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BACKGROUND: The lack of centralized pediatric critical care data in Kuwait has limited benchmarking, outcome evaluation, and
resource planning. This study describes the development and implementation of Kuwait's first nationwide PICU registry and

evaluates its feasibility and early utility.

METHODS: A centralized registry was implemented across seven governmental PICUs serving over 870,000 children.
Demographics, diagnoses, interventions, outcomes, and infection data were retrospectively collected at discharge by site
coordinators. Data were entered into a secure, encrypted platform using de-identified records and role-based access, with

centralized validation performed every tercile.

RESULTS: During the implementation phase, 2086 of 2364 admissions were captured. Registry accuracy compared with manual
admission logs was 88.2%, demonstrating feasibility and data reliability. Inter-hospital variability in clinical practices and resource
utilization was identified. The registry also enabled early detection of infection trends and supported proactive staffing and

equipment planning.

CONCLUSION: Kuwait's national PICU registry is feasible, reliable, and operationally effective. It addresses critical data gaps,
enhances transparency, supports evidence-based decision-making, and provides a foundation for national quality improvement

and future benchmarking initiatives.

Pediatric Research; https://doi.org/10.1038/s41390-026-04775-1

IMPACT:

champions and stakeholder engagement.

Demonstrates feasibility, reliability, and operational effectiveness of a national PICU registry in real-world pediatric critical care.
Enables early detection of infection trends and supports strategic planning for staffing and equipment.

Presents one of the first national PICU registry models in the Middle East, addressing fragmented data systems.

Offers practical strategies for standardization, data validation, and inter-hospital coordination, supported by physician

® Bridges critical data gaps, strengthens quality monitoring and benchmarking, and provides a scalable framework for broader

pediatric specialties and international research.

INTRODUCTION

Pediatric intensive care units (PICUs) are the cornerstone hospital
zones for managing critically ill children, where timely interven-
tions and coordinated care can significantly influence outcomes.’
However, delivering consistent, high-quality care at a multi-
centered level requires more than clinical skill, demanding access
to integrated, standardized data.? Without a unified system,
differences in practices, outcomes, and resource use often go
unnoticed, limiting the ability to identify performance gaps or
implement national improvements.® In recent years, healthcare
systems have increasingly recognized the value of centralized data

registries as strategic tools for enhancing care delivery, monitoring
quality, and driving evidence-based improvements in critical care
settings.™> A well-structured national registry not only supports
the standardization of care processes but also facilitates bench-
marking, transparency, and accountability among healthcare
institutions.®

Establishing a multicenter data registry at the national level
within the field of pediatric critical care presents a complex set of
challenges that span technical, operational, and organizational
domains.”™® Variations in documentation standards, electronic
health record systems, and data entry practices across institutions
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Table 1. Summary of PICU sites that participated in the Kuwait Pediatric Critical Care Registry.

Hospital PICU bed capacity Total patients enrolled in the registry (2023-2024)
Adan Hospital 24 550

2 Amiri Hospital 4 163

3 Farwaniya Hospital 15 848

4 Jaber Al-Ahmed Hospital 18 742

5 Jahra Hospital 24 938

6 Mubarak Hospital 20 553

7 Sabah Hospital 18 668
Total 123 4462

can hinder consistency and interoperability. Ensuring uniformity in
variable definitions, coding, and data formatting requires sig-
nificant coordination and consensus among clinical and admin-
istrative stakeholders.”'® Additionally, recruiting and training
dedicated personnel at each site to ensure accurate and timely
data entry demands sustained institutional commitment.'
Regulatory and ethical considerations related to patient privacy,
data ownership, and informed consent must also be carefully
navigated, particularly in pediatric populations.'® Furthermore,
securing long-term funding, establishing centralized data govern-
ance, and maintaining stakeholder engagement across geogra-
phically dispersed centers are essential yet often resource-
intensive undertakings that require national leadership and a
clear strategic vision."

In Kuwait, governmental general PICUs comprise seven sites
(Adan Hospital, Amiri Hospital, Farwaniya Hospital, Mubarak
Alkabeer Hospital, Sabah Hospital, Jahra Hospital, Jaber Al-
Ahmad Hospital) with a total bed capacity of 123, serving an
estimated 870,520 children aged 14 years and younger within a
total population of approximately 5.10 million." Despite this
capacity, pediatric critical care services continue to face persistent
challenges, particularly due to fragmented data collection systems
and the lack of standardized performance indicators. Each PICU
operated in relative isolation, relying on separated institutional
documentation systems that varied in scope and accuracy. This
lack of integration hindered national-level analysis, delayed quality
initiatives, and reduced the capacity for benchmarking against
international standards. To address these challenges, the Kuwait
Pediatric Intensive Care Taskforce Group established a nationwide
registry in April 2022. The goal was to create a centralized platform
that collects, harmonizes, and analyzes data from all PICUs across
the country. The registry serves multiple purposes: it enables
ongoing monitoring of clinical outcomes, facilitates inter-hospital
comparisons, and supports strategic planning in areas such as
staffing, protocols, and resource utilization. More importantly, the
registry lays the groundwork for evidence-based decision-making
and continuous quality improvement.'”” By aligning national
efforts, the registry marks a significant step toward advancing
pediatric critical care in Kuwait. This paper presents the design,
implementation, and challenges of establishing the Kuwait PICU
Registry, highlighting its potential to enhance care delivery and
support national health priorities.

MATERIALS AND METHODS

A standardized, centralized registry system was implemented across all
governmental PICUs in Kuwait as part of a national initiative to unify and
monitor pediatric critical care practices. The system was designed to collect
essential clinical data in a consistent and structured format from each
participating site (Table 1). Captured variables included patient demo-
graphics, discharge diagnosis, type and timing of respiratory interventions,
duration of PICU stay, and clinical outcomes. Data from all participating
PICUs were entered into the system retrospectively and subsequently
compiled and extracted every tercile for analysis by the central analytical
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team. The registry focused on a predefined set of key performance
indicators relevant to pediatric critical care. These included the frequency
and type of invasive procedures, respiratory support modalities (e.g.,
mechanical ventilation, non-invasive ventilation, high-flow oxygen),
patterns of antimicrobial usage, and microbiological culture results.

To ensure patient confidentiality and data protection, registry data were
de-identified at the point of data entry. Each record was assigned a hashed
identifier generated using one-way encryption with a salt embedded in the
algorithm, preventing reverse-engineering of the original information.
Access to the registry platform was restricted to authorized personnel only,
with each user assigned a unique, password-protected account. The
system was hosted on a secure, encrypted server managed in accordance
with national health data governance policies. Role-based access controls
were implemented to limit user permissions based on specific responsi-
bilities, ensuring a clear separation of functions related to data entry,
analysis, and oversight. The Principle of Least Privilege (POLP) was strictly
enforced, whereby users were granted access only to data from their
respective hospitals and only to the functions necessary for their role—
whether viewing, editing, or adjusting records.'® Ethics approval was
obtained from the Ministry of Health (MOH) Institutional Review Board,
Kuwait (Approval No. 2594/2024).

Process mapping

We developed a concise process map (Fig. 1) to visualize the end-to-end
registry workflow (from bedside case identification through data entry,
automated validation, and central curation) while explicitly assigning
responsibilities to each actor. Hospital teams identify eligible cases, enter
the data, align documentation with registry definitions, coordinate with
unit champions, and resolve data queries to meet completeness and
timeliness targets. A designated physician served as the site coordinator,
responsible for retrospectively entering patient data daily at the time of
discharge from patients’ medical files. To facilitate successful implementa-
tion, a physician champion with dual clinical and technical expertise was
appointed to provide strategic oversight, promote shared ownership, and
maintain execution fidelity. This champion model is supported by evidence
linking such roles to improved project outcomes.'”'® Then, the registry
core unit maintains the database architecture, designs the electronic Case
Report Forms (eCRFs), manages secure data transfers, implements
validation rules, delivers training, issues periodic reports, and serves as
the liaison between participating sites and oversight authorities. Quality
auditor performs independent checks against source records and manual
censuses to verify case ascertainment, flag missing or implausible values,
and provide structured feedback to sites, ensuring data is reliable for
downstream use. The governance body (the Kuwait Pediatric Intensive
Care Taskforce Group) sets strategy, defines data-access policies, assures
ethical and legal compliance, adjudicates methodological changes, over-
sees sustainability, and aligns the registry with national health priorities
while supporting dissemination. The mapping exercise exposed bottle-
necks, role overlaps, and potential delays, prompting pre-launch correc-
tions; decision nodes and validation loops were embedded to strengthen
accuracy and streamline feedback. This living map now underpins ongoing
monitoring of efficiency.

Stakeholder mapping

Parallel to workflow design, stakeholder mapping was undertaken to
secure broad engagement and effective governance. Using a
power—interest matrix, stakeholders were classified by their influence
and level of engagement: regulators and Head of PICUs were recognized
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Fig. 1 Process map of the national PICU registry workflow.

as key decision-makers requiring continuous involvement, while frontline
clinicians and data managers were prioritized as high-interest groups
critical for daily execution. By aligning registry goals with stakeholder
expectations, the initiative gained both legitimacy and sustainability,
ensuring that the registry became a shared national resource rather than a
project limited to a single institution.

Quality improvement (Ql) frameworks

The registry was developed and scaled using formal QI methodologies,
incorporating the  Model for Improvement and iterative
Plan-Do-Study-Act (PDSA) cycles. Table 2 summarizes the timeline
followed during the implementation phase. In the planning phase, core
indicators and data-collection protocols were defined and piloted within
selected units. This was followed by a targeted implementation phase,
where small-scale testing was conducted to evaluate workflow feasibility
and operational clarity. During these pilots, iterative PDSA cycles were used
to systematically refine the system: in the Plan stage, the core unit and site
coordinators identified uncertainties in definitions, workflow steps, and
validation thresholds; in the Do stage, updated electronic Case Report
Forms (eCRFs) and revised procedures were trialed in multiple PICUs; in the
Study stage, completeness reports, validation-error logs, and structured
staff feedback were analyzed to assess data quality, usability, and
feasibility; and in the Act stage, modifications were incorporated into the
registry architecture, variable dictionary, validation rules, and training
materials. Multiple rapid cycles enabled the team to address bottlenecks,
streamline processes, and ensure operational reliability. These refinements
strengthened data consistency across sites, allowed early identification of
care variations, and supported the timely detection of infection trends
nationwide—facilitating proactive governmental planning to mitigate
potential PICU surges.

Data accuracy validation

To assess the accuracy of the registry, a structured validation audit was
conducted in which each submitted case was cross-checked. A quality
auditor independently reviewed all submitted entries for completeness
and correctness, manually verifying the full set of variables. Accuracy was
calculated at the entry level as the proportion of registry cases in which all
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recorded fields matched the values identified through manual audit
checks. Discrepancies were categorized into predefined error types,
including transcription errors, missing values, and misclassified variables.
For any discrepancy identified, a standardized correction workflow was
applied: flagged entries were returned to the site coordinator for
clarification, corrected data were resubmitted into the system, and
recurring error patterns were communicated through structured feedback
reports.

RESULTS

The initial phase of the registry encompassed seven
government-operated general PICUs, compiling comprehensive
data recorded in 2023 (Fig. 2). During the 2023 accuracy
assessment, the registry captured 2,086 of 2,364 admissions
recorded in manual logs, yielding an overall concordance rate of
88.2% (Table 3). In this study, accuracy denotes the concordance
between registry-entered cases and the manually reviewed
admission census. Accuracy varied across hospitals, with Sabah
Hospital demonstrating the highest concordance at 96.0%,
followed closely by Amiri (95.3%) and Farwaniya (94.3%)
Hospitals. In contrast, Jahra and Adan Hospitals reported lower
accuracy rates of approximately 81%.

Bed capacity across hospitals ranged from 4 beds at Amiri
Hospital to 24 beds each at Adan and Jahra Hospitals, with a total
of 123 beds included in the registry network. An annual report is
shared with all PICU heads, detailing key metrics such as resource
utilization, equipment usage, length of stay, and ventilator days
(Fig. 3).

DISCUSSION

The successful implementation of the Kuwait Pediatric Critical Care
Registry highlights the importance of strategic team formation
and quality improvement frameworks. The registry team prior-
itized the selection of key stakeholders, including clinical experts,
technical specialists, and strong leadership, to drive the initiative
forward."® This multidisciplinary approach ensured that expertise
in both medical care and data management was harmonized to
produce meaningful improvements. From creating a sense of
urgency to anchoring the registry within the culture of pediatric
critical care, each step was pivotal in fostering collaboration,
removing barriers, and ensuring the sustainability of the initiative.
The registry’s ongoing influence in clinical guideline refinement
and inter-hospital knowledge sharing underscores the value of
systematic data-driven approaches to improving patient care.*'®
The registry has bridged long-standing data gaps within Kuwaiti
PICUs, establishing a foundation for ongoing performance
monitoring. Enhanced inter-hospital coordination has promoted
collaboration and knowledge exchange, while access to real-time
data has supported evidence-driven improvements in care
practices.

Establishing a national registry for PICUs is a pivotal step
toward improving quality, benchmarking outcomes, and inform-
ing health policy; however, the process is fraught with complex
challenges that require careful navigation. The Kuwait PICU
registry captures standardized outcome measures like mortality,
discharge status, Central Line-Associated Bloodstream Infection
(CLABSI), and Catheter-Associated Urinary Tract Infection (CAUTI)
rates, which can be analyzed both at the national level and at
individual institutional levels. By collecting harmonized, high-
quality data across all PICUs, the registry provides a platform to
compare local performance against national aggregates and
internationally reported benchmarks. This enables each hospital
to identify areas for improvement, align clinical practices with
global standards, and contribute Kuwaiti pediatric critical care
data to international registries or collaborative research
networks.

SPRINGER NATURE



A. Aldaithan et al.

Table 2. Implementation timeline of the national PICU registry (2021-2023).
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Fig. 2 Sample infographic from the annual registry report: comparison of PICU admissions and diagnostic categories in 2023 vs. 2024.
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One of the foremost obstacles is the inherent heterogeneity of
pediatric critical illness, characterized by diverse pathologies and
wide variations in disease severity, which necessitate large-scale,
multicenter collaboration to achieve meaningful data aggregation
and analysis.?® Additionally, data standardization across institu-
tions remains a persistent barrier, as pediatric-specific variables
often lack universally accepted definitions, and electronic health
record systems differ widely in structure and functionality,
complicating interoperability and data harmonization.”?'2 This
challenge was addressed by establishing standardized definitions
for all variables, ensuring consistency and reliability of the data
entered (Table 4). Ensuring data completeness and accuracy adds
further complexity, especially within high-acuity environments
where frontline clinicians may lack time or resources to engage in
rigorous data entry, making routine audits and feedback
mechanisms essential, yet resource-intensive.>?*> Financial and
human resource constraints, particularly in lower-resource set-
tings, also pose significant threats to registry sustainability, with
limited availability of trained data personnel and informatics
support frequently impeding ongoing data collection and system
maintenance.?* The registry was initially launched through

Table 3. Data entry accuracy.
Hospital Registry Actual Accuracy
percentage
Adan Hospital 248 305 81.3
Amiri Hospital 41 43 95.3
Farwaniya Hospital 415 439 94.3
Jaber Al-Ahmed 325 377 86.2
Hospital
Jahra Hospital 417 515 81.0
Mubarak Hospital 282 313 90.1
Sabah Hospital 358 372 96.0
Total 2086 2364 88.2

Percentage of patients who inserted central line

454 1922

19%

in2023

Percentage of NIV used during PICU stay

1001 1375

4213%

in 2023

; n 2024 !
7.44 DAYS
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voluntary efforts, with strong support from the heads of
participating units, reflecting the Kuwait PICUs Taskforce Group's
commitment to advancing and standardizing pediatric critical care
across the country. As the participating units recognized the
positive impact of this collective effort, momentum was sustained,
and plans were initiated to explore future funding opportunities
aimed at expanding the registry and securing its long-term
sustainability. Ethical and regulatory considerations introduce
additional layers of complexity, especially data privacy protections
and guardianship laws must be carefully addressed through
robust governance frameworks. Finally, maintaining long-term
institutional engagement remains a formidable challenge; registry
success depends not only on initial enthusiasm but also on
sustained leadership, continuous funding, and alignment with
national pediatric health priorities. Together, these multifaceted
barriers highlight the need for strategic planning, stakeholder
collaboration, and adaptable infrastructure to ensure the success-
ful implementation and longevity of national PICU registries.
Looking forward, planned advancements include the incorpora-
tion of patient-reported outcomes and the extension of the
registry framework to additional pediatric subspecialties. These
initiatives hold significant potential to further elevate the quality
of care delivered across the nation’s pediatric services.

One of the key advantages of the registry was its capacity to
inform equipment and staffing projections using historical tercile
data, as illustrated in the exemplary report (Fig. 3), which details
utilization patterns for high-flow nasal cannula (HFNC), non-
invasive ventilation (NIV), central venous lines, and intubation.
Deeper analysis of the registry can uncover monthly or seasonal
trends, supporting more precise forecasting of resource demands.
These gains paved the way for broader improvements, including
revised clinical guidelines and knowledge sharing between
hospitals. The variability in data capture performance across sites
likely reflects differences in local workflows, staffing, and data
management practices, underscoring the need for targeted
quality improvement initiatives such as focused audits and
standardized data entry training to enhance data accuracy and

Percentage of patients who were intubated

ST 1865

2151%

Percentage of NIV used during PICU stay

977 1399

or all PICU intubatec

|

in 2023
12 DAYS

Fig. 3 Sample infographic from the annual registry report: comparative utilization of non-invasive ventilation (NIV) and high-flow nasal

cannula (HFNC) across PICUs.
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Table 4.

Challenges Manifestation

Stakeholder coordination Fragmented engagement between

hospitals

Data standards Heterogeneity in terminology across sites

Motivation/Feedback Initial reluctance to submit data regularly

reliability across all PICUs. The registry is now fully integrated into
national pediatric critical care practice in Kuwait, where it plays a
pivotal role in both clinical care delivery and strategic planning.

This study has several limitations that should be acknowledged.
First, the analysis is based on retrospectively collected data from
the early phase of registry implementation, which may introduce
inconsistencies related to documentation practices and variable
data-entry experience across sites. Second, completeness was
assessed by comparing registry entries with manual admission
censuses, a process that relies on the accuracy of local census logs
and may not capture all missed cases. Third, the platform currently
operates without full real-time integration with hospital informa-
tion systems, potentially affecting timeliness and workflow
efficiency. Additionally, long-term sustainability may be vulnerable
in the absence of dedicated external funding to support system
maintenance, upgrades, and personnel. Finally, because the
registry was developed within a single national health system,
generalizability to other regions may be influenced by differences
in organizational structures, governance models, and resource
availability. Despite these limitations, the findings offer important
insights into the practical steps, challenges, and enabling factors
involved in establishing a national critical care registry.

CONCLUSION

The successful implementation and outcomes of the Kuwait PICUs
Registry’s demonstrate both the feasibility and transformative
potential of a unified national pediatric critical care data system.
Through voluntary collaboration, standardized data collection, and
strategic leadership, the registry has enabled meaningful insights
into clinical practice variation, resource utilization, and system-
wide performance. Most importantly, the registry has empowered
healthcare providers to enhance care delivery, informed national-
level planning, and established a foundation for future expansion
into pediatric subspecialties and international research partner-
ships. These findings underscore the critical role of robust clinical
registries in driving evidence-based care and advancing pediatric
critical care services on both national and global scales.

DATA AVAILABILITY
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