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Abstract

Background: Acute kidney injury (AKI) is a major driver of hospital-based morbidity and
mortality, with the burden disproportionately higher in low- and middle-income countries. In
Palestine, delayed recognition, nephrology workforce shortages, and the absence of national
AKI protocols contribute to fragmented care and poor outcomes. These system-level gaps
demand scalable, context-sensitive strategies that integrate early detection and improved care
pathways.

Aim: This study evaluated the effectiveness and feasibility of an integrated AKI detection
and management model in Southern West Bank hospitals, assessing its clinical impact and
implementation context.

Methods: A mixed-methods design was used. The qualitative phase involved interviews with
all 13 board-certified nephrologists in the West Bank to explore readiness and perceived
barriers. The quantitative phase consisted of a prospective quasi-experimental cohort study
design in two hospitals: an intervention hospital and a control hospital. A total of 469
inpatients with AKI were enrolled. The intervention combined electronic alerts, risk triage,
and biomarker testing (including neutrophil gelatinase-associated lipocalin, NGAL).

Results: The intervention group showed significantly improved acute kidney injury
recognition (68.4% vs. 37.8%, p < 0.001), with higher detection of stage 1 cases and earlier
nephrology consultations. Kidney recovery was higher (33% vs. 20.5%, p = 0.001) and
dialysis need was reduced (7.9% vs. 16.5%, p = 0.005). NGAL emerged as a key biomarker,
with moderate diagnostic accuracy (cutoff = 90.2 ng/mL, AUC = 0.736, sensitivity =56.7%,
and specificity = 80.3%, p = 0.001), and NGAL levels above 300 ng/mL were linked to poor
outcomes. In addition, neutrophil gelatinase-associated lipocalin level and 3 injuries were
significantly associated in the univariate analysis. Also, risk triage scores were significantly
associated with AKI severity, aiding in early stratification and targeted intervention.
Multivariable analysis identified circulatory shock, sepsis, and >3 AKI episodes within three
months as independent predictors of mortality. Discontinuation of angiotensin receptor
blockers significantly improved short-term recovery (hazard ratio = 2.12, p = 0.031), while
diabetes was associated with delayed recovery (hazard ratio = 0.69, p = 0.045). Process
indicators showed significantly better documentation, medication safety, fluid adjustment,
and follow-up testing in the intervention group. In the qualitative study, the interviews
revealed strong support for the model, citing ministry-level backing, trends in preventive
care, and digital innovation as key enablers. Barriers included governance fragmentation,
workforce shortages, and the absence of national renal registries. Participants emphasized the
importance of policy reform, specialist training, and public awareness to sustain
improvements in kidney care.

Conclusion: The integration of risk triage, early biomarkers, and electronic alert care
pathways significantly improved acute kidney injury outcomes and care processes.
Combining technological innovation with clinical and policy engagement offers a scalable
strategy for advancing kidney care in resource-constrained settings.

Keywords: Acute kidney injury, biomarkers, NGAL, digital alert system, electronic alert.
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Chapter One

Introduction
1.1 Background

Acute Kidney Injury (AKI) manifests as a rapid decline in renal function, compromising the
kidneys’ capacity to filter metabolic waste, regulate fluid balance, maintain electrolyte
homeostasis, and stabilize acid-base equilibrium (Kellum et al., 2021). Beyond being a
singular disease, AKI exists along a complex kidney dysfunction with diverse etiologies that
often co-occur in individual patients, thereby complicating diagnosis and management
strategies. Recent data confirm that AKI remains a major contributor to morbidity and
mortality worldwide (Ostermann et al., 2025).

Globally, an estimated 13 million individuals develop AKI each year, with approximately
85% of cases occurring in low- and middle-income countries (Sengthavisouk et al., 2020).
The majority of the 1.7 million annual deaths from AKI are also concentrated in these
regions, underscoring remarkable inequities in outcomes (Francis et al., 2024; Gameiro et al.,
2025). In high-income settings, AKI is often hospital-acquired, commonly linked with sepsis,
major surgery, or drug toxicity, whereas in LMICs, community-acquired causes such as
infection, dehydration, toxins, and obstetric complications predominate (Gameiro et al.,
2025).

Mortality rates remain unacceptably high across age groups. A meta-analysis of pediatric
AKI reported a pooled in-hospital mortality of 18.3% (Zarei et al., 2025). In adult ICU
populations, mortality is even more pronounced: in one prospective study, 43.2% of patients
with AKI died during hospitalization, compared to 14.4% without AKI, with excess mortality
persisting at six months (Havaldar et al., 2024). Moreover, AKI is now recognized not only
as an acute event but also as a gateway to chronic morbidity, accelerating progression to
chronic kidney disease (CKD), increasing cardiovascular risk, and substantially amplifying
long-term healthcare costs (Batte et al., 2023; Francis et al., 2024)

Taken together, these epidemiological and clinical realities underscore that AKI is not merely
a hospital-based complication but a pressing public health challenge with far-reaching
implications for equity, health system sustainability, and population well-being. Late



recognition and fragmented care pathways illustrate a critical gap between biomedical
advances and their routine implementation, particularly in health systems with characteristics
of low- and middle-income countries (LMICs). Yet, promising innovations as clinical risk
scores, tubular injury biomarkers such as Neutrophil gelatinase-associated lipocalin (NGAL),
and electronic health alerts emerging as system-strengthening tools. These interventions,
though relatively low-cost, have the potential to improve efficiency, guide rational resource
allocation, and reduce preventable morbidity and mortality.

In Palestine, this challenge carries unique urgency. While the healthcare system is relatively
well-structured and laboratory infrastructure is available, the limited number of nephrologists
constrains the capacity to meet rising demand. Hospitals are often overcrowded, and the
escalating burden of dialysis-dependent patients highlights the unsustainable economic strain.
Implementing integrated AKI management models that combine risk stratification,
biomarker-based diagnostics, and e-alert platforms offers an opportunity to improve patient
outcomes, slow progression to end-stage renal disease, and optimize scarce resources. Mixed-
methods research is essential for this endeavor, enabling not only the measurement of clinical
effectiveness but also the exploration of contextual and system-level determinants and
ensuring that innovative, cost-efficient strategies are both feasible and sustainable within the
Palestinian healthcare landscape.

1.2 Justification of the Study

AKI represents a major clinical and economic challenge worldwide, consuming nearly 1% of
the NHS budget in England and contributing to $5.4-24 billion in hospitalization costs in the
United States, with dialysis-dependent cases bearing the greatest financial burden (Silver &
Chertow, 2017). These pressures are even more profound LMICs, where late detection,
limited specialist capacity, and fragmented care pathways accelerate progression to end-stage
kidney disease (ESKD). In Palestine, the situation is striking over 3,500 patients are currently
dependent on renal replacement therapy, with dialysis cases increasing by more than 100% in
the past decade (Palestinian Ministry of Health, 2023). The absence of a national renal
registry, coupled with annual dialysis costs exceeding $16,000 per patient (Younis et al.,
2015), underscores both the human and financial unsustainability of the current practices.

By generating evidence on both outcomes and processes, this research has the potential to
inform cost-effective resource allocation, reduce the economic burden of kidney disease, and
strengthen Palestine’s alignment with global calls from WHO (2025) and Kidney Disease:
Improving Global Outcomes (KDIGO) for innovation in kidney health. To date, most studies
on AKI biomarkers, electronic alerts, or risk triage have been conducted in high-income
countries, typically as stand-alone interventions with inconsistent effects on outcomes (Xu et
al., 2022; Jawabreh, 2025). To the best of current knowledge, studies have not yet integrated
these three pillars into an integrated framework or employed a mixed-methods design to
capture both clinical effectiveness and contextual feasibility. This study is therefore the first
of its kind in an LMIC setting to test such a hybrid model, offering methodological originality
and direct health system relevance for Palestine and other resource-limited contexts.



1.3 Problem Statement

Although international guidelines for AKI management emphasize minimizing nephrotoxic
exposure, evidence shows that AKI is often asymptomatic and frequently remains undetected,
and essential diagnostic and therapeutic measures are inconsistently applied (Wilson et al.,
2023). In Palestine, these challenges are compounded by a shortage of nephrology specialists
and the absence of a national renal registry, leading to under-detection, delayed management,
and fragmented care. Equally important, there are no standardized protocols to guide the
follow-up of patients considered at risk, whether they present in primary healthcare centers or
are hospitalized, resulting in missed opportunities for early intervention and continuity of
care. These systemic gaps contribute to preventable progression to chronic kidney disease
(CKD) and end-stage kidney disease (ESKD), further straining an already resource-limited
health system (Bello AK et al., 2023).

Globally, AKI affects 15-20% of hospitalized patients (Ostermann et al., 2025), yet fewer
than 10% of survivors receive nephrology follow-up within 90 days of discharge, despite
evidence of long-term risks (Neyra & Silver, 2021). Universal specialist follow-up is not
feasible, underscoring the need for scalable solutions. Innovations such as predictive
laboratory tests, risk triage, and electronic alerts offer promise, but their clinical effectiveness
and implementation feasibility in Palestine remain unexplored. This study addresses two
critical gaps: (1) the lack of local evidence on AKI incidence, management, and outcomes,
and (2) the absence of validated, context-sensitive models for integrated AKI care. Using a
mixed-methods design, the study will assess both the clinical impact of an integrated model
and the system-level factors shaping its implementation.

1.4 Study Aim and Objectives

To evaluate the feasibility and effectiveness of an integrated acute kidney injury (AKI)
detection and management approach in Southern West Bank governmental hospitals, and to
explore contextual and system-level factors influencing its implementation.

Quantitative Objective

To evaluate the effectiveness of a multifaceted AKI detection and management approach on
clinical outcomes and care-process indicators.

Quialitative Objective

To explore nephrologists’ perspectives on the feasibility, acceptability, and sustainability of
implementing an integrated AKI management approach across hospitals in the West Bank.



Hypotheses

H1: Patients managed using the integrated AKI approach will have improved clinical
outcomes compared with usual care.

H2: The integrated approach will be associated with improved care-process indicators
(timeliness of nephrology review, medication optimization, fluid monitoring).

Specific Objectives.
The specific objectives of the study are:

1.

Assess how accurately clinical risk triage stratifies patients by likelihood of AKI and need
for timely intervention.

. Assess the diagnostic and prognostic performance of AKI biomarkers, including NGAL,

serum creatinine, urine protein, and protein-to-creatinine ratio (PCR), individually and in
combination, for early detection and staging.

. Evaluate the effect of the integrated model on primary outcomes (AKI progression,

initiation of dialysis, in-hospital mortality) and secondary outcomes (renal recovery, AKI
duration, length of stay, healthcare utilization).

Evaluate changes in key care-process indicators (e.g., timeliness of nephrology review,
medication optimization, fluid/monitoring practices).

. Explore nephrologists’ views on feasibility and acceptability, identify major facilitators

and barriers, and elicit their recommendations for adoption and sustainability.

. Generate actionable evidence that informs Palestinian health authorities on optimizing

AKI care pathways, while providing a transferable framework for strengthening kidney
care in other countries.

1.5 Research Questions

Q1. How accurately does risk triage stratify AKI risk and trigger timely intervention?

Q2. What is the diagnostic and prognostic performance of NGAL, serum creatinine, urine
protein, and protein-to-creatinine ratio for early AKI detection and staging?

Q3. Does the integrated model improve patient outcomes (primary and secondary) compared
with usual care?

Q4. To what extent does the model change provider response indicators (nephrology review,
medication/fluids, monitoring)?

Q5. What facilitators, barriers, and recommendations do nephrologists report regarding
feasibility, acceptability, and sustainability?

Q6. How can the findings from this integrated AKI management study be translated into
actionable recommendations for Palestinian health stakeholders, and to what extent are these
strategies transferable to other similar contexts?



1.6 Significance of the Study

This study makes contributions at three levels:

Empirical: It will generate the first comprehensive data on AKI incidence, outcomes, and
care gaps in Palestinian governmental hospitals, filling the evidence void created by the
absence of a renal registry.

Policy: By testing a hybrid model of risk triage, biomarkers, and e-alerts, the findings will
provide actionable guidance for cost-effective, scalable interventions. These insights will
support Palestinian policy decision makers in strengthening kidney care, optimizing
resource allocation, and aligning with the World Health Organization’s (WHO, 2025)
resolution on kidney health.

Global knowledge: By documenting how integrated AKI care can be adapted in resource
limited contexts, the study contributes to international dialogues on AKI management. It
offers transferable lessons for LMICs and proposes a scalable model that could be adapted
to other noncommunicable diseases (NCDs), reinforcing health system resilience beyond
nephrology.

Together, these contributions will inform national kidney care strategies in Palestine, shape
evidence-based policies and provide a transferable framework that can be used in comparable
international settings.



Chapter Two

A. Literature Review

This chapter reviews the literature on Acute Kidney Injury (AKI) management, including risk
triage protocols, novel biomarkers, and electronic health alerts. This search utilizes several
esteemed databases, including EBSCOhost, Medline-PubMed, and the Cochrane Library, to
ensure a comprehensive collection of relevant studies. This chapter is methodically divided
into two main sections: the first section presents a focused literature review, synthesizing the
findings pertinent to the themes above; the second section delineates the conceptual
framework, which underpins the study and posits the interplay between these critical
components in the enhancement of AKI management.

Part One: Quantitative literature review

2.1 Definition of acute kidney injury (AKI)

Acute Kidney Injury (AKI) is defined by the Kidney Disease: Improving Global Outcomes
(KDIGO, 2012) guidelines as a rapid deterioration in kidney function occurring within seven
days. It is identified by one or more of the following criteria:

o An increase in serum creatinine (SCr) by >0.3 mg/dL within 48 hours

o Anincrease in SCr to >1.5 times the baseline within seven days

o A reduction in urine output to <0.5 mL/kg/h for six hours or more
(KDIGO, 2012; Lameire et al., 2021).

Unlike chronic kidney disease (CKD), which requires a duration of over three months, AKI is
temporally defined within a shorter window and does not require structural abnormalities for
diagnosis.

As illustrated in Figures 1 and 2, the KDIGO consensus document delineates functional and
structural criteria that distinguish AKI, acute kidney disease (AKD), CKD, and normal
kidney function (NKD, No kidney diseases). Notably, AKI is a phase within the broader
AKD spectrum, encompassing kidney abnormalities lasting up to three months (Lameire et
al., 2021). This classification highlights that AKI is not a standalone disease but part of a



continuum of kidney disorders, with potential outcomes including progression to CKD,
incident CKD, or recovery with reduced renal reserve.

Increase in SCr by 0.3 mg/dl
(26.5 ymol/l) within 2 days
or

Qliguria for =6 hours

Or

Decrease in GFR by 235%
Or

Increase in SCr by >50%

AKI AKD CKD NKD

Duration Within 7 days <3 months =3 months

Functional criteria | Increase in SCr by 50% AKI GFR < 80 mVmin/1.73 m* | GFR > 80 ml/min/1.73 m?
within 7 days Or
Or GFR < 60 ml/min/1.73 m?

And/or

And/or

And/or

And

Structural criteria

Not defined

Marker of kidney damage
(albuminuria, hematuria, or
pyuria are most common)

Marker of kidney damage
(albuminuria is most
common)

No kidney damage

Figure 2.1 Functional and structural criteria for kidney diseases and disorders. AKD, acute kidney disease;
AKI, acute kidney injury; CKD, chronic kidney disease; GFR, glomerular filtration rate; NKD, no kidney
disease; SCr, serum creatinine. Source:(Lameire et al., 2021).

Baseline

AKD

Figure (2.2) Acute kidney disease (AKD), acute kidney injury (AKI), and kidney disease outcomes. CKD,
chronic kidney disease; GFR, glomerular filtration rate; NKD, no kidney disease. Source: (Lameire et al.,
2021)
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Figure 2.3 Timelines of the most important contributions on the evaluations of the definitions and
classifications of AKI.



2.2 Classification Systems of AKI

Historically, as shown in Figure 2.3, the diagnosis of AKI was hindered by the absence of a
standardized definition, leading to variability in reported incidence, severity, and outcomes.
This prompted several international efforts to develop unified classification criteria that could
stratify AKI severity based on serum creatinine (SCr) changes and urine output.

RIFLE Criteria (2004)
The RIFLE classification introduced by the Acute Dialysis Quality Initiative (ADQI) in 2004
was the first consensus-based system to define AKI. It stratified Kidney injury into three
severity stages:
e Risk
Injury
Failure
...and two outcome stages:
Loss of function (persistent renal failure >4 weeks)
e End-stage renal disease (ESRD) (>3 months)
Each level was based on either changes in SCr or urine output, using the worst of either
measure (Srisawat et al., 2010).

AKIN Criteria (2007)
In 2007, the Acute Kidney Injury Network (AKIN) modified the RIFLE criteria by:
¢ Introducing an absolute increase in SCr of >0.3 mg/dL (26.5 umol/L) as an early
diagnostic trigger.
e Eliminating the outcome categories (Loss and ESRD).
e Requiring changes to occur within 48 hours.
These refinements aimed to improve early detection and reduce underdiagnosis in milder
cases (Mehta et al., 2007).

KDIGO Classification (2012 — Present)
To unify RIFLE and AKIN systems, KDIGO (2012) proposed a three-stage AKI
classification that:
e Maintained the >0.3 mg/dL rise in Serum creatinine.
o Expanded the diagnostic window to seven days
o Standardized urine output thresholds
Today, KDIGO is the globally endorsed framework for AKI classification, used in both
clinical care and research (KDIGO, 2012). However, reliance on SCr and urine output
remains problematic, as they are delayed indicators of injury (Docherty et al., 2024).
To address this, experts advocate integrating novel biomarkers and electronic health alerts
to improve early detection and patient outcomes (Hasson et al., 2022).



Table (2.1): Comparison of RIFLE, AKIN, and KDIGO Classification Criteria for AKI.
Adapted from KDIGO Clinical Practice Guideline for Acute Kidney Injury, 2012

AKI stage Increase in serum creatinine concentration Urinary output criteria
RIFLE
Risk >1.5- to 2-fold increase, or decrease in GFR >25%  <0.5 ml/kg/h for >6h to <12 hours
Injury >2.0- to 3.0-fold increase, or decrease in GFR <0.5 ml/kg/h for >12h
>50%
Failure >3.0-fold, or 44 pmol/] absolute increase if <0.3 ml/kg/h for >24h or anuria for
baseline SCr =354 pmol/l or decrease in GFR =12h
>75%
Loss of Kidney Complete loss of renal function for >4 weeks
Function

End-stage Renal
Disease

End-stage renal disease >3 months

AKIN

Stage 1 >1.5- to 2-fold increase, or >26.4 umol/l absolute <0.5 ml/kg/h for >6h to 12 hours
increase within 48 h

Stage 2 >2.0- to 3.0-fold increase <0.5 ml/kg/h for >12h

Stage 3 >3.0-fold increase, or >44 pmol/l absolute if <0.3 ml/kg/h for >24h or anuria for
baseline >354 pmol/l =12h

KDIGO

Stage 1 >1.5- to 1.9-fold increase within 7 days, or >26.5 <0.5ml/kg/hfor6to 12 h
pwmol/l within 48 hours

Stage 2 >2.0- to 2.9-fold increase within 7 days <0.5 ml/kg/h for =12 hours

Stage 3 >3.0-fold increase, or >354 pmol/l increase within ~ <0.3 ml/kg/h for >24h or anuria for

7 days, or initiation of renal replacement therapy, >12h
or a decrease of GFR to <35 ml/min/1.73m” in
patients <18 years of age
AKI = acute kidney injury, AKIN = Acute Kidney Injury Network, KDIGO = Kidney Disease: Improving

Global Outcomes, RIFLE = Risk, Injury, Failure, Loss of kidney function, and End-stage renal disease.

2.3 AKD and the transition from AKI to CKD

According to the KDIGO framework, AKI refers to a sudden decline in kidney function over
<7 days, while AKD spans up to 90 days and includes both AKI and persistent kidney injury
that does not meet criteria for CKD. AKD can also occur independently of AKI. Both AKI
and AKD are associated with increased risk of mortality, renal replacement therapy (RRT),
and progression to CKD (Ostermann et al., 2025). As shown in Figure 2.4, AKI, AKD, and
CKD form an interrelated continuum, with shared clinical features and overlapping
outcomes. Including both S.cr and urine output improves detection sensitivity and prognostic
accuracy. Recovery patterns vary: some patients regain baseline function, while others
progress to CKD or ESKD or experience systemic complications. Even patients who appear
to recover may retain subclinical renal damage.
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Figure (2.4): 4A: AKI within the continuum of acute kidney disease and chronic kidney diseases

4B: GFR Trajectories Across the AKI-AKD-CKD Continuum
Six clinical pathways based on timing, severity, and reversibility of AKI.

Trajectory A: Mild, transient AKI with full recovery
Trajectory B: Transient AKI with recurrence and recovery

Trajectory C: Severe AKI with delayed recovery

2.4 Recovery Patterns and Clinical Trajectories

Full recovery

Patients with mild or transient AKI often return to baseline kidney function within 90 days,
with minimal long-term effects.

Reduced renal functional reserve (RFR)

Some patients, despite normalization of Scr., experience reduced renal reserve. This
subclinical impairment increases the risk of future injury, fluid imbalance, and drug toxicity.
Progression to CKD

Persistent dysfunction beyond 90 days indicates CKD. Risk factors include severe/recurrent
AKI, diabetes, hypertension, or pre-existing CKD.

Transition to end-stage kidney disease (ESKD)

In cases of maladaptive repair, AKD progresses to irreversible kidney failure requiring
dialysis or transplant.

Death and systemic complications

AKI/AKD patients, especially in the ICU, may die due to multiorgan failure, sepsis, or
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cardiovascular complications. Non-renal outcomes (stroke, infection, Gl bleeding) also
increase mortality.

2.5 Epidemiology of AKI

AKI is a global health concern, with an estimated 13 million cases annually, leading to 1.7
million deaths, primarily in low- and middle-income countries (LMICs) (Francis et al., 2024;
Gameiro et al., 2025). Hospital-based studies report a 22% incidence in adults and 34% in
children, with rates exceeding 50% in intensive care units (ICUs) (Ostermann et al., 2025).

[ AKlincidence [ HA-AKI [ CA-AKI

100 ] ] ] ] I ] ] ] ]
90
80
70
60

50

Incidence (%)

40 |
304
20 — -
8l 1] [
0 T T T T T T T T

Africa Easternand Latin Middle Northand  North Oceania South Western

central America East east Asia  America and Asia Europe
Europe  andthe southeast
Caribbean Asia
AKlincidence (%) HA-AKI (%) CA-AKI (%)

Africa 235 15 85
Eastern and central Europe 238 19 81
Latin America and the Caribbean 310 45 55
Middle East 9:0 33 67
North and east Asia 19-4 63 37
North America 223 64 36
Oceania and southeast Asia 31 32 68
South Asia 75 18 82
Western Europe 208 39 61

Figure (2.5). Global AKI Incidence by Region AKI burden by geographic region, showing
higher incidence and mortality in LMICs Source: Ostermann et al., 2025.

Regional patterns: High-Income Countries vs. LMICs
In high-income countries (HICs), AKI is typically hospital-acquired, caused by:
= Sepsis (40-50%)
= Major surgery (20-30%)
= Nephrotoxic drugs (e.g., NSAIDs)
In contrast, LMICs face a predominantly community-acquired AKI burden (80% +), often
due to:
= Dehydration
= Diarrheal illness
= Infections (e.g., malaria, leptospirosis)
= Snakebites, herbal remedies, obstetric complications

11



Access to dialysis is severely limited in LMICs <10% of patients receive renal replacement
therapy, leading to 2-3x higher mortality rates (Francis et al., 2024).

2.5.1 AKI in Arab countries and Palestine

In the Arab region, studies have revealed a concerning pattern of high AKI incidence and
mortality, particularly among critically ill and elderly populations. In Egypt, Shemiesa et al.,
(2022) examined elderly patients with community-acquired AKI and reported that 40% were
aged above 65 years. Diabetes and chronic kidney disease were the most common
comorbidities, while dehydration and sepsis were identified as major causes. The study
reported a mortality rate of 16%, emphasizing the vulnerability of older adults to AKI.
Similarly, an intensive care study from Saudi Arabia by Albeladi & Algethamy, (2017) found
that approximately 28% of ICU patients developed AKI, with more than half requiring
dialysis. Mortality exceeded 50%, and the absence of renal recovery increased the risk of
death to over 80%. Notably, urinary NGAL was highlighted as an effective biomarker for
early AKI detection in this cohort.

In Palestine, recent hospital-based studies have provided valuable insight into AKI
epidemiology. Damin Abukhalil et al., (2024) reported an AKI incidence of 6.2% among
hospitalized patients, with pre-renal causes such as dehydration and sepsis accounting for
nearly two-thirds of cases. Chronic kidney disease, diabetes, and the use of nephrotoxic drugs
were identified as key predictors, while in-hospital mortality reached 18.2%. Only 48.6% of
patients achieved full recovery by discharge. Another study by Nazzal et al., (2022) on
oncology patients revealed a 6.9% incidence of AKI and a sevenfold increase in mortality
risk, with nearly half of affected patients dying during hospitalization. Collectively, these
findings demonstrate that AKI in Palestine arises from both community and hospital factors
and remains associated with poor recovery and high mortality rates. These data highlight that
AKI in Palestine is driven by both community and hospital factors, with high mortality and
low recovery rates.

2.5.2 Disease-Specific contexts

AKI frequently complicates a range of underlying diseases, amplifying their morbidity and
mortality. In patients with liver cirrhosis, AKI has been shown to increase ICU mortality to as
high as 76% (Lekakis et al., 2025), reflecting the synergistic burden of multi-organ
dysfunction. Similarly, among critically ill patients with COVID-19, AKI incidence ranges
between 50% and 85%, with up to 15% requiring dialysis (Rubin et al., 2024; Schaubroeck et
al., 2022). In a large multicenter cohort of over 87,000 hospitalized adults (Esposito et al.,
2025), reported an AKI incidence of 20.6%, with mortality rates more than doubling among
affected patients (27.8% vs. 11.4%) compared to those without AKI. The study also noted
prolonged hospital stays and persistent renal dysfunction in survivors.

In pediatric and critical care populations, the clinical impact of AKI is similarly profound
Zarei et al. (2025) observed that more than 30% of children who developed AKI in intensive
care settings died during hospitalization. Across these diverse disease contexts, AKI acts as
an independent predictor of poor outcomes, underscoring the urgent need for early detection
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strategies, biomarker integration, and improved management pathways in both adult and
pediatric populations.

2.6 Economic burden of AKI

Beyond its clinical consequences, AKI imposes a substantial economic burden on healthcare
systems worldwide. It is strongly associated with prolonged hospital stays, increased 1CU
admissions, greater use of dialysis (RRT), and higher readmission rates (Silver & Chertow,
2017; Monard et al., 2023). These factors contribute to markedly higher healthcare costs.

In the United States, AKI adds an estimated $5.4-24 billion annually to healthcare
expenditure. In England, AKI-related hospitalizations account for nearly 1% of the entire
NHS budget (Silver & Chertow, 2017)

Per-hospitalization costs are significantly higher in AKI patients requiring dialysis, an
additional $11,000-42,000, compared with non-AKI cases. Similarly, European studies
report that AKI admissions incur median costs of €4,719 vs. €735 for non-AKI cases, with
length of stay extended by up to nine days (Monard et al., 2023).

The burden is even more pronounced in LMICs, where out-of-pocket payments predominate
due to limited insurance coverage. Dialysis is often unavailable or unaffordable, leading not
only to poor outcomes but also to catastrophic household expenses.

Cost-effectiveness analyses indicate that early AKI detection and bundled interventions can
reduce long-term costs by preventing CKD progression and decreasing dialysis initiation. For
example, one intervention study reduced average per-admission costs from £5,065 to £4,333,
saving £732 per patient (Gameiro et al., 2025).

Taken together, these findings emphasize that AKI is not only a clinical crisis but also a
major global economic challenge. For LMICs such as Palestine, the dual impact of poor
outcomes and high out-of-pocket expenses underscores the urgent need for cost-effective
strategies such as early detection, standardized management, and structured post-AKI follow-

up.
2.7 Recent advances in AKI
2.7.1 World Health Assembly 2025 Resolution on Kidney Health

In March 2025, the WHO officially recognized kidney disease, including AKI, as a major
global health priority. The declaration emphasized that millions of deaths from AKI remain
preventable through earlier recognition, improved access to diagnostics, and affordable renal
replacement therapy. It called for integrating kidney health into universal health coverage,
expanding nephrology workforce capacity, and scaling up innovations such as risk triage,
biomarker-based diagnostics, and electronic health alerts. These global recommendations
resonate strongly with this study’s objectives in the Palestinian context, where systemic
constraints limit early AKI detection and management.
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2.7.2 Lancet Seminar on AKI

The most recent Lancet seminar (Ostermann et al., 2025) highlighted emerging innovations
that are reshaping AKI care. These include:
= Novel biomarkers (e.g., NGAL, TIMP-2:1GFBP7, cystatin C, dickkopf-3) enable
earlier and more precise detection of subclinical AKI. Notably, NGAL received FDA
approval in 2023 for pediatric AKI prediction.
= Digital health tools, such as electronic alerts, clinical decision support systems
(CDSS), and even wearables, which enhance detection and monitoring though with
mixed outcome benefits.
= Structured follow-up pathways, with evidence that up to 37% of patients develop
major adverse kidney events within a year, and up to 94% in ICU survivors by three
years, highlighting the urgent need for post-AKI clinics and multidisciplinary care
(Ostermann et al., 2025).

2.8 Drivers of AKI in Developing Regions

The causes of AKI in LMICs are strongly shaped by environmental, infectious, and
healthcare system factors. In contrast to high-income countries, where AKI is largely
hospital-acquired (e.g., sepsis, surgery, nephrotoxins), in LMICs, most cases are community-
acquired and often preventable (Patidar et al., 2025).

As shown in Table 2, the drivers of AKI in developing countries are context-specific.
Community-acquired AKI is often linked to infections, dehydration, obstetric causes, herbal
remedies, trauma, and environmental toxins, whereas hospital-acquired AKI is mainly due to
surgery, hemorrhage, sepsis, and nephrotoxic drug exposure (Ponce & Balbi, 2016; Patidar et
al., 2025).

These patterns underscore that AKI in LMICs is not only a medical condition but also a
reflection of health system capacity. Limited diagnostics, late hospital presentation, and
restricted ICU access amplify the risks of poor outcomes. Understanding these drivers is
essential for developing context-appropriate triage and prevention strategies, which is a
central aim of this thesis.

Table (2.2): Causes of AKI in Developing Countries Adapted from Ponce & Balbi (2016);
Patidar et al. (2025)

Community-acquired AKI Hospital-acquired AKI
Tropical infections (e.g., malaria, leptospirosis, dengue) Major surgeries

Other infections (gastroenteritis, pneumonia, skin) Hemorrhage

Acute glomerular diseases Infections

Obstetric causes Septic shock
Underlying chronic diseases (kidney disease, cardiac disease, Drug toxicity

diabetes, etc.)

Herbal remedies Underlying chronic diseases
Trauma (traffic injuries, natural disasters)

Nephrotoxins

Environmental causes (e.g., snakebites)
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2.9 Management of patients with AKI

The International Society of Nephrology (ISN) recommends a structured approach to AKI
management, emphasizing early recognition, prevention of harm, and renal support as shown
in Figure 2.6. A widely adopted model is the STOP AKI protocol, which highlights four
priorities:

= Sepsis: Identify and treat infection promptly

= Toxins: Avoid nephrotoxic drugs

= Optimize: Blood pressure and volume status, ensure adequate perfusion

= Prevent harm: Review medications, fluids, and complications.

| RISK FACTOR POINTS
PATIENT CHARACTERISTICS :,:‘;’:c:";‘:’,‘;z:’:”“ i’
Pre-existing or past kidney Swelling over feet or body Infection with fever 1
disease Decreased urine output Hypotension or shock 2
Diabetes Mellitus Blood or pus in urine Braaasnar iR
S Hypestension Oehydrauon —— h %neni‘;an/selwros 2
, Kidney stone disease Tropical acute febrile Low BP or shock - wv: le body swelli
I I HIV ilinesses Dyspnea ole body swelling 2
Urinary tract infections or Sepsis or septic shock Confusion Loss of appetite 1
obstruction Diarrheal ilinesses Jaundice HIV in HAART 1
Heart Failure Over the counter or Coma Coma/Confusion 2
Acute or chronic liver disease alternative or herbal drug Anemis / pallor 1
Neonates, children, pregnant Use
women, elderly Snskebite A MAX TOTAL 7
Chronic lung disease Wasp or bee stings
Anemia (Hb<9 g/dL) Hemorrhage + B
Cancer Adverse environmental or |
occupational exposures e.g. z 3 POINTS
- prolonged physical work in MODERATE
hot climate TO HIGH RISK OF AKI

= Other nephrotoxins

/

POC sCr measurement
Urine dipstick

F—]

Intervention

Figure (2.6) The STOP AKI Protocol for AKI Management Source: ISN AKI Toolkit (Mehta et al., 2015)

2.10 The ISN 0by25 Initiative and the 5R
Framework

RISK ASSESSMENT

Use of risk scores to predict risk of AKI
Identification of modifiable risk factors

RECOGNITION

Prompt diagnosis
- Early and sequential serum creatinine and urine output assessment
« Availability of point of care tests and diagnostic tools

The ISN Oby25 initiative was launched to eliminate
preventable deaths from AKI (0 deaths by 2025),
especially in LMICs. Its strategy is summarized in
the 5R framework: Risk assessment, Recognition,
Response, Renal support, and Rehabilitation
(Mehta et al., 2015). These pillars provide a global
roadmap for AKI care across the continuum. This

RESPONSE

P and
Avoidance of nephrotoxic drugs

Use of protocol-based fluid and blood pressure management

Prevent harm: identify cause(s), treat complications, review medication
doses, and review/adjust fluid prescription.

RENAL SUPPORT

thesis aligns with the Oby25 vision by focusing on S e et b eaes e

three components: risk assessment, recognition, and
response (Mehta et al., 2015). Building on the
Oby25 framework, this thesis focuses on three core
strategies to enhance AKI care in resource-limited

S?ttmgS: risk  triage §ystems, novel Figure (2.7) The ISN 5R Framework for AKI Management,
biomarkers, and electronic health alerts.

Source: ISN 0Oby25 Initiative (Mehta et al., 2015).

REHABILITATION
Post-discharge care of AKI patient

of kidney damage, blood pressure,

of exposure to AKI risk
factors during follow-
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The following sections review the evidence and practical applications of each.
2.10.1 Risk triage systems

Early and accurate risk stratification is crucial in AKI. care, as it guides clinical decision-
making, resource allocation, and prevention strategies. Risk triage systems allow clinicians to
identify vulnerable patients, prioritize investigations, and initiate preventive measures before
irreversible damage occurs. These tools range from general critical-care scores, such as the
Sequential Organ Failure Assessment (SOFA) and the Acute Physiology and Chronic Health
Evaluation (APACHE), to AKI-specific models like the Renal Angina Index (RAI) and ISN’s
risk score (Goldstein et al., 2022).

In high-income countries, advanced models increasingly integrate biomarkers (e.g., NGAL,
TIMP-2-1GFBP7) and machine learning algorithms for real-time prediction (Flechet et al.,
2017). By contrast, in LMICs, simpler bedside tools, such as the Kampala Trauma Score or
modified early warning scores, are more practical, enabling early identification when
laboratory resources are limited (Hakimzadeh et al., 2024; Naidu, 2023).

Risk Factor Points
History of kidney disease ]
Presence of oliguria

Infection with fever

Hypotension or shock

Pregnancy with hypertension/seizures
Whole body swelling

Loss of appetite

HIV in HAART

Coma/Confusion

Anemia / pallor

Max Total

~

Figure (2.8) The ISN AKI Risk Score, Scores >3 indicate moderate to high risk of AKI,
prompting further monitoring and intervention. Source: ISN AKI Toolkit (2023)

2.10.2 Novel biomarkers in early AKI detection

The diagnosis of AKI traditionally relies on serum creatinine and urine output. However,
these measures have important limitations: SCr rises late after injury, is influenced by muscle
mass, hydration, and drugs, and cannot detect subclinical injury.

Traditional AKI markers such as SCr and urine output are delayed and often unreliable. The
international consensus report by Ostermann et al. (2025) concluded that novel biomarkers of
kidney damage, stress, and function provide earlier and more specific detection, especially
when combined with clinical assessment.
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Among the most validated is NGAL. Studies show
NGAL rises much earlier than creatinine and
predicts outcomes, including RRT need and
persistent AKI (Albeladi & Algethamy, 2017;
Lumlertgul et al., 2020; Coté et al., 2022). Other
injury biomarkers such as KIM-1, L-FABP, and IL-
18, along with the cell-cycle arrest markers TIMP-
2-1GFBP7, have shown strong predictive value,

Urine output

Risk of measurement error (eg, absence of a urinary
catheter)

Can be manipulated by diuretics

Oliguria might be physiological (eg, during surgery)

Serum creatinine

Affected by liver function, muscle mass and metabolism,
recent (<6 h) meat-containing meal, and exogenous
creatine intake

Small increases can occur due to physiological and

analytical variability, particularly with low baseline
glomerular filtration rate (eg, chronic kidney disease)
Can increase without true reduction in glomerular
filtration rate, for instance in the setting of:

» Hemoconcentration (eg, diuresis)

« Inhibition of tubular secretion (eg, medications
such as trimethoprim and cimetidine)
Real increases might be concealed:
» by fluid resuscitation and volume expansion
+ in case of malnutrition, liver disease, and muscle

wasting during pregnancy, which is associated with

particularly in ICU and perioperative settings
(Hatton et al. 2020; Neyra et al. 2019).
Comprehensive reviews confirm that biomarkers
not only detect injury earlier but also help
differentiate pre-renal vs. intrinsic AKI and identify
patients with subclinical AKI who remain at risk of
CKD progression (Schrezenmeier et al., 2017; Zou
et al., 2022). However, barriers such as cost,

heterogeneity, and lack of standardization continue So&heyf:z::g::':;:iiﬁg:f{;’;‘;‘::f:;‘gfwmes

to limit g lobal adopti on (Koyner et al., 2020; Oh, » Renin-angiotensin-aldosterone inhibitors can increase

2020). serum creatinine due to renal afferent arteriole
vasodilation; however, relatively small increases soon
after initiation predict long-term preservation of
kidney function

» Sodium glucose-2 transporter inhibitors are associated
with increases in serum creatinine concentration
through tubuloglomerular feedback mechanisms
leading to afferent arteriole constriction, yet improve

For LMICs, including Palestine, the pragmatic
approach is to integrate feasible assays such as
NGAL or cystatin C into risk triage pathways to
enable  earlier  recognition and  targeted

management. ; :
. . . cardiovascular and kidney outcomes and appear to
Taken together, this growing body of evidence lower the risk of acute Kidney injury

highlights a clear paradigm shift: AKI is Figure (2.9) Limitations of serum creatinine as a Biomarker
increasingly viewed not solely as a disorder for AKI. Source: Adapted from Kashani et al. 2023.
detectable through delayed functional decline but

as a spectrum of injury detectable at the molecular level. Biomarkers offer the potential to

identify patients at risk earlier, stratify disease severity more precisely, and guide targeted
interventions.

2.10.3 Electronic alerts, Clinical Decision Support (CDS) & Care bundles in AKI

Electronic alert (e-alert) systems have been developed to improve the timely recognition of
AKI by automatically flagging changes in serum creatinine or urine output within electronic
health records (EHRs). These tools aim to reduce delays in diagnosis, support decision-
making, and trigger early intervention.

Evidence shows mixed but promising results. Kolhe et al. (2015) reported that AKI e-alerts in
a UK hospital improved documentation and early nephrology consultation, while Wilson et
al. (2014), demonstrated better compliance with care bundles. However, several randomized
trials, including (Perry Wilson et al., 2021) and (Selby et al., 2019), found that alerts alone
had limited impact on hard outcomes such as mortality or dialysis, emphasizing that alerts
must be paired with clinical decision support and education.
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More recent studies highlight the value of integrated systems. Koyner et al. (2020) showed
that combining e-alerts with care bundles, pharmacist input, or risk prediction models
improved prescribing safety, reduced nephrotoxin exposure, and supported personalized
triage. The Lancet 2025 update further underscored digital health innovations. including e-
alerts and CDSS as key components for advancing AKI (Ostermann et al., 2025a).

The most up-to-date synthesis of evidence is the meta-analysis by Jawabreh (2025), which
found that e-alerts did not significantly reduce mortality or dialysis, though they increased
nephrology consultations. Importantly, medication-focused alerts (e.g., proton pump
inhibitors) showed benefit in reducing adverse outcomes, suggesting that tailored alerts may
be more effective than generic ones. The authors also recommended mixed-methods
evaluations to capture both outcome data and contextual factors influencing alert
effectiveness.

2.11 Challenges in LMICs

AKI in LMICs is shaped not only by clinical risks but also by systemic inequities. The ISN
Global Kidney Health Atlas (2023) identifies major gaps as illustrated and summarized in
Table 2.3 in care that amplify mortality and hinder innovation.

Table (2.3): Challenges in AKI Care Across LMICs

Source: Adapted from ISN Global Kidney Health Atlas (2023).

Challenge Key Issues

Limited access to care Basic diagnostics (S.cr, urine output) and nephrology services are scarce.
Workforce shortages <5 nephrologists per million; lack of trained allied staff.

Weak preventive services Few community programs for early detection or education.

Dialysis barriers Dialysis often unavailable, unaffordable, or geographically inaccessible.
Data gaps No registries or surveillance; limited use of biomarkers/e-alerts.

These challenges are consistent with international health policy priorities (ISN 2023),
underscoring the need for stronger AKI surveillance, investment in workforce capacity, and
expansion of affordable RRT in LMICs. In Palestine, they provide a roadmap for system-
level reforms to support AKI innovation.

2.12 Gaps and justification for this study

Despite global advances, several gaps remain:

= Diagnostic gaps, reliance on late markers (SCr, urine output) without biomarker or
predictive tools.

= Implementation gaps, limited use of e-alerts, care bundles, or KDIGO-based protocols.

= Evidence gaps, no systematic data on AKI burden, management, or outcomes in Palestine.

= Equity gaps, innovations are largely untested in LMICs.

Justification: This study addresses these gaps by evaluating risk triage, biomarkers, and e-

alerts within Palestinian hospitals, generating context-specific evidence and contributing to

the global LMIC agenda.
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2.13 Towards a hybrid model for AKI

No single tool is sufficient for early AKI detection. A hybrid approach combining risk
assessment, e-alerts, and biomarkers may provide the most effective solution. Scores using
clinical and demographic data stratify patients but depend on reliable records and integration.
Electronic Alerts
E-alerts trigger action when thresholds are crossed. Alone, they mainly improve recognition;
when combined with bundles and nephrology review, they reduce AKI progression.
Biomarkers
NGAL, TIMP-2:-1GFBP7, and cystatin C detect subclinical injury earlier than creatinine,
improving sensitivity when paired with risk tools.
A Synergistic Model
An effective pathway integrates:

= Risk stratification at admission.

= Continuous monitoring with e-alerts.

= Biomarker confirmation for precision diagnosis.
In LMICs, including Palestine, simplified models may rely on clinical scores and basic e-
alerts, with gradual introduction of biomarkers for high-risk cohorts.

Part Two: Qualitative Literature Review

While quantitative research has mapped the incidence, causes, and outcomes of AKI, it
provides limited insight into the “how” and “why” of care delivery gaps. Qualitative and
mixed-methods studies address this limitation by examining clinicians’ perceptions, patient
experiences, and organizational barriers that shape the implementation of AKI and CKD
management strategies. These studies are essential for understanding real-world contexts,
why guidelines are inconsistently applied, why electronic alerts sometimes fail to improve
outcomes, and why preventive strategies are slow to diffuse into practice. Integrating this
evidence is particularly important for the present thesis, which employs a mixed-methods
approach to evaluate risk triage, biomarkers, and electronic health alerts in AKI care.

Provider Awareness and Guideline Adherence

Several studies highlight persistent knowledge and practice gaps among primary care
physicians (PCPs). Abdel-Kader et al. (2014) found that more than half of PCPs were
unfamiliar with CKD guidelines, while many questioned the clinical value of albuminuria
testing and expressed concerns about overdiagnosis in elderly patients. Wright Nunes (2013)
also emphasized that PCPs often feel ill-equipped to educate patients about CKD due to
limited time, lack of staff, and uncertainty about shared care responsibilities between primary
and specialty providers. Tuot et al. (2016)showed that CKD awareness among patients was
low across various measures, indicating ongoing gaps in communication and disease
recognition, which may contribute to low adherence to testing and early intervention
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protocols. Collectively, these findings suggest that education alone is insufficient; provider
beliefs and competing priorities strongly influence adherence.

Systemic and Organizational Barriers

Beyond knowledge, organizational challenges limit the implementation of AKI and CKD
prevention strategies. Nash et al. (2018) identified both enablers (e.g., EMR tools, Kidney
Wise toolkit, team-based care) and barriers (competing priorities, patient non-compliance,
resource limitations, time constraints). Similarly, Carpenter-Song et al. (2024) pointed to
organizational inertia, workflow disruption, and lack of leadership support as major obstacles
to adopting preventive strategies.

Electronic Alerts and Decision Support

E-alerts represent one of the most studied digital interventions for AKI. Selby et al. (2021)
and (Sawhney et al., 2018) reinforced that alerts alone did not improve outcomes unless
embedded within actionable protocols, supported by training, and accompanied by feedback
loops. Barker et al. (2021) emphasized that electronic alerts become effective when integrated
into care teams and electronic health record (EHR) decision support systems. Together, these
findings suggest that technological solutions succeed only when embedded in broader
organizational workflows.

Preventive Care and Patient-Centered Barriers

Preventive strategies in CKD and AKI care face significant challenges in primary care.
(Martindale et al. (2017) observed that while ‘sick day guidance’ cards offered a standardized
approach to reducing AKI risk, primary care teams struggled to clearly explain temporary
medication cessation, particularly to patients with limited self-management capacity. The
intervention’s impact was further constrained by inconsistent implementation and limited
resources. These findings underscore the ongoing tension between standardized preventive
frameworks and the need to tailor care to individual patient understanding and capacity.
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Table (2.4): Qualitative and Mixed-Methods Studies on AKI and CKD

Study Author Design Year | Country Outcome
AKI Electronic Scott et al. Mixed methods | 2019 UK Clinicians valued AKI e-alerts, but
Alerts normalization was limited due to
(Implementation) workflow misalignment, unclear
responsibilities, lack of training, and
limited feedback.
Sick Day Martindale et Qualitative 2017 UK Implementation faced challenges in
Guidance Cards al. study communicating medicine cessation,
especially for patients with limited self-
management; effectiveness limited
without resourcing or broader
integration.
PCP Perceptions | Wright Nunes Qualitative 2018 USA Struggles with guidelines, adherence,
of CKD etal. PCP survey unclear roles
Management
Non-Diabetic Tuot et al. Survey study 2016 USA Half unfamiliar with guidelines,
CKD Guidelines skeptical of albuminuria testing
CKD Lab Testing Nash et al. Qualitative 2018 Canada EMR tools/support staff helpful;
in Primary Care descriptive barriers: compliance, time
PCP CKD Abdel-Kader et | Survey study 2014 USA 51% unfamiliar with guidelines;
Barriers (Survey) al. concerns about overdiagnosis
Automated AKI Sawhney et al. | Implementation | 2020 UK Alerts effective when supported by
Warning System study training, systems
AKI Electronic Selby et al. Mixed-methods | 2019 UK Alerts ineffective unless embedded in
Alerts evaluation protocols
AKI Prevention | Carpenter-Song Qualitative 2024 USA Identified organizational and workflow
Strategies etal. study barriers to implementing
evidence-based AKI prevention
strategies, including leadership
engagement and culture constraints.
Nephrology Jawabreh et al. Qualitative 2025 | Palestine | Identified enablers (e.g., MoH support,
Rapid Response study tech tools, early nephrologist
Team Model engagement) and barriers (e.g.,
(NRRT) workforce shortages, policy gaps, weak

surveillance); recommended reforms in
policy, training, and awareness.

This body of qualitative evidence reveals that barriers to effective AKI and CKD
management are multi-level and interlinked. At the provider level, gaps in guideline

adherence,

limited communication,

and competing priorities persist.

Organizational

constraints, including fragmented systems, limited staffing, and insufficient training
infrastructure, further hinder the implementation of evidence-based practices. Technological
tools like electronic alerts offer potential but often falter when not integrated into broader
workflows and team-based care. Moreover, preventive efforts struggle in the absence of
patient-centered strategies and resource investment. Notably, Jawabreh et al. (2025)
emphasized that successful AKI care reform in low-resource contexts such as Palestine

21




requires systemic policy leadership, early nephrologist involvement, and investment in
education and prevention.

Synthesis and Contextual Relevance

The literature demonstrates that AKI risk triage systems, novel biomarkers, and digital
decision-support interventions represent complementary strategies for early detection and
improved outcomes. Scoring models such as SOFA, APACHE, and the Renal Angina Index
(RAI) provide structured ways to identify high-risk patients, while simplified tools like the
ISN Oby25 clinical assessment score remain essential in resource-limited settings.
Biomarkers such as NGAL and TIMP2-1IGFBP7 offer earlier and more sensitive detection of
renal injury, particularly when applied selectively to patients identified as high-risk by
clinical scores. Meanwhile, e-alerts and CDS systems, when integrated with structured care
bundles, enhance recognition and standardize management but require adequate electronic
health record (EHR) infrastructure.

In the Palestinian context, the healthcare system is relatively well-equipped compared to
many low- and middle-income countries. Routine laboratory diagnostics are widely available,
enabling reliable application of creatinine- and urine-based definitions of AKI. This creates a
realistic pathway for the gradual integration of novel biomarkers (e.g., NGAL,
TIMP2-1GFBP7) into tertiary care centers, complementing clinical scoring tools such as RAI.
Although electronic alert systems are not yet systematically deployed, there is feasibility for
future implementation within existing hospital information systems. Thus, Palestine occupies
a unique position: able to draw from LMIC-relevant triage innovations while also preparing
for biomarker-based risk prediction and EHR-driven CDS, aligning local practices with
international AKI care frameworks.

B. The Conceptual Framework
B.1 Theoretical Framework

This study is grounded in three core models that directly inform its design and interpretation:

1. Donabedian’s Structure—Process—Outcome Model explains why AKI interventions must
be assessed not only on clinical outcomes but also on structural readiness and process
changes. This study applies Donabedian’s Structure—Process—Outcome model, which
conceptualizes healthcare quality as the interaction between structural factors
(infrastructure, workforce, hospital systems), processes of care (risk triage, biomarker
testing, e-alert activation, nephrology consultation), and outcomes (AKI progression,
dialysis, mortality). By using this model, the study examines how improvements in
processes may not translate into better outcomes unless supported by adequate structural
capacity an especially relevant issue in Palestinian hospitals with resource constraints
(Donabedian, 2005).

2. The Clinical Decision Support “Five Rights” model emphasizes that interventions are
effective only when they deliver the right information, to the right person, in the right
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format, through the right channel, and at the right time. This study it provides the
foundation for designing AKI e-alerts, ensuring they go beyond flagging abnormal
creatinine values to provide actionable, context-specific recommendations, particularly for
high-risk patients or those exposed to nephrotoxic drugs (Osheroff et al., 2007).

3. The Technology Acceptance Model (TAM) explains adoption of innovations through two
key factors: perceived usefulness and perceived ease of use. In this study, TAM is
particularly relevant for understanding clinician engagement with e-alerts and biomarkers.
It predicts that providers will adopt these tools only if they perceive them as improving
patient care and fitting smoothly into their workflows. Conversely, if alerts are viewed as
disruptive or lacking clinical value, they may contribute to alert fatigue and non-use,
limiting their effectiveness (Davis, 1989).

Together, these theories provide a robust foundation for the hybrid conceptual framework

tested in this thesis, linking structure, process, and outcomes to the feasibility and

effectiveness of triage, biomarkers, and e-alerts in Palestinian hospitals.

B.2 Conceptual Framework

The conceptual framework for this study (Figure 10) is a hybrid AKI management model

implemented through the AKI PhD Research Platform. It integrates three interdependent

components:

= Risk triage: Structured data modules on exposures, comorbidities, examination, and labs
were used to stratify patients at admission and during hospitalization, enabling proactive
identification of high-risk groups.

= Biomarkers: Laboratory data, including NGAL and urine indices, provided earlier and
more specific detection of kidney injury compared to serum creatinine alone.

= Electronic alerts (e-alerts): The platform generated staged SMS messages to treating
physicians, first notifying them of AKI detection and then delivering biomarker results
with interpretation and ISN toolkit links, prompting timely clinical actions such as
nephrology referral, medication review, or fluid management.

The framework assumes that combining triage, biomarkers, and alerts will improve process
outcomes (timely recognition, documentation, nephrology involvement, appropriate
interventions) and clinical outcomes (reduced progression, dialysis initiation, mortality).

A defining feature of this framework is the inclusion of implementation feasibility as an
explicit endpoint. By embedding data capture, alert performance, provider response, and
workflow integration within the same platform, the study not only evaluates effectiveness but
also assesses the practicality of adapting this model to resource-limited hospitals in Palestine.
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Figure (2.10) Hybrid Conceptual Framework for AKI Management. The framework integrates risk
triage, biomarkers, and e-alerts as interlinked components that enhance detection, stratification, and
response.
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Chapter Three

Methodology

This chapter describes the methodological framework of the study, which follows a mixed-methods
design. It is organized into two main sections: the first outlines the quantitative component, followed
by the qualitative component. Each section is explained in detail under the subsequent headings.

3.1. Quantitative Part

This section describes the quantitative methodology used to evaluate the effectiveness of a
multifaceted intervention on the management of Acute Kidney Injury (AKI) in Southern
West Bank Governmental Hospitals. The quantitative design was developed to address the
primary research questions through structured data collection and analysis, enabling
comparison between intervention and control groups.

3.1.1 Study Design

This study employed a prospective design with a quasi-experimental cohort, using a non-
randomized control group. This approach was selected based on practical constraints such as
limited resources and hospital workflow.

Quasi-experimental designs are particularly well-suited to real-world clinical research,
allowing interventions to be assessed under routine care conditions, while enabling
meaningful group comparisons. The inclusion of a control group strengthens the internal
validity by providing a benchmark against which the effects of the intervention can be
measured(Capili & Anastasi, 2024).

By prospectively following patients in both groups, the study effectively captured the
progression of kidney dysfunction along the AKI-AKD-CKD-ESKD continuum, as outlined
by KDIGO (2020). This allowed for a comprehensive evaluation of both immediate and
longer-term renal outcomes, maintaining strong internal validity via a comparison site, while
ensuring external relevance for routine clinical practice in resource-limited settings.

25



3.1.2 Study Participants

Inclusion Criteria (applied equally to both intervention and control groups):
Patients were included if they met all of the following criteria, following the stepwise
selection process illustrated in Figure 3.1:
1. Adults (>18 years) admitted to medical, surgical, CCU, or ICU wards.
2. Met the KDIGO criteria for AKI based on serum creatinine and/or urine output
(See Table 3.1).
3. AKI was identified using patient data extracted from the Avicenna HIS.

1. Screening Phase
All adult patients admitted to medical ward
surgical wards, CCU, or ICU

2. Initial Assessment
Clinical scenario, Medical History, Physical Exam, laboratory testing
3. Eligibility Check
Patients >18y with risk factors
4, KDIGO Confirmation criteria
SCr + Urine output
5. Final Inclusion

Confirmed AKI cases from Avicenna HIS

Figure (3.1): Flowchart of Study Participant Selection Based on KDIGO Criteria using
the Avicenna HIS system.

Table (3.1): KDIGO Classification Criteria for Staging Acute Kidney Injury

Stage Serum creatinine criteria Urine output criteria

Stage 1 Increase in SCr > 0.3 mg/dL within 48 hours or 1.5— | <0.5 mL/kg/h for 6-12 hours
1.9x baseline

Stage 2 2.0-2.9% baseline <0.5 mL/kg/h for >12 hours

Stage 3 3.0x baseline or S.cr > 4.0 mg/dL or initiation of <0.3 mL/kg/h for >24 hours or anuria for
RRT >12 hours

Source: Kidney Disease: Improving Global Outcomes (KDIGO, 2012)
3.1.3 Exclusion Criteria

The exclusion criteria were applied equally to both the intervention and control groups.
Participants were excluded from the study if they met one of the following conditions:
1. Diagnosed with ESRD or on chronic dialysis.
2. History of kidney transplantation.
3. Pregnant women, due to altered renal physiology.

3.1.4 Study Setting
This study was conducted across two governmental hospitals in the southern West Bank

region of Palestine: Beit-Jala Hospital (Intervention site) and Hebron Hospital (Control site).
These hospitals were selected based on both practical feasibility and their status as the only
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governmental referral hospitals in their respective districts. This ensures that the study
population represents a comprehensive and typical sample of patients in the southern West
Bank. Their comparable service profiles and patient populations also enhanced the validity of
the intervention—control comparisons.

To ensure consistency across sites, uniform definitions, diagnostic thresholds (such as
KDIGO criteria), and outcome measures (e.g., AKI progression, mortality, dialysis initiation,
length of stay) were applied in both hospitals. Data collection was standardized via the
Avicenna HIS platform, enabling reliable data extraction and minimizing variability between
sites.

Intervention Site: Beit-Jala Hospital

e Location: The only governmental hospital in the Bethlehem governorate, offering
internal medicine, surgery, and intensive care services.

« Population: All adult patients admitted to medical, surgical, ICU, or CCU units.

« Implementation: Managed under a pioneering integrated care model that included:

o Clinical risk triage protocols

o Use of novel AKI biomarkers (e.g., NGAL, proteinuria, PCR). Notably,
NGAL is not part of the Ministry of Health’s official diagnostic test basket;
the NGAL Kits used in this study were independently purchased and fully
funded by the principal researcher.

o Deployment of an electronic alert system via the Researcher's HIS platform

e Environment: The hospital’s infrastructure, laboratory capacity, and staff readiness
supported implementation of the intervention model.

Control Site: Hebron Hospital (“Alia” Hospital)

e Location: The only governmental hospital in Hebron city, serving as the control site.

o Population: Adult patients admitted to equivalent departments (medical, surgical,
ICU, CCU).

o Standard Care: Received routine care in accordance with existing clinical protocols,
without the intervention components. These practices were documented to allow
comparison with the intervention model.

« Environment: Existing workflows, staffing levels, and care delivery processes were
observed to contextualize the control setting.

3.1.5 Sampling

The determination of sample size was guided by the need to ensure sufficient statistical
power to detect clinically meaningful differences in AKI outcomes between the intervention
and control groups. The calculation was based on the following assumptions: a 10%
improvement in AKI detection or outcomes was considered clinically relevant, with a
significance level (a) of 0.05, study power set at 80%, and an allocation ratio of 1:1.

Alternatively, and to align with published evidence, the calculation was also informed by Wu
et al. (2018), who reported AKI incidence rates of 2.7% versus 7.9%. Using MedCalc
Statistical Software (v.20, Ostend, Belgium), the required sample size under these parameters
was estimated at 291 patients per group. To accommodate potential dropouts and incomplete
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data, this figure was rounded up to 300 patients per group, giving a planned total of 600
participants.

Due to budgetary and logistical constraints, the final study population comprised 215 patients
in the intervention group (Beit-Jala Hospital) and 254 patients in the control group (Hebron
Hospital), for a total of 469 patients. Although smaller than initially calculated, this sample
size remains adequate for meaningful statistical comparisons. The limitations of reduced
power, particularly for secondary and exploratory outcomes, are transparently acknowledged
in the discussion.

3.1.6 Study Period

Given the challenges of active outpatient follow-up in Southern West Bank, this study
adopted a pragmatic passive-surveillance approach using the Avicenna Hospital Information
System (HIS). Clinical outcomes were obtained directly from electronic records during
hospitalization and from any subsequent in-network encounters (e.g., readmissions, dialysis,
follow-up tests). No direct patient contact after discharge was required. The study was
conducted from April 2024 to June 2025 and included the following phases:

Table (3.2). Study Timeline and Key Phases (April 2024 — June 2025)

Phase Timeline Key Activities

Preparatory Phase April — May 2024 Ethical approvals, staff training, protocol
calibration, and HIS system integration.

Recruitment & Intervention | June — 31December 2024 Patient enrollment at Beit-Jala (intervention) and

Phase Hebron (control) hospitals.

Follow-up & Analysis January — March 2025 Follow-up of last enrolled patients; data extraction
Phase and preliminary analysis.

Data Entry & Validation 1 April — 1 June 2025 Final data entry, verification, and cleaning to

prepare for complete data analysis.

3.1.7 Study Outcomes

All eligible patients were followed from the time of AKI diagnosis until discharge, with
outcomes tracked up to 90 days through the Avicenna HIS when available. The study
evaluated both clinical and process outcomes to assess the impact of the intervention on AKI
management.

Primary Outcomes included AKI progression (worsening of KDIGO stage), initiation of
dialysis (RRT), and in-hospital mortality.

Secondary outcomes included documentation of AKI in medical records, length of stay,
nephrology consultation timing, medication and fluid management actions, and readmissions
within 30 days.

As part of the intervention, risk assessment (triage) was systematically performed, stratifying

patients according to clinical scenario, history, physical examination, and laboratory findings

to guide management and monitoring.
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MAKE90: Additionally, MAKE90 (Major Adverse Kidney Events at 90 days) a composite
of death, new dialysis, or persistent renal dysfunction, was included as an exploratory
outcome, limited to patients with available in-network follow-up.

Exploratory Biomarker: Outcomes were also assessed in the intervention group, focusing
on the diagnostic yield of NGAL, its correlation with AKI progression, RRT initiation, and
mortality, as well as the impact of biomarker-informed alerts on provider actions. A full
summary of outcomes and operationalized endpoints is presented in Table 3.

Table (3.3): Summary of Study Outcomes, Operationalized Endpoints, and Data Source

Domain Outcome Operationalized endpoint Data source
(Measurable indicator)
Primary AKI progression Worsening of KDIGO stage (Stage 1 — 2/3) | Laboratory
outcomes values
Initiation of dialysis New RRT during index admission Orders / patient
(RRT) records
In-hospital mortality Death during hospitalization Hospital records
Secondary AKI recognition & Explicit AKI note in EMR Chart review
outcomes documentation
Length of stay (LOS) Days from admission to discharge Hospital records
Discharge on dialysis Dialysis-dependent at discharge Patient records
30-day readmission Readmission within 30 days HIS records
Process Risk assessment / triage Classification based on clinical scenario, AKI PhD
measures labs, exam Platform
Nephrology consultation | Early (<24h) vs late (>24h) Chart review
Medication management | Stop/adjust nephrotoxic (NSAIDs, Orders
ACEI/ARB, AGs)
Fluid management 1V fluid Orders
initiation/adjustment/discontinuation
Diagnostic work-up Renal US, urinalysis ordered Orders
Exploratory MAKE90 composite Death, new RRT, or persistent dysfunction at | Avicenna HIS
outcomes 90 days (In-network)
NGAL biomarker yield Association of NGAL with AKI progression, | Lab module
RRT, mortality

3.1.8 Data Collection Methods

To ensure high-quality data collection, the AKI PhD Research Platform incorporated several
safeguards. Mandatory fields and drop-down menus minimized missing or inconsistent
entries, while all diagnostic definitions and thresholds (e.g., KDIGO criteria) were uniformly
applied to ensure consistency. Data were cross-validated against the Avicenna HIS,
supplemented by random audits and double-entry checks to maintain accuracy. In addition,
the platform included an automated export function that enabled direct transfer of records
into Excel and statistical software, thereby preserving data integrity and reducing
transcription errors.
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3.1.9 Intervention

Platform Structure

To operationalize the intervention, a dedicated electronic tool, the AKI PhD Research
Platform, was specifically developed for this study in collaboration with a computer science
engineer. Unlike routine hospital information systems, the platform was designed exclusively
for research purposes, with three key functions: (1) structured data capture, (2) risk triage
based on clinical and laboratory inputs, and (3) generation of SMS-based electronic alerts to
treating physicians. By standardizing data entry and decision support, the platform enabled
consistent documentation across patients and supported timely intervention.

The interface of the platform is illustrated in Figure 3.2, which shows the modules for
structured data entry, risk assessment, and patient tracking. Key modules included:

Risk Factors and Exposures: sepsis, major surgery, contrast exposure, trauma, burns,
vasopressor use, nephrotoxic medications.

Comorbidities (Susceptibilities): CKD, diabetes, hypertension, obesity, prior AKI,
heart/liver/lung disease, cancer.

Clinical Examination: hemodynamic instability, dehydration, edema/ascites, pulmonary
congestion, oliguria.

Laboratory and Biomarkers: serum creatinine, eGFR, hemoglobin, urine
protein/creatinine, hematuria, NGAL.

Medications: exposure to NSAIDs, aminoglycosides, vancomycin, ARBs, ACE
inhibitors, SGLT2 inhibitors, diuretics, cephalosporins, metformin.

Interventions and Monitoring: 1V fluids, lab follow-up, radiology follow-up, nephrology
consultations.

E-Alert Evaluation: time of alert generation, SMS delivery to physician, provider
response time, and subsequent clinical actions.

Clinical Outcomes: AKI stage progression, renal recovery, dialysis initiation, ICU
transfer, LOS, mortality, MAKE90 (where in-network data allowed).
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Risk triage was performed exclusively at the backend by the
research team. It integrated:
e Patient scenario (e.g. ICU, surgery, infection)
e Comorbidities (e.g. CKD, diabetes, cardiovascular
disease)
e Clinical signs (e.g. dehydration, edema, oliguria)
e Laboratory results, including serum creatinine and
NGAL
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The triage tool classified patients as low, moderate, or high risk for severe AKI outcomes.
However, this triage classification was not shared with clinicians and did not guide real-time
decision-making. It served solely as a research variable to assess predictive validity.

NGAL Testing: Diagnostic and Confirmatory Role

In addition to creatinine-based AKI diagnosis, NGAL was used in the intervention group as a
diagnostic and severity confirmation tool, with thresholds:

o 50-149 ng/mL = equivocal
o 150-300 ng/mL = Moderate risk / supportive of AKI diagnosis
o >300 ng/mL = High risk / strong confirmation + severity signal

NGAL was incorporated into triage; this diagnostic information was shared through the
second SMS alert

Electronic Alerts (SMS-Based)

Treating physicians received two SMS alerts per patient:
SMS Alert 1: AKI Detection (KDIGO-Based)
e The alert included:
» AKI stage (1-3), based on KDIGO classification.
* Patient location.
* A direct link to the ISN AKI Toolkit
(https://www.theisn.org/initiatives/toolkits/acute-kidney-injury-aki-toolKkit).

e Each stage was mapped to a corresponding clinical risk level (Stage 1 = low risk,
Stage 2 = moderate risk, Stage 3 = high risk), facilitating triage prioritization and
guiding timely interventions by non-nephrologist physicians.

SMS Alert 2: NGAL Confirmation and Risk Interpretation

e Sent after NGAL testing was completed in the laboratory.

e Included: NGAL level + interpretation (risk category), serum creatinine, urine
protein/creatinine, brief clinical message

e Each alert was time-stamped for delivery and response tracking. Alerts were sent
directly to physicians via SMS (with WhatsApp backup as needed) within 24 hours of
AKI identification.

Provider actions and clinical impact
Although no direct protocolized instructions were mandated, alerts aimed to trigger physician
awareness and promote best practices, including:

e Nephrology referral:

Consideration of timely nephrology consultation for patients identified as high risk or
with confirmed AKI, particularly in cases of worsening kidney function, unclear
etiology, or poor response to initial management.
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Medication review and adjustment:

Review of current medications with particular attention to potentially nephrotoxic
agents. This included consideration of dose adjustment, temporary withholding, or
discontinuation (DC) of nephrotoxic drugs (e.g., non-steroidal anti-inflammatory
drugs, aminoglycosides, or contrast agents), based on clinical judgment.

Fluid management optimization:

Assessment of the patient’s volume status and adjustment of fluid therapy as
appropriate, including optimization of intravenous fluid administration or avoidance
(discontinuation = DC) of fluid overload, in accordance with standard clinical

practice.
« Renal imaging and diagnostic evaluation:
Consideration of renal imaging mainly the renal ultrasound.
Physician response times and actions were logged and evaluated for feasibility and
adherence. These alerts were generated manually and delivered via SMS.
Target Recipients: Alerts were sent to both general practitioners (GPs) and relevant

specialists.

Timing: The alert was issued within 24 hours of detecting the earliest qualifying change
indicating potential AKI onset, ensuring timely notification and response.

Control Site Protocol (Routine Care)

At the control site, Hebron Governmental Hospital (Known as Alia Hospital), patients
received standard care. There was no structured triage, NGAL testing, or SMS alert system in
place. Comparison between intervention and control sites allowed evaluation of both clinical
and process outcomes under real-world conditions.

Summary
Component Intervention group Control group
AKI Diagnosis | KDIGO (Creatinine/Urine output) + NGAL KDIGO (Creatinine/Urine output
only)
Risk Triage Backend only, not visible to clinicians Not performed
SMS Alerts Two alerts (AKI stage, then NGAL confirmation) Not used
Provider Unprompted, clinician-driven Routine care
Actions

Platform Used

AKI PhD Research Platform and AviCenna (Health
Information System).

AviCenna (Health Information
System
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Figure (3.4): Workflow of the AKI integrated management model showing patient triage, biomarker testing,
staged e-alerts, provider actions, and patient outcomes over a 90-day follow-up period.

3.1.10 Data Analysis

Statistical analysis was done by SPSS version 28 (IBM Co., Armonk, NY, USA). Numerical
data were presented as the mean and standard deviation (SD) and analyzed between groups
using an independent t-test or as the median and interquartile range (IQR) and analyzed using
the Mann-Whitney test. Testing for normality of distribution was done using the Shapiro-
Wilk test. Categorical data were presented as the frequency and percentage and analyzed
using the Chi-square test or exact test, as appropriate. ROC curve analysis with sensitivity,
specificity, and predictive values was used to assess the diagnostic performance of
biomarkers for AKI stages, and cut-off values were selected based on Youden's index.
Kaplan Meier curve analysis with log-rank test was performed to assess the overall survival
of groups. Cox regression analysis was performed to assess factors associated with failure of
recovery over time. Logistic regression analysis was performed to assess factors associated
with hemodialysis. A two-tailed P-value <0.05 was considered statistically significant.
Statistical analyses were conducted using SPSS version 28 (IBM Corp., Armonk, NY).
Numerical variables were assessed for normality using the Shapiro-Wilk test and presented as
mean + standard deviation (SD) or median with interquartile range (IQR). Categorical
variables were summarized as frequencies and percentages.

Group comparisons employed independent samples t-tests, Mann—Whitney U tests, and Chi-

square or Fisher’s exact tests, depending on the data distribution. Additional analyses
included:
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e Receiver Operating Characteristic (ROC) curves to evaluate the diagnostic accuracy
of biomarkers

e Kaplan—Meier curves and log-rank tests to assess survival

e Cox regression for recovery predictors

e Logistic regression for dialysis prediction

3.1.11 Ethical Considerations

This study was conducted in accordance with the ethical principles of the Declaration of
Helsinki (World Medical Association, 2013) and relevant national regulations. Ethical
approval for the overall doctoral research project, which included both the quantitative quasi-
experimental component and the qualitative interview study, was obtained from the
Institutional Review Board (IRB) at the School of Public Health, Al-Quds University
(Approval No: 5/24, dated 13 February 2024)(annex 3), and from the Scientific Research
Unit at the Palestinian Ministry of Health (Approval dated 28 February 2024).

Informed consent was obtained from all participants before enroliment. For the quantitative
study, patients or their legal guardians were provided with full details regarding study
objectives, procedures, risks, and benefits, and participation was voluntary. For the
qualitative component, nephrologists were informed of their right to withdraw at any stage
without penalty, and both verbal and written consent were secured before interviews.
Confidentiality was ensured by coding all personal identifiers, storing data securely, and
restricting access to the research team only.

3.1.12 Limitations of the Study

1. Quasi-experimental, non-randomized approach introduces potential selection bias and
limits causal inference.

2. Conducted in two hospitals with a smaller-than-planned sample, reducing external
validity and statistical power.

3. Alerts were researcher-triggered rather than automated, which may affect scalability and
timeliness.

4. Outcomes beyond discharge relied solely on the Avicenna HIS, leading to loss of
patients managed outside the network.

3. 2. Qualitative Part

3.2.1. Study Design

A qualitative, exploratory approach was conducted to analyze the perspectives of
nephrologists on the feasibility of implementing the NRRT model in hospitals across the
West Bank, Palestine. The in-depth interview guide used in this study was specifically

developed by the researcher, who reviewed it with experts and has not been previously
published (Jawabreh et al., 2025). An English version of the interview guide has been
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uploaded as a supplementary file and is cited in the manuscript accordingly. This approach
was selected to gain deeper insights into the barriers, facilitators, and recommendations
influencing AKI management.

3.2.2. Data Collection

Data collection took place between [January,2024] and [May,2024]. Nephrologists were
purposively selected from nephrology departments in Palestinian hospitals located across the
West Bank, Palestine. Semi-structured, face-to-face interviews were used as the primary
method of data collection. Each interview was conducted in the participant’s office or a
private hospital room to ensure confidentiality and comfort.

3.2.3 Participant Selection

While AKI is inherently interdisciplinary, this study focused exclusively on board-certified
nephrologists due to their central role in clinical decision-making, specialist referral
protocols, and nephrology-specific policy development. This focused sampling enabled an in-
depth exploration of nephrologists’ perspectives on the feasibility of the NRRT. The
exclusion of other clinical stakeholders is acknowledged as a limitation, and future research is
encouraged to include multidisciplinary views.

3.2.4 Data Saturation and Sample Justification

Data saturation was reached between the 9th and 10th interviews, at which point no new
codes or concepts were emerging from the data. This assessment was made through an
iterative coding process in which each new transcript was analyzed in comparison with the
developing thematic framework. Despite reaching saturation, data collection continued until
all 13 board-certified nephrologists practicing in the West Bank had been interviewed. This
decision was guided by methodological rigor and supervisory recommendation, ensuring full
utilization of the total available population and enhancing the study’s depth and contextual
variation.

3.2.5 Trustworthiness

Credibility was ensured through triangulation (peer debriefing, expert feedback), member
checking, and verbatim transcription. Dependability was enhanced by a detailed audit trail,
and confirmability was supported through external review of codes and theme validation.
Transferability was considered through rich contextual descriptions of the Palestinian
nephrology infrastructure, enabling comparison with similar health systems.

3.2.6 Researcher Reflexivity

The researcher is a healthcare professional with prior clinical and academic experience within
the Palestinian public health system. This insider status offered several advantages, including
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increased access, contextual sensitivity, and the ability to establish rapport with participants.
However, it also introduced potential risks of interpretive bias, power asymmetry, and
assumptions of shared understanding during interviews. To address these concerns, the
researcher adopted a reflexive stance throughout the study. A structured interview guide with
open-ended, neutral questions was used to minimize leading or directive questioning. The
researcher maintained a reflexive journal to critically reflect on personal assumptions,
emotional responses, and potential influence on data interpretation.

All interviews were conducted with an awareness of role-related dynamics and were followed
by peer debriefing sessions with academic supervisors to challenge implicit bias and ensure
fidelity to participants’ intended meanings. Furthermore, member checking with two
participants helped validate early thematic interpretations, while independent review of
coding by a secondary analyst contributed to analytic neutrality. These strategies collectively
enhanced the study’s transparency and reproducibility by making the researcher’s position
both explicit and methodologically accounted for.

3.2.7 Data Analysis

Transcripts were subsequently analyzed using MAXQDA Analytics Pro Student Version
24.2.0. Thematic analysis followed the systematic framework of identifying meaning units,
condensing them into core themes, and refining codes into subthemes and overarching
categories. This iterative process was conducted collaboratively with the study supervisor to
ensure rigor and alignment with qualitative research standards.

3.2.8 Limitations

Despite the richness of insights, several limitations should be acknowledged. The qualitative
nature of the research prioritizes depth over generalizability. Although the sample includes all
board-certified nephrologists in the West Bank, it does not capture perspectives from the
Gaza Strip, nor does it reflect the views of other stakeholders such as nurses, patients,
policymakers, general practitioners, medical specialists, pharmacists, and other frontline
healthcare providers.

3.2.9 Ethics Approval and Consent to Participate

This qualitative study is part of a broader doctoral research thesis titled “Enhancing Acute
Kidney Injury Management in Southern Palestinian Governmental Hospitals: Impact of Risk
Triage, Novel Biomarkers, and Electronic Health Alerts,” which comprises three
components: a quantitative study, a qualitative study, and a published systematic
review(Jawabreh, 2025).

Ethical approval for this specific qualitative component was obtained from the Institutional
Review Board (IRB) at the School of Public Health, Al-Quds University (Approval No: 5/24,
dated 13 February 2024), and from the Scientific Research Unit at the Palestinian Ministry of
Health (Approval dated 28 February 2024).
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All participants were nephrology specialists who voluntarily agreed to participate. Informed
consent was obtained before conducting any interviews. Participants were informed of the
study’s objectives, procedures, and their right to withdraw at any point without penalty.
Interviews were only conducted after verbal and written consent was secured.

This study was conducted in accordance with the ethical principles of the Declaration of
Helsinki (World Medical Association, 2013) and relevant national regulations.
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Chapter Four

The Results
Part One: Quantitative Analysis
4.1 Overview of the Quantitative Analysis

This section presents the quantitative findings of the quasi-experimental component of the
study. The quantitative analysis was structured around key clinical and process-related
outcomes, including:
o Baseline demographic and clinical characteristics
e AKI staging and documentation
« Nephrology consultation and therapeutic adjustments
« Patient outcomes such as dialysis initiation, AKI recovery, mortality, and AKI
duration
o Diagnostic performance of biomarkers such as NGAL, SCr, and urinary protein
o Multivariate regression models to identify predictors of AKI recovery and dialysis
requirement

4.2 Baseline Characteristics of the Participants

This section presents the baseline demographic, clinical, and laboratory data of the
participants in both study arms: the intervention group (Beit-Jala Governmental Hospital, n =
215) and the control group (Hebron Governmental Hospital, n = 254). These data describe
the sample prior to implementation of the AKI management intervention and serve as a
foundation for comparing outcomes across groups.

This section presents the baseline demographic, clinical, and laboratory data of the
participants in both study arms: the intervention group and the control group. These data
describe the sample before implementation of the AKI management intervention and serve as
a foundation for comparing outcomes across groups (Table 4.1).
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Demographic, clinical, past medical history, and laboratory data are descriptively depicted in
Table 4.1. There was a statistically significant difference between the studied groups in terms
of gender, with a significantly higher percentage of females in Beit-Jala hospital
(intervention) than Hebron hospital (control) (46% vs 36.2%, P=0.031). Further, the
prevalence of CKD and lung diseases was significantly higher in the intervention group than
in the control, being 63.3% vs 52%, P=0.014 for the former and 47.4% vs 37.4%, P=0.028
for the latter, but the contrary was reported for HTN (72.1% vs 81.1%, P=0.021). In the
intervention group, the median NGAL was 119.6 (IQR 37.1, 753.4) ng/mL, serum creatinine
was 2.04 (1.68, 3.27) mg/dL, creatinine in urine was 60.96 (34.78, 100) mg/dL, and protein in
urine was 72.7 (26.91, 262.4) mg/day.

Table (4.1): Baseline characteristics of the participants

Item Intervention group (n=215) Control group (n=254) P-value
Age (years) (mean £SD) 66.51 + 15.04 66.45 + 14.02 0.968
Gender N (%) N (%)
—  Male 116 (54%) 162 (63.8%) 0.031
— Female 99 (46%) 92 (36.2%)
Comorbidities
—  Sepsis 116 (54%) 133 (52.4%) 0.731
—  Critical illness 196 (91.2%) 228 (89.8%) 0.608
—  Circulatory shock 72 (33.5%) 80 (31.5%) 0.646
— Burns 1 (0.5%) 3 (1.2%) 0.629
— Trauma 14 (6.5%) 20 (7.9%) 0.571
— Cardiac surgery 14 (6.5%) 23 (9.1%) 0.309
—  Major noncardiac 35 (16.3%) 51 (20.1%) 0.289
surgery
— Nephrotoxic drugs 186 (86.5%) 205 (80.7%) 0.093
— Radiocontrast agents 29 (13.5%) 44 (17.3%) 0.254
— Dehydration 135 (62.8%) 155 (61%) 0.695
—  Chronic Kidney 136 (63.3%) 132 (52%) 0.014
Disease (CKD)
— hypertension (HTN) 155 (72.1%) 206 (81.1%) 0.021
— Diabetes Mellitus 126 (58.9%) 155 (61%) 0.637
(M)
—  Cancer 18 (8.4%) 20 (7.9%) 0.844
— Liver diseases 22 (10.2%) 30 (11.8%) 0.587
—  Heart diseases 171 (79.5%) 210 (82.7%) 0.385
— Lung diseases 102 (47.4%) 95 (37.4%) 0.028
— Anemia 143 (66.5%) 152 (59.8%) 0.136
Biomarkers
— NGAL (ng/mL) 119.6 (37.1, 753.4)
— Blood creatinine 2.04 (1.68, 3.27) 1.84 (1.30, 2.77) 0.18
level(mg/dL)

Chi-square test for categorical variables, independent samples t-test for normally distributed variables, and
Mann-Whitney U test for non-parametric data. A two-tailed p-value < 0.05 was considered statistically
significant. Numerical data are presented as mean * standard deviation (SD) or median (IQR), and categorical
data are presented as frequency (%), Statistical significance at P-value<0.05, CKD: Chronic kidney disease,
HTN: Hypertension, DM: Diabetes mellitus, NGAL: Neutrophil gelatinase-associated lipocalin
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4.3 Physicians’ Responses and Clinical Management Following AKI Detection within
the Studied Groups

This section presents the clinical care processes and therapeutic interventions initiated in
response to the detection of AKI in the two study groups. Variables include AKI staging at
presentation, documentation practices, provider response to AKI alerts, nephrology
consultations, medication adjustments (e.g., ACE inhibitors, ARBs, diuretics, nephrotoxic),
intravenous fluid (IVF) management, and follow-up laboratory and radiologic investigations.
Data were analyzed using Chi-square or Fisher’s exact tests for categorical variables and
Mann-Whitney U tests for skewed continuous variables. A two-tailed p-value < 0.05 was
considered statistically significant.

Table (4.2-A): Clinical Responses in the Studied Groups

Item Intervention group (n=215) | Control group (h=254) P-value
General alert response
AKI Stage n(%)
Stage 1 144 (67%) 107 (42.1%) <0.001
Stage 2 31 (14.4%) 50 (19.7%)
Stage 3 40 (18.6%) 97 (38.2%)
AKI documented (Yes) 147 (68.4%) 96 (37.8%) <0.001
NO 68 (31.6%) 158 (62.2%)
No. Attacks /3 months n (%)
1 170 (79.1%) 224 (88.2%) 0.029
2 33 (15.3%) 23 (9.1%)
3 12 (5.6%) 6 (2.4%)
4 0 (0%) 1 (0.4%)
Care provider response 164 (76.3%) No intervention
Nephrologist consultation
Late consultation >24 20 (9.3%) 20 (7.9%) 0.581
Early consultation <24 64 (29.8%) 68 (26.8%) 0.472
Medication changes after alert
ACE
Use 18 (8.4%) 31 (12.2%) 0.206
Adjust 1 (0.5%) 0 (0.0%)
DC 14 (6.5%) 21 (8.3%)
Hold 3 (1.4%) 10 (3.9%)
ARB
Use 36 (16.7%) 63 (24.8%) 0.085
Adjust 4 (1.9%) 5 (2.0%)
DC 24 (11.2%) 35 (13.8%)
Hold 8 (3.7%) 23 (9.1%)
Diuretics
Use 130 (60.5%) 143 (56.3%) <0.001
Adjust 41 (19.1%) 85 (33.5%)
DC 85 (39.5%) 51 (20.1%)
Hold 4 (1.9%) 7 (2.8%)
NSAIDs
Use 6 (2.8%) 6 (2.4%) 0.372
DC 6 (2.8%) 4 (1.6%)
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Table (4.2-B): Clinical responses in the studied groups

Hold 0 (0%) 2 (0.8%)
Cephalosporins
Use 166 (77.2%) 113 (44.5%) <0.001
Adjust 30 (14%) 14 (5.5%)
DC 136 (63.3%) 99 (39%)
SGLT2 Inhibitors
Use 14 (6.5%) 13 (5.1%) 0.180
Adjust 1 (0.5%) 0 (0%)
DC 13 (6%) 10 (3.9%)
Hold 0 (0%) 3 (1.2%)
Metformin
Use 11 (5.1%) 39 (15.4%) <0.001
DC 8 (3.7%) 34 (13.4%)
Hold 3 (1.4%) 5 (2%)
Aminoglycoside
Use 30 (14.0%) 11 (4.3%) 0.002
Adjust 14 (6.5%) 3 (1.2%)
DC 14 (6.5%) 7 (2.8%)
Hold 2 (0.9%) 1 (0.4%)
1V Fluids changes
IVF use 136 (63.3%) 196 (77.2%) 0.001
I\VF status
Use 130 (60.5%) 193 (76%)
Adjust 34 (15.8%) 122 (48%)
DC 95 (44.2%) 65 (25.6%)
Hold 1 (0.5%) 6 (2.4%)
IVF amount 1500 (0, 2000) 1500 (150, 2000) 0.055
Laboratory follow-up
Creatinine 210 (97.7%) 234 (92.1%) 0.008
Serum electrolytes 204 (94.9%) 234 (92.1%) 0.231
Urine analysis 165 (76.7%) 150 (59.1%) <0.001
24 urine collection 126(58.6%) 121(47%) 0.023
Radiology follow-up
Ultrasound performed 63 (29.3%) 78 (30.7%) 0.741

Numerical data are presented as mean + SD or median (IQR), and categorical data are presented as frequency (%), Statistical
significance at P-value<0.05, ACE: Angiotensin-Converting Enzyme, ARB: Angiotensin Receptor Blocker, NSAIDs:
Nonsteroidal Anti-Inflammatory Drugs, IVF: Intravenous Fluid, DC: Discontinue.

In view of the general alert response, AKI 1 was the predominant stage in both groups, with
proportions of 67% in the intervention group vs 42.1% in the control group. In comparison,
14.4% vs 19.7% elicited AKI 2 and 18.6% vs 38.2% elicited AKI 3, with a statistically
significant difference between groups (P<0.001). As for AKI history, the prevalence was
significantly higher in the intervention group than in the control (68.4% vs 37.8%, P<0.001)
and the majority of both groups (79.1% of intervention vs 88.2% of control) had 1 attack/3
months, denoting a statistically significant difference (P=0.029). Moreover, the rate of
provider response was more than two-thirds in the intervention group (76.3%) compared to
none in the control group (P < 0.001). Notably, the rate of early nephrologist consultation
(<24 hours) was slightly higher in the intervention group than in the control (29.8% vs
26.8%), with no significant difference.
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A statistically significant difference was detected between groups in diuretics’ (Adjustment in
19.1% of intervention group vs 33.5% of control, discontinuing in 39.5% vs 20.1% and
holding in 1.9% vs 2.8, P<0.001), Cephalosporins (adjustment in 14% of intervention vs
5.5% of control and discontinuing in 63.3% vs 39%, P<0.001), Metformin (discontinuing in
3.7% vs 13.4% and holding in 1.4% vs 2%, P<0.001) and Aminoglycoside administration
(adjustment in 6.5% vs 1.2%, discontinuing in 6.5% vs 2.8% and holding in 0.9% vs 0.4%,
P=0.002). The rate of IVF use was significantly lower in the intervention group than the
control (63.3% vs 77.2%, P=0.001), with significantly different IVF status (adjustment in
15.8% vs 48%, discontinuing in 44.2% vs 25.6%, and holding in 0.5% vs 2.4%, P<0.001).
Creatinine and urine analysis were performed at significantly higher rates in the intervention
group than in the control, being respectively 97.7% vs 92.1% (P=0.008) and 76.7% vs 59.1%
(P<0.001).

4.4 Primary Clinical Outcomes: AKI Progression, Recovery, Dialysis, and Mortality

This section reports on the primary clinical outcomes used to evaluate the effectiveness of the
enhanced AKI management model, which included an electronic alert system (e-alert),
biomarker monitoring, and structured provider response. Outcomes were compared between
the intervention group (Beit-Jala Hospital) and the control group (Hebron Hospital).

= Key outcome indicators included:

= Progression of AKI (from Stage 1 to 2, or 2 to 3)

= Need for dialysis initiation

= Recovery from AKI

= All-cause in-hospital mortality

= AKI duration (number of days)

= Length of hospital stay (LOS)
Statistical comparisons were made using Chi-square tests for categorical outcomes and
Mann-Whitney U tests for continuous outcomes, given the non-normal distribution of time
variables.

Table (4.3): Outcomes of the Studied Groups

Item Intervention group Control group P-value
(n=215) (n=254)

AKI progression N (%) N (%)

Stage 1 201 (93.5%) 244 (96.1%) 0.207
Stage 1to 2 135 (62.8%) 157 (61.8%) 0.827
Stage 2to 3 84 (39.1%) 106 (41.7%) 0.558
Dialysis initiation 17 (7.9%) 42 (16.5%) 0.005
Mortality 52 (24.2%) 55 (21.7%) 0.515
Recovery 71 (33%) 52 (20.5%) 0.002
AKI period (days) 4(3,6) 5(3,8) <0.001
Length of stay (days) 9 (5,15) 10 (5, 16) 0.272

Statistical comparisons were made using Chi-square tests for categorical outcomes and Mann—Whitney U tests
for continuous outcomes, given the non-normal distribution of time variables. Numerical data are presented as mean

+ SD or median (IQR), and categorical data are presented as frequency. Significance was set at P < 0.05.
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AKI progression from stage 1 to 2 was evidenced in more than half of both groups (62.8% of
the intervention group vs 61.8% of the control group), while from stage 2 to 3 was evidenced
in 39.1% vs 41.7%, with no statistically significant differences. Hemodialysis was initiated at
a significantly lower rate in the intervention group than in the control (7.9% vs 16.5%,
P=0.005). The incidence of mortality was comparable between both groups (24.2% in the
intervention group and 21.7% in the control group), with a significantly higher recovery rate
in the intervention group (33% vs 20.5%, P=0.002). Additionally, the AKI period was
significantly shorter in the intervention group (P<0.001), showing a median (IQR) of 4 (3, 6)
vs 5 (3, 8) days. Both groups had similar LOS, with a median (IQR) of 9 (5, 15) days in the
intervention group and 10 (5, 16) days in the control group. (Table 4.3)

4.5 Associations between risk triage level and AKI stage in the intervention Group

This section explores the association between risk-based triage levels and the severity of
AKI, as classified by KDIGO staging criteria, within the intervention group (Beit-Jala
Hospital). As part of the enhanced AKI management model, patients were triaged into three
risk levels, low, moderate, and high, based on predefined criteria including clinical risk
factors and biomarker values (e.g., NGAL).

Evaluating how these triage levels correlate with AKI stage provides insight into the
predictive value and clinical validity of the stratification tool used in the intervention model.

Table (4.4): Associations between triage result and AKI stage in Beit-Jala hospital

Item Triage P-value
Low Moderate High
(n=11) (n=54) (n=150)
AKI stage N (%) N (%) N (%)
Stage 1 9 (81.8%) 47 (87%) 88 (58.7%) 0.001
Stage 2 1(9.1%) 6 (11.1%) 24 (16%)
Stage 3 1(9.1%) 1(1.9%) 38 (25.3%)

Data are presented as frequency (%), Statistical significance at P-value<0.05 using chi-square testing

Our investigation revealed a statistically significant association between triage level and AKI
stage (P=0.001), with 81.8% of low triage group, 87% of the moderate triage group and
58.7% of the high triage group eliciting AKI stage 1, 9.1%, 11.1% and 16% eliciting stage 2
and 9.1%, 1.9%, and 25.3% eliciting stage 3.

4.6 Diagnostic Performance of Biomarkers for Predicting AKI Severity in the
Intervention Group

This section evaluates the diagnostic accuracy of several biomarkers in predicting the severity
of acute kidney injury (AKI) in patients admitted to Beit-Jala Hospital (intervention group).
The biomarkers analyzed included:

= Neutrophil gelatinase-associated lipocalin (NGAL)

= Serum creatinine

= Urine creatinine

= Urine protein excretion
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(ROC) curve analysis, calculating:

Protein-to-creatinine ratio (PCR)
The diagnostic value of each marker was assessed using receiver operating characteristic

Sensitivity
Specificity

Positive Predictive Value (PPV)
Negative Predictive Value (NPV)

Area Under the Curve (AUC)

Cut-off values were selected based on Youden’s index for each biomarker. The performance
indicator (J=Sensitivity+Specificity—1) was used to determine the -effectiveness of the
diagnostic test, optimizing the balance between sensitivity and specificity. The model is
statistically significant at a p-value less than 0.05.

Table (4.5): Diagnostic performance of biomarkers in the prediction of AKI stages in Beit-

Jala hospital (intervention hospital) by Youden’s index

Item Cut- | Sensitivity | Specificity | PPV | NPV | AUC P-
off value
AKI stage 1
— NGAL (ng/mL) <101 58.33 74.65 82.4 | 46.9 | 0.696 | <0.001
— S.creatinine (mg/dL) <2.56 77.78 67.61 83.0 | 60.0 | 0.785 | <0.001
— Creatinine in urine (mg/dL) <80.7 71.53 45.07 725 | 43.8 | 0.567 | 0.115
— Protein in urine (mg/day) <1299 68.06 53.52 74.8 | 45.2 | 0.610 | 0.008
- PCR <0.39 31.94 83.10 79.3 | 37.6 | 0.567 | 0.102
AKI stage 2
— NGAL (ng/mL) >22.3 96.77 17.39 16.5 | 97.0 | 0.501 | 0.981
—  S.creatinine (mg/dL) >1.71 90.32 31.52 18.2 | 95.1 | 0.552 | 0.261
— Creatinine in urine (mg/dL) >100 32.26 77.17 19.2 | 87.1 | 0.510 | 0.862
— Protein in urine (mg/day) <26.34 38.71 77.72 22.6 | 88.3 | 0.561 | 0.292
- PCR <5.44 96.77 23.37 175 | 97.7 | 0.571 | 0.176
AKI stage 3
— NGAL (ng/mL) >158.9 87.50 65.71 36.8 | 95.8 | 0.785 | <0.001
— S. creatinine (mg/dL) >2.69 87.50 78.86 48.6 | 96.5 | 0.873 | <0.001
— Creatinine in urine (mg/dL) >109.8 35.00 84.00 33.3 | 85.0 | 0.590 | 0.090
— Protein in urine (mg/day) >66.79 85.00 53.14 29.3 | 93.9 | 0.711 | <0.001
- PCR >0.4 97.50 33.14 25.0 | 98.3 | 0.655 | 0.001

PPV: Positive predictive value, NPV: Negative predictive value, AUC: Area under the curve, Statistical

significance for the test at P-value<0.05. PCR: Protein creatinine ratio.
ROC curve analysis revealed that NGAL, serum creatinine, and protein in urine were
significant diagnostic indices of AKI stage 1, respectively, with AUC of 0.696, 0.785, and
0.610, and P-value <0.001, <0.001, and 0.008 as: The <101 ng/mL NGAL cut-off point gave
sensitivity of 58.33%, specificity of 74.65%, PPV of 82.4% and NPV of 46.9%, the <2.56
mg/dL serum creatinine gave sensitivity of 77.78%, specificity of 67.61%, PPV of 83% and
NPV of 60% and the <129.9 mg/day protein in urine gave sensitivity of 68.06%, specificity
of 53.52%, PPV of 74.8% and NPV of 45.2%. None of the included biomarkers was a
significant predictor of AKI stage 2. As for AKI stage 3, NGAL, serum creatinine, protein in
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urine, and PCR were significant predictors, respectively with AUC of 0.785, 0.873, 0.711,
and 0.655, and P-value <0.001, <0.001, <0.001, and 0.001 as: The >158.9 ng/mL NGAL cut-
off point evidenced sensitivity of 87.5%, specificity of 65.71%, PPV of 36.8% and NPV of
95.8%, the >2.69 mg/dL serum creatinine showed sensitivity of 87.5%, specificity of 78.86%,
PPV of 48.6% and NPV of 96.5%, the >66.79 mg/day protein in urine showed sensitivity of
85%, specificity of 53.14%, PPV of 29.3% and NPV of 93.9% and the >0.4 PCR showed
sensitivity of 97.5%, specificity of 33.14%, PPV of 25% and NPV of 98.3%.The ROC curves
corresponding to these biomarkers for predicting AKI stages are illustrated in Figures 4.1-
4.7.
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4.7 Overall Survival Analysis Between the Intervention and Control Groups

This section presents the comparison of overall survival between patients in the intervention
group (Beit-Jala Hospital) and the control group (Hebron Hospital) using Kaplan—Meier
survival analysis and the log-rank test.

Survival time was defined as the time from AKI diagnosis to death (event) or discharge
(censored). The primary objective was to assess whether the enhanced AKI management
model, including e-alerts and structured care interventions, had a statistically significant
impact on patient survival compared to standard care.

Hazard ratios (HR) and 95% confidence intervals (CI) were calculated using Cox regression

analysis.

Table (4.6): In-hospital survival analysis of the studied groups after completion of cohort

follow-up

Group N of events (%) | N. censored (%) Median HR (95%Cl) Log-rank P-
survival (Days) value

Intervention 52 (24.2%) 163 (75.8%) 25 1.33 (0.9 t0 1.97) 0.156

Control 55 (21.7%) 199 (78.4) 38 Ref

HR: Hazard ratio, Statistical significance at P-value<0.05

Based on Kaplan—Meier survival curves with log-rank testing, there was no statistically
significant difference in overall survival between the intervention and control groups (P =
0.156). Although the intervention group had a lower median survival (25 days vs. 38 days),
this difference did not reach significance. Cox regression yielded a hazard ratio of 1.33 (95%
Cl: 0.90-1.97), further indicating no significant survival benefit. The Kaplan—Meier survival
curves comparing overall survival between the intervention and control groups are presented
in Figure 4.8.
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Figure (4.8): Kaplan Meier Curve for Overall Survival Analysis of the Studied Groups

4.8 Factors Associated with Recovery Failure from AKI Among Intervention Group
This section evaluates which clinical, biomarker, and management-related factors are
associated with recovery failure from acute kidney injury (AKI) over time among patients in
the intervention group using Cox proportional hazards regression.

The univariate model was first used to explore crude associations, and variables with p < 0.20
were subsequently included in the multivariable model to adjust for confounders. Hazard
Ratios (HRs) with 95% Confidence Intervals (Cls) were calculated, and p < 0.05 was
considered statistically significant.

Table (4.7-A): Cox Regression Analysis for Factors Associated with Recovery from AKI
over time Among the Intervention Group

Item Univariate analysis Multivariable analysis
HR 95%CI P-value | HR 95%ClI P-value

Age (years) 1.01 11t01.02 0.154 1.01 | 0.99t01.02 0.424

Gender

Male Ref

Female 0.9 0.65 to 1.26 0.544

Comorbidities | |

Sepsis 0.85 0.61t01.19 0.346

Critical illness 1.42 0.58 to 3.47 0.446

Circulatory shock 1.27 0.9to1.77 0.168 1.18 0.82t01.7 0.362

Burns 1.49 0.21t0 10.7 0.692

Trauma 1.17 0.57t02.4 0.668

Cardiac surgery 0.74 0.37 t0 1.46 0.381

Major noncardiac surgery 1.33 0.87t0 2.04 0.188 | 1.26 | 0.78102.04 0.35

Nephrotoxic drugs 1 0.62 to 1.63 0.998

Radiocontrast agents 0.83 0.52t01.34 0.445

Dehydration 1.02 0.72t0 1.44 0.931

CKD 0.97 0.661t01.41 0.871

HTN 1.05 0.71to0 1.56 0.809

DM 0.72 0.51t01.01 0.058 | 0.69 | 0.48t00.99 0.045

Cancer 0.8 0.44t0 1.45 0.47
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Table (4.7-B): Cox Regression Analysis for Factors Associated with Recovery from AKI
over time Among the Intervention Group

Liver diseases 1.01 0.61 to 1.68 0.963
Heart diseases 0.88 0.57 t0 1.36 0.563
Lung diseases 0.89 0.64t01.24 0.489
Anemia 0.83 0.581t01.18 0.291
Biomarkers
NGAL (ng/mL) 0.9999 0.9997 to 0.382
1.0001
S. creatinine (mg/dL) 0.99 0.91t0 1.09 0.901
Creatinine in urine 1.002 0.9991t0 1.005 | 0.201
(mg/dL)
Protein in urine 0.9999 0.9997 to 0.277
(mg/day) 1.0001
General alert response
AKI Stage
1 Ref Ref
2 1.41 0.88 t0 2.26 0.157 | 1.42 | 0.86t02.36 0.17
3 1.16 0.77t01.73 0483 | 11 | 0.7t01.73 0.683
Attacks /3 months
1 Ref Ref
2 0.93 0.61t01.41 0.726 | 1.03 | 0.66t0 1.61 0.88
3 0.62 0.33t01.16 0.137 | 0.62 | 0.32t01.21 0.16
AKI documented 1.07 0.75t01.52 0.726
Provider response 0.87 0.59t01.27 0.463
Early Consultation <24 0.87 0.61t01.23 0.423
Medication Changes
ACE
None Ref Ref
Adjust 0.37 0.05 to 2.66 0.322 | 131 0.08 to 0.852
22.78
DC 1.13 0.53t02.44 0.747 | 0.83 ] 0.33t02.12 0.698
Hold 2.75 0.87t08.71 0.085 | 15 | 0.43t05.21 0.519
ARB
Item Univariate analysis Multivariable analysis
HR 95%ClI P- HR 95%ClI P-value
value
None Ref Ref
Adjust 0.36 0.09t0 1.48 0.157 | 0.32 | 0.04t02.35 0.264
DC 2.23 1.2510 3.96 0.006 | 2.12 | 1.07t04.22 0.031
Hold 2.54 1.1t05.84 0.029 | 2.04 | 0.83t05.02 0.119
Diuretics
None Ref
Adjust 0.84 0.53101.33 0.453
DC 0.84 0.571t01.23 0.365
Hold 0.63 0.15t0 2.58 0.516
NSAIDs
None Ref
Hold 1.1 0.351t03.45 0.875
Cephalosporins
None Ref
Adjust 0.94 0.55t01.61 0.818
DC 0.86 0.58t01.27 0.449
SGLT?2 Inhibitors
None Ref
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Table (4.7-C): Cox Regression Analysis for Factors Associated with Recovery from AKI
over time Among the Intervention Group

Adjust 0.79 0.11t0 5.7 0.818

DC 1.09 0.511t02.35 0.82

Metformin

None Ref Ref

DC 0.75 0.24 t0 2.37 0.628 | 0.67 | 0.21t02.16 0.5
Hold 2.73 0.86 t0 8.64 0.088 | 1.6 | 0.421t06.05 0.487
Aminoglycoside

None Ref Ref

Adjust 0.52 0.251t0 1.07 0.075 | 0.51 | 0.25t01.07 0.074
DC 0.71 0.371t01.36 0.303 [ 0.79 | 0.4t01.55 0.491
Hold 0.67 0.16 t0 2.71 0.57 0.4 | 0.09t01.78 0.228
IV Fluids changes

IVF use 1.19 0.84t0 1.67 0.332

IVF status

None Ref

Adjust 1.1 0.671t01.78 0.713

DC 1.17 0.811t0 1.69 0.401

Hold 0.35 0.05 to 2.56 0.3

IVF amount 1 ltol 0.724

HR: Hazard ratio, CI: Confidence interval, Statistical significance at P-value<0.05

In univariate Cox regression analysis, ARB administration was significantly associated with
recovery from AKI, as patients whose ARB was discontinued or held showed significantly
higher hazard of recovery failure than those not receiving ARB, respectively with HR
(95%Cl) of 2.23 (1.25 to 3.96, P=0.006) and 2.54 (1.1 to 5.84, P=0.029).

Only variables with P-values<0.2 (a p-value < 0.20 were considered eligible for inclusion in
the multivariable model. This more liberal threshold was intentionally used to avoid
premature exclusion of potentially important predictors and confounders that may
demonstrate independent associations after adjustment.)in the univariate model were included
in the multivariable model, as appropriate, denoting that DM and ARB administration were
significantly associated with recovery as diabetic patients showed significantly lower hazard
of recovery failure than non-diabetic ones (HR=0.69, 95%CI: 0.48 to 0.99, P=0.045) and
patients whose ARB was discontinued showed significantly higher hazard of recovery failure
than those not receiving ARB (HR=2.12, 95%CI: 1.07 to 4.22, P=0.031).

Table (4.8): Multivariable Cox Regression Analysis for Factors Associated with Recovery
Failure from AKI in the Intervention Group

Variable Adjusted HR 95% ClI P-value
Diabetes mellitus (DM) 0.69 0.48-0.99 0.045
ARB discontinuation 2.12 1.07-4.22 0.031

ARB, angiotensin receptor blocker; CI, confidence interval; DM, diabetes mellitus; HR,
hazard ratio.

4.9 Factors Associated with In-Hospital Mortality Among Intervention Group Patients
This section presents the logistic regression analysis assessing the predictors of in-hospital
mortality among patients in the intervention group (Beit-Jala Hospital). The analysis included
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both univariate and multivariable logistic regression models, with factors entered into the
multivariable model if their univariate p-value was <0.20.
Table (4.9): Logistic Regression Analysis of Predictors of In-Hospital Mortality- Intervention

Group
Variables Univariate analysis Multivariable analysis
Unadjusted 95%ClI P- Adjusted 95%ClI P-

OR value OR value

Age 1.01 0.99 1.04 0.199 1.01 0.99 1.04 0.337

Sepsis 5.89 2.7 12.87 <.001 3.06 1.15 8.1 0.025

Circulatory Shock 13.65 6.43 28.95 <.001 13.26 5.05 34.8 <.001

Dehydration 2.09 1.04 4.22 0.039 0.36 0.12 1.07 0.066

Biomarker 1 1 1 0.005 1 1 1 0.613

Creatinine 1.14 0.99 1.33 0.076 1.03 0.83 1.28 0.767

Creatinine in Urine 1.01 1 1.01 0.027 1 1 1.01 0.115

AKI Stage

1

2 0.76 0.27 2.16 0.61 0.62 0.17 2.24 0.464

3 3.24 1.54 6.83 0.002 1.28 0.43 3.86 0.655

Attacks /3months

1

2 14 0.6 3.27 0.442 151 0.52 4.41 0.449

3 5.21 1.56 17.39 0.007 9.85 1.94 50.11 0.006

IVF 1.59 0.81 3.14 0.177 1.82 0.71 4.7 0.216

OR: Odds ratio, CI: Confidence interval, Statistical significance at P-value<0.05

The univariate logistic regression analysis identified the following as significant predictors of
in-hospital mortality:
= Sepsis (OR =5.89, p <0.001)
= Circulatory shock (OR = 13.65, p < 0.001)
= Dehydration (OR =2.09, p = 0.039)
= AKI stage 3 compared to stage 1 (OR = 3.24, p = 0.002)
= >3 AKI attacks in 3 months (OR =5.21, p = 0.007)
= Higher NGAL and urine creatinine levels also showed statistically significant but
modest associations with mortality.
In the multivariable model, after adjusting for potential confounders:
= Circulatory shock remained a strong and independent predictor of mortality (OR =
13.26, 95% CI: 5.05-34.80, p < 0.001). Sepsis was also independently associated with
mortality (OR = 3.06, 95% CI: 1.15-8.10, p = 0.025).
= Patients with three or more AKI attacks over 3 months had nearly 10-fold higher odds
of mortality (OR = 9.85, p = 0.006), indicating the cumulative burden of kidney
injury.
Other variables, including biomarkers, AKI stage, creatinine, and I\VF use did not retain
statistical significance in the adjusted model.
This analysis highlights that sepsis, circulatory shock, and recurrent AKI episodes are key
drivers of increased mortality among patients in the intervention group. These findings
underscore the need for early detection, aggressive management of hemodynamic instability,
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and preventive strategies to reduce recurrent AKI episodes as part of an enhanced AKI care
model.

4.10 Outcomes Stratified by Nephrology Consultation

This section evaluates the impact of nephrology consultation on key clinical outcomes,
including recovery, dialysis initiation, mortality, and AKI duration, in both the intervention
and control groups.

Table (4.10) Impact of nephrology consultation on clinical outcomes in intervention and
control groups

Nephrology Group Recovery Dialysis Initiation Mortality AKI-Duration (Median,
Consult (%) (%) (%) Q1-Q3)
No Intervention 46 (36%) 2 (2%) 28 (22%) 4(3,5)
Control 45 (27%) 11 (7%) 40 (24%) 43,7
P-value 0.102 0.036 0.660 0.200
Yes Intervention 29 (28%b) 15 (17%) 24 (27%) 45(3,7)
Control 7 (8%) 31 (35%) 15 (17%) 7(5,12)
P-value <0.001 0.007 0.094 <0.001

Comparison of recovery rates, dialysis initiation, mortality, and AKI duration between intervention and
control groups, stratified by whether nephrology consultation occurred. Data presented as percentages or
medians (Q1-Q3). Statistical significance assessed using Chi-square and Mann—Whitney U tests, with
significance set at P < 0.05.

Among Patients Who did not Receive A Nephrology Consult

The recovery and mortality rates were comparable between the intervention and control
groups. However, the dialysis initiation rate was significantly lower in the intervention group
(2% vs. 7%, P = 0.036), indicating possible early detection and upstream interventions
facilitated by the e-alert system, even without specialist input.

Among Patients Who Received a Nephrology Consult

The intervention group had significantly higher recovery rates (28% vs. 8%, P < 0.001) and
lower dialysis initiation rates (17% vs. 35%, P = 0.007) compared to the control group.

There was no statistically significant difference in mortality (P = 0.094), but the AKI
duration was significantly shorter in the intervention group (4.5 vs. 7 days, P < 0.001).

These findings suggest that the combination of an e-alert system and timely nephrology
consultation within the hybrid model may have synergistic effects in improving AKI recovery
and reducing the need for dialysis.

This subgroup analysis underscores the added value of nephrology consultation in the context
of the hybrid AKI management model. The integration of digital alerts and specialist
response appears to enhance outcomes, particularly for recovery and AKI duration,
reinforcing the importance of multidisciplinary collaboration.

Part Two: Qualitative Analysis

This study investigated the perspectives of 13 nephrologists working in Palestinian hospitals
across the West Bank, Palestine, on the feasibility and implementation of the NRRT model.
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The findings are organized into three primary categories: facilitators, barriers, and
recommendations, each represented in Table 1 through corresponding key themes and
descriptive insights. The table outlines five enabler themes that support the NRRT

implementation, five barrier themes that hinder its adoption,

and three strategic

recommendation themes aimed at enhancing nephrology care and addressing AKI
management in the Palestinian context.

Table (4.11): Summary of Key Facilitators, Barriers, and Recommendations for NRRT
Implementation in Palestine

Category Key Themes Description
Facilitators MOH Strategic Policies Robust government leadership, policy frameworks, and
structured nephrology care integration.
Facilitators Prevention-Driven Health Early detection, proactive health policies, and risk-based
System interventions to reduce AKI burden.
Facilitators Multidisciplinary Collaboration Involvement of nephrologists, pharmacists, radiologist,
& Nephrologist Early nurses, and other specialists to ensure timely interventions.
Engagement
Facilitators Institutional Endorsement for Hospital-based monitoring systems, intake/output charting,
Nephrology Care and daily creatinine tracking for high-risk patients.
Facilitators Advancing Technological Implementation of Al-driven diagnostics, novel
Innovation biomarkers (e.g., Cystatin C, NGAL), and electronic alert
systems for early AKI detection.
Barriers Systemic Governance and Policy | Lack of nephrology-specific policies, fragmented health
Barriers governance, and insufficient regulatory frameworks.
Barriers Financial and Operational Limited funding, outdated dialysis machines, and poor
Constraints infrastructure for nephrology services.
Barriers Human Resource Insufficiency Shortage of nephrologists, lack of residency programs, and
migration of specialists due to low salaries.
Barriers Prevention Strategies and Poor health literacy, delayed nephrology consultations,
Awareness Challenges and inadequate prevention efforts in primary care.
Barriers Collaborations and Surveillance | Lack of coordination among healthcare providers, absence

System Challenges

of a national renal disease registry, and inconsistent patient
tracking.

Recommendations

Policy and Governance Reforms

Strengthen nephrology policies, increase funding,
implement national strategies, and establish a renal disease
registry.

Recommendations

Capacity Building and Education

Expand residency programs, provide structured training
for healthcare professionals, and enhance nephrology
education.

Recommendations

Public Awareness and Prevention
Strategies

Integrate prevention programs in primary care, establish
nephrology-specific clinics, and enhance public education
on kidney disease management.
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Facilitators for NRRT Implementation

Successful implementation of the NRRT model
in Palestinian hospitals depends on several key
enablers. Five facilitating themes were
identified: MOH Strategic Policies, Prevention-

Driven Health System, Multidisciplinary
Collaboration and  Nephrologist  Early
Engagement, Institutional Endorsement for
Nephrology Care, and Advancing

Technological Innovation (see Figure 3). These
themes reflect the structural, professional, and
technological ~ foundations  essential  for
sustaining NRRT interventions and improving
nephrology care.

1. MOH Strategic Policies

Facilitators to
NRRT

Imolemtation

Figure (4.9) Key Facilitators to NRRT Implementation
in the Palestinian Health System. This diagram
illustrates five core enablers supporting the successful
adoption of the Nephrology Rapid Response Team

A strong policy framework and effective (NRRT)model.

leadership from the Ministry of Health (MOH) were consistently recognized as essential
drivers for NRRT implementation. Nephrologists emphasized the pivotal role of the MOH in
spearheading systemic reforms, ensuring sustainability, and fostering a coordinated approach
to nephrology care. Leadership commitment was seen as a prerequisite for overcoming
implementation barriers. One nephrologist highlighted this, stating:

"The Ministry of Health alone can establish this system.” (Participant no. 8: 35).

In addition, centralized training workshops under MOH supervision were identified as a
critical strategy for equipping healthcare providers with the necessary skills. Standardized
training ensures uniform nephrology management practices across hospitals. Another

participant elaborated:

"If you want to implement it, you need to coordinate and establish a center at the Ministry of
Health where workshops are held in all hospitals for nurses and doctors.” (Participant no. 4:

29).

2. Prevention-Driven Health System

Nephrologists advocated for integrating nephrology into a broader preventive health model,
highlighting the importance of early detection, risk assessment, and proactive management of
AKI. Shifting toward proactive policies is essential in reducing AKI incidence and its

associated burdens. As one participant highlighted,

“If this system is implemented, it will have a great impact, and we will quickly see its
benefits, particularly how effective AKI management reduces the duration of hospitalization,
improves survival rates for many patients...” (Participant no. 13: 27).

Primary healthcare was seen as a cornerstone of this strategy, particularly in facilitating early-
stage CKD identification and long-term monitoring. Participants stressed the need for
strengthened infrastructure, such as consistent follow-up protocols and regulated medication
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dispensing, to operationalize prevention. As one nephrologist explained, effective integration
requires:

“They want to activate a preventive health system... patients with chronic kidney disease
should have regular follow-ups and undergo basic tests consistently. Pharmacies should be
prohibited from selling medications arbitrarily without a prescription.” (Participant no.11:
55).

3. Multidisciplinary Collaboration & Nephrologist Early Engagement

The role of multidisciplinary collaboration was another fundamental facilitator. Early
involvement of nephrologists and interdisciplinary teamwork was considered essential for
managing AKI. However, in the Palestinian healthcare context, early nephrologist
consultations are often unavailable due to ashortage of nephrology specialists, a lack of
structured referral systems, and an overburdened healthcare workforce.

Nephrology consultations are delayed or even overlooked due to the absence of
nephrologists in certain regions. The heavy workload of the few available specialists limits
their ability to provide timely consultations, often leading to late-stage referrals when patients
require dialysis or critical care interventions. As one nephrologist remarked,

"Providing nephrology specialists is essential to manage AKI effectively, increasing
recovery chances and preserving patients' health. Residency programs are crucial
(Participant no. 4: 29).

Strengthening early multidisciplinary consultation was viewed as a low-cost, high-impact
reform to improve AKI prognosis and reduce late-stage interventions.

4. Institutional Endorsement for Nephrology Care

Institutional endorsement emerged as asignificant enabler for implementing the NRRT
model, particularly through the standardization of basic monitoring practices. Nephrologists
consistently emphasized that simple, low-cost measures such as intake and output charting,
regular patient weighing, and daily creatinine testing could serve as foundational tools for
early detection and timely AKI management. One nephrologist illustrated this point:

" It is not difficult to take an intake and output chart for any patient. For high-risk patients or
those on nephrotoxic medications, conducting daily creatinine lab tests is also simple. These
practices do not require high costs, creativity, or significant effort.” (Participant no. 3: 51).
These basic monitoring practices, though simple and low-cost, were viewed as foundational
enablers of the NRRT implementation. When supported by institutional commitment and
embedded into routine workflows, they offer a practical path toward early AKI detection and
consistent, preventive nephrology care.

5. Innovation and Technology Integration: Enabling Early Detection

Participants emphasized the need to integrate innovative, technology-driven tools to
improve the early detection and management of kidney diseases. Two key innovations
emerged: the use of novel biomarkers, particularly cystatin C, and the implementation of
electronic alert systems. Cystatin C was recognized as a more sensitive indicator than
creatinine, capable of detecting renal dysfunctions that traditional tests may miss. Likewise,
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electronic alert systems were identified as pivotal for the early identification and management
of AKI.

As one nephrologist succinctly explained across different points in the interview: -

"One of the most important biomarkers is cystatin C. It sometimes detects issues that
creatinine cannot reveal... An automated alert system could ensure timely detection,
prompting action before progression becomes irreversible, if integrated effectively with
regulations.” (Participant no. 1: 56)

In resource-constrained settings like Palestine, participants stressed that the successful
implementation of these tools depends on a broader hospital strategy, including staff training,
clearly defined clinical pathways, and strong regulatory oversight to ensure sustainability and
impact. To avoid the risk of alarm fatigue, which can occur when alerts are excessive or
poorly integrated, participants emphasized the importance of designing systems that prioritize
clinical relevance and prompt appropriate action.

Barriers to NRRT Implementation

The implementation of the NRRT model in Palestinian hospitals could face several systemic
and operational barriers. These Obstacles span across governance (e.g., lack of policy
coherence and weak leadership), financial constraints (e.g., insufficient funding for
nephrology services), resource limitations (e.g., shortage of nephrologists and inadequate
diagnostic tools), and awareness deficiencies (e.g., limited knowledge among healthcare
providers and patients about AKI management). Five key themes summarizing these barriers
are presented in Figure 4, reflecting the complex interplay of structural and intermediary
determinants within the healthcare system.

e Systemic Governance and Policy Barriers

e Financial and Operational Constraints

e Human Resource Insufficiency

® Prevention Strategies and Awareness Challenges

e Collaborations and Surveillance System Challenges

Barriers

Figure (4.10). Key Barriers to NRRT Implementation in the Palestinian Health System
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1. Weak Systemic Governance and Policy Gaps

Structural weaknesses in health governance emerged as a central barrier to NRRT
implementation. Nephrology care was described as fragmented, shaped by short-lived
initiatives, reactive planning, and limited long-term investment. Participants repeatedly
emphasized that Ministry of Health (MOH) programs often lacked continuity, leaving
services exposed to shifting political agendas and financial shortfalls. One participant
remarked,

“The Ministry of Health initiates programs, but unfortunately, they rarely complete them
100%.” (Participant no. 9:65)

This lack of sustainability reflects a broader governance dilemma in which nephrology
remains marginalized, with no structured policies guiding decision-making or ensuring
equitable service distribution.

2. Financial and Operational Constraints

Chronic underfunding and misallocated health budgets were cited as direct impediments to
nephrology development. The frustration among participants was palpable, as they linked the
dominance of reactive care (dialysis) to a lack of strategic investment in prevention,
diagnostics, and early-stage interventions.

One nephrologist sharply criticized the Government of Palestine (GoP) for failing to allocate
sufficient funds to the Ministry of Health (MOH), stating:

“They don’t allocate a proper budget for the Ministry of Health... With an adequate budget,
we could conduct proper testing and avoid unnecessary dialysis procedures.” (Participant
no. 11: 74-75).

Beyond infrastructure limitations, low salaries and overwhelming workloads are driving a
wave of physician migration, further weakening the already fragile nephrology workforce.
One nephrologist described the reality of Palestinian specialists leaving the country in search
of better financial and professional stability:

“Some doctors go abroad and don’t return because the salary is 7,000 NIS (~$2,000), and
they are overburdened with patients.” (Participant no. 13: 45-46).

The brain drain forms a real barrier to implementing structured, team-based models like our
proposed NRRT. It deprives the system of the specialized workforce essential for coordinated
and preventive nephrology care.

3. Nephrology Workforce Shortage

The implementation NRRT model in Palestinian hospitals is hindered by an acute shortage
of nephrologists, an issue that has reached an unacceptable level. Dialysis centers often
operate without specialist oversight, creating unsafe care environments and violating basic
clinical standards. Participants highlighted a systemic failure to scale training programs
alongside service expansion.
One participant vividly described this systemic gap:
"Dialysis centers opened... but where are the nephrology specialists? ldeally, there should be
a plan to ensure every center has a specialist, but unfortunately, that's not the case."
(Participant no. 9: 24).
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The absence of nephrologists in dialysis units is an abnormal and unacceptable condition,
highlighting a dangerous disconnect between nephrology service expansion and workforce
planning. Participants further noted that this workforce gap is compounded by the absence of
a formal nephrology residency program and training opportunities in Palestine. Without
addressing this imbalance, participants questioned how consistent and timely nephrology care
could be delivered.

4. Weak Prevention and Public Awareness
Participants criticized the underutilization of primary care centers for the early detection of
kidney disease. Nephrology is typically addressed at advanced stages, with limited public
education and provider training on the early detection of AKI risk. One nephrologist critically
observed:
"In our context, ... Patients are only referred to a nephrologist when they reach the stage of
needing dialysis.” (Participant no. 3: 29).

Beyond healthcare provider practices, misconceptions about kidney health among patients
were also identified as barriers. Many individuals held simplistic or incorrect beliefs about
kidney disease prevention, assuming that drinking water alone could maintain kKidney health.
As one nephrologist noted:

"Some people think drinking too much or too little water affects kidney health, but that’s not
true if the kidneys are functioning normally." (Participant no. 4: 29).

These gaps in awareness, limited emphasis on preventive care, and delays in nephrology
referrals reflect ongoing challenges in integrating nephrology services within the broader
healthcare system.

5. Collaborations and Surveillance System Challenges

A fundamental flaw in the current healthcare system, as revealed by participants, is the lack
of coordination between primary and secondary healthcare services, fragmenting patient
management and leading to disjointed care pathways. Patients often navigate a maze of
healthcare providers—the Ministry of Health (MOH), military medical services, relief
agencies, and UNRWA—each operating independently, without a centralized treatment plan
or communication channel. One nephrologist reflected on this uncoordinated system:
"Healthcare services are being provided in multiple places, but there is no harmony or
coordination between the primary healthcare centers." (Participant no. 10: 28).
This healthcare fragmentation creates delays in patient management, duplication of efforts,
and inconsistent medication regimens. Patients receive conflicting prescriptions and undergo
unnecessary duplicate tests due to the absence of a shared clinical record system.
Closely tied to this fragmentation is the absence of a national renal disease registry, which
significantly limits strategic planning for kidney care. Without a centralized data repository,
nephrologists lack critical tools for monitoring patient trajectories, assessing population-level
burden, and informing clinical decision-making. One participant underscored this challenge:
“... A proper registry system would help us follow patients better, especially as their numbers
grow. Unfortunately, we don’t have any statistics at all.” (Participant no. 7:40-41)
This data vacuum hinders evidence-based decision-making, making it impossible to allocate
resources efficiently or develop national strategies for kidney disease management. The
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failure to establish a real-time surveillance system for CKD and AKI cases reflects a systemic
oversight that continues to undermine nephrology services at every level.

Nephrologists’ Insights: Strategic Recommendations for NRRT Implementation

Grounded in their lived experiences and professional realities, nephrologists provided
strategic recommendations to overcome the systemic barriers hindering the effective
implementation of the NRRT model. Figure 5 illustrates and synthesizes the
recommendations, which emerged organically from nephrologists’ daily experiences and
direct engagement with the systemic challenges of the Palestinian healthcare system.

[ Expand nephrology residency programs

[J Strengthen primary care nephrology training

[ Implement the Nephrology Rapid Response Team (NRRT)
0 Improve financial investments in preventive care

[] Establish a national kidney disease registry

Figure (4.11). Key Policy and System-Level Recommendations to Strengthen
Nephrology Care Delivery in Palestine

Within the complex and resource-limited healthcare landscape, nephrologists articulated
pragmatic solutions, highlighting the need for systemic transformation in nephrology care.
Their recommendations consolidate into three interdependent themes, each addressing a
critical aspect of health system reform.

The following section provides an in-depth exploration of these recommendations, capturing
the nuanced perspectives and frontline realities of nephrologists as they reimagine
nephrology care within a constrained yet resilient healthcare system.

1. Policy and Governance Reforms: A Call for Systemic Change

Nephrologists consistently emphasized the need for comprehensive reforms in health
governance to strengthen nephrology care. Their narratives revealed a fragmented system
lacking strategic direction, sustainable funding, and cohesive referral mechanisms, factors
that collectively undermine patient outcomes and limit the feasibility of NRRT
implementation.

A central recommendation was the expansion of structured primary care services through
the family medicine program. This was viewed as essential for shifting from dialysis-centered
care toward early detection and prevention-based strategies. One participant articulated this
vision through a more structured and patient-centered model:
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"The Family Medicine program in Palestine needs to expand significantly and should serve
as the first line of defense in managing such cases. These physicians are the ones who see
patients first, refer them when necessary, and follow up on their conditions. This ensures a
structured and coordinated approach to patient care.”" (Participant P. no. 9: 36).

Strengthening frontline care and referral coordination, alongside implementing a national
nephrology strategy, was seen as foundational for enhancing system responsiveness and
ensuring the long-term viability of nephrology reforms.

2. Capacity Building and Education: Strengthening the Foundations of Nephrology
Care
A foundational recommendation was to strengthen the nephrology workforce through
structured residency programs, continuous medical education, and general physician
upskilling. Participants highlighted the need for both specialist and generalist training to
improve early detection and AKI management. A nephrologist highlighted the dual necessity
of medical training and a structured tracking system:
"General physicians must be trained on how to act as the first line of defense in managing
kidney diseases. Additionally, there should be a kidney disease registry to ensure proper
tracking and management of these cases."” (Participant no. 9: 69).
This emphasis on education and capacity building reflects a deep awareness among
nephrologists that closing the knowledge gap is pivotal to improving patient outcomes.
Without a skilled and well-trained workforce, nephrology services will continue to struggle,
leaving AKI and CKD patients vulnerable to mismanagement and late-stage referrals.
Participants envisioned a future where continuous medical education, structured residency
programs, and a well-established nephrology registry would not just enhance individual skills
but fortify the entire healthcare system, ensuring better patient care despite resource
limitations.

3. Public Awareness and Prevention Strategies: A Shift Toward Proactive Nephrology

Care

Nephrologists called for wide-scale public education and early intervention campaigns to
reduce the rising burden of kidney disease. These would target both community
misconceptions and systemic neglect in the early stages of care. A notable proposal was the
creation of nephrology-specific outpatient clinics segmented by condition: CKD, AKI, and
transplant to provide tailored treatment and improve follow-up. One participant articulated
the necessity of this structured approach:
"Another important point is to have specialized clinics within government institutions:
separate clinics for CKD and AKI. Managing chronic kidney disease is different from
managing acute kidney injury because AKI patients have a good chance of kidney recovery.
Therefore, in my opinion, nephrology services should be divided into three distinct clinics for
optimal effectiveness—for kidney transplants, AKI, and CKD. (Participant no. 13: 17)
Integrating preventive nephrology into primary care and restructuring service models to
reflect disease progression were seen as transformative strategies to improve long-term care
and reduce dialysis dependency.
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Chapter Five

Discussion and Recommendations

This chapter synthesizes the quantitative and qualitative findings to evaluate the feasibility
and effectiveness of the integrated AKI detection and management model and the contextual
factors that influenced its implementation in Palestinian hospitals. The quantitative analysis
examined clinical and process outcomes related to AKI care, while the qualitative findings
provided insight into implementation challenges, workflow adaptation, and professional
perspectives on feasibility. Together, these results offer a clearer understanding of how the
intervention performed in practice and why certain patterns emerged.

5.1 Epidemiological Profile and Risk Factors of AKI

The demographic and clinical characteristics of this cohort underscore the multifactorial
etiology of AKI in Palestine and LMICs. The mean age was approximately 66 years in both
the intervention and control groups, highlighting the increased vulnerability of older adults,
likely due to age-related nephron decline and increased comorbidity burden.

A notable demographic pattern was the predominance of males among AKI cases. This
finding aligns with the global meta-analysis by Neugarten & Golestaneh (2018), which
reported that men face a higher risk of hospital-acquired AKI (OR 1.23, 95% CI: 1.11-1.36),
particularly in ICU and non-cardiac surgical settings. These results challenge earlier
guidelines (KDIGO, 2012) that considered female sex a greater susceptibility factor (Khwaja,
2012). Biological mechanisms such as hormonal influence, immune modulation, and
differential tubular repair may partly explain the disparity, alongside sociocultural factors like
occupational exposure and delayed care-seeking. Consistent with this, the unpublished
Palestinian MoH data show that males constitute most dialysis patients nationwide,
supporting the notion of higher AKI incidence and faster progression to ESKD among men.

61



Comparable demographic patterns were observed in recent local studies, including Damin
Abukhalil et al. (2024), who reported a median age of 65 years and 54% male prevalence
among AKI hospital admissions in Palestine.

Hypertension and Diabetes Mellitus: Dual Drivers of Susceptibility

Hypertension (72.1%) and diabetes mellitus (58.9%) were the most common, consistent with
the metabolic and vascular burden driving kidney disease across the Eastern Mediterranean
region. HTN was significantly more prevalent in controls (81.1%, p = 0.021), suggesting that
uncontrolled blood pressure may exacerbate renal hemodynamic instability, increase AKI
severity, and delay recovery (Cerda et al., 2017).

Diabetic nephropathy, though not statistically different between groups, remains a major
structural substrate for AKI, predisposing to microvascular ischemia and oxidative stress
during acute illness (Ostermann et al., 2025). The coexistence of diabetes, hypertension, and
CKD creates a synergistic triad, each exaggerating the risk and impeding recovery, mirroring
the “renal—cardiometabolic syndrome” increasingly reported in LMICs (Luyckx et al., 2024).
This local pattern aligns with national epidemiological data. According to the 2022 National
STEPS Survey (Palestinian Ministry of Health, 2024), 21.8% of Palestinian adults reported
hypertension and 19.9% reported diabetes, with rates increasing sharply after age 44. These
findings reveal an intersection between the chronic NCD and AKI risk, particularly in
settings marked by fragmented health systems and limited resources. Pre-renal etiologies,
particularly sepsis and dehydration, were the dominant causes, affecting over half and two-
thirds of patients, respectively, which is consistent with global LMIC data, where community
and hospital-acquired AKI remain interrelated.

AKI- CKD - ESKD Continuum

The high prevalence of CKD in our research, exceeding 60% in both intervention and control
groups, reinforces the concept that AKI in Palestine commonly arises in the context of
underlying renal impairment. This observation supports the increasingly recognized
continuum between AKI, CKD, and ESKD, rather than viewing them as independent
conditions. KDIGO’s 2024 consensus statement emphasizes that CKD is the primary
susceptibility factor for AKI, wherein a decline in nephron reserve, chronic inflammation,
and microvascular injury exaggerate risk from even modest hemodynamic or nephrotoxic
insults (Kellum & Zarbock, 2025).

This “AKI on CKD” or AKI on top of CKD, as the Palestinian physicians documented in
patients’” EMR, phenomenon reflects not only individual-level biological vulnerability but
also broader system-level challenges. National data from the Palestinian Ministry of Health
(2025) indicate a 108% increase in ESKD cases since 2015, with over 3,500 patients now
receiving dialysis. These trends suggest that unrecognized or inadequately managed AKI
episodes are accelerating progression toward ESKD, particularly in the absence of robust
post-discharge follow-up and a national renal registry (Palestinian Ministry of Health, 2024).

The CKD prevalence in this cohort is markedly higher than regional and global estimates, far
surpassing the Middle East average of 8.17% and typical figures reported in low- and middle-
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income countries (Bello AK et al., 2023). This disparity likely reflects systemic inequities in
the Palestinian healthcare system, including the severe shortage of nephrology specialists,
fewer than thirteen across the West Bank, and the absence of unified national protocols for
CKD and AKI management (Palestinian Ministry of Health, 2023; Jawabreh et al., 2025).
The qualitative findings highlighted that this workforce limitation, combined with limited-
fragmented referral pathways and a lack of standardized post-AKI follow-up, continues on
reactive rather than proactive-preventive nephrology care. Without a national renal registry,
formal CKD surveillance, or structured primary-care integration, early kidney disease often
progresses silently to ESKD. Similar challenges have been documented in other LMICs by
the ISN Global Kidney Health Atlas (Bello et al., 2023), underscoring how workforce
shortages and policy gaps remain the principal barriers to implementing prevention-driven
nephrology.

The KDIGO guidelines emphasize longitudinal surveillance following AKI, recommending
continued renal function monitoring to detect incomplete recovery or progression to CKD
(Khwaja, 2012). However, these guidelines pose logistical challenges in overburdened
systems. AKI affects approximately 1.5% of the general population annually (Sawhney et al.,
2018), and nephrology access is severely limited in Palestine; it is unrealistic to expect
nephrologists alone to manage all post-AKI care. Indeed, fewer than 10% of patients
surviving hospitalization with AKI globally receive nephrology follow-up within three
months (Silver & Siew, 2017).

Epidemiologically, AKI and CKD form a bidirectional, self-perpetuating cycle. Patients with
pre-existing CKD are at significantly higher risk of AKI, and those with AKI face increased
likelihood of incomplete recovery, persistent dysfunction, or rapid progression, now
conceptualized as acute kidney disease (Chawla & Kimmel, 2012; Lameire et al., 2021). This
transitional phase highlights the importance of early identification, longitudinal monitoring,
and the integration of renal care across systems, particularly in resource-limited settings such
as Palestine.

Nephrotoxic Drug Exposure and Preventable Triggers

Nephrotoxic drug exposure was remarkably high (86.5% vs 80.7%), emphasizing a
preventable risk factor that persists in LMIC hospitals where pharmacovigilance systems are
limited. Commonly implicated medications included aminoglycosides, ACE inhibitors, and
intravenous contrast, often administered without serial renal monitoring. This pattern aligns
with the WHO AKI Roadmap findings that 20-30% of hospital-acquired AKI in low-
resource settings is linked to medication-related toxicity (Zhu et al., 2023). Notably,
radiocontrast exposure (13.5%), though lower than global averages, still represents a
significant avoidable cause, especially given the lack of standardized prophylaxis protocols.
The integration of e-alert—based nephrotoxin review within the hybrid intervention directly
targeted this gap, prompting medication reassessment and likely contributing to the observed
reduction in dialysis initiation.

Our findings echo concerns raised by Damin Abukhalil et al. (2024), who reported
nephrotoxic drug exposure in 68.7% of AKI cases, predominantly NSAIDs, ACE
inhibitors/ARBs, diuretics, and antibiotics. Both studies reveal broadly and often
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inappropriate nephrotoxin use, particularly in community settings where most medications
are accessible without adequate renal monitoring.

Lung disease (47.4% vs. 37.4%, p = 0.028) and critical illness (91.2%) were also prominent
contributors in our sample, suggesting multi-organ interactions as key mechanisms of AKI.
Damin Abukhalil et al. (2024) similarly identified pulmonary disease in 21.9% of cases,
linking hypoxia and systemic inflammation to renal injury. This supports the medical
condition known as pulmonary-renal syndrome, where cytokine-mediated endothelial
dysfunction and reduced oxygen delivery aggravate tubular stress (Husain-Syed et al., 2024).
Collectively, these data reveal that AKI in Palestine arises within a predictable chronic
comorbidity, nephrotoxin exposure, and system-level gaps in preventive renal care. Our study
builds upon and extends the findings of Abukhalil et al. (2024) by demonstrating how
integrating risk profiling, biomarkers, and e-alert systems can transform this epidemiologic
understanding into actionable prevention and early management.

From an epidemiologic standpoint, both national and cohort-level Palestinian data converge
on several critical themes. Community-acquired AKI predominates, frequently triggered by
dehydration, infection, and inappropriate drug exposure. Hypertension, diabetes, and chronic
kidney disease (CKD) consistently emerge as the core triad of susceptibility, while
nephrotoxic agents, particularly ACE inhibitors/ARBs, represent the most modifiable risk
factor, with inappropriate use persisting even during hospitalization.

In contrast to most regional studies that rely solely on serum creatinine (S.cr) and urine
output, the present research incorporated NGAL and other early-detection biomarkers,
representing a step forward in enabling the identification of subclinical AKI that traditional
markers may overlook. The median NGAL concentration in the intervention group was 119.6
ng/mL, reaching >700 ng/mL in severe cases. These results confirm NGAL’s utility for early
renal stress detection and align with global evidence advocating multimarker integration for
improved diagnostic timing and precision (Virzi et al., 2025; Ostermann et al., 2025).

5.2 Impact of the E-Alert on Care Processes

The implementation of a real-time e-alert system in our study resulted in a demonstrable
improvement in AKI detection, documentation, and care quality, consistent with emerging
international evidence that digital decision-support tools can enhance process measures, even
in resource-limited settings. Quantitatively, the intervention group showed a clear shift
toward earlier AKI stages, with Stage 1 predominating (67.0% vs 42.1% in controls) and a
marked reduction in Stage 3 cases (18.6% vs 38.2%, p < 0.001). This redistribution reflects
the alert’s capacity to facilitate timelier identification and response, consistent with findings
by Wilson et al. (2015, 2021). The overall documentation rate doubled (68.4% vs 37.8%, p <
0.001), signaling the emergence of a more transparent and accountable record-keeping
culture, an essential precondition for any learning health system model in nephrology.

Beyond recognition, alerts translated into measurable behavioral change at the point of care.
In our study, clinician response rate of 76.3 % is comparable to or exceeds that seen in prior
AKI e-alert systems, where response or acceptance rates typically range from ~50 % to ~70
%, depending on design and context resembling 69 % provider acceptance, 57 % behavior
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change in decision-support systems, or high deferment rates in UK pop-up alerts (Bani-Saad
et al., 2019; Shi et al., 2022).

Process audits revealed significant improvements in medication safety: discontinuation of
nephrotoxic cephalosporins (63.3% vs 39.0%, p < 0.001) and adjustment of aminoglycosides
(13.0% vs 4.0%, p = 0.002) were markedly higher in the intervention group. Comparable
trends were observed for diuretics and metformin, consistent with evidence that e-alerts
prompt proactive renal-dose modification and drug cessation (Wilson et al., 2015a, 2023a; Y.
Wu et al., 2018). These medication-related actions are widely recognized as alternative
indicators of safer renal practice, underscoring that process adherence often precedes
outcome gains.

Notably, the intervention group displayed a more individualized approach to fluid therapy.
Although intravenous fluids were administered less frequently (63.3% vs 77.2%, p = 0.001),
clinicians were twice as likely to discontinue fluids when clinically appropriate (44.2% vs
25.6%, p < 0.001). This pattern suggests a paradigm shift from routine resuscitation toward
tailored volume management, an essential determinant of renal recovery and mortality (Kim
etal., 2017).

In contrast, radiological evaluation (renal ultrasound) showed no significant difference
between groups (29.3 % vs 30.7 %, p = 0.741). This aligns with international data indicating
that e-alerts seldom influence imaging behavior, as radiology requests are usually guided by
structural suspicion rather than biochemical triggers. Both Li et al. (2024) and Perry Wilson
et al. (2021) observed similar neutrality in imaging outcomes, noting that alerts improve
biochemical surveillance but do not alter low-yield investigations such as ultrasound unless
hydronephrosis or obstruction is suspected.

Laboratory follow-up improved correspondingly, with higher rates of repeat creatinine testing
(97.7% vs 92.1%, p = 0.008), urinalysis (76.7% vs 59.1%, p < 0.001), and 24-hour urine
collections (58.6 % vs 47 %, p = 0.023). Such adherence to monitoring protocols aligns with
global standards for AKI surveillance (Fu et al., 2024; Wilson et al., 2015) and signals
progressive normalization of best practice within Palestinian hospitals.

The meta-analysis by Tome et al. (2022) and the systematic review by Fu et al. (2024) both
concluded that laboratory follow-up is one of the most consistent process improvements
attributable to e-alert systems, even when clinical outcomes remain unchanged.

From a public-health standpoint, the greater use of 24-hour urine collection and urine analysis
in the intervention group suggests a broader shift from reactive to preventive nephrology
practice.

Early detection of proteinuria or persistent oliguria can inform timely nephrology referral and
predict progression risk, an aspect strongly emphasized by KDIGO 2012 and reinforced in
the KDIGO LMIC Controversies Conference (Jha et al., 2016) as a cost-effective surveillance
strategy where advanced diagnostics are limited. Therefore, the present findings illustrate that
even simple alert prompts can translate into more complete renal investigations without
additional infrastructure investment.

These findings indicate that the e-alert system prompted more systematic biochemical
reassessment and renal monitoring processes that are crucial for staging AKI, detecting
recovery, and guiding medication or fluid adjustments. This enhanced monitoring closely
mirrors patterns observed in large multicenter evaluations of electronic AKI surveillance.
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5.2.1 Alert Fatigue

The implementation of the AKI e-alert and triage system achieved a high and clinically
meaningful level of provider responsiveness. Nearly three-quarters of alerts prompted
documented clinical action, an encouraging result given the high patient load and resource
constraints of the participating hospitals. This response rate aligns with international
evaluations of AKI e-alert systems, where engagement typically ranges between 60-75%
(Perry Wilson et al., 2021; Selby et al., 2021). Thus, the system demonstrated substantial
success in promoting awareness and early response among frontline clinicians.

Despite these advances, approximately one in four alerted cases lacked a documented
provider response. At face value, this might imply non-compliance; yet the qualitative
findings reveal a deeper organizational story. Nephrologists consistently described structural
and cultural barriers that hindered timely translation of alerts into action, chronic workforce
shortages, competing clinical demands, and the absence of mandatory follow-up pathways.
Several participants remarked that although the system “made AKI visible,” limited
accountability rendered it informational rather than operational. These perspectives mirror
implementation barriers identified globally in digital health adoption, where technological
success often precedes institutional (Carpenter-Song et al., 2024).

Moreover, alert fatigue expanded by high patient loads and frequent non-prioritized messages
further diminished responsiveness, as clinicians learned to triage notifications selectively
amid competing clinical demands. These behavioral dynamics were reinforced by
nephrologists’ qualitative accounts of limited clinical autonomy, poor cross-departmental
communication, and an absence of clear escalation pathways, all of which diluted the
intended urgency of the e-alert system. Thus, while the quantitative data quantify a 24% non-
response rate, the qualitative strand explains why, revealing that the constraint was not
technological inefficacy but organizational misalignment and resource exhaustion. This
mixed-method synthesis emphasizes that digital innovations, when introduced into
structurally fragile systems, require concurrent investment in workflow integration, team-
based accountability, and behavioral reinforcement if they are to translate recognition into
timely therapeutic action.

5.3 Operational impact of the AKI Risk-Triage

The AKI risk-triage model developed in this study represents a structured, context-adapted
framework for identifying patients at heightened risk of severe AKI outcomes within low-
resource hospital settings. Grounded in the KDIGO "susceptibility—exposure—injury"
paradigm (KDIGO, 2023), the model integrates patient history, clinical presentation,
comorbidities, and laboratory findings into a composite classification system, categorizing
patients as low, moderate, or high risk.

Despite its non-clinical implementation, the model demonstrated clear construct validity. A
significant association was observed between triage risk level and AKI stage at diagnosis (P
= 0.001). Specifically, 25.3% of patients in the high-risk category presented with Stage 3
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AKI, compared to just 9.1% in the low-risk group. This gradient strongly supports the
model’s potential to stratify patients by likelihood of disease severity and suggests value for
future predictive integration in real-time clinical systems.

Unlike the two-stage SMS alert system, which delivered KDIGO-based AKI diagnosis and
later biomarker results to treating clinicians, the triage model functioned exclusively at the
backend. It was not intended to guide immediate clinical action in this phase but rather to
support analytic exploration and inform future decision-support tool development.

These findings are consistent with the results of Malhotra et al. (2017), who developed an
ICU-based AKI prediction model incorporating comorbidities and acute insults, achieving an
AUC of 0.81. Similarly, a recent meta-analysis by Feng et al. (2023) Feng et al. (2023), found
strong pooled discriminatory performance (C-statistic ~ 0.80) across over 150 AKI prediction
models, particularly when risk tools incorporated both chronic and acute parameters.

In contrast, the triage model operated in the background as an analytic layer. While not seen
by providers, its alignment with AKI stage supports its use as a predictive research tool that
could inform future early-warning systems. This distinction addresses the ADQI 27
framework, which urges movement beyond static alerts toward layered, risk-informed models
that are both human-involved and digitally supported (K. B. Kashani et al., 2023).

These findings support recommendations from the ISN’s Oby25 campaign, which calls for
early AKI recognition and intervention as a global health equity priority (Mehta et al., 2015).
The 2023 ISN Global Kidney Health Atlas also highlights the urgent need for scalable early-
warning tools, especially in LMICs (Bello AK et al., 2023).

Furthermore, our triage model aligns with the adaptive maturity model proposed by Ponce &
Balbi (2016), who emphasized human-involved, locally contextual tools in AKI care. By
relying on composite clinical and laboratory markers, our system offers a more nuanced and
effective alternative to serum creatinine alone, which is a key limitation in LMIC nephrology.
The triage model holds promise for future real-time clinical use. With further validation and
stakeholder input, particularly from nephrologists and national decision-makers, it could be
embedded within a national AKI prevention protocol. This would allow high-risk patients to
be flagged proactively and prioritized for early monitoring and intervention.

Such integration would not only close the loop between risk prediction and clinical action but
also operationalize global best practices in a scalable and equitable way. The dual-layered
approach demonstrated in this study, analytic triage informing backend risk and SMS alerts
guiding front-line action, represents a closed-loop digital nephrology system adapted to the
realities of LMIC healthcare.

5.4 Diagnostic and Prognostic Performance of NGAL

5.4.1 Predictive Performance of NGAL across AKI Severity

Our study demonstrates that embedding NGAL into a hybrid triage and SMS-based e-alert
system meaningfully enhances early detection and risk stratification for AKI within a
resource-constrained hospital setting. Traditional markers such as serum creatinine and urine
output remain the cornerstone of KDIGO AKI diagnosis, but their delayed kinetics and
baseline dependency limit responsiveness in acute clinical scenarios. By contrast, NGAL acts
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as an early structural biomarker, rising within 2—4 hours of ischemic or nephrotoxic insult
(Ostermann et al., 2024; Schrezenmeier et al., 2017), thereby enabling timely therapeutic
decisions, especially when combined with clinical triage data.

Comparative performance and Contextual Value

In our cohort, both NGAL and S.cr demonstrated statistical significance in predicting AKI
stages 1 and 3. At Stage 1, S.cr yielded the highest AUC (0.785), while NGAL offered higher
specificity (74.65%) and thus fewer false positives, reducing over-alerting in cases of
transient creatinine fluctuations. At Stage 3, NGAL’s sensitivity (87.5%) and negative
predictive value (95.8%) facilitated safer clinical de-escalation, reinforcing its role as a “rule-
out” tool. While S.cr showed slightly higher discriminative power (AAUC = 0.09), NGAL
consistently outperformed proteinuria-based indices, confirming its superiority among
structural biomarkers.

NGAL’s predictive accuracy is further supported by recent studies. In an ICU cohort in Saudi
Arabia, Albeladi & Algethamy (2017) found that u-NGAL predicted the need for renal
replacement therapy (RRT) with exceptional accuracy (AUC = 0.93), particularly when
measured on Day 2. Likewise, Brogi et al. (2024) observed a 99% sensitivity for AKI
detection using NGAL at ICU admission, underscoring its real-time diagnostic potential.
These results affirm NGAL’s utility not only for early identification but also for forecasting
AKI trajectory and severity.

Structural-Functional Integration

Consistent with ADQI 28 recommendations (Ostermann et al., 2020), our hybrid approach
aligned functional (S.cr) and structural (NGAL) markers with clinical triage. This integration
enabled dynamic and context-aware classification of injury types, including “subclinical
AKI” (NGAL'/S.cr), which would otherwise be missed. This 2x2 model of biomarker-
function pairing, as advocated by Albert et al. (2020), allowed for earlier nephrology
consultation, optimized fluid management, and nephrotoxin stewardship. As a result, our
intervention group experienced reduced dialysis initiation (17% vs. 35%) and shorter AKI
duration (median 4.5 vs. 7 days, p < 0.001).

Implementation Insights and Global Context

NGAL’s diagnostic performance is not absolute; it is influenced by systemic inflammation,
sepsis, and variable assay thresholds. However, combining NGAL with clinical risk profiles,
as in our triage—alert model, mitigates these limitations. This mirrors global findings where
NGAL’s predictive value improves when integrated with risk scores or other markers, such as
the Renal Angina Index (RAI), as shown by Goldstein et al. (2020) and Neyra et al. (2019).
Furthermore, Lumlertgul et al. (2020) reported that while uNGAL alone had moderate
performance for long-term kidney outcomes (MAKE30 AUC = 0.66), combining it with
clinical parameters improved predictive accuracy (AUC = 0.74). These findings emphasize
that NGAL's utility is maximized in layered, multimodal frameworks, precisely the design
adopted in our intervention.

68



Pragmatic Relevance in LMICs

Despite concerns about cost and access, NGAL can be deployed effectively in low-resource
environments through selective, protocol-driven usage. The Palestinian experience highlights
that biomarker-enhanced AKI care is not confined to high-income settings. Our SMS-
triggered, triage-anchored, and NGAL-scaled up system represents a scalable, low-tech
pathway with high clinical return. This aligns with ADQI and KDIGO's vision for
democratizing precision nephrology through context-sensitive innovation, rather than
infrastructure-heavy automation.

Interpretive and Operational Implications

Our findings support the emerging ADQI 28 consensus that AKI evaluation must integrate
clinical risk triage (susceptibility and exposure) with stress/damage biomarkers (e.g., NGAL,
TIMP-2.IGFBP7) and functional markers (creatinine, UO) to move recognition earlier along
the injury continuum (Ostermann, Zarbock, Goldstein, Kashani, Macedo, et al., 2020). By
embedding NGAL in a triage + alert loop, this study offers a pragmatic implementation of
that ideal in a constrained health system. It exemplifies how precision diagnostics can be
democratized when embedded in low-cost, SMS-based tools rather than dependent on full
EHR automation.

However, interpretation must remain context aware. NGAL can rise in systemic
inflammation, limiting its specificity in septic patients. The manual triage component
mitigated this by integrating clinical context vital signs, infection source, and exposure
history into decision-making. Future algorithmic iterations could automate this composite
judgment through Al-assisted scoring to refine specificity further.

The integration of NGAL within a hybrid triage—e-alert system represents a paradigm shift in
AKI detection for low-resource hospitals. It bridges the gap between delayed functional
metrics and early structural injury markers, translating biomarker science into real-world
impact. By merging human judgment, laboratory precision, and digital communication, this
model moves Palestinian kidney care from reactive to preventive and precision-oriented
practice. Despite geopolitical and infrastructural constraints, the results demonstrate that
innovation grounded in contextual realism, not resource abundance, can deliver Q1-level
outcomes. The Palestinian experience provides a replicable template for LMICs aiming to
embed biomarker-enhanced, digitally enabled renal surveillance within their health systems.

Triangulation with Qualitative Findings

The qualitative component (Jawabreh et al., 2025) deepens the interpretation of these
quantitative gains. Nephrologists described technological innovation and biomarker adoption
as critical enablers of early detection, emphasizing that “biomarkers detect what creatinine
cannot.” They envisioned NGAL as a decision-trigger embedded within alerts to prompt
earlier intervention. This aligns with our data showing faster clinical responses and improved
renal recovery in the intervention group. Moreover, the qualitative theme of
“multidisciplinary collaboration and early nephrologist engagement” directly corresponds to
the observed increase in nephrology consultation and nephrotoxin stewardship, underscoring
how digital and behavioral innovations intersect to improve care processes.
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Thus, the integration of NGAL was not only diagnostically superior but culturally and
operationally congruent with clinicians’ perceptions of feasible reform. It served as the
“missing link” between detection and action, bridging laboratory data, clinician behavior, and
system design.

5.5 Impact of the Hybrid Model on AKI Primary Outcomes

Our study provides the first empirical or practical validation of a hybrid AKI management
model in a low- and middle-income country (LMIC) setting. Despite operating under
significant structural and economic constraints, the intervention achieved clinically and
operationally meaningful improvements across most renal-specific outcomes. The
intervention group experienced a 50% reduction in dialysis initiation (7.9% vs 16.5%, p =
0.005), a significant rise in recovery rate (33.0% vs 20.5%, p = 0.002), and a shorter AKI
duration (median 4 vs 5 days, p < 0.001).

5.5.1 Renal Recovery and Dialysis Reduction

The superior recovery rate and reduced dialysis initiation observed in the intervention group
validate the translational efficacy of the triage—alert—biomarker framework. The alerts acted
as behavioral triggers, prompting medication review, volume optimization, and early
nephrology referral. These findings parallel multicenter data from (Kolhe et al., 2016; Li et
al., 2024), where structured AKI alerts linked with care bundles halved dialysis dependence
through faster therapeutic intervention. In Palestine’s context, where nephrology coverage is
limited, the hybrid model functioned as an alternative clinical safety net, compensating for
specialist shortages by standardizing early response.

The mechanisms underlying these gains are consistent with global evidence showing that
digital prompts alone rarely change outcomes unless coupled with actionable pathways. By
embedding alerts within a biomarker confirmation (NGAL), this study operationalized the
KDIGO “Susceptibility—Exposure—Injury” model (Ostermann et al., 2024). The process
mirrors that reported by Tome et al. (2022) and Wang et al. (2024), where alerts improved
AKI recognition and provider response (e.g., discontinuation of nephrotoxins, repeat
creatinine testing), leading to earlier recovery. Thus, the present results extend these
observations to an LMIC environment, demonstrating that a low-cost analog-to-digital
adaptation can yield equivalent process benefits without sophisticated infrastructure.

5.5.2 Interpreting Mortality Neutrality

The absence of mortality difference (24.2% vs 21.7%, p = 0.515) aligns with global evidence
that e-alert systems seldom influence short-term survival because mortality in AKI is
dominated by comorbid sepsis, multi-organ failure, and late presentation (Fu et al., 2024,
Wilson et al., 2015). However, the observed reduction in AKI persistence and dialysis
dependence indicates substantial renal-specific survival benefits and may curb long-term
CKD and ESKD progression effects that exceed the timeframe of acute hospitalization. As
the KDIGO Controversies Conference (Jha et al., 2016) highlighted, incremental gains in
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early AKI recognition can have disproportionate downstream benefits in resource-limited
systems.

5.5.3 Interpretation of Hospital Length of Stay (LOS) Findings

Although the reduction in hospital length of stay (LOS) between groups did not reach
statistical significance (median 9 vs 10 days, p = 0.272), its clinical relevance remains
substantial in the operational context of Palestinian governmental hospitals. These facilities
operate at chronically high occupancy rates, often exceeding 90%, with prolonged patient
turnover times that limit access for new admissions. Within such settings, even a one-day
reduction in hospitalization can translate into meaningful system-level efficiency, freeing
beds for critically ill patients, reducing nursing workload, and lowering per-patient care costs.
This interpretation aligns with Tome et al. (2022) and Wilson et al. (2015), who reported that
marginal reductions in LOS following AKI alert implementation, while not always
statistically significant, represent tangible operational gains in overburdened public health
systems.

Importantly, an absence of statistical significance does not imply poorer performance. Chen-
Xu et al. (2024) demonstrated that LOS may increase when more comprehensive AKI care
bundles are used, yet clinical outcomes such as mortality and renal recovery improve. In this
context, a slightly longer or unchanged LOS may reflect safer monitoring, more complete
medical optimization, and adherence to best-practice care rather than inefficiency. Thus, LOS
should be interpreted as an indicator of hospital productivity and quality of clinical
management rather than a purely statistical endpoint.

Health System and Policy Implications

Within the Palestinian health system, these findings carry strong policy resonance. Each
avoided dialysis initiation and every shortened AKI episode translate directly into reduced
hospital costs, fewer bed blockages, and decreased long-term renal replacement therapy
dependence. The model therefore enhances health system resilience by alleviating the
growing CKD-ESKD burden, estimated to have doubled nationally since 2015. Moreover, by
achieving these results with minimal digital infrastructure, the hybrid model exemplifies
“appropriate technology innovation” for LMICs, where clinical precision must coexist with
economic feasibility.

5.5.4 Strategic and Global Significance

The study’s success under conflict-related constraints underscores that transformative
nephrology reform in LMICs is not contingent upon high-cost automation, but upon
contextual intelligence integrating human triage, biomarker science, and adaptive
communication. The findings substantiate the ISN 0by25 Initiative, affirming that
preventable AKI mortality can be reduced through locally adapted, low-cost solutions. As
such, the Palestinian model offers a scalable framework for other fragile or under-resourced
health systems seeking to embed AKI surveillance within routine hospital practice.

The magnitude of these results is particularly striking given the context. Unlike prior
randomized trials in high-income settings, this study demonstrated that a low-cost, context-
adapted digital-biomarker triad combining e-alerts, structured triage, and NGAL guidance
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can deliver tangible renal protection without dependence on advanced electronic
infrastructure. These findings extend global evidence (J. J. Chen et al., 2024; Tome et al.,
2022; Wang et al., 2024; Y. Wu et al., 2018) by showing that clinical process optimization
through alerts can be successfully replicated in LMIC hospitals, where manual data
collection, delayed diagnostics, and limited nephrology coverage are routine barriers.

The reduction in dialysis initiation mirrors the results of Li et al. (2024) and Wu et al. (2018),
where e-alerts combined with care bundles and enhanced provider awareness led to earlier
preventive actions, such as medication adjustments and optimization of fluid therapy.
Likewise, the meta-analysis by Tome et al. (2022) found that alert implementation
significantly improved AKI recognition and process measures (e.g., cessation of
nephrotoxins, repeat creatinine testing), which are intermediate factors contributing to
improved renal recovery. These parallels suggest that even in a low-resource environment,
digital alert systems can achieve substantial process-to-outcome translation when supported
by clinician responsiveness.

Despite these global observations, the current study’s findings of shorter AKI duration and
greater recovery are significant. They reflect incremental but practical clinical improvements
relevant to LMIC contexts. The KDIGO Controversies Conference emphasized that in
resource-limited settings, even modest gains in early AKI recognition, reduced dialysis
burden, and shortened AKI duration translate into major economic and public health benefits.
Furthermore, by reducing unnecessary dialysis exposure and promoting recovery, the alert
system likely contributes to lower long-term CKD transition risk, a crucial outcome not
captured within the short-term hospital stay (Jha et al., 2016).

5.6.1 The Role of Early Nephrology Consultation

This study provides compelling evidence that early nephrology consultation maximizes the
clinical effectiveness of e-alert-driven AKI management. Stratified analysis revealed that,
although e-alerts alone improved certain outcomes, the combination of alerts with timely
nephrology input yielded the most pronounced benefits.

Among patients who did not receive nephrology consultation, the intervention still conferred
partial benefits, including a significant reduction in dialysis initiation (2% vs. 7%, p = 0.036),
despite comparable recovery (36% vs. 27%) and mortality rates (22% vs. 24%). This
indicates that even in the absence of specialist oversight, alerts heightened clinical vigilance
and triggered earlier preventive measures such as fluid review or nephrotoxin
discontinuation. Such findings parallel the reports of Wilson et al. (2015) and Wu et al.
(2018), who observed that alert systems enhance process-of-care metrics and delay
progression to severe AKI even when specialist engagement is limited.

Synergistic Benefit of Early Specialist Involvement

When nephrology consultation was integrated, the magnitude of improvement increased
substantially. Compared with controls, the intervention group showed higher recovery (28%
vs. 8%, p < 0.001), lower dialysis initiation (17% vs. 35%, p = 0.007), and a shorter AKI
duration (median 4.5 vs. 7 days, p < 0.001). Mortality was lower in the intervention cohort
(27% vs. 17%), though not statistically significant (p = 0.094), likely reflecting multifactorial
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determinants of death in critically ill populations. These results are consistent with
international studies, which show that nephrology involvement within 24-48 hours of AKI
recognition reduce dialysis dependence and improves renal recovery (Silver et al., 2023;
Wilson et al., 2023; Park et al., 2018).

This synergy between early e-alert detection and specialist input supports a “human-in-the-
loop” decision model, in which digital alerts serve as catalysts for timely expert assessment
rather than replacements for clinical judgment. In resource-constrained systems such as
Palestine’s, where nephrologists are scarce and caseloads are high, this model optimizes
limited expertise by ensuring that consultation is both targeted and timely. Similar
frameworks linking Al-assisted alerts to expert review have demonstrated reduced AKI
duration and improved provider response times in tertiary settings (Tran et al., 2024).

From a system-design perspective, the findings highlight the value of embedding context-
aware digital pathways that guide non-specialists toward evidence-based actions while
escalating complex cases to nephrology teams. This approach mirrors hybrid clinical models
adopted in the (Wilson et al., 2021), where the combination of e-alerts and structured
nephrology consultation produced superior renal outcomes compared with automated alerts
alone.

In low- and middle-income settings, where nephrology workforce shortages are common, the
demonstrated synergy between alerts and consultations has strong policy implications. It
supports the development of AKI response systems; wherein digital alerts provide broad
surveillance coverage and structured escalation ensures that nephrology input is reserved for
high-risk cases. This not only maximizes specialist efficiency but also democratizes access to
nephrology-informed care across general wards. By linking automation to expert
intervention, the hybrid model delivers both technological scalability and clinical precision, a
balance critical for sustainable AKI care in Palestine and comparable LMICs.

5.6.2 Triangulation with Qualitative Insights

The quantitative evidence presented here converges strongly with the qualitative perspectives
of Palestinian nephrologists reported in (Jawabreh et al., 2025). Clinicians repeatedly
emphasized that delayed consultation and fragmented communication between general wards
and specialists were key contributors to late AKI recognition and preventable deterioration.
They described the e-alert and triage framework as a potential “equalizer,” enabling earlier
identification of at-risk patients and prompting timely escalation to nephrology teams—
precisely the mechanism demonstrated by the statistical findings in this study. Moreover,
nephrologists noted that workforce scarcity and heavy caseloads often precluded bedside
review of every AKI case, reinforcing the necessity of a tiered response model in which
digital alerts guide general practitioners and reserve specialist input for high-risk scenarios.
Together, these strands of evidence validate the hybrid model as both clinically effective and
contextually feasible within Palestine’s constrained health-system infrastructure. The
triangulated findings illustrate how technology-assisted triage operationalizes nephrologists’
preventive vision, transforming early recognition into actionable care processes that reduce
dialysis initiation, accelerate renal recovery, and strengthen system responsiveness. This
alignment between empirical data and practitioner insight underscores the translational
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integrity of the model, bridging digital innovation, human expertise, and real-world health-
system reform.

The ability of the e-alert system to trigger targeted consultations rather than generalized alerts
appears to enhance responsiveness, reduce unnecessary interventions, and shorten AKI
duration, mirroring outcomes seen in recent Al-assisted AKI detection models that improved
response and reduced duration (Tran et al., 2024).

These findings emphasize the complementary role of clinical decision support and specialist
involvement. Prior studies from high-income settings, such as Selby et al. (2019) and Wilson
et al. (2021), similarly reported improved outcomes when alerts were paired with structured
nephrology engagement. In resource-limited contexts, this dual model could optimize both
early recognition and treatment precision, balancing technological scalability with clinical
expertise.

5.7 Factors Influencing AKI Recovery in the Context of E-Alert

The evolving concept of Acute Kidney Disease (AKD) as an intermediary phase between
AKI and CKD has underscored the clinical urgency of timely recovery assessment and
intervention. Our analysis revealed two significant predictors of recovery from acute kidney
injury (AKI): diabetes mellitus (DM) and ARB (angiotensin receptor blocker)
discontinuation. Interestingly, diabetic patients in our intervention group had a lower hazard
of recovery failure compared to non-diabetics (HR = 0.69, 95% CI: 0.48-0.99, P = 0.045).
This finding contrasts with prior studies that show diabetes as a strong risk factor for both the
development and poor recovery of AKI. Kaur et al. (2023) and Chen et al. (2024) report that
diabetes increases susceptibility to AKI due to vascular damage and impairs repair
mechanisms, thus delaying recovery. The unexpected result in our cohort may be explained
by structured care protocols such as early nephrology consultation and tighter control of
medications possibly resulting in better outcomes for diabetic patients. This aligns with
observations by Vakhshoori et al. (2025), who noted that clinical interventions and early
detection significantly improve renal outcomes.

More consistently with existing literature, we found that ARB discontinuation was associated
with a higher hazard of AKI recovery failure (HR = 2.12, 95% CI. 1.07-4.22, P = 0.031).
This supports a growing body of evidence suggesting that continuation or timely resumption
of RAS blockers (ACEiI/ARB) post-AKI improves long-term outcomes. A systematic review
by (J. Y. Chen et al., 2021) found that ACEI/ARB use post-AKI reduced mortality and the
risk of recurrent AKI and CKD progression, despite a higher risk of hyperkalemia. Likewise,
Tomson & Tomlinson (2019) emphasized that the automatic discontinuation of these agents,
especially in patients with comorbidities like heart failure or proteinuria, may cause more
harm than good. Physiologically, RAS blockers help by reducing intraglomerular pressure
and fibrosis, promoting better recovery. Therefore, our findings reinforce the need for careful,
individualized decisions regarding medication changes during AKI episodes, rather than
blanket discontinuation of ARBs.
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Nonetheless, digital interventions like automated e-alerts—while improving timely
medication review may not independently influence clinical outcomes unless embedded
within a comprehensive care strategy. The randomized trial by Wilson et al. (2023) found no
significant improvement in hard outcomes despite higher medication discontinuation rates in
the alert group, suggesting that alerts alone are insufficient to drive recovery. Our cohort
study supports this notion, as despite improved detection and medication adjustments via
alert systems, key recovery determinants such as comorbid diabetes and pharmacologic
modulation appeared to have a more substantial impact. Therefore, integrating e-alerts with
real-time clinical decision support, timely nephrology consultation, and patient-specific risk
profiles, particularly in diabetics, may be crucial to translating alerts into action.

Taken together, these insights call for a paradigm shift toward individualized, biomarker-
informed, and diagnosis-specific post-AKI care. For high-risk populations like diabetic
patients, the balance between renal protection and therapeutic risk must be carefully
navigated, emphasizing early follow-up, continued RAS inhibition where appropriate, and
intelligent alert systems that facilitate, not merely notify, clinical action.

5.8 Predictors of Mortality Among AKI Patients

The multivariable logistic regression analysis revealed that circulatory shock and sepsis were
the strongest independent predictors of mortality among patients with AKI. Patients
presenting with circulatory shock had over thirteenfold higher odds of death (adjusted OR =
13.26, 95% CI: 5.05-34.8, p < 0.001), whereas those with sepsis had threefold higher odds
(adjusted OR = 3.06, 95% CI: 1.15-8.1, p = 0.025). These findings are consistent with global
evidence indicating that hemodynamic instability and infection-driven multi-organ
dysfunction are leading causes of AKI-related mortality.

The present findings, which identify circulatory shock and sepsis as the strongest independent
predictors of mortality among AKI patients, are strongly supported by recent literature. The
28th Acute Disease Quality Initiative (ADQI) consensus report emphasized that sepsis-
associated acute kidney injury (SA-AKI) is not only the most frequent AKI phenotype in
critical care but also one of the most lethal, owing to its complex interplay of dysregulated
inflammation, endothelial dysfunction, and microcirculatory derangements. These
mechanisms contribute to renal ischemia and poor recovery, frequently culminating in renal
replacement therapy and death (Zarbock et al., 2023). This is corroborated by a
comprehensive systematic review and meta-analysis that found sepsis and septic shock to be
among the most consistent and strongest predictors of AKI-related mortality. The study
reported a pooled mortality rate of 43.7% in patients with SA-AKI and identified septic shock
as an especially high-risk context for AKI onset and poor outcomes (Liu et al., 2020).
Moreover, in cases of cardiogenic shock, early AKI significantly increased 30-day all-cause
mortality. A prospective registry study demonstrated that patients with early AKI during
cardiogenic shock had nearly double the mortality risk, particularly when renal replacement
therapy was required, underscoring the prognostic weight of circulatory collapse in AKI
trajectories (Schupp et al.,, 2024). Together, these sources confirm that systemic
hypoperfusion (shock) and inflammatory injury (sepsis) are central mechanisms linking
critical illness to renal injury and mortality
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The significant association between recurrent AKI episodes and mortality further supports the
hypothesis that repetitive renal insults amplify cumulative injury and reduce renal resilience.
Patients with three or more AKI attacks in the preceding three months had nearly tenfold
higher odds of mortality (adjusted OR = 9.85, 95% CI: 1.94-50.11, p = 0.006).

Recurrent acute kidney injury (AKI) has emerged as a critical determinant of poor prognosis,
with mounting evidence linking it to increased mortality and chronic disease progression.
Rodriguez et al. (2018) conducted a four-year retrospective study of 359 AKI survivors and
found that 34% experienced recurrent AKI, which was independently associated with
significantly higher risks of developing chronic kidney disease (HR: 2.2, 95% CI: 1.09-4.3, p
= 0.003) and mortality (HR: 4.5, 95% CI: 2.7-7.5, p < 0.001), especially in those with
diabetes, ischemic heart disease, or elevated creatinine during the first AKI episode
(Rodriguez et al., 2018). Complementing this, Sako et al. (2019) showed that early
recurrence of AKI within 21 days of the first event was associated with a significantly higher
all-cause mortality rate (33.8 vs 6.2 deaths per 100 person-years) compared to late or non-
recurrent AKI, highlighting the importance of vigilant post-AKI monitoring during the high-
risk window (Sako et al., 2019). Similarly, in a cohort of ICU patients with severe sepsis,
patients with recurrent AKI episodes had markedly worse outcomes, including increased 30-
day and 1-year mortality, emphasizing that repeated renal insults in the critical care setting
lead to cumulative renal damage and systemic vulnerability (Rodrigo et al., 2017). These
findings collectively reinforce the hypothesis that recurrent AKI is not merely a marker but a
driver of long-term adverse outcomes and justify implementing structured follow-up and
prevention strategies.

Interestingly, while dehydration and elevated serum creatinine were associated with higher
mortality in univariate analysis, these associations lost significance after adjustment,
suggesting that the acute hemodynamic state and infection severity outweighed baseline renal
parameters in determining survival. Similarly, AKI stage 3 was significant in the univariate
model but attenuated in multivariate analysis, likely due to confounding by the high
prevalence of sepsis and shock among those patients.

Overall, the results emphasize that systemic factors rather than renal biomarkers alone drive
mortality in AKI, underscoring the importance of integrating hemodynamic stabilization,
infection control, and multi-disciplinary care into AKI management protocols. When
contextualized with earlier findings on biomarker performance (Tables 5 and 6), it becomes
evident that NGAL and serum creatinine serve best as diagnostic and staging tools, whereas
clinical parameters such as shock and recurrent AKI are more predictive of patient survival.
Integrating both biological and clinical indicators within an electronic AKI alert framework
may provide a more comprehensive approach to risk stratification and targeted intervention.

5.9 AKI Detection and Management: Quantitative Summary

The quantitative findings of this study collectively demonstrate that the integrated AKI
detection and management model yielded substantial process and clinical improvements
across multiple domains of care. Implementation of the e-alert system significantly enhanced
AKI recognition, documentation, and provider response, translating into earlier-stage
detection, increased recovery rates, reduced dialysis initiation, and shortened AKI duration,
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all without adding undue alert fatigue. The inclusion of NGAL testing alongside serum and
urinary protein-creatinine ratio improved diagnostic discrimination, particularly for
subclinical and Stage 3 AKI, confirming the added value of multimarker strategies in low-
resource environments. Furthermore, stratified analysis revealed that outcomes were most
favorable when alerts were paired with timely nephrology consultation, underscoring the
synergistic effect of human expertise and digital support. Despite these measurable gains,
mortality remained largely unchanged, reflecting the multifactorial nature of death in acutely
ill patients and emphasizing the influence of systemic constraints beyond the renal domain.
Overall, the quantitative data validate the feasibility and clinical relevance of an adaptive,
triage-driven, biomarker-informed AKI surveillance model that can deliver meaningful
kidney-specific benefits within the realities of a constrained healthcare system.

Nephrologists’ Perspectives on Implementing AKI Care Models

This novel qualitative research provides a deeply contextualized epistemological lens,
offering perspectives that quantitative metrics often fail to capture. Through the opinions of
Palestinian nephrologists working within a resource-limited healthcare landscape, this study
explores the complex interplay between systemic defects, technical barriers, and the potential
for transformative nephrology care reforms in Palestine.

By exploring facilitators, barriers, and strategic recommendations, this qualitative analytical
research goes beyond identifying challenges; it maps pathways for health reform, providing a
locally grounded yet globally informed perspective on improving AKI management. The
findings are consistent with international guidelines, such as KDIGO (Kidney Disease:
Improving Global Outcomes). Rather than imposing a global standard, this research
contextualizes these recommendations within the constraints, realities, and opportunities
unique to the Palestinian healthcare system.

Nephrologists consistently asserted the MoH central role in leading systemic efforts to
improve nephrology services. As the principal provider of nephrology care under the national
health insurance framework, the MoH ensures free coverage for patients diagnosed with End-
Stage Kidney Disease (ESKD). While this reflects commendable political will, participants
highlight powerfully that embedding preventive strategies aimed at reducing the prevalence
of CKD and AKI could significantly enhance the sustainability of health services and cost-
effectiveness. The participants also recognize gaps in governance and policy implementation,
noting that fragmented policies and the deprioritization of nephrology services undermine
systemic efficiency. These observations align with previous research (Thomas et al., 2020;
John Sperati et al., 2019), which confirms the need for cohesive national nephrology
strategies to ensure long-term service stability.

From the nephrologists’ perspective, addressing these governance barriers requires a
concerted effort by the MoH to institutionalize nephrology services within the broader public
health framework. Strengthening governance structures through policy coherence, regulatory
enforcement, and strategic resource allocation was seen as fundamental in fostering a more
sustainable, prevention-driven nephrology model. Participants advocated for embedding
standardized nephrology protocols within primary care, ensuring that early detection, risk

77



assessment, and early referrals become vital components of the healthcare system rather than
reactive responses.

A severe shortage of nephrology specialists in the West Bank and Gaza Strip presents a
critical barrier to AKI and CKD management, significantly limiting timely intervention
efforts. Alarmingly, only 13 board-certified nephrologists are responsible for overseeing
nephrology care across the 16 cities in the West Bank, a figure grossly insufficient to meet
the escalating burden of ESKD. This shortage is exacerbated by the reality that several
hospitals operate hemodialysis units without a nephrologist, leaving general practitioners to
manage complex renal cases without specialist oversight. The MoH Annual Health Report
(2023) underscores the need for workforce expansion and strategic intervention, as dialysis
patient numbers have doubled from 1,014 in 2015 to 2,300 patients in 2025. Establishing
nephrology residency programs, incentivizing specialization, and integrating structured
nephrology training into general medical education were identified as critical facilitators to
bridge the gap in nephrology expertise.

From a public health and policy view, addressing these workforce challenges demands
systemic reforms that extend beyond hospital settings into primary healthcare facilities. These
findings align with those Tam-Tham et al. (2016), who similarly reported workforce
shortages and collaboration gaps in CKD management within primary care. The NRRT
model presents a viable mechanism for enhancing early multidisciplinary collaboration,
ensuring that nephrologists are strategically allocated to high-risk cases while primary care
physicians receive the necessary training to manage early-stage kidney disease. By
prioritizing preventive nephrology services, strengthening early detection policies, and
implementing structured workforce policies, the Palestinian healthcare system can antidoting
the painful maximization in dialysis dependency while improving overall renal health
outcomes.

Participants highlighted that inadequate MoH budgets and high out-of-pocket patient costs
limit investments in critical infrastructure, workforce development, and diagnostic
technologies. These financial barriers frequently slow down patients’ access to essential care,
perpetuating inequities. Consistent with findings by Abdel-Kader et al. (2014), tackling these
financial barriers through strategic resource reallocation and health reforms is essential to
ensuring sustainability and equity in nephrology care.

Beyond cost containment, which counts $ 50 million annually, a strong recommendation
emerged for enhancing financial investments in preventive nephrology services (Palestinian
Ministry of Health, 2023). Addressing modifiable ESKD risk factors, such as diabetes and
hypertension, through early screening, structured patient follow-up, and nephrology
integration into primary care, could stop disease progression and reduce long-term dialysis
demand. This prevention-based approach, such as the NRRT, is critical in ensuring a more
cost-effective, sustainable, and equitable nephrology care.

The Palestinian health system remains heavily skewed towards curative care, consuming
75.5% of the total health budget, while preventive services receive a mere 1.5%. This
disproportionate focus not only rising healthcare costs but also limits the sustainability of
essential operational services. By reallocating resources and prioritizing preventive care
initiatives, the Palestinian MoH can align its nephrology practices with global benchmarks,
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reinforcing its leadership in proactive healthcare delivery (Palestinian Central Bureau of
Statistics & Ministry of Health, 2024).

The investment in enhancing awareness among both healthcare providers and patients,
alongside developing a countable responsiveness primary healthcare system, emerged as a
milestone for addressing kidney health challenges. Participants highlighted significant
deficits in knowledge and understanding of AKI and CKD. Many primary care providers
lacked adequate training, leading to delays in diagnosis and treatment. Moreover,
misconceptions about kidney health, such as reliance on hydration as a preventive measure,
were common among patients, compounding these challenges. These findings align with
Nash et al. (2018) and Williams et al. (2024), who emphasized the importance of educational
programs to improve awareness and adherence to guidelines.

Further insights from Carpenter-Song et al. (2024) offer a nuanced perspective on
implementing AKI prevention strategies within interdisciplinary frameworks. They identified
several systemic barriers to successful implementation, such as workflow disruptions, staff
turnover, and limited leadership buy-in.

The NRRT model, if effectively implemented, presents a viable pathway for transforming
AKI management, ensuring timely nephrology consultations, structured patient monitoring,
and improved care coordination. However, its success depends on strong policy frameworks,
financial restructuring, and the integration of multidisciplinary collaboration within the
broader healthcare system.

By redirecting financial resources toward preventive nephrology services and enhancing
primary care engagement, the Palestinian healthcare system can achieve greater
sustainability, improved patient outcomes, and a more equitable distribution of nephrology
resources. The findings of this study call for a strategic realignment of health policies that
balances immediate patient needs with long-term nephrology care sustainability, ultimately
fostering a resilient and prevention-driven healthcare model.

Transferability and Relevance to Global Contexts

The findings of this study, while contextually grounded in Palestine, resonate with global
nephrology care priorities, particularly in LMICs facing similar systemic challenges. As
documented in the ISN-Global Kidney Health Atlas (ISN-GKHA, 2023), global inequities in
nephrology care persist, with severe shortages in nephrology specialists, limited funding, and
inconsistent access to high-quality kidney replacement therapy (KRT). The Atlas emphasizes
context-sensitive, preventive models—such as telemedicine, task-shifting, and team-based
care—as essential for equitable nephrology advancement(Bello et al., 2023).

Kalyesubula et al. (2024) similarly advocate for the integration of kidney care into broader
health systems, emphasizing political will and scalable interventions. Mehta et al. (2015), in
the ISN’s Oby25 Initiative, reinforce this by proposing health system integration, enhanced
tracking, and point-of-care diagnostics to reduce preventable AKI deaths. The feasibility of
such models is exemplified by Evans et al. (2025), whose multicountry evaluation proved
that low-cost AKI management using symptom-based risk scores and on-site diagnostics
significantly improved early detection and outcomes.

Furthermore, Ravyn et al. (2022) highlight facilitators such as institutional support and
clinician education that directly strengthen NRRT viability, while Luyckx et al. (2024) call
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for system-level reforms to close persistent knowledge-to-practice gaps. Together, these
findings confirm the global relevance of locally generated strategies like NRRT, particularly
for LMICs lacking robust infrastructure or universal coverage.

Collectively, these international perspectives enhance the contextual relevance and potential
transferability of this study’s findings to other low-resource settings. Rather than endorsing a
one-size-fits-all solution, they underscore the growing momentum in LMICs toward
preventive nephrology strategies that emphasize early AKI detection and system integration.
As reflected in participant narratives, timely intervention was viewed not simply as a clinical
preference but as a practical and resource-sensitive response in environments where long-
term dialysis remains financially and logistically constrained.

This qualitative strand delves into the perspectives of nephrologists on the feasibility and
implementation of the NRRT model in Palestinian governmental hospitals. Insights gathered
align with the WHO Social Determinants of Health framework, emphasizing how structural
determinants such as governance and resource allocation impact healthcare delivery. By
incorporating the perspectives of practicing nephrologists, this research sheds light on
systemic, operational, and resource-related challenges that hinder the optimization of health
care services. The findings underscore the central role of the MoH in spearheading systemic
reforms, with a focus on policy coherence, resource allocation, and fostering a preventive
care paradigm. Proactive measures such as nephrologist-led interventions, primary care
integration, and technology adoption emerged as key enablers for enhancing nephrology care,
aligning with global guidelines like KDIGO.

Integrated Interpretation of Quantitative and Qualitative Findings

This triangulated interpretation is the crowning of a multi-phase research agenda designed to
address critical gaps in the nephrology implementation literature. Previous global studies on
AKI e-alert systems, predominantly carried out in high-income countries (HICs), have
yielded mixed results, with limited impact on primary outcomes such as dialysis initiation or
mortality. These trials often lacked contextual adaptation and were quantitative only,
overlooking the structural and behavioral conditions that form provider response. As
documented in a systematic review and meta-analysis by Jawabreh (2025), the dominant
outcomes in e-alert research have focused on technological deployment, without addressing
the organizational dynamics necessary for clinical effectiveness.

This exploratory sequential mixed-methods design advances the science by integrating not
only quantitative outcome data, but also the lived perspectives of nephrologists practicing in a
complicated, low-resource setting. In doing so, it provides the first triangulated evaluation of
an AKI e-alert model that is both contextually grounded and system-aware. Quantitatively,
the intervention yielded significant improvements in AKI recognition, documentation, and
early management, resulting in reduced dialysis rates, higher recovery, and shorter AKI
duration. However, nearly one-quarter of alert-triggered cases lacked a recorded provider
response. On its own, this might suggest technological failure or clinical disengagement. Yet
the qualitative findings contextualize this outcome: nephrologists attributed the response gap
not to clinical indifference, but to systemic fragility, massive understaffing, absence of
protocols, and weak accountability structures (Jawabreh et al., 2025).
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This interpretation reshapes the “response gap” as a reflection of institutional capacity, not
alert design. It also confirms predictions made in the pre-implementation qualitative study,
where nephrologists anticipated that workforce shortages and lack of policy integration
would limit the operational impact of even well-designed digital systems (Jawabreh et al.,
2025) . Similarly, the intervention’s quantitative data show that early nephrology consultation
remarkably enhanced outcomes patients who received early consultation experienced higher
recovery (28% vs. 8%) and lower dialysis initiation (17% vs. 35%). These findings are
reinforced by qualitative insights describing delayed referrals, fragmented care pathways, and
the absence of a formal referral hierarchy, all exacerbated by the fact that only thirteen
nephrologists currently serve across the West Bank.

The biomarker component, especially NGAL, also demonstrated quantifiable gains in early-
stage risk stratification and dialysis avoidance. Yet nephrologists viewed biomarkers not as
standalone diagnostics, but as part of a broader “triage—education—alert” continuum. NGAL
was seen as a clinical booster helping front-line physicians recognize renal vulnerability
earlier and adjust nephrotoxin use accordingly. The “activation effect” observed
quantitatively thus reflects the enabling role of NGAL in raising situational awareness among
non-specialists, as supported by nephrologists.

In summary, this triangulated synthesis moves the field beyond purely technical assessment
(Jawabreh, 2025; Jawabreh et al., 2025)of AKI e-alert systems. It illustrates that while digital
and biomarker innovation can improve process-level outcomes, sustainable impact depends
on institutional readiness, professional training, and governance infrastructure. Within the
literature, this study fills a critical implementation gap by offering the first empirically
grounded, context-sensitive AKI detection model adapted to an LMIC setting. It emphasizes
the central conclusion of (Jawabreh, 2025; Jawabreh et al., 2025): that meaningful
transformation in renal care cannot rely on alerts alone, but must be embedded within
prevention-driven, multidisciplinary, and policy-supported frameworks. This insight now
forms the conceptual bridge to the final chapter, which moves from interpretation to
prescription, outlining the reforms required to scale this model nationally.
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Chapter Six

Conclusions and Recommendations

Building upon the integrated evidence from both quantitative and qualitative strands, this
section translates the study’s insights into actionable, policy-relevant recommendations. The
findings revealed that while the hybrid model improved early AKI recognition, recovery, and
care processes, its long-term sustainability is limited by structural weaknesses in governance,
workforce shortages, and fragmented infrastructure. Accordingly, this section transitions
from what worked to what is needed: constructing the institutional, educational, and
technological frameworks required to sustain and scale these gains within a resilient,
prevention-oriented kidney care system.

A central insight from the qualitative study is that nephrologists do not view technology or
diagnostics as sufficient in isolation. Instead, they stressed that system-level preparedness,
early detection in high-risk populations, and continuity between AKI and CKD care are
essential for meaningful reform. Several participants highlighted the contradiction in
Palestine's current health financing structure: although ESKD services are provided free of
charge, this financial commitment leaves little room for investment in early-stage CKD
prevention and AKI, particularly in diabetics, hypertensives, and socioeconomically
vulnerable groups. As one nephrologist noted, "Dialysis is free, but we are paying for it with
our prevention.” This paradox underscores the need to reallocate resources upstream, toward
risk reduction and early intervention.

The following recommendations are structured across five interrelated pillars, each informed
by nephrologists’ perspectives and aligned with international nephrology frameworks such as
KDIGO, the ISN 0by25 initiative, and the WHO Global Kidney Health strategy.

1. Systemic and Policy Recommendations
The sustainability and scalability of the integrated AKI management model require structural
reform at the governance level. Triangulated evidence from this study revealed that
fragmented policymaking, limited nephrology representation in decision-making, and weak
coordination across hospitals hinder consistent delivery of AKI and CKD services.
Addressing these constraints is reflected in the following recommendations:
e Exploring the establishment of a national AKI-CKD-ESKD registry system by the
(MoH) to enable real-time monitoring of kidney disease progression and outcomes.
e Integrate nephrology into national NCD Policy, ensuring CKD is managed alongside
diabetes and hypertension in primary and secondary care.
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Develop a national AKI response framework, guided by the ISN Oby25 model and
tailored to Palestine’s system capacities.

Secure dedicated financing for preventive nephrology, reallocating a portion of
dialysis expenditure toward upstream CKD care, risk screening, and outpatient
follow-up services.

Institutionalize multidisciplinary care teams, with nephrologists, nurses, pharmacists,
and labratory staff collaborating on standardized care bundles and quality audits.

2. Capacity Building and Workforce Development

Nephrologists described a critical shortage of trained professionals as a major barrier to early
detection and continuity of care. Many highlighted that dialysis units lack nephrology
oversight, and primary care lacks the tools or training to identify early-stage CKD. These
gaps require coordinated workforce actions, outlined below:

The Ministry of Health should consider launching a national nephrology workforce
strategy to forecast demand and deploy specialists based on epidemiological burden.
Introduce residency and fellowship programs in nephrology in partnership with
academic institutions.

Implement Task-Shifting models, training general physicians and nurses to screen,
refer, and manage early AKI and CKD cases using protocols.

Expand continuous medical education and digital literacy, particularly in biomarkers
such as NGAL interpretation, AKI/CKD staging, and e-alert response.

Introduce incentive mechanisms, including salary improvements, academic
promotions, and dual practice policies, to retain specialists.

3. Prioritizing CKD and High-Risk Groups within a Free-ESKD Care Model

A novel contribution of this study is the emphasis placed by nephrologists on redirecting
attention toward upstream prevention, especially given the country’s financial commitment to
free dialysis. Despite this, CKD remains underdiagnosed, and diabetics, hypertensives, and
cardiovascular patients often present late. The following policy actions are recommended:

The Ministry of Health should consider establishing CKD clinics within public
hospitals, operating alongside dialysis and transplant units.

Mandate Routine CKD screening in primary care, especially for diabetics and
hypertensives, with creatinine/eGFR and urine protein tests.

Develop a CKD risk Stratification tool, adapted for PHC use, with referral thresholds
based on local epidemiology.

Integrate CKD Pathways into family medicine and NCD clinics, embedding
nephrology protocols into chronic care workflows.

Use the Free-ESKD model as leverage, demonstrating the cost-efficiency of
prevention to justify upstream investment and donor engagement.
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4. Technological Innovation and Digital Infrastructure

The intervention showed that simple technologies such as SMS alerts and biomarker
integration can yield substantial clinical benefits. Nephrologists stressed that sophistication is
not required; contextual fit is. Accordingly, the following recommendations are proposed:

e The Ministry of Health should consider deploying an “EHR-Light” infrastructure,
linking laboratory systems, alerts, and clinical notes or e-health and
telecommunication system.

e Embed NGAL and creatinine results into clinical pathways, with automated decision
cues to support non-specialists.

e Establish a national AKI-CKD alert network, leveraging SMS/WhatsApp channels to
notify providers in real-time.

e Expand the AKI PhD platform nationally, integrating it into training, reporting, and
surveillance.

e Develop digital governance frameworks, ensuring patient privacy, data security, and
interoperability.

5. Translating Evidence into Sustainable Clinical Pathways
The Nephrology Rapid Response and Triage (NRRT) model tested in this study is an
implementable tool. The following strategic recommendations are proposed:
e Formalize the NRRT as national policy, with MoH-approved guidelines and AKI
response teams in every hospital.
e Bridge AKI and CKD Care, by integrating outpatient nephrology follow-up and
automatic flags for high-risk discharges.
e Use mixed-methods findings to develop implementation tools, such as SOPs, process
maps, and training modules.
e Align with global and regional kidney health initiatives, facilitating cross-border
collaboration and resource mobilization.
e Implement a phased national rollout, starting with institutionalization, followed by
digital integration, workforce development, and national scale-up.

Conclusions

This mixed-methods investigation examined whether a locally designed, resource-sensitive
AKI management model could strengthen early detection and improve outcomes within
Palestinian governmental hospitals. The quantitative findings showed clear clinical gains,
including reduced dialysis initiation, improved recovery rates, and shorter AKI duration.
Quialitative insights complemented these results by highlighting the contextual conditions
required for effective implementation, particularly the importance of governance support,
coordinated care pathways, and adequate workforce capacity. Together, the strands converge
on a central conclusion: meaningful improvement in AKI care is achievable in constrained
settings when clinical innovation is coupled with system readiness. These findings underscore
the potential for scalable, prevention-oriented kidney care models that align with national
priorities and global nephrology frameworks.
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A qualitative study of nephrologists’ 2
perspectives on implementing a nephrology

rapid response model for acute kidney injury

Bilal Jawabreh!"®, Salam Khatib*® and Motasem Hamdan'®

‘ Abstract

Introduction Acute kidney injury (AKI) poses major health and economic burdens, especially in low-resource
settings like Palestine. This study explores nephrologists' perspectives on implementing the Nephrology Rapid
Response Team (NRRT) model, highlighting key barriers, facilitators, and strategic priorities to improve AKI care.

Study Design A qualitative, exploratory study design was employed to gain in-depth nephrologists' perspectives on
the feasibility of implementing the Nephrology Rapid Response Team (NRRT) model in Palestinian hospitals.

Methods Thirteen board-certified nephrologists were recruited using purposive sampling. Semi-structured
interviews were conducted between January and May 2024, with data transcribed verbatim and analyzed
thematically using MAXQDA Analytics Pro software. Thematic analysis identified key facilitators, barriers, and
recommendations. Rigorous methodological strategies ensured the credibility, dependability, and transferability of
the findings.

Results Five enablers themes emerged that could facilitate integration of the model: strategic backing from the
Ministry of Health, a growing orientation toward prevention-driven healthcare policies, enhanced multidisciplinary
collaboration with early nephrologist engagement, institutional endorsement through hospital-based systems, and
the progressive adoption of technological innovations such as electronic alert systems and novel biomarkers. On the
other hand, five dominant barrier themes emerged. These include systemic governance and policy fragmentation,
financial and operational limitations, a pronounced shortage of nephrology specialists, insufficient awareness

and prevention frameworks, and weak collaboration and surveillance systems—particularly the lack of a national
renal registry. Despite these obstacles, nephrologists expressed optimism, offering three central recommendations
to support sustainable implementation. These include systemic policy and governance reforms, investments in
nephrology education and training programs, and the expansion of public awareness and prevention strategies
through primary care engagement. Together, these strategies represent a foundational roadmap for overcoming
structural challenges and AKI care delivery through the NRRT model.

Conclusions This study highlights the Ministry of Health's critical role in leading reforms for NRRT implementation,
emphasizing prevention, technology, and capacity-building as priorities to improve nephrology care.
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Background

Acute kidney injury (AKI), characterized by a sudden
decline in kidney function, is a significant contributor to
patient morbidity and mortality in hospital settings. It is
linked to prolonged hospital stays and a tenfold increase
in inpatient mortality. Additionally, AKI independently
elevates the risk of progressing to chronic kidney disease
(CKD), end-stage kidney disease (ESKD), cardiovascular
complications, and a heightened susceptibility to infec-
tions [1]. AKI affects an estimated 13.3 million people
annually, with 85% of cases occurring in developing
countries. Beyond direct kidney-related complications,
AKI also increases the likelihood of requiring long-term
hemodialysis and raises the risk of recurrent hospitaliza-
tions due to multi-organ failure. AKI is believed to con-
tribute to approximately 1.7 million deaths each year [2].

According to the Palestinian Ministry of Health'’s
(MOH) Annual Reports until 2025, more than 3,500
patients across the Gaza Strip and West Bank (includ-
ing 2,300 in the West Bank alone) currently suffer from
ESKD [3]. While not all cases of ESKD are directly sec-
ondary to AKI, the growing burden of AKI contributes
significantly to disease progression, long-term dialysis
dependence, and health system strain. As shown in Fig.
1, dialysis-dependent patients in the West Bank alone
have increased by 108% over the past decade from 1,014
in 2015 to 2,300 in 2025. Escalated worsening epidemio-
logical trajectory trend, unfortunately, coincides with
the absence of a centralized renal registry in Palestine to
capture the incidence, etiology, or outcomes of AKI. This
critical surveillance gap hinders timely diagnosis, delays
appropriate care, and restricts evidence-based national
planning.

From a financial perspective, the economic impact
of nephrology care in Palestine is profound. A study by
Younis et al. [4] estimated the average cost of a kidney
transplant at $16,277 in the first year, with annual hemo-
dialysis costs reaching $16,085 per patient. With more
than 2,300 dialysis-dependent patients in the West Bank
alone, the combined annual cost of dialysis services is
projected to exceed $50 million. Such figures reflect a
broader international trend highlighted by Jha et al. [5]
that shows exponential increases in treatment costs as
CKD advances.

These clinical and economic realities reinforce a stra-
tegic imperative: shifting nephrology care in LMICs,
including Palestine, from reactive, late-stage interven-
tions to proactive and preventive strategies. Struc-
tured screening programs, AKI risk stratification, and

multidisciplinary nephrology response teams offer a path
to reducing the progression of kidney disease and alle-
viating both human and financial suffering. Given these
challenges, there is momentous need for early detection
and robust public health polices to mitigate AKI progres-
sion and improve long-term prognosis inspired from the
5-R approach proposed by the ISN (Interenational socitey
of Nephrology)'0 death by 2025 project: risk assessment,
recognition, response, renal support and rehabilitation,
the first three Rs concern the prevention area.

The Nephrology Rapid Response Team (NRRT) is
a multidisciplinary model designed to enhance early
detection, risk stratification, and timely intervention for
AKI. As illustrated in Fig. 2, the NRRT framework out-
lines a structured pathway for managing AKI within the
first 12—-48hours, integrating electronic alert systems,
laboratory assessments, and team-based care to ensure
rapid nephrology consultation. This model, adapted
from Rizo-Topete et al. [6], emphasizes AKI risk assess-
ment through clinical evaluation, history, examination
findings, and laboratory data. The NRRT framework fol-
lows a structured AKI Risk Assessment (ARA) model,
which evaluates clinical scenarios, patient history, physi-
cal examination findings, and laboratory results, includ-
ing biomarker-based risk identification. This approach
facilitates rapid intervention, minimizes the reliance on
invasive treatments like dialysis, and strengthens post-
AKI monitoring to prevent chronic kidney disease (CKD)
progression [6]. However, before adopting this model in
Palestinian hospitals, it is crucial to understand the spe-
cific barriers and facilitators nephrologists encounter in
managing AKI, in addition to exploring general recom-
mendations to enhance the quality of nephrology care.

This study aims to explore the perspectives of nephrol-
ogists on implementing the NRRT model in Palestinian
hospitals. By examining the facilitators, barriers, and
general recommendations for NRRT implementation,
this research seeks to provide valuable insights for poli-
cymakers. Such insights can guide the development of a
national strategy to improve AKI management, reduce its
associated morbidity, mortality, and healthcare costs, and
enhance nephrology services in Palestine.

Methods

Study design

A qualitative, exploratory approach was conducted to
analyze the perspectives of nephrologists on the fea-
sibility of implementing the NRRT model in hospitals
across the West Bank, Palestine. The in-depth interview
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DIALYSIS TRENDS IN THE WEST BANK:
PATIENT NUMBERS AND MORTALITY
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Fig. 1 Trendsin dialysis utilization and mortality In the west bank (2015-2025). Source: Palestinian ministry of health [3]. Data for 2024-2025 derived from

official unpublished records

guide used in this study was specifically developed by
the author for this research, which was reviewed by
experts and has not been previously published. An Eng-
lish version of the interview guide has been uploaded as a
supplementary file and is cited in the manuscript accord-
ingly. This approach was selected to gain deeper insights
into the barriers, facilitators, and recommendations
influencing AKI management.

Data collection

Data collection took place between [January, 2024] and
[May,2024]. Nephrologists were purposively selected
from nephrology departments in Palestinian hospitals
located across the West Bank-Palestine. Semi-structured,
face-to-face interviews were used as the primary method
of data collection. Each interview was conducted in the
participant’s office or a private hospital room to ensure
confidentiality and comfort.

Participant selection

While AKI is inherently interdisciplinary, this study
focused exclusively on board-certified nephrologists due
to their central role in clinical decision-making, special-
ist referral protocols, and nephrology-specific policy
development. This focused sampling enabled an in-depth
exploration of nephrologists’ perspectives on the feasibil-
ity of the NRRT. The exclusion of other clinical stakehold-
ers is acknowledged as a limitation, and future research is
encouraged to include multidisciplinary views.

Data saturation and sample justification

Data saturation was reached between the 9th and 10th
interviews, at which point no new codes or concepts
were emerging from the data. This assessment was made
through an iterative coding process in which each new
transcript was analyzed in comparison with the devel-
oping thematic framework. Despite reaching saturation,
data collection continued until all 13 board-certified
nephrologists practicing in the West Bank had been
interviewed. This decision was guided by methodological
rigor and supervisory recommendation, ensuring full uti-
lization of the total available population and enhancing
the study’s depth and contextual variation.

Trustworthiness

Credibility was ensured through triangulation (peer
debriefing, expert feedback), member checking, and
verbatim transcription. Dependability was enhanced by
a detailed audit trail, and confirmability was supported
through external review of codes and theme validation.
Transferability was considered through rich contextual
descriptions of the Palestinian nephrology infrastructure,
enabling comparison with similar health systems.

Researcher reflexivity

The researcher is a healthcare professional with prior
clinical and academic experience within the Palestin-
ian public health system. This insider status offered sev-
eral advantages, including increased access, contextual
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Stratify AKI stage

a) Subclinical AKI
b) Clinical AKI

¢) AKI + TRR

Avoid AKI evolution Find AKI cause

Next 12to 48 h

Follow up at
hospital
discharge

» Avoid nephrotoxic agents, and check
changes in drug doses if is necessary

» Non-invasive testing

» Delay contrast media as possible

» Monitor creatinine and urine output (if
oliguria, consider furosemide stress test)

» Ensure volume status, perfusion pressure
and hemodynamic stability, even if you

a) After 3 months
b) After a month:

¢) In 3 days

have to use vasopressors or use
additional hemodynamic monitoring
» Avoid fluid overload
K » Avoid subclavian catheters

Follow-up and shared decision-making must been done between nephrologist, surgeons and critical care
physician to avoid AKI and/or its complications

Fig.2 Structure of the nephrology rapid response team (NRRT) Model. This figure outlines the NRRT pathway for early AKI detection, including risk strati-
fication, use of biomarkers, electronic alert systems, and multidisciplinary nephrology intervention

sensitivity, and the ability to establish rapport with par-
ticipants. However, it also introduced potential risks of
interpretive bias, power asymmetry, and assumptions
of shared understanding during interviews. To address
these concerns, the researcher adopted a reflexive stance
throughout the study. A structured interview guide with
open-ended, neutral questions was used to minimize
leading or directive questioning. The researcher main-
tained a reflexive journal to critically reflect on personal
assumptions, emotional responses, and potential influ-
ence on data interpretation.

All interviews were conducted with an awareness of
role-related dynamics and were followed by peer debrief-
ing sessions with academic supervisors to challenge
implicit bias and ensure fidelity to participants’ intended
meanings. Furthermore, member checking with two
participants helped validate early thematic interpreta-
tions, while independent review of coding by a secondary
analyst contributed to analytic neutrality. These strate-
gies collectively enhanced the study’s transparency and

reproducibility by making the researcher’s position both
explicit and methodologically accounted for.

Data analysis

Transcripts were subsequently analyzed using MAXQDA
Analytics Pro Student Version 24.2.0. Thematic analysis
followed the systematic framework of identifying mean-
ing units, condensing them into core themes, and refin-
ing codes into subthemes and overarching categories.
This iterative process was conducted collaboratively with
the study supervisor to ensure rigor and alignment with
qualitative research standards.

Results

This study investigated the perspectives of 13 nephrolo-
gists working in Palestinian hospitals across the West
Bank, Palestine, on the feasibility and implementation
of the NRRT model. The findings are organized into
three primary categories: facilitators, barriers, and rec-
ommendations, each represented in Table 1 through
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Table 1 Summary of key facilitators, barriers, and
recommendations for NRRT implementation in Palestine

Category Key th Description

Facilitators MOH Strategic  Robust government leader-
Policies ship, policy frameworks, and

structured nephrology care
integration.

Facilitators Prevention- Early detection, proactive health
DrivenHealth  policies, and risk-based inter-
System ventions to reduce AKI burden.

Facilitators Multidis- Involvement of
ciplinary nephrologists,pharmacists,
Collaboration  radiologist, nurses, and other
&Nephrolo-  spedialists to ensure timely
gist Early interventions.

Engagement

Facilitators Institutional  Hospital-based monitoring
Endorsement  systems, intake/output charting,
forNephrol-  and daily creatinine tracking for
ogy Care high-risk patients.

Facilitators Advancing Implementation of Al-driven
Technological ~ diagnostics, novel biomarkers
Innovation (e.g, Cystatin C, NGAL), and

electronic alert systems for early
AKI detection.

Barriers Systemic Gov-  Lack of nephrology-specific
ernanceand  policies, fragmented health
Policy Barriers  governance, and insufficient

regulatory frameworks.

Barriers Financial and  Limited funding, outdated
Operational  dialysis machines, and poor
Constraints infrastructure for nephrology

services.

Barriers Human Shortage of nephrologists, lack
Resource of residency programs, and
Insufficiency  migration of specialists due to

low salaries.

Barriers Prevention Poor health literacy, delayed
Strategies and nephrology consultations, and
Awareness inadequate prevention efforts
Challenges in primary care.

Barriers Collaborations  Lack of coordination among
and Surveil-  healthcare providers, absence
lance System  of a national renal disease reg-
Challenges Istry, and inconsistent patient

tracking.

Recommendations  Policy and Strengthen nephrology policies,
Governance  Increase funding, implement
Reforms national strategies, and estab-

lish arenal disease registry.

Recommendations  Capacity Expand residency programs,
Buildingand  provide structured training for
Education healthcare professionals, and

enhance nephrology education.

Recommendations  Public Aware-  Integrate prevention programs
ness and in primary care, establish
Prevention nephrology-specific clinics, and
Strategies enhance public education on

kidney disease management.
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corresponding key themes and descriptive insights. The
table outlines five enabler themes that support the NRRT
implementation, five barrier themes that hinder its adop-
tion, and three strategic recommendation themes aimed
at enhancing nephrology care and addressing AKI man-
agement in the Palestinian context.

Facilitators for NRRT implementation

Successful implementation of the NRRT model in Pal-
estinian hospitals depends on several key enablers. Five
facilitating themes were identified: MOH Strategic Poli-
cies, Prevention-Driven Health System, Multidisciplinary
Collaboration and Nephrologist Early Engagement, Insti-
tutional Endorsement for Nephrology Care, and Advanc-
ing Technological Innovation (see Fig. 3). These themes
reflect the structural, professional, and technological
foundations essential for sustaining NRRT interventions
and improving nephrology care.

MOH strategic policies

A strong policy framework and effective leadership from
the Ministry of Health (MOH) were consistently recog-
nized as essential drivers for NRRT implementation.
Nephrologists emphasized the pivotal role of the MOH
in spearheading systemic reforms, ensuring sustainabil-
ity, and fostering a coordinated approach to nephrology
care. Leadership commitment was seen as a prerequisite
for overcoming implementation barriers. One nephrolo-
gist highlighted this, stating:

“The Ministry of Health alone can establish this sys-
tem.. (Participant no. 8: 35)

In addition, centralized training workshops under MOH
supervision were identified as a critical strategy for
equipping healthcare providers with the necessary skills.
Standardized training ensures uniform nephrology man-
agement practices across hospitals. Another participant
elaborated:

“If you want to implement it, you need to coordi-
nate and establish a center at the Ministry of Health
where workshops are held in all hospitals for nurses
and doctors. (Participant no. 4: 29)

Prevention-driven health system

Nephrologists advocated for integrating nephrology
into a broader preventive health model, highlighting the
importance of early detection, risk assessment, and pro-
active management of AKI. Shifting toward proactive
policies is essential in reducing AKI incidence and its
associated burdens. As one participant highlighted,
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MOH Strategic
Policies

Advancing
Technological
Innovation

Facilitators to

NRRT

Imolemtation

Institutional
Endorsement for
Nephrology Care

Fig. 3 Key facilitators to NRRT implementation in the Palestinian health system. This diagram illustrates five core enablers supporting the successful

adoption of the nephrology rapid response team (NRRT) model

“If this system is implemented, it will have a great
impact, and we will quickly see its benefits, partic-
ularly how effective AKI management reduces the
duration of hospitalization, improves survival rates
for many patients.." (Participant no. 13: 27)

Primary healthcare was seen as a cornerstone of this
strategy, particularly in facilitating early-stage CKD
identification and long-term monitoring. Participants
stressed the need for strengthened infrastructure, such
as consistent follow-up protocols and regulated medi-
cation dispensing, to operationalize prevention. As one
nephrologist explained, effective integration requires:

“They want to activate a preventive health system
... patients with chronic kidney disease should have
regular follow-ups and undergo basic tests consis-
tently. Pharmacies should be prohibited from sell-
ing medications arbitrarily without a prescription”.
(Participant no.11: 55)

Muiltidisciplinary collaboration & nephrologist early
engagement

The role of multidisciplinary collaboration was another
fundamental facilitator. Early involvement of nephrolo-
gists and interdisciplinary teamwork was considered
essential for managing AKI. However, in the Palestinian
healthcare context, early nephrologist consultations are
often unavailable due to a shortage of nephrology spe-
cialists, a lack of structured referral systems, and an over-
burdened healthcare workforce.

Nephrology consultations are delayed or even over-
looked due to the absence of nephrologists in certain
regions. The heavy workload of the few available special-
ists limits their ability to provide timely consultations,
often leading to late-stage referrals when patients require
dialysis or critical care interventions. As one nephrolo-
gist remarked,

“Providing nephrology specialists is essential to
manage AKI effectively, increasing recovery chances
and preserving patients’ health. Residency programs
are crucial” (Participant no. 4: 29).

111



Jawabreh et al. BMC Nephrology (2025) 26:534

Strengthening early multidisciplinary consultation was
viewed as a low-cost, high-impact reform to improve
AKI prognosis and reduce late-stage interventions.

Institutional endorsement for nephrology care

Institutional endorsement emerged as a significant
enabler for implementing the NRRT model, particularly
through the standardization of basic monitoring prac-
tices. Nephrologists consistently emphasized that simple,
low-cost measures such as intake and output charting,
regular patient weighing, and daily creatinine testing
could serve as foundational tools for early detection and
timely AKI management. One nephrologist illustrated
this point:

"It is not difficult to take an intake and output chart

for any patient. For high-risk patients or those on
nephrotoxic medications, conducting daily creati-
nine lab tests is also simple. These practices do not
require high costs, creativity, or significant effort..
(Participant no. 3: 51)

These basic monitoring practices, though simple and
low-cost, were viewed as foundational enablers of the
NRRT implementation. When supported by institutional
commitment and embedded into routine workflows, they
offer a practical path toward early AKI detection and
consistent, preventive nephrology care.

Innovation and technology integration: enabling early
detection
Participants emphasized the need to integrate innovative,
technology-driven tools to improve the early detection
and management of kidney diseases. Two key innova-
tions emerged: the use of novel biomarkers, particularly
cystatin C, and the implementation of electronic alert
systems. Cystatin C was recognized as a more sensi-
tive indicator than creatinine, capable of detecting renal
dysfunctions that traditional tests may miss. Likewise,
electronic alert systems were identified as pivotal for the
early identification and management of AKL

As one nephrologist succinctly explained across differ-
ent points in the interview:-

One of the most important biomarkers is cystatin C.
It sometimes detects issues that creatinine cannot
reveal ... An automated alert system could ensure
timely detection, prompting action before progres-
sion becomes irreversible, if integrated effectively
with regulations. (Participant no. 1: 56)

In resource-constrained settings like Palestine, par-
ticipants stressed that the successful implementation
of these tools depends on a broader hospital strategy,
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including staff training, clearly defined clinical pathways,
and strong regulatory oversight to ensure sustainabil-
ity and impact. To avoid the risk of alarm fatigue, which
can occur when alerts are excessive or poorly integrated,
participants emphasized the importance of designing
systems that prioritize clinical relevance and prompt
appropriate action.

Barriers to NRRT implementation

The implementation of the NRRT model in Palestinian
hospitals could face several systemic and operational
barriers. These Obstacles span across governance (e.g.,
lack of policy coherence and weak leadership), financial
constraints (e.g., insufficient funding for nephrology ser-
vices), resource limitations (e.g., shortage of nephrolo-
gists and inadequate diagnostic tools), and awareness
deficiencies (e.g., limited knowledge among healthcare
providers and patients about AKI management). Five key
themes summarizing these barriers are presented in Fig.
4, reflecting the complex interplay of structural and inter-
mediary determinants within the healthcare system.

Weak systemic governance and policy gaps

Structural weaknesses in health governance emerged
as a central barrier to NRRT implementation. Nephrol-
ogy care was described as fragmented, shaped by short-
lived initiatives, reactive planning, and limited long-term
investment. Participants repeatedly emphasized that
Ministry of Health (MOH) programs often lacked conti-
nuity, leaving services exposed to shifting political agen-
das and financial shortfalls. One participant remarked,

“The Ministry of Health initiates programs, but
unfortunately, they rarely complete them 100%’
(Participant no. 9:65)

This lack of sustainability reflects a broader governance
dilemma in which nephrology remains marginalized,
with no structured policies guiding decision-making or
ensuring equitable service distribution.

Financial and operational constraints
Chronic underfunding and misallocated health budgets
were cited as direct impediments to nephrology develop-
ment. The frustration among participants was palpable,
as they linked the dominance of reactive care (dialysis) to
a lack of strategic investment in prevention, diagnostics,
and early-stage interventions.

One nephrologist sharply criticized the Government of
Palestine (GoP) for failing to allocate sufficient funds to
the Ministry of Health (MOH), stating:

“They don’t allocate a proper budget for the Minis-
try of Health ... With an adequate budget, we could
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Barriers

Challenges

Fig.4 Key barriers to NRRT implementation in the Palestinian health system

conduct proper testing and avoid unnecessary dialy-
sis procedures’ (Participant no. 11: 74-75)

Beyond infrastructure limitations, low salaries and over-
whelming workloads are driving a wave of physician
migration, further weakening the already fragile nephrol-
ogy workforce. One nephrologist described the reality of
Palestinian specialists leaving the country in search of
better financial and professional stability:

“Some doctors go abroad and don’t return because
the salary is 7,000 NIS (~$2,000), and they are over-
burdened with patients’. (Participant no. 13: 45-46)

The brain drain forms a real barrier to implementing
structured, team-based models like our proposed NRRT.
It deprives the system of the specialized workforce essen-
tial for coordinated and preventive nephrology care.

Nephrology workforce shortage

The implementation NRRT model in Palestinian hospi-
tals is hindered by an acute shortage of nephrologists,
an issue that has reached an unacceptable level. Dialysis
centers often operate without specialist oversight, creat-
ing unsafe care environments and violating basic clinical
standards. Participants highlighted a systemic failure to
scale training programs alongside service expansion.

One participant vividly described this systemic gap:

“Dialysis centers opened ... but where are the
nephrology specialists? Ideally, there should be a
plan to ensure every center has a specialist, but
unfortunately, that's not the case’ (Participant no. 9:
24)
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¢ Systemic Governance and Policy Barriers

e Financial and Operational Constraints

e Human Resource Insufficiency

e Prevention Strategies and Awareness Challenges
e Collaborations and Surveillance System

The absence of nephrologists in dialysis units is an abnor-
mal and unacceptable condition, highlighting a danger-
ous disconnect between nephrology service expansion
and workforce planning. Participants further noted
that this workforce gap is compounded by the absence
of a formal nephrology residency program and train-
ing opportunities in Palestine. Without addressing this
imbalance, participants questioned how consistent and
timely nephrology care could be delivered.

Weak prevention and public awareness

Participants criticized the underutilization of primary
care centers for the early detection of kidney disease.
Nephrology is typically addressed at advanced stages,
with limited public education and provider training on
the early detection of AKI risk. One nephrologist criti-
cally observed:

“In our context, ... Patients are only referred to a
nephrologist when they reach the stage of needing
dialysis’" (Participant no. 3: 29)

Beyond healthcare provider practices, misconceptions
about kidney health among patients were also identified
as barriers. Many individuals held simplistic or incorrect
beliefs about kidney disease prevention, assuming that
drinking more or less water alone could maintain kidney
health. As one nephrologist noted:

“Some people think drinking too much or too little
water affects kidney health, but that's not true if the
kidneys are functioning normally.! (Participant no.
4:29)
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Recomme ations

[ Expand nephrology residency programs

[] Strengthen primary care nephrology training

[J Implement the Nephrology Rapid Response Team (NRRT)
[ Improve financial investments in preventive care

[] Establish a national kidney disease registry

Fig. 5 Key policy and system-level recommendations to strengthen ne-
phrology care delivery in Palestine

These gaps in awareness, limited emphasis on preventive
care, and delays in nephrology referrals reflect ongoing
challenges in integrating nephrology services within the
broader healthcare system.

Collaborations and surveillance system challenges

A fundamental flaw in the current healthcare system,
as revealed by participants, is the lack of coordination
between primary and secondary healthcare services,
fragmenting patient management and leading to dis-
jointed care pathways. Patients often navigate a maze of
healthcare providers—the Ministry of Health (MOH),
military medical services, relief agencies, and UNRWA —
each operating independently, without a centralized
treatment plan or communication channel. One nephrol-
ogist reflected on this uncoordinated system:

“Healthcare services are being provided in multiple
places, but there is no harmony or coordination
between the primary healthcare centers.. (Partici-
pant no. 10: 28)

This healthcare fragmentation creates delays in patient
management, duplication of efforts, and inconsistent
medication regimens. Patients receive conflicting pre-
scriptions and undergo unnecessary duplicate tests due
to the absence of a shared clinical record system.

Closely tied to this fragmentation is the absence of a
national renal disease registry, which significantly limits
strategic planning for kidney care. Without a centralized
data repository, nephrologists lack critical tools for mon-
itoring patient trajectories, assessing population-level
burden, and informing clinical decision-making. One
participant underscored this challenge:

... A proper registry system would help us follow
patients better, especially as their numbers grow.
Unfortunately, we don’t have any statistics at all.
(Participant no. 7:40-41)

This data vacuum hinders evidence-based decision-mak-
ing, making it impossible to allocate resources efficiently
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or develop national strategies for kidney disease manage-
ment. The failure to establish a real-time surveillance sys-
tem for CKD and AKI cases reflects a systemic oversight
that continues to undermine nephrology services at every
level.

Nephrologists’ insights: strategic recommendations for
NRRT implementation

Grounded in their lived experiences and professional
realities, nephrologists provided strategic recommenda-
tions to overcome the systemic barriers hindering the
effective implementation of the NRRT model. Figure 5
illustrates and synthesizes the recommendations, which
emerged organically from nephrologists’ daily experi-
ences and direct engagement with the systemic chal-
lenges of the Palestinian healthcare system.

Within the complex and resource-limited healthcare
landscape, nephrologists articulated pragmatic solu-
tions, highlighting the need for systemic transformation
in nephrology care. Their recommendations consolidate
into three interdependent themes, each addressing a crit-
ical aspect of health system reform.

The following section provides an in-depth exploration
of these recommendations, capturing the nuanced per-
spectives and frontline realities of nephrologists as they
reimagine nephrology care within a constrained yet resil-
ient healthcare system.

Policy and governance reforms: a call for systemic change
Nephrologists consistently emphasized the need for com-
prehensive reforms in health governance to strengthen
nephrology care. Their narratives revealed a fragmented
system lacking strategic direction, sustainable funding,
and cohesive referral mechanisms, factors that collec-
tively undermine patient outcomes and limit the feasibil-
ity of NRRT implementation.

A central recommendation was the expansion of struc-
tured primary care services through the family medicine
program. This was viewed as essential for shifting from
dialysis-centered care toward early detection and pre-
vention-based strategies. One participant articulated this
vision through a more structured and patient-centered
model:

“The Family Medicine program in Palestine needs
to expand significantly and should serve as the first
line of defense in managing such cases. These physi-
cians are the ones who see patients first, refer them
when necessary, and follow up on their conditions.
This ensures a structured and coordinated approach
to patient care.. (Participant P. no. 9: 36)

Strengthening frontline care and referral coordination,
alongside implementing a national nephrology strategy,
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was seen as foundational for enhancing system respon-
siveness and ensuring the long-term viability of nephrol-
ogy reforms.

Capacity building and education: strengthening the
foundations of nephrology care

A foundational recommendation was to strengthen the
nephrology workforce through structured residency pro-
grams, continuous medical education, and general phy-
sician upskilling. Participants highlighted the need for
both specialist and generalist training to improve early
detection and AKI management. A nephrologist high-
lighted the dual necessity of medical training and a struc-
tured tracking system:

“General physicians must be trained on how to act
as the first line of defense in managing kidney dis-
eases. Additionally, there should be a kidney disease
registry to ensure proper tracking and management
of these cases.” (Participant no. 9: 69)

This emphasis on education and capacity building reflects
a deep awareness among nephrologists that closing the
knowledge gap is pivotal to improving patient outcomes.
Without a skilled and well-trained workforce, nephrology
services will continue to struggle, leaving AKI and CKD
patients vulnerable to mismanagement and late-stage
referrals.

Participants envisioned a future where continuous
medical education, structured residency programs, and
a well-established nephrology registry would not just
enhance individual skills but fortify the entire health-
care system, ensuring better patient care despite resource
limitations.

Public awareness and prevention strategies: a shift toward
proactive nephrology care

Nephrologists called for wide-scale public education and
early intervention campaigns to reduce the rising burden
of kidney disease. These would target both community
misconceptions and systemic neglect in the early stages
of care. A notable proposal was the creation of nephrol-
ogy-specific outpatient clinics segmented by condition:
CKD, AKI, and transplant to provide tailored treatment
and improve follow-up. One participant articulated the
necessity of this structured approach:

“Another important point is to have specialized clin-
ics within government institutions: separate clinics
for CKD and AKI. Managing chronic kidney dis-
ease is different from managing acute kidney injury
because AKI patients have a good chance of kidney
recovery. Therefore, in my opinion, nephrology ser-
vices should be divided into three distinct clinics for
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optimal effectiveness—for kidney transplants, AKI,
and CKD. (Participant no. 13: 17)

Integrating preventive nephrology into primary care and
restructuring service models to reflect disease progres-
sion were seen as transformative strategies to improve
long-term care and reduce dialysis dependency.

Discussion

This novel qualitative research provides a deeply con-
textualized epistemological lens, offering perspectives
that quantitative metrics often fail to capture. Through
the opinions of Palestinian nephrologists working within
a resource-limited healthcare landscape, this study
explores the complex interplay between systemic defects,
technical barriers, and the potential for transformative
nephrology care reforms in Palestine.

By exploring facilitators, barriers, and strategic rec-
ommendations, this qualitative analytical research goes
beyond identifying challenges; it maps pathways for
health reform, providing a locally grounded yet globally
informed perspective on improving AKI management.
The findings are consistent with international guide-
lines, such as KDIGO (Kidney Disease: Improving Global
Outcomes). Rather than imposing a global standard, this
research contextualizes these recommendations within
the constraints, realities, and opportunities unique to the
Palestinian healthcare system.

Nephrologists consistently asserted the MOH central
role in leading systemic reforms to improve nephrol-
ogy services. As the principal provider of nephrology
care under the national health insurance framework, the
MOH ensures free coverage for patients diagnosed with
End-Stage Kidney Disease (ESKD). While this reflects
commendable political will, participants highlight pow-
erfully that embedding preventive strategies aimed at
reducing the prevalence of CKD and AKI could signifi-
cantly enhance the sustainability of health services and
cost-effectiveness. The participants also recognize gaps in
governance and policy implementation, noting that frag-
mented policies and the deprioritization of nephrology
services undermine systemic efficiency. These observa-
tions align with previous research [7, 8], which confirms
the need for cohesive national nephrology strategies to
ensure long-term service stability.

From the nephrologists’ perspective, addressing these
governance barriers requires a concerted effort by the
MoH to institutionalize nephrology services within the
broader public health framework. Strengthening gover-
nance structures through policy coherence, regulatory
enforcement, and strategic resource allocation was seen
as fundamental in fostering a more sustainable, preven-
tion-driven nephrology model. Participants advocated
for embedding standardized nephrology protocols within
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primary care, ensuring that early detection, risk assess-
ment, and early referrals become vital components of the
healthcare system rather than reactive responses.

A severe shortage of nephrology specialists in the
West Bank and Gaza Strip presents a critical barrier to
AKI and CKD management, significantly limiting timely
intervention efforts. Alarmingly, only 13 board-certified
nephrologists are responsible for overseeing nephrology
care across the 16 cities in the West Bank, a figure grossly
insufficient to meet the escalating burden of ESKD. This
shortage is exacerbated by the reality that several hospi-
tals operate hemodialysis units without a nephrologist,
leaving general practitioners to manage complex renal
cases without specialist oversight. The MOH Annual
Health Report [3] underscores the need for workforce
expansion and strategic intervention, as dialysis patient
numbers have doubled from 1,014 in 2015 to 2,300
patients in 2025. Establishing nephrology residency pro-
grams, incentivizing specialization, and integrating struc-
tured nephrology training into general medical education
were identified as critical facilitators to bridge the gap in
nephrology expertise.

From a public health and policy view, addressing these
workforce challenges demands systemic reforms that
extend beyond hospital settings into primary healthcare
facilities. These findings align with those Tam-Tham et
al. [9], who similarly reported workforce shortages and
collaboration gaps in CKD management within primary
care. The NRRT model presents a viable mechanism for
enhancing early multidisciplinary collaboration, ensuring
that nephrologists are strategically allocated to high-risk
cases while primary care physicians receive the necessary
training to manage early-stage kidney disease. By priori-
tizing preventive nephrology services, strengthing early
detection policies, and implementing structured work-
force policies, the Palestinian healthcare system can anti-
doting the painful maximization in dialysis dependency
while improving overall renal health outcomes.

Participants highlighted that inadequate MOH budgets
and high out-of-pocket patient costs limit investments in
critical infrastructure, workforce development, and diag-
nostic technologies. These financial barriers frequently
slow down patients’ access to essential care, perpetuating
inequities. Consistent with findings by Abdel-Kader et al.
[10], tackling these financial barriers through strategic
resource reallocation and health reforms is essential to
ensuring sustainability and equity in nephrology care.

Beyond cost containment, which counts $ 50 million
annually, a strong recommendation emerged for enhanc-
ing financial investments in preventive nephrology ser-
vices. Addressing modifiable ESKD risk factors, such
as diabetes and hypertension, through early screening,
structured patient follow-up, and nephrology integra-
tion into primary care, could stop disease progression
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and reduce long-term dialysis demand. This prevention-
based approach, such as the NRRT, is critical in ensuring
a more cost-effective, sustainable, and equitable nephrol-
ogy care.

The Palestinian health system remains heavily skewed
towards curative care, consuming 75.5% of the total
health budget, while preventive services receive a mere
1.5%. This disproportionate focus not only rising health-
care costs but also limits the sustainability of essential
operational services. By reallocating resources and pri-
oritizing preventive care initiatives, the Palestinian MOH
can align its nephrology practices with global bench-
marks, reinforcing its leadership in proactive healthcare
delivery [11].

The investment in enhancing awareness among both
healthcare providers and patients, alongside developing
a countable responsiveness primary healthcare system,
emerged as a milestone for addressing kidney health
challenges. Participants highlighted significant defi-
cits in knowledge and understanding of AKI and CKD.
Many primary care providers lacked adequate training,
leading to delays in diagnosis and treatment. Moreover,
misconceptions about kidney health, such as reliance on
hydration as a preventive measure, were common among
patients, compounding these challenges. These findings
align with Nash et al. [12] and Williams et al. [13], who
emphasized the importance of educational programs to
improve awareness and adherence to guidelines.

Further insights from Carpenter-Song et al. [14] offer
a nuanced perspective on implementing AKI preven-
tion strategies within interdisciplinary frameworks. They
identified several systemic barriers to successful imple-
mentation, such as workflow disruptions, staff turnover,
and limited leadership buy-in.

The NRRT model, if effectively implemented, presents
a viable pathway for transforming AKI management,
ensuring timely nephrology consultations, structured
patient monitoring, and improved care coordination.
However, its success depends on strong policy frame-
works, financial restructuring, and the integration of
multidisciplinary collaboration within the broader
healthcare system.

By redirecting financial resources toward preventive
nephrology services and enhancing primary care engage-
ment, the Palestinian healthcare system can achieve
greater sustainability, improved patient outcomes, and
a more equitable distribution of nephrology resources.
The findings of this study call for a strategic realignment
of health policies that balances immediate patient needs
with long-term nephrology care sustainability, ultimately
fostering a resilient and prevention-driven healthcare
model.
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Transferability and relevance to global contexts

The findings of this study, while contextually grounded
in Palestine, resonate with global nephrology care priori-
ties, particularly in LMICs facing similar systemic chal-
lenges. As documented in the ISN-Global Kidney Health
Atlas [15], global inequities in nephrology care persist,
with severe shortages in nephrology specialists, limited
funding, and inconsistent access to high-quality kidney
replacement therapy (KRT). The Atlas emphasizes con-
text-sensitive, preventive models—such as telemedicine,
task-shifting, and team-based care—as essential for equi-
table nephrology advancement [15].

Kalyesubula et al. [16] similarly advocate for the inte-
gration of kidney care into broader health systems,
emphasizing political will and scalable interventions.
Mehta et al. [2], in the ISNs Oby25 Initiative, reinforce
this by proposing health system integration, enhanced
tracking, and point-of-care diagnostics to reduce pre-
ventable AKI deaths. The feasibility of such models is
exemplified by Evans et al. [17], whose multicountry
evaluation proved that low-cost AKI management using
symptom-based risk scores and on-site diagnostics sig-
nificantly improved early detection and outcomes.

Furthermore, Ravyn et al. [18] highlight facilitators
such as institutional support and clinician education
that directly strengthen NRRT viability, while Luyckx et
al. [19] call for system-level reforms to close persistent
knowledge-to-practice gaps. Together, these findings
confirm the global relevance of locally generated strate-
gies like NRRT, particularly for LMICs lacking robust
infrastructure or universal coverage.

Collectively, these international perspectives enhance
the contextual relevance and potential transferability
of this study’s findings to other low-resource settings.
Rather than endorsing a one-size-fits-all solution, they
underscore the growing momentum in LMICs toward
preventive nephrology strategies that emphasize early
AKI detection and system integration. As reflected in
participant narratives, timely intervention was viewed
not simply as a clinical preference but as a practical and
resource-sensitive response in environments where
long-term dialysis remains financially and logistically
constrained.

Conclusion

This study delves into the perspectives of nephrolo-
gists on the feasibility and implementation of the NRRT
model in Palestinian governmental hospitals. Insights
gathered align with the WHO Social Determinants of
Health framework, emphasizing how structural determi-
nants such as governance and resource allocation impact
healthcare delivery. By incorporating the perspectives
of practicing nephrologists, this research sheds light on
systemic, operational, and resource-related challenges
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that hinder the optimization of health care services.
The findings underscore the central role of the MOH in
spearheading systemic reforms, with a focus on policy
coherence, resource allocation, and fostering a preventive
care paradigm. Proactive measures such as nephrologist-
led interventions, primary care integration, and tech-
nology adoption emerged as key enablers for enhancing
nephrology care, aligning with global guidelines like
KDIGO.

Limitations

Despite the richness of insights, several limitations
should be acknowledged. The qualitative nature of the
research prioritizes depth over generalizability. Although
the sample includes all board-certified nephrologists in
the West Bank, it does not capture perspectives from the
Gaza Strip, nor does it reflect the views of other stake-
holders such as nurses, patients, policymakers, general
practitioners, medical specialists, pharmacists, and other
frontline healthcare providers.

Implications for future research

Future research should aim to triangulate findings
through mixed-method approaches, incorporating quan-
titative data to strengthen the evidence base. Expanding
the study scope to include multi-stakeholder perspec-
tives and cross-regional comparisons can provide a more
holistic understanding of nephrology care challenges
and inform the design of comprehensive interventions.
Addressing these limitations will not only enhance the
robustness of future studies but also ensure that the
insights generated effectively translate into actionable
health policy reforms.
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