriate. Fluid status assessment was defined as
documented evaluation of volume status in clinical notes within 24
hours of AKI recognition. Urine output monitoring was considered
adequate when at least shift-wise documentation was recorded during

the first 24 hours after AKI identification. Nephrotoxin withholding
was defined as temporary discontinuation or dose adjustment of
drugs such as non-steroidal anti-inflammatory drugs, angiotensin-
converting enzyme inhibitors, angiotensin receptor blockers, and
aminoglycosides where clinically appropriate. Nephrology referral
was defined according to local practice criteria, including KDIGO
stage 2 or 3 AKI, persistent oliguria, refractory electrolyte imbalance,
suspected intrinsic renal disease, or lack of improvement within 48
hours.
2.5. Process Measures and Outcomes
The audit standards were based on KDIGO and NICE principles,
operationalized for feasibility in the local setting. Each process
indicator was defined using explicit numerator, denominator, and
timeframe criteria. Key documentation-based process measures
included:

• AKI recognition/documentation within 24 hours of meeting
criteria

• Repeat creatinine within 24 hours
• Medication review within 12 hours
• Fluid status documentation within 24 hours
• Adequate documented urine output charting
• Performance of urinalysis
• Nephrology referral when indicated

“Adequate documented urine output charting” was defined as at least
shift-wise or hourly documentation during the first 24 hours follow-
ing AKI recognition. “Medication review” referred to documented
review by a physician, including adjustment or discontinuation of
nephrotoxic or renally cleared medications where appropriate.
Clinical outcomes included progression to severe AKI (KDIGO stage
3), need for renal replacement therapy (reported separately), length
of hospital stay, renal recovery at discharge, in-hospital mortality,
and 30-day readmission. Renal recovery was defined as return of
serum creatinine to within 25% of baseline at discharge. Readmission
was defined as unplanned readmission to the same hospital within
30 days.
All process indicators reflect documentation of care in medical
records and may not fully capture bedside execution. Process
measures were additionally plotted as weekly run charts to evaluate
temporal trends across cycles (Figure 2) and (Figure 3).
2.6. Sample Size Considerations
A pragmatic sample size approach was used. The pilot phase showed
baseline compliance of approximately 55% across key process
indicators. A target improvement of 20 percentage points was
considered clinically meaningful, corresponding to approximately 88
patients per cycle. The baseline audit included 120 patients, allowing
reasonably precise estimates of performance.
2.7. Intervention Fidelity
Intervention fidelity was assessed through structured review of
randomly selected case records from each cycle. Thirty records
per cycle were evaluated for presence and completeness of the AKI
checklist, documentation of AKI staging, completion of medication
review, and documentation of fluid assessment. The presence of a
checklist in the medical record improved from 82% in the baseline
period to 93% in the re-audit cycle. Completion of at least 80% of
checklist items improved from 61% to 84%. Documentation of AKI
stage improved from 68% to 89%, and recorded medication review
improved from 64% to 86%.

https://doi.org/10.71079/ASIDE.HS.051026697
https://asidejournals.com/index.php/Health-Sciences/index


DOI: 10.71079/ASIDE.HS.051026697 ASIDE Health Sciences 18

Table 1: AKI Care Checklist Used in the Intervention
Domain Checklist item

Recognition and
diagnosis

Confirm AKI using KDIGO criteria based on
serum creatinine and/or urine output.

Recognition and
diagnosis

Document AKI stage clearly in the notes (stage
1, 2, or 3).

Recognition and
diagnosis

Record baseline creatinine if available.

Monitoring Repeat serum creatinine within 24 hours.
Monitoring Initiate strict urine output charting
Monitoring Monitor vital signs, including blood pressure

and perfusion status.
Medication review Review all medications within 12 hours.
Medication review Stop, hold, or modify nephrotoxic drugs where

clinically appropriate.
Medication review Adjust doses of renally cleared medications.
Fluid assessment Perform and document volume status

assessment.
Fluid assessment Initiate appropriate fluid resuscitation if

hypovolemic.
Fluid assessment Avoid fluid overload in euvolemic or

hypervolemic patients.
Investigations Perform urinalysis, with microscopy when

indicated.
Investigations Consider renal ultrasound if obstruction is

suspected.
Escalation Assess the need for nephrology referral.
Escalation Identify red flags such as oliguria, rising

creatinine, or electrolyte imbalance.
Documentation Ensure AKI diagnosis and management plan are

clearly documented.
AKI, acute kidney injury; KDIGO, Kidney Disease: Improving Global Outcomes.

2.8. Sustainability Sample
The sustainability assessment included 60 consecutive patients
admitted during September 2025. These patients were selected
consecutively from medical ward admissions meeting KDIGO
criteria for AKI. The sample was intended as an exploratory
assessment of maintenance of intervention effects rather than a
formally powered comparative analysis.

2.9. Intervention
The intervention was intentionally low-cost and adapted to a resource-
limited environment. It included a one-page AKI checklist (Table 1),
focused staff education, nephrotoxin prompts in patient charts, and
a simple escalation framework. Weekly non-punitive feedback was
provided at ward level.
Implementation was supported through repeated teaching sessions,
the availability of checklists, and regular feedback discussions.

2.10. Implementation and Training
The audit was conducted by a multidisciplinary team comprising
residents, interns, and a supervising consultant physician. All team
members underwent structured training before the baseline cycle.
Inter-rater reliability during the pilot phase exceeded 90% for key
variables.

Table 2: Audit Proforma Used for Data Collection
Section Data captured

Patient identification Hospital number, admission number, ward, and
date of admission.

Demographics Age and sex.
Comorbidities Diabetes, hypertension, chronic kidney disease,

cardiovascular disease, liver disease, and known
obstructive uropathy.

AKI definition Baseline creatinine, peak creatinine, urine
output criteria, and KDIGO stage.

Aetiology Prerenal, intrinsic, postrenal, sepsis-associated,
and nephrotoxin-associated AKI.

Process measures Time to recognition, repeat creatinine, urine
output charting, fluid assessment, urinalysis,
medication review, and nephrology referral.

Treatment actions Fluids given, nephrotoxins withheld, dose
adjustment, imaging, and dialysis.

Outcomes Peak KDIGO stage, recovery at discharge,
length of stay, in-hospital death, and 30-day
readmission.

AKI, acute kidney injury; KDIGO, Kidney Disease: Improving Global Outcomes.

Data collectors were not involved in the direct care of most patients
during the baseline phase. During the re-audit phase, clinicians were
aware of the intervention but were not provided with patient-level
audit scoring.

2.11. Escalation and Definitions
A structured escalation framework was introduced. Nephrology
referral was defined according to local practice criteria, including
KDIGO stage 2 or 3 AKI, persistent oliguria, refractory electrolyte
imbalance, suspected intrinsic renal disease, or lack of improvement
within 48 hours. This measure was assessed only among patients who
met referral criteria and were not already under active nephrology
care at the time AKI was identified.
Nephrotoxin withholding refers to the temporary discontinuation or
adjustment of medications such as NSAIDs, ACE inhibitors/ARBs,
and aminoglycosides, where clinically feasible.

2.12. Sustainability Assessment
A sustainability assessment was conducted using a consecutive
sample of 60 eligible patients admitted during the post-intervention
period. This was intended as an exploratory assessment of mainte-
nance rather than a formal longitudinal analysis. This was a one-
month assessment conducted three months after the intervention
period.

2.13. Data Collection and Flow
The audit proforma captured demographics, comorbidities, AKI
characteristics, process measures, and outcomes (Table 2).

2.14. Statistical Analysis
Descriptive statistics were used to summarize baseline characteristics
and clinical variables. Categorical variables were compared using
chi-square tests, and continuous variables were compared using
independent sample t-tests. Effect sizes were reported as absolute
risk differences with corresponding 95% confidence intervals for
all major processes and clinical outcomes. Ninety-five percent
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Table 3: Patient characteristics by audit cycle
Characteristic Baseline cycle

(n=120)
Re-audit cycle
(n=118)

p-value

Age, mean ± SD,
years

58.4 ± 16.5 57.7 ± 17.0 0.75

Male sex, n (%) 74 (61.7) 71 (60.2) 0.81
Diabetes mellitus, n
(%)

52 (43.3) 49 (41.5) 0.78

Hypertension, n (%) 68 (56.7) 66 (55.9) 0.91
Chronic kidney
disease, n (%)

38 (31.7) 36 (30.5) 0.85

Sepsis or active
infection, n (%)

32 (26.7) 31 (26.3) 0.94

Hypovolemia or
dehydration, n (%)

41 (34.2) 39 (33.1) 0.86

NSAID exposure
before admission, n
(%)

27 (22.5) 25 (21.2) 0.81

Contrast exposure
during admission, n
(%)

11 (9.2) 10 (8.5) 0.85

ICU-level monitoring
required, n (%)

18 (15.0) 17 (14.4) 0.90

NSAID, non-steroidal anti-inflammatory drug; ICU, intensive care unit.

confidence intervals for absolute risk differences were estimated
using the Wald method for independent proportions.
The prespecified primary outcome of the study was AKI recognition
within 24 hours of meeting KDIGO criteria. Secondary outcomes
included all other process measures as well as clinical outcomes
such as progression to severe AKI, need for renal replacement
therapy, length of hospital stay, renal recovery at discharge, in-
hospital mortality, and 30-day readmission.
To account for potential confounding, a multivariable logistic
regression model was used to analyze the primary outcome. This
model adjusted for age, sex, diabetes mellitus, chronic kidney disease,
sepsis, and baseline AKI stage. Sensitivity analyses were conducted
excluding patients with missing baseline creatinine values and those
with hospital-acquired AKI, and results remained consistent across
these analyses. Given the before-and-after design, all analyses were
treated as exploratory, with associations rather than causal effects.
The study is reported in accordance with SQUIRE 2.0 guidelines
[10].

2.15. Ethics and Governance
This project was conducted as a quality improvement audit and was
approved by the departmental audit/governance body at MTI-Khyber
Teaching Hospital. Formal institutional review board approval was
waived as no patient-identifiable data were collected and no deviation
from standard care occurred.

3. Results
A total of 120 consecutive AKI episodes were included in the
baseline cycle and 118 in the re-audit cycle. Baseline characteristics
were broadly comparable across cycles; however, differences in the

Table 4: AKI phenotype and severity
Variable Baseline cycle

(n=120)
Re-audit cycle
(n=118)

p-value

Prerenal AKI, n (%) 57 (47.5) 54 (45.8) 0.92
Intrinsic AKI, n (%) 41 (34.2) 40 (33.9) 0.98
Postrenal AKI, n (%) 22 (18.3) 24 (20.3) 0.68
KDIGO stage 1, n (%) 46 (38.3) 49 (41.5) 0.24
KDIGO stage 2, n (%) 34 (28.3) 41 (34.7) 0.24
KDIGO stage 3, n (%) 40 (33.3) 28 (23.7) 0.09
Dialysis required during
admission, n (%)

14 (11.7) 8 (6.8) 0.19

AKI, acute kidney injury; KDIGO, Kidney Disease: Improving Global Outcomes.

distribution of AKI severity may reflect stage migration due to earlier
recognition rather than true baseline equivalence (Table 3).
The distribution of AKI etiology was broadly similar across both
cycles. The re-audit cycle included a lower proportion of patients
with KDIGO stage 3 AKI than the baseline cycle, although this
difference did not reach statistical significance (Table 4).
Baseline performance across the process indicators showed impor-
tant deficiencies. AKI was documented within 24 hours in 65.0% of
cases; repeat creatinine was arranged within 24 hours in 57.5%;
medication review was documented in 51.7%; fluid status was
documented in 48.3%; and urine output monitoring was adequately
charted in 45.0%. Nephrology referral occurred when indicated in
40.0% of eligible patients.
Following the introduction of the intervention bundle, improve-
ment was observed across all major documentation-based pro-
cess measures. Documented AKI recognition increased to 87.3%,
repeat creatinine review to 81.4%, medication review to 78.0%,
fluid assessment to 76.3%, urine output charting to 72.0%, and
urinalysis to 75.4%. Appropriate nephrology referral, assessed only
among patients eligible for referral, increased from 40.0% to 67.8%.
Documented withholding or adjustment of nephrotoxins was more
frequent when relevant. All of these changes were statistically
significant (Table 5). Nephrology referral was calculated only among
patients meeting predefined escalation criteria and not already under
active nephrology care at the time AKI was identified.
Clinical outcomes were also more favorable in the re-audit cycle.
Progression to KDIGO stage 3 AKI was lower in the re-audit than in
the baseline cycle, and the need for renal replacement therapy was
also reduced. However, the latter did not reach statistical significance.
Mean length of stay was shorter in the re-audit cycle, and creatinine
recovery by discharge was more frequent in the re-audit cycle. This
should be interpreted as an exploratory in-hospital biochemical
outcome rather than a definitive measure of renal recovery. Mortality
and 30-day readmission showed favorable trends but did not reach
statistical significance (Table 6).
The 3-month sustainability review showed some reduction from
the immediate post-intervention cycle, but the process indicators
remained above baseline levels.
(Table 7) shows whether the gain was held after the immediate
implementation period. A mild decline was observed, which is
common with workflow interventions, but the process remained
better than before the audit began.
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Figure 2: Weekly run chart for AKI recognition within 24 hours.

Table 5: Documentation-based AKI process indicators before and
after intervention

Process measure Baseline cycle
(n=120)

Re-audit cycle
(n=118)

Absolute
change

p-
value

AKI recog-
nized/documented
within 24h

78 (65.0%) 103 (87.3%) +22.3% <0.001

Repeat creatinine
within 24h

69 (57.5%) 96 (81.4%) +23.9% <0.001

Medication review
within 12h

62 (51.7%) 92 (78.0%) +26.3% <0.001

Fluid status
documented within
24h

58 (48.3%) 90 (76.3%) +28.0% <0.001

Urine output charted
adequately

54 (45.0%) 85 (72.0%) +27.0% <0.001

Urinalysis performed 66 (55.0%) 89 (75.4%) +20.4% <0.001
Nephrology referral
when indicated

48 (40.0%) 80 (67.8%) +27.8% <0.001

Nephrotoxins
withheld when
relevant

44/70 (62.9%) 62/68 (91.2%) +28.3% <0.001

AKI, acute kidney injury.

Effect estimates for key documentation-based process measures
showed consistent improvement following implementation of the
intervention bundle. AKI recognition within 24 hours increased by
22.3% with a 95% confidence interval of 12.6% to 32.0%. Repeat
creatinine monitoring improved by 23.9% (95% CI 13.8% to 33.9%).
Medication review improved by 26.3% (95% CI 15.9% to 36.7%),
while fluid status documentation improved by 28.0% (95% CI
17.5% to 38.5%). Urine output monitoring improved by 27.0%

Table 6: Clinical outcomes
Outcome Baseline cycle

(n=120)
Re-audit cycle
(n=118)

p-value

Progression to KDIGO
stage 3 AKI, n (%)

40 (33.3%) 28 (23.7%) 0.09

Need for renal
replacement therapy, n (%)

14 (11.7%) 8 (6.8%) 0.19

Mean length of stay, days
± SD

7.9 ± 3.4 6.6 ± 3.0 0.002

Creatinine recovery by
discharge, n (%)

73 (60.8%) 90 (76.3%) 0.010

In-hospital mortality, n
(%)

10 (8.3%) 6 (5.1%) 0.34

30-day readmission with
AKI, n (%)

18 (15.0%) 11 (9.3%) 0.17

AKI, acute kidney injury; KDIGO, Kidney Disease: Improving Global Outcomes; SD,
standard deviation.

(95% CI 16.3% to 37.7%), urinalysis by 20.4% (95% CI 9.9% to
30.9%), nephrology referral by 27.8% (95% CI 16.6% to 39.0%), and
nephrotoxin withholding by 28.3% (95% CI 16.8% to 39.8%).
In multivariable logistic regression adjusting for age, sex, diabetes
mellitus, chronic kidney disease, sepsis, and baseline AKI stage,
AKI recognition within 24 hours remained significantly higher in
the post-intervention cycle with an adjusted odds ratio of 3.12 (95%
confidence interval 1.78 to 5.49). Sensitivity analyses excluding
patients with missing baseline creatinine and those with hospital-
acquired AKI demonstrated consistent findings across all major
process measures.
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Figure 3: Weekly run chart for AKI bundle compliance over time.

Table 7: Sustainability of improvement at 3 months
Measure Post-intervention

re-audit
3-month
spot-check
(n=60)

AKI recognition within 24h 87.3% 83.3%
Medication review within 12h 78.0% 75.0%
Fluid assessment within 24h 76.3% 70.0%
Nephrology referral when
indicated

67.8% 63.3%

AKI, acute kidney injury.

4. Discussion
This quality improvement audit describes changes in AKI recognition
and bundle-based care processes following implementation of a
structured, low-cost intervention in a resource-limited tertiary care
hospital. Across two audit cycles, we observed substantial im-
provements in documentation of key AKI care processes, including
early recognition, medication review, fluid assessment, urine output
monitoring, and nephrology referral when indicated.
These changes were most pronounced in workflow-dependent docu-
mentation measures, suggesting that structured prompts, education,
and feedback may improve recording and consistency of guideline-
recommended AKI care processes. Given that AKI care often relies
on timely identification and coordinated action across multiple steps,
even modest improvements in system reliability may be clinically
meaningful in resource-constrained environments.
Improvements in process measures were accompanied by more
favorable trends in selected clinical outcomes, including reduced
progression to severe AKI, shorter length of stay, and higher rates
of creatinine recovery at discharge. An apparent improvement in
creatinine recovery at discharge was observed; however, this finding

should be interpreted cautiously as an exploratory biochemical
outcome measured at discharge and not as a standardized long-term
renal recovery endpoint. The before-and-after design does not allow
attribution of outcome differences to the intervention, and observed
changes may also reflect differences in case mix, AKI severity
distribution, temporal practice changes, or unmeasured confounders
between study periods.
Notably, mortality and 30-day readmission did not demonstrate
statistically significant changes. This is not unexpected, as these
outcomes are influenced by a broader range of patient and system-
level factors beyond the immediate management of AKI, and the
study was not powered to detect differences in these endpoints.
The sustainability assessment suggested partial maintenance of
improved process performance at three months, although some
decline from the immediate post-intervention period was observed.
This pattern is consistent with prior quality improvement literature
[11–13], where initial gains often attenuate without ongoing rein-
forcement. The findings therefore suggest that continued feedback
mechanisms and periodic reinforcement may be necessary to main-
tain improvements over time, rather than a one-time intervention
effect.
The observed lower proportion of KDIGO stage 3 AKI in the re-audit
cycle may also have influenced downstream outcomes, including
need for renal replacement therapy and length of stay. Importantly,
this difference likely reflects a combination of true case variation
and potential stage migration due to earlier recognition, rather than
a stable baseline equivalence between cycles. Accordingly, stage
distribution should be interpreted as a dynamic marker influenced
by detection practices rather than a fixed cohort characteristic. The
apparent downstream differences in clinical outcomes may therefore
reflect earlier recognition, stage migration, or differences in AKI
severity at presentation rather than a direct effect of the interven-
tion. Accordingly, these outcome findings should be considered
exploratory and hypothesis-generating rather than confirmatory.
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From a broader systems perspective, these findings support the
potential value of simple, low-cost interventions such as checklists,
structured escalation pathways, and routine feedback in improving
the reliability of AKI care processes. Similar interventions have
shown variable effectiveness across settings, but their success often
depends on local implementation fidelity, staff engagement, and
integration into existing workflows rather than on the intervention’s
complexity [14].

5. Limitations
This study has several important limitations. First, its single-center,
nonrandomized before-and-after design limits internal validity and
precludes causal inference. Second, improvements in documentation-
based process measures may not fully reflect bedside clinical actions,
and some observed changes may represent improved recording rather
than actual changes in care delivery. Third, differences in AKI
severity distribution between cycles may have influenced clinical
outcomes. Fourth, the sustainability analysis was short-term and
exploratory, limiting conclusions regarding long-term durability of
effect. Finally, discharge-based renal recovery may be influenced by
variations in length of stay and should be interpreted as in-hospital
biochemical recovery rather than standardized longitudinal renal
function recovery.

6. Conclusion
In this quality improvement audit, implementation of a structured
AKI care bundle was associated with improved documentation
and adherence to recommended AKI care processes in a resource-
limited hospital setting. Improvements in selected clinical outcomes
were observed but cannot be attributed causally to the intervention,
given the study design. The findings highlight the potential role of
simple system-level interventions in strengthening AKI care delivery,
while underscoring the need for more robust prospective and multi-
center evaluations to confirm effectiveness and assess long-term
sustainability.
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