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Abstract  

Background: Pediatric critical care systems have benefited from technological developments that deliver artificial intelligence (AI) 
applications along with telemedicine features and Internet of Things (IoT)-based observation frameworks. Advanced medical technology 
enhancements produced better patient results and faster detection of vital health changes and increased operation effectiveness. The high 
implementation costs along with system compatibility issues and ethical constraints remain as barriers to widespread adoption. Aim: 
This systematic review explores how technology for advanced monitoring and support systems has affected patient care results and 
workflow effectiveness in pediatric critical care settings. Method: Researchers carried out the review according to PRISMA instructions 
while performing systematic searches across PubMed with Scopus Web of Science and CINAHL databases. Title/abstract screening 
alongside duplicate removal and full-text review reduced 1,568 studies to ten high-quality ones. Data extraction to evaluate study design 
characteristics together with technology type implementation outcomes alongside challenges encountered. Results: Three main themes 
emerged: supportive leadership, organizational support and crisis management. All three types of leadership examined (relational, 
servant, and transformational) were positively linked to resilience and well-being. Significant mitigating factors included organizational 
support through resource allocation, training, and mental health initiatives. It was found that adaptive leadership and effective 
communication were important for success during crises, particularly to retain staff morale and staff cohesion. All ten studies fulfilled 
the review's role with regard to the multifaceted role of nurse leaders promoting resilience. Conclusion: Pediatric critical care technologies 
deliver transformative abilities which boost both patient health outcomes and operational performance. The adoption of new technologies 
requires strategic solutions to overcome cost expenses and training needs and to achieve effective system integration. Subsequent research 
needs to emphasize standardizing procedures and ethical principles and finding cost-efficient approaches to maximize technological 
advances in this field. 

Keywords: Pediatric Critical Care, Artificial Intelligence, Telemedicine, Internet of Things, Real-Time Monitoring, Ethical 

Considerations, Clinical Decision Support. 

 

Introduction 

Healthcare providers now depend on technology that has transformed pediatric critical care monitoring 
methods for critically ill children into more advanced practices. Clinical decision-making processes in 
pediatric intensive care units (PICUs) benefit from advanced functions that telemedicine delivers while 
artificial intelligence (AI) together with real-time monitoring systems helps achieve better patient outcomes 
and optimized operational workflows (Chong et al., 2022; O’Brien et al., 2024; Aczon et al., 2017). The 
distinctive physiological development needs of pediatric patients require tailored intervention approaches 
which make use of these technologies essential (Saddler et al., 2020; Chung et al., 2020; Zoodsma et al., 
2023). The healthcare field continues to face challenges like expensive implementation costs and patient 
data ethics which alongside staff training requirements hinder technology adoption even though 
advancements continue to progress (Thaya & Karthikeyan, 2024; Asan et al., 2018; O’Brien et al., 2024). 

Real-time monitoring systems represent one of the most important technology uses in PICUs through their 
capability to maintain constant vital signs surveillance while detecting dangerous events promptly. Pediatric 
early warning systems (PEWS) achieve reductions in both mortality rates as well as critical deterioration 
events due to their design that enables timely clinical interventions (Chong et al., 2022; Zoodsma et al., 
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2023; Saddler et al., 2020). Healthcare providers now benefit from wireless biosensors which offer 
continuous patient monitoring without invasive procedures to improve clinical management and reduce 
both physical limitations as well as medical complications (Chung et al., 2020; Thaya & Karthikeyan, 2024; 
Zoodsma et al., 2023). The new medical advancements increase patient safety outcomes while reducing 
healthcare worker tasks which help them give better tailored patient care (O’Brien et al., 2024; Aczon et al., 
2017; Saddler et al., 2020).  

The use of telemedicine programs has served as key for solving unequal access to specialized pediatric 
critical care services. Tele-ICU systems bridge healthcare gaps in under-resourced areas by enabling remote 
conversations with specialists together with live cooperation from intensivists to optimize process metrics 
like ventilated patient duration and hospitalization time (O’Brien et al., 2024; Thaya & Karthikeyan, 2024; 
Aczon et al., 2017). Remote pediatric ICU solutions demonstrate superior value in rural and under-
resourced locations where limited pediatric intensivist availability detracts from both quality and patient 
outcomes (Asan et al., 2018; Chung et al., 2020; O’Brien et al., 2024). The complex legal ethical and logistical 
issues relating to telemedicine, including patient privacy systems require strong policy development and 
careful strategic planning according to Saddler and others (2020; Thaya & Karthikeyan, 2024; Zoodsma et 
al., 2023).  

Supplemental clinical decision support in PICUs now receives additional power from AI-based tools which 
advance both predictive analytics and clinical decision-making. Recurrent neural networks (RNNs) show 
promise for dynamic data analysis applications including patient mortality prediction along with critical 
event detection according to research (Aczon et al., 2017; Zoodsma et al., 2023; Chong et al., 2022). 
Algorithms for clinical deterioration identification with machine learning models have helped enable 
immediate interventions which reduce complication risks in neonatal critical congenital heart disease 
(cCHD) settings (Zoodsma et al., 2023; Saddler et al., 2020; Aczon et al., 2017). Though AI integration has 
seen encouraging advances in PICUs additional issues including bias algorithms and patient data privacy 
along with system integration hurdles persist according to various research papers (Asan et al., 2018; Thaya 
& Karthikeyan, 2024; Chung et al., 2020).  

The combined use of Internet of Things (IoT) together with fog computing demonstrates great potential 
to improve patient monitoring and support operations within critical care facilities. Healthcare professionals 
receive instant access to patient data analysis to support quick decision making through these systems 
(Thaya & Karthikeyan, 2024; Chung et al., 2020; Zoodsma et al., 2023). IoT technology enables devices to 
track patient heart rate alongside oxygen levels and blood pressure figures while alert systems detect 
deviations thereby minimizing potential medical risks (Chung et al., 2020; Thaya & Karthikeyan, 2024; Asan 
et al., 2018). Through fog computing local devices process critical information immediately so subsequent 
actions occur without any delay. Effective technology realization needs solutions for the barriers around 
data protection, modular device compatibility as well as system expansion potential (Chong et al., 2022; 
Saddler et al., 2020; O'Brien et al., 2024).  

Technology innovations deliver high-quality care improvements to pediatric critical environments, but 
barriers exist which clinics need to solve to fully implement their benefits effectively. Through this 
systematic review the study conducts an analysis of pediatric critical care monitoring and support systems 
to evaluate patient outcomes and generates suggestions to address implementation obstacles. 

Problem Statement 

PICUs stand out as challenging environments because patients are highly vulnerable and require complex 
medical management along with immediate life-saving treatments. The healthcare delivery system 
experienced major transformation through technological innovations such as real-time monitoring systems 
and telemedicine alongside artificial intelligence, but pediatric facilities have not yet fully adopted these 
advancements. Intensive care pediatric units face barriers to complete technology adoption due to heavy 
implementation costs plus training and protocol standardization deficiencies which prevents healthcare 
providers from maximizing technological potential (Chong et al., 2022; O’Brien et al., 2024; Saddler et al., 
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2020). Patient data privacy ethics and workflow integration complexity blocking effective implementation 
of medical tools according to several studies (Thaya & Karthikeyan, 2024; Chung et al., 2020; Asan et al., 
2018).  

Clinical decision support systems (CDSS) together with IoT-based monitoring and machine learning 
models show potential to enhance patient outcomes through reductions in mortality and rates of critical 
deterioration according to findings by Zoodsma et al., 2023; Aczon et al., 2017; Saddler et al., 2020. Despite 
promising results in patient outcomes these technologies face operational challenges because of non-
universal systems compatibility weak infrastructure availability in under-resourced regions and limited 
research data exploring their durable effects. Evaluating technological applications within pediatric critical 
care requires immediate systematic analysis because current knowledge about their benefits and limitations 
remains incomplete. 

Significance of Study 

After integrating technology into pediatric critical care healthcare delivery will transform through improved 
diagnostic precision and advanced patient safety features together with workflow optimizations. Intensive 
environments such as PICUs demand prompt precise decision-making where modern technological tools 
like artificial intelligence telemedicine systems and IoT devices offer unmatched opportunities to achieve 
superior healthcare results (O’Brien et al., 2024; Thaya & Karthikeyan, 2024; Chung et al., 2020). Advanced 
technologies support ongoing patient monitoring and facilitate early detection of emergent issues, and they 
solve workforce shortages and access issues in specialized pediatric care (Asan et al., 2018; Zoodsma et al., 
2023; O'Brien et al., 2024). 

 The study brings particular importance by reviewing existing monitoring and supporting technology 
knowledge in PICUs to determine approaches for overcoming hurdles in technology deployment. 
Technologies can be incorporated through effective strategies which this study describes when 
policymakers receive guidance on cost considerations together with necessary training approaches and 
ethical questions. Through its findings this study addresses the knowledge deficiency concerning technology 
implementation in pediatric critical care so as to ensure equitable innovation benefits to diverse patient 
groups including those located in under-resourced regions (Chong et al., 2022; Saddler et al., 2020; Thaya 
& Karthikeyan, 2024). 

Aim of the Study 

This study investigates how monitoring and support technologies operate and their effects in pediatric 
critical care settings. Specifically, the study seeks to: 

1. Assess the effectiveness of technologies such as AI, telemedicine, IoT, and CDSS in improving patient 
outcomes in PICUs. 

2. Identify barriers to the adoption and integration of these technologies, including cost, staff training, 
ethical considerations, and interoperability issues. 

3. Propose evidence-based recommendations for optimizing the implementation and utilization of these 
tools in diverse clinical settings. 

This study identifies how technological advancements can elevate pediatric critical care quality to achieve 
better patient results and more streamlined healthcare operations. 

Methodology 

The systematic review followed the PRISMA guidelines to maintain transparency throughout the research 
process and ensure methodological structure. Researchers conducted an evaluation of how medical 
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monitoring systems were utilized in pediatric critical care while integrating cutting-edge technologies such 
as artificial intelligence together with telemedicine and Internet of Things networked devices. 

Research Strategy 

A systematic search was performed in the following databases: PubMed, Scopus, Web of Science, and 
CINAHL. The search terms used included: 

• “Pediatric critical care” 

• “Real-time monitoring” 

• “AI in PICU” 

• “Telemedicine in pediatric care” 

• “IoT in critical care” 

• “Clinical decision support systems in pediatric critical care.” 

Research Question 

What is the impact of advanced monitoring and support technologies on patient outcomes, operational 
efficiency, and clinical decision-making in pediatric critical care units between 2020 and 2024? 

Selection Criteria 

Inclusion Criteria 

• The collection comprises entirely of scholarly articles published in the English language during the 2020 
to 2024 period.  

• The selection incorporated peer-reviewed scientific work dedicated to technology applications in pediatric 
critical care settings.  

• Research that assesses how advanced technologies such as AI and telemedicine as well as IoT devices and 
clinical decision support systems influence patient results and clinical workflow or operational procedures. 

• The studies examined all research carried out within pediatric intensive care units (PICUs) or neonatal 
intensive care units (NICUs). 

Exclusion Criteria 

• Research examining only adult critical care environments and technologies was not included in the study.  

• Articles not available in full text. Opinion pieces, editorials, commentaries, or conference abstracts.  

• Secondary research which does not focus directly on technology effects for outcomes and implementation 
issues within pediatric critical care settings. 

Data Extraction and Analysis  

Eligible papers were screened through full-text reviews after independent reviewers finished the title and 
abstract assessment. A predefined template guided the data extraction process to collect vital study 
attributes which included the research design, technology examined, population characteristics and study 
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findings along with implementation concerns. Researchers solved disputes either during conversations or 
by seeking guidance from an additional reviewer. The research team aggregated data elements to reveal 
patterns as well as research gaps and literature themes. 

Database Selection 

To ensure comprehensive coverage of the relevant literature, we conducted a systematic search using 
multiple academic databases. The selected databases included PubMed, Scopus, Web of Science, and 
CINAHL. Each database was searched using tailored syntax to capture studies addressing the utilization of 
advanced monitoring and support technologies in pediatric critical care. The search was limited to the years 
2020 to 2024. 

Table 1: Database Selection 

No Database Syntax Year No of Studies 

Found 

1 PubMed "Pediatric critical care" AND "AI" AND 

"telemedicine" 

2020–2024 453 

2 Scopus TITLE-ABS-KEY ("IoT in critical care") AND 

(LIMIT-TO(Pediatrics)) 

2020–2024 375 

3 Web of 

Science 

TS= ("Clinical decision support systems" AND 

"PICU") 

2020–2024 428 

4 CINAHL "Telemedicine" AND "monitoring systems" 

AND "pediatric" 

2020–2024 312 
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Graph 1: Number of Studies Found by Database 

 

Data Extraction 

Investigators systematically completed data extraction through the use of a standardized template. 
Extracted data included: 

• Study characteristics (authors, title, year, and journal).  

• The research classification encompassing randomized controlled trials along with systematic reviews and 
cohort studies was extracted from the studies.  

• The study evaluated multiple technologies including artificial intelligence and Internet of Things 
capabilities alongside telemedicine solutions and monitoring systems.  

• Patient population (age, condition, and sample size).  

• The research measured clinical results along with operational performance and implementation 
difficulties.  

• Key findings and recommendations. 
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Search Syntax 

Primary Syntax 

The following syntax was used across all databases: 

• "Pediatric critical care" AND "monitoring systems" AND ("AI" OR "artificial intelligence") AND 
"telemedicine" AND "IoT" 

Secondary Syntax:  

Refined syntax was applied to accommodate database-specific search capabilities: 

1. PubMed: "Pediatric critical care"[Title/Abstract] AND "monitoring systems"[MeSH Terms] AND 
("AI" OR "artificial intelligence") AND "telemedicine" 

2. Scopus: TITLE-ABS-KEY ("Pediatric critical care") AND TITLE-ABS-KEY ("monitoring systems") 
AND TITLE-ABS-KEY ("IoT" OR "artificial intelligence") 

3. Web of Science: TS= ("Pediatric critical care" AND "monitoring systems" AND ("IoT" OR "artificial 
intelligence") AND "telemedicine") 

4. CINAHL: "Pediatric critical care" AND "monitoring systems" AND ("AI" OR "IoT") 

Literature Search 

Researchers performed exhaustive literature searches across various databases until they achieved full 
coverage of the topic. Health research information was gathered through PubMed alongside Scopus Web 
of Science and CINAHL databases. Research published from 2020 to 2024 was chosen about advanced 
monitoring and support technologies in pediatric critical care applications.  

Researchers found 1,568 articles distributed among the selected database resources after executing the 
primary search. Authors removed duplicates and conducted title and abstract screenings which resulted in 
324 articles being slated for additional examination. Subsequent full-text evaluation was conducted to 
determine both relevance and quality criteria for the studies. 

Selection of Studies 

Two independent reviewers evaluated each article for both its relevance and methodological quality during 
the study selection process. Reviewers settled differences by discussing or getting advice from an additional 
reviewer. A strict study selection method searched for valuable research about technology applications in 
pediatric critical care which includes patient monitoring, telemedicine operations, artificial intelligence 
processing, the Internet of Things principles and clinical decision support systems.  

This systematic review consists of ten studies as identified by the final selection process. The selected ten 
studies demonstrated diverse technological approaches and methodologies which collectively yielded 
complete understanding of field status. 

Study Selection Process 

The study selection process followed a structured approach, outlined as follows:  

• Initial Search and Retrieval: Using their developed search methods, researchers obtained articles from 
predetermined databases. The initial search process produced a collection of 1,568 articles known through 
database retrievals.  
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• Duplicate Removal: Research staff implemented duplicate detection protocols which ended up with 1,234 
distinct articles.  

• Title and Abstract Screening: Research focused on topical relevance in titles and abstracts and lowered 
the total number of articles to 324.  

• Full-Text Review: Researchers evaluated the full texts of all remaining papers to determine their suitability 
for analysis based on methodological integrity. Research rejected articles that did not fulfill quality 
requirements, or which failed to stay relevant to the research question.  

• Final Selection: The review included ten studies after selection. Researchers selected these studies because 
they demonstrated both a concentration on pediatric critical care technologies alongside methodological 
integrity and a significant relevance to this review's aims. 

PRISMA Flowchart Overview 

Through the PRISMA approach researchers systematically identified and reviewed data before final study 
inclusion while maintaining rigorous and transparent research methodologies. A thorough search within 
four key databases, namely PubMed Scopus Web of Science and CINAHL produced a collection of 1,568 
records. Researchers eliminated 334 duplicate materials which left 1,234 distinct articles for title and abstract 
analysis. This screening phase eliminated 910 studies because they showed irrelevance or targeted adult 
demographics while failing to provide technological information about pediatric critical care.  

Researchers performed detailed evaluations on the remaining 324 articles to determine their compatibility 
with inclusion requirements and scientific rigor. During this evaluation phase, 314 studies did not meet 
inclusion parameters either because they had inadequate pediatric critical care technology focus or poor 
research methodologies or provided missing relevant information. The selection process produced ten 
studies for this systematic review through defined assessment criteria. Researchers applied various scientific 
techniques and technological tools which revealed important findings about advanced monitoring and 
support technologies in pediatric critical care settings. Through this process researchers maintained a 
systematic linkage to verify high-quality evidence integration. 

 

Figure 1: PRISMA Flowchart 
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Quality Assessment of Studies 

Selected research underwent rigorous quality assessment procedures to certify the reliability and validity of 
the study results. The following criteria were applied:  

1. Study Design: The researchers prioritized randomized controlled trials, systematic reviews along with 
observational studies of high quality.  

2. Relevance to Research Question: The review included studies that examined technologies specifically 
used for pediatric critical care settings such as AI technologies as well as IoT systems telemedicine 
approaches and clinical decision-making tools.  

3. Methodological Rigor: All research received evaluations focused on methodological integrity as well as 
clearly defined study objectives combined with strong data collection methods and suitable statistical 
analysis practices.  

4. Sample Size and Population: The research reviewed favored studies that both provided sufficient 
statistical power and precisely identified pediatric patients.  

5. Outcome Measures: Research concentrating on patient results together with functional improvements 
and practical difficulties in implementation received top priority. 

Table 2: Assessment of the Literature Quality Matrix 

# Author Study Selection 

Process 

Described 

Literature 

Coverage 

Methods 

Clearly 

Described 

Findings 

Clearly 

Stated 

Quality 

Rating 

1 Meissen et 

al., 2022 

Yes Comprehensive Yes Clear High 

2 Munoz et 

al., 2024 

Yes Comprehensive Yes Clear High 

3 Olatunji et 

al., 2024 

Yes Moderate Yes Clear Moderate 

4 Pinsky et al., 

2024 

Yes Comprehensive Yes Clear High 

5 Schouten et 

al., 2024 

Yes Comprehensive Yes Clear High 

6 Shah et al., 

2022 

Yes Moderate Partial Clear Moderate 

7 Adegboro et 

al., 2021 

Yes Comprehensive Yes Clear High 

8 Alexander et 

al., 2023 

Yes Comprehensive Yes Clear High 
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9 Azriel et al., 

2022 

Yes Comprehensive Yes Clear High 

10 Dasari et al., 

2023 

Yes Moderate Yes Clear High 

According to the quality assessment matrix results, 7 studies in this review achieved high-quality status due 
to their thorough literature review process along with transparent methods and clear presentation of results. 
Multiple researched investigations indicate advanced support systems deliver dependable results when used 
in pediatric critical medical settings. Assessment revealed that the three remaining studies achieved 
moderate-quality status mostly because their methods descriptions lacked completeness, or their literary 
review was too narrow. Despite their valuable contributions these studies include shortcomings in their 
methodological thoroughness. 

Graph 2: Quality Ratings of Included Studies 

 

Data Synthesis  

Research findings reviewed during the data synthesis process provided common themes as well as identified 
both significant outcomes and existing research gaps. The key points are summarized below:  

• Technological Impact on Patient Outcomes: Patient outcomes experienced substantial positive changes 
with reduced mortality and quicker detection of critical events when integrating AI and IoT technologies 
according to several research studies (Meissen et al., 2022; Schouten et al., 2024; Alexander et al., 2023).  
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• Clinical Decision-Making: Shah et al., 2022 together with Azriel et al., 2022 revealed how AI-based 
decision-support systems function to increase diagnostic accuracy while assisting clinicians during 
complex case management.  

• Implementation Challenges: Research at a moderate grasp of quality from sources like Olatunji et al., 2024 
and Shah et al., 2022 indicated challenges in adopting technology were mainly financial costs alongside 
interoperability problems and educator inexperience.  

• Telemedicine and Accessibility: Research by Munoz et al., 2024 together with Pinsky et al., 2024 showed 
that telemedicine networks enlarged pediatric critical care availability in underserved regions through live 
consultation services and better resource management.  

• Integration of IoT and Monitoring Systems: Dasari et al., 2023 together with Adegboro et al., 2021 showed 
how real-time monitoring with IoT devices generates ongoing data which enhances clinical decisions in 
PICUS. 

Table 3: Research Matrix 

Author, 

Year 

Aim Research 

Design 

Type of 

Studies 

Included 

Data 

Collection 

Tool 

Result Conclusion Study 

Suppor

ts 

Present 

Study 

Meissen 

et al., 

2022 

Evaluate AI's 

role in 

reducing 

mortality in 

pediatric 

critical care 

Systematic 

Review 

Randomize

d 

Controlled 

Trials 

(RCTs), 

Observatio

nal Studies 

Literature 

Review 

AI 

significantly 

reduced 

mortality by 

enhancing 

clinical 

decision-

making and 

early 

intervention. 

AI holds 

great 

potential for 

improving 

patient 

outcomes in 

PICUs. 

Yes 

Munoz 

et al., 

2024 

Assess 

telemedicine'

s impact on 

pediatric 

critical care 

outcomes 

Cohort 

Study 

Longitudin

al Studies 

Surveys, 

Electronic 

Medical 

Records 

(EMRs) 

Telemedicine 

improved 

access to care 

in remote 

areas and 

reduced time 

to specialist 

consultation. 

Telemedicine 

effectively 

bridges gaps 

in care for 

underserved 

regions. 

Yes 

Olatunji 

et al., 

2024 

Examine 

barriers to 

IoT 

Mixed-

Methods 

Study 

Case 

Studies, 

Surveys 

Interviews, 

Surveys 

Identified 

barriers 

included 

cost, 

IoT 

implementati

on requires 

addressing 

Yes 
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implementati

on in PICUs 

interoperabili

ty, and lack 

of staff 

training. 

systemic and 

organization

al challenges. 

Pinsky 

et al., 

2024 

Explore 

clinical 

decision 

support 

system 

(CDSS) 

integration 

Cross-

Sectional 

Study 

Survey-

Based 

Studies 

Questionnai

res 

CDSS 

improved 

diagnostic 

accuracy but 

faced 

resistance 

due to 

workflow 

disruption. 

CDSS has 

significant 

potential but 

requires 

better 

integration 

with existing 

systems. 

Yes 

Schoute

n et al., 

2024 

Evaluate 

real-time 

monitoring 

systems in 

detecting 

critical 

events 

Observatio

nal Study 

Prospective 

Observatio

nal Studies 

Monitoring 

System 

Analytics 

Real-time 

monitoring 

systems 

significantly 

enhanced 

early 

detection of 

sepsis and 

arrhythmias. 

Real-time 

systems are 

essential for 

timely 

intervention 

in pediatric 

critical care. 

Yes 

Shah et 

al., 2022 

Analyze 

machine 

learning 

models for 

predicting 

patient 

outcomes 

Narrative 

Review 

RCTs, 

Observatio

nal Studies 

Literature 

Review 

Machine 

learning 

models 

demonstrate

d high 

predictive 

accuracy for 

mortality and 

deterioration 

risk. 

ML models 

can support 

precision 

medicine in 

PICUs but 

require 

further 

refinement. 

Yes 

Adegbo

ro et al., 

2021 

Systematicall

y review AI 

applications 

in neonatal 

and pediatric 

ICUs 

Systematic 

Review 

RCTs, 

Cohort 

Studies 

Literature 

Review 

AI improved 

diagnostic 

accuracy and 

predictive 

capabilities, 

leading to 

better patient 

outcomes. 

AI is a 

transformati

ve tool for 

improving 

PICU 

operations 

and 

outcomes. 

Yes 

https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v4i2.6722


Journal of Ecohumanism 
2025 

Volume: 4, No: 2, pp. 2692 – 2708 
ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online) 

https://ecohumanism.co.uk/joe/ecohumanism  
DOI: https://doi.org/10.62754/joe.v4i2.6722  

2704 

 

Alexand

er et al., 

2023 

Explore 

bioethical 

implications 

of 

technology in 

pediatric care 

Qualitative 

Study 

Case 

Studies, 

Interviews 

Interviews Highlighted 

ethical 

challenges 

related to 

long-term 

use of life-

sustaining 

technologies. 

Ethical 

consideratio

ns must be 

balanced 

with 

technological 

benefits in 

pediatric 

care. 

Yes 

Azriel et 

al., 2022 

Develop ML 

models for 

seizure 

detection in 

PICUs 

Experiment

al Study 

Prospective 

Studies 

Algorithm 

Testing 

ML models 

achieved 

high 

accuracy in 

predicting 

seizures, 

reducing 

diagnostic 

delays. 

ML can 

enhance 

monitoring 

and reduce 

neurological 

complication

s in critically 

ill children. 

Yes 

Dasari 

et al., 

2023 

Assess IoT-

based 

monitoring 

systems in 

pediatric 

heart failure 

care 

Prospective 

Cohort 

Study 

Longitudin

al 

Observatio

nal Studies 

IoT-Based 

Data 

Collection 

IoT 

improved 

monitoring 

accuracy and 

enabled 

earlier 

interventions

, leading to 

reduced 

complication

s. 

IoT provides 

critical 

support for 

continuous 

monitoring 

in pediatric 

critical care. 

Yes 

Within this work ten research studies from the systematic review are summarized together into a research 
matrix. The majority of studies displayed high levels of research precision which matched this review's 
objective to explore advanced technological impacts in pediatric critical care settings. The investigation 
showed common long-term effects through AI with IoT and telemedicine platforms including better 
patient health results with enhanced detection accuracy and early critical event alert systems. The research 
examined different obstacles including ethical concerns and difficulties with implementation as well as how 
new systems are integrated into established platforms.  

All papers included in this study converge to understand the role of technology in pediatric critical care 
which results in strong backing for our findings. According to research by Meissen et al. (2022) and 
Schouten et al. (2024) real-time monitoring and AI serve critical roles in patient safety enhancement while 
Munoz et al. (2024) provided evidence for telemedicine's ability to better patient access. The practical and 
ethical problems raised by Alexander et al. (2023) and Olatunji et al. (2024) affirm the importance of 
meticulous implementation approaches. 
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Results 

Table 4: Results Indicating Themes, Sub-Themes, Trends, Explanation, and Supporting Studies 

Theme Sub-Theme Trend Explanation Supporting 

Studies 

Real-Time 

Monitoring 

Early Detection 

of Critical 

Events 

Increasing 

Adoption 

Real-time monitoring systems 

enabled earlier detection of 

conditions like sepsis and 

arrhythmias, leading to timely 

interventions and reduced mortality. 

Meissen et al., 

2022; Schouten 

et al., 2024 

Artificial 

Intelligence 

Predictive 

Analytics 

Growing 

Interest 

AI-based tools such as machine 

learning models improved diagnostic 

accuracy and predicted patient 

deterioration, enhancing precision 

medicine in PICUs. 

Shah et al., 

2022; Adegboro 

et al., 2021 

Telemedicine Accessibility Rapid 

Expansion 

Telemedicine bridged gaps in care, 

particularly in underserved regions, 

by providing remote consultations 

and optimizing resource allocation in 

critical care. 

Munoz et al., 

2024; Pinsky et 

al., 2024 

IoT and 

Continuous 

Monitoring 

Remote Data 

Collection 

Steady 

Integration 

IoT devices facilitated continuous 

monitoring of vital signs, improving 

data accuracy and enabling clinicians 

to identify complications earlier. 

Dasari et al., 

2023; Olatunji 

et al., 2024 

Ethical 

Considerations 

Use of Life-

Sustaining 

Technologies 

Increasing 

Awareness 

The ethical implications of long-term 

technology use, such as ventilators, 

were discussed, emphasizing the 

need to balance technological 

benefits with patient welfare. 

Alexander et al., 

2023 

Implementation 

Challenges 

Training and 

Cost Barriers 

Persistent 

Challenges 

Studies highlighted barriers such as 

inadequate training, high costs, and 

system interoperability issues, which 

hinder widespread adoption of 

advanced technologies. 

Olatunji et al., 

2024; Shah et 

al., 2022 

The investigation reveals that pediatric critical care technologies undergo rapid development through 
significant trends in real-time monitoring while predictive analytics and telemedicine follow suit. Early 
detection and precision diagnostics achieved promising results through real-time monitoring and artificial 
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intelligence according to research by Meissen et al. (2022) and Adegboro et al. (2021). According to research 
by Dasari et al. (2023), IoT devices have become an integral part of critical care infrastructure because they 
enable remote patient monitoring with precise results. 

Research articles from Olatunji et al. (2024) and Alexander et al. (2023) revealed ethical concerns and 
implementation challenges such as financial costs and staff training requirements which must be overcome 
to enhance these technological tools. 

The table presents advantages alongside barriers related to the application of advanced technologies in 
pediatric critical care as part of this systematic review analysis. 

Discussion 

Advanced technologies reshape pediatric critical care the review explains as it examines how modern 
solutions enhance patient results while upgrading clinical decisions and resource use efficiency. Real-time 
monitoring systems alongside IoT devices have become essential for recognizing early deterioration signs 
through which response times decrease and patient survival rates increase (Meissen et al., 2022; Schouten 
et al., 2024). AI-driven predictive analytics stands out as a strong tool for identifying critical conditions 
ahead of time and directing targeted medical interventions because research by both Shah et al. (2022) and 
Adegboro et al. (2021) showed high diagnostic performance.  

Telemedicine proved essential by allowing remote specialist consultations to develop equitable access at 
underserved health facilities while strengthening critical care systems through specialist input (Munoz et al., 
2024; Pinsky et al., 2024). Nonetheless research conducted by Olatunji et al. (2024) showed essential 
obstacles that hinder technology deployment including financial constraints interoperability requirements 
and necessary training programs for staff members. The study by Alexander et al. (2023) highlighted ethical 
implications of persistent life-sustaining technological solutions urging clinicians to weigh these devices' 
advantages with patient health impacts.  

The study established advantages of current implementation processes but found inconsistencies in 
application standards combined with deficient integration approaches in clinical routines. Effective 
management of current technological challenges promises maximum realization of innovation potential. 

Future Directions 

To maximize the potential of advanced technologies in pediatric critical care, the following areas should be 
explored:  

• Standardization of Implementation Protocols: Universal integration frameworks need development to 
accurately merge AI along with IoT and telemedicine capabilities into clinical systems.  

• Cost-Effective Solutions: It is essential to develop scalable economic models which enable equal 
accessibility for advanced medical innovations within settings that have limited resources.  

• Training Programs for Healthcare Providers: A comprehensive education program needs to be set up to 
improve clinical doctors' technical skills either using artificial intelligence devices or telemedicine systems.  

• Ethical Frameworks: Develop guidelines that will secure ethical treatment during extended engagement 
of sustaining life medical devices.  

• Longitudinal Studies: Research teams need to carry out wide-reaching assessments to measure how these 
technological solutions affect healthcare results over time together with cost implications and 
organizational performance metrics. 
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Limitations 

The current systematic review contains multiple limitations. This empirical assessment included studies 
from 2020 through 2024, so it omitted earlier research which provided important knowledge about this 
field. The review qualified studies through English-language publications which created potential bias based 
on language selection. Direct comparisons between studies were difficult because variations existed in their 
design elements and population characteristics as well as their outcome measurement approaches although 
each study possessed high research quality. The review utilized existing secondary data from selected studies 
which restricted their capability to investigate detailed implementation features and resulting outcomes. 

Conclusion 

Advanced technologies create transformative changes in pediatric critical care settings which lead to better 
patient results and enhanced clinical workflows. Four technologies including real-time monitoring systems 
along with AI-based predictive analytics alongside telemedicine and IoT devices continue to deliver essential 
benefits for both detecting early patient deterioration and providing enhanced diagnostic accuracy as well 
as extending care access. The full capabilities of current innovations in pediatric critical care require 
solutions for cost barriers interoperability challenges ethical issues while implementation protocols 
standardization must reach baseline status.  

The review findings highlight that further research together with technological investments remains vital to 
expand system interoperability and enhance these tools' scalability. Focused efforts together with additional 
technological progress will transform pediatric critical care while also delivering enhanced life quality to 
both critically ill children and their families. 
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