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Abstract: Patient throughput, the efficiency with which patients move through healthcare facilities, is 

a critical factor impacting patient care, satisfaction, and resource utilization. This white paper 

explores the potential of predictive models and real-time data integration to revolutionize patient 

throughput management.  
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Driving Healthcare Transformation with Efficiency 

A Patient-Centric Approach Using Data and Predictive Technologies 

 

1.0 Introduction 

Optimizing the patient care continuum in the rapidly evolving healthcare landscape has become 

critical in enhancing care quality, patient satisfaction, and resource utilization. The efficiency 

with which patients move through the healthcare continuum is a critical factor impacting patient 

care, satisfaction, and resource utilization. Inefficient patient care processes can lead to longer 

wait times, increased stress for patients and staff, and suboptimal use of system resources. This 

white paper explores the transformative potential of advanced technologies, particularly artificial 

intelligence (AI) and machine learning (ML), in revolutionizing patient throughput management. 

2.0 Patient Journey Management: Challenges and Opportunities 

Traditional patient throughput management often relies on reactive and manual processes, like 

navigating a complex maze without a GPS. This involves making decisions based on historical 

data and intuition, which can lead to inaccurate predictions and inefficient resource allocation. 

This approach struggles to keep pace with the unpredictable nature of patient flow, resulting in 

bottlenecks, delays, and suboptimal care experiences. 

 

Table 1: Healthcare System Evolution - From Current Challenges to Future Aspirations 

Domain Current Challenges Transformational Opportunities 

Decision-

Making 

Reactive responses leading to 

delayed interventions 

Proactive risk identification and 

preventive care, optimizing resource 

allocation 

Data 

Management 

Siloed systems, non-standardized 

data, and poor interoperability 

hinder comprehensive patient care 

Integrated, data-driven clinical decision 

support provides personalized, proactive, 

and collaborative insights 

Operational 

Efficiency 

Limited forecast capabilities due to 

data quality issues, privacy 

concerns, and underutilization of 

AI/ML 

Optimized bed management, efficient 

staffing, streamlined workflows, and 

improved supply chain management 
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The limitations of reactive and manual approaches to patient throughput management are evident 

in the persistent challenges faced by healthcare providers. By transitioning to a proactive, data-

driven model that harnesses the power of predictive modeling, ensemble techniques, and real-

time data integration, healthcare organizations can overcome these obstacles and significantly 

improve operational efficiency, patient care, and financial performance.  

Many current healthcare provider system environments can be categorized into three general 

areas, each aligned with specific transformational opportunities: 

To address these challenges, healthcare providers must embrace a paradigm shift towards 

proactive, data-driven throughput management that leverages the power of advanced 

technologies. Adopting advanced technologies is critical to establishing a more agile, responsive, 

and patient-centric healthcare system. 

3.0 The Patient Journey: Streamlining Care Delivery with AI Solutions 

From the moment a patient enters the healthcare system to their eventual discharge, the journey 

is often marked by potential delays and inefficiencies that can significantly impact the quality of 

care and patient outcomes. These bottlenecks aren't isolated; they create far-reaching ripple 

effects throughout the healthcare ecosystem, resulting in extended wait times, escalating costs, 

and diminished patient satisfaction. 

The challenges begin in the Emergency Department (ED), where overcrowding during peak 

times strains available resources and can compromise the crucial initial patient assessments. 

Triage processes, already complex, are further complicated by staff shortages, increasing the risk 

of misclassifying patient acuity levels. This misclassification can lead to critical delays in 

treatment for urgent cases or unnecessary fast-tracking of less severe conditions. 

As patients move into inpatient settings, new challenges emerge. Treatment delays, often caused 

by coordination issues between different specialties or departments, can unnecessarily prolong 

hospital stays. Inefficient allocation of resources - whether it's staff, medical equipment, or bed 

space - further compounds these problems, leading to suboptimal care delivery and increased 

costs. 

A significant contributor to these inefficiencies lies in the decision-making processes for both 

admissions and discharges. Complex protocols, multiple stakeholder involvement, and heavy 

administrative burdens often slow these decisions. Delayed decisions on admitting a patient from 

the ED or discharging an inpatient can create blockages that reverberate throughout the system, 

affecting patient flow and resource utilization. 

This multifaceted problem demands a comprehensive approach to streamline processes, optimize 

resource allocation, and improve communication across all levels of healthcare delivery. 

Addressing these issues is crucial for enhancing patient care and satisfaction and ensuring our 

healthcare institutions' long-term sustainability and effectiveness. 
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Table2: Representative Patient Flow Constraints 

Patient Journey Stage Bottlenecks & Hurdles Potential Solutions 

ED Arrival Peak overcrowding 
Predictive staffing models; NLP for 

EHR acuity assessment 

Triage Long waits, Staff shortage 
Generative AI for symptom 

assessment 

Waiting Room Extended wait times ML-based smart scheduling 

Initial Assessment Staff shortage 
Generative AI for EHR and clinical 

note analysis 

Admit/Discharge 

Decision 
Decision delays ML-enhanced decision support 

Admission 
Paperwork delays, 

bed availability 

AI-automated form generation; 

ML-driven bed optimization 

Inpatient Stay Treatment delays 
Predictive LOS models; Demand 

forecasting 

Discharge 

Planning 
Late plan initiation 

AI-powered discharge date 

prediction and plan creation 

Discharge Process 
Paperwork delays, medication 

issues 

AI-automated discharge 

summaries; ML medication support 

 

It's important to note that the successful implementation of these advanced technologies hinges 

on a robust foundation - a governed intelligent data platform. This platform is the cornerstone for 

integrating, managing, and leveraging the vast healthcare data required to effectively power these 

AI and ML solutions. By ensuring data quality, security, and interoperability, such a platform 

enables healthcare organizations to unlock the full potential of these transformative technologies.  

While AI and machine learning offer powerful tools to address the challenges in the patient care 

continuum, their successful adoption hinges on building accuracy and trust. We must ground 

these innovative solutions in robust, evidence-based models as we move forward. 
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By leveraging ensemble modeling techniques, which combine multiple AI models to improve 

predictive accuracy and reliability, healthcare providers can enhance the performance and 

trustworthiness of their AI systems.  

This approach improves the quality of predictions and recommendations and increases 

confidence among healthcare professionals and patients. In the next section, we explore how 

evidence-based methodologies and ensemble modeling contribute to creating AI solutions that 

are not only powerful but also transparent, reliable, and aligned with the high standards of 

medical practice. 

4.0 Evidence-Based Models: Foundation of Accuracy and Trust 

In healthcare predictive modeling, evidence-based models are pillars of reliability and 

effectiveness. Rooted in meticulous research and rigorous validation, these models harness the 

power of verifiable data, peer-reviewed methodologies, and clinical relevance to offer healthcare 

providers a trusted foundation for decision-making. Their established track record in real-world 

settings reinforces their value as indispensable tools for optimizing patient throughput and 

driving positive patient outcomes. 

Evidence-based models, derived from rigorous clinical research and statistical analysis, are a 

cornerstone of predictive modeling in healthcare. Their value lies in: 

• Verifiable and Validated Data: These models are built upon extensive datasets collected 

through controlled studies, ensuring the data is reliable and representative of real-world 

clinical scenarios. This data undergoes thorough validation to ensure accuracy and 

consistency, a critical factor in developing trustworthy and effective predictive models. 

• Peer-Reviewed Research: The development and validation of evidence-based models 

are typically published in peer-reviewed journals and subjected to scrutiny by experts in 

the field. This process adds another layer of credibility to the models, instilling 

confidence in healthcare providers and administrators that the models are based on sound 

scientific principles. 

• Clinical Relevance: Evidence-based models are designed to address specific clinical 

questions or predict relevant outcomes, making them highly applicable to healthcare 

providers. This relevance ensures that the models are tailored to the needs of healthcare 

organizations and can directly impact patient care and outcomes. 

• Established Track Record: Many evidence-based models have been used in clinical 

practice for years, demonstrating their efficacy and safety. This track record reassures 

healthcare providers that the models have been proven effective in real-world settings and 

can be relied upon to improve patient care. 

Evidence-based models serve as a critical linchpin in predictive modeling for patient throughput, 

offering a unique blend of credibility, accuracy, and insights that drive significant business value 

for healthcare providers. Rooted in rigorous research and proven clinical relevance, these models 

instill trust and confidence among stakeholders and deliver tangible improvements in operational 

efficiency, risk mitigation, and decision-support capabilities. 
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• Reinforced Trust and Acceptance: Clinicians and administrators are likelier to trust and 

adopt predictive models based on established clinical knowledge and research, leading to 

greater technology acceptance and utilization. 

• Improved Accuracy and Efficiency: Evidence-based models offer a solid foundation for 

predictive accuracy vs. traditional or experience-based models of care as they have been 

validated against extensive real-world data and proven effective when measured against 

the most relevant actual outcomes.  

• Reduced Risk and Liability: Using models rooted in evidence helps reduce the risk of 

bias in predictive algorithms, as they rely less on subjective judgment or unvalidated 

assumptions. This can help healthcare providers avoid potential legal and ethical issues 

arising from biased or unreliable algorithms. 

• Data-Driven Decision Support: Evidence-based models enable healthcare providers to 

support their decision-making with objective evidence rather than intuition or anecdotal 

observations. This can lead to more informed and effective patient care and resource 

allocation decisions. 

 

Table 3: Examples of Evidence-Based Models 

Evidence-Based Model Description 

LACE Index 
Predicts hospital readmissions based on length of stay, acuity, 

comorbidities, and ED visits. 

MEWS Identifies deteriorating patients based on vital signs. 

APACHE II Severity-of-disease classification system for ICU patients. 

SOFA Score Assesses organ dysfunction in ICU patients. 

qSOFA Score Simplified version of SOFA for quick assessment of sepsis risk.  

 

Incorporating evidence-based models into predictive modeling strategies is not merely a 

technical enhancement; it's a strategic imperative for healthcare providers aiming to optimize 

patient throughput. The benefits extend beyond data and algorithms, impacting patient care, 

operational efficiency, and the organization's financial health. By fostering trust, reducing risk, 
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and empowering data-driven decision-support, evidence-based models pave the way for more 

efficient, effective, and patient-centric healthcare. 

5.0 Ensemble Modeling: Leveraging Evidenced-based Models 

While evidence-based models offer a strong foundation for predictive modeling in healthcare, the 

complexities of patient flow often demand an even more nuanced and adaptable approach. 

Ensemble modeling, a technique that combines the strengths of multiple models, presents a 

powerful solution to further enhance the accuracy, reliability, and transparency of predictive 

insights in this domain.  

By leveraging the diverse perspectives of various evidence-based models, ensemble methods 

mitigate the limitations of individual models and unlock deeper insights into patient flow 

dynamics such as: 

• Reduced Risk of Individual Model Errors: By aggregating predictions from different 

models, ensemble techniques mitigate the impact of errors or biases in any single model. 

This leads to more robust and reliable predictions, reducing the risk of inaccurate 

forecasts that could negatively impact patient care or resource utilization. 

• Improved Generalization: Ensemble models are often better at generalizing to new data 

than individual models by reducing variance, incorporating diverse hypotheses, managing 

the bias-variance tradeoff, and adapting to complex data. This makes them more 

adaptable to changing patient populations and healthcare environments. 

• Increased Transparency: Ensemble modeling provides insight into the relative 

importance of different features and models, contributing to a more transparent and 

explainable decision-making process. This transparency can be particularly important in 

healthcare, where trust and accountability are paramount. 

Ensemble modeling is pivotal in elevating the value proposition of predictive analytics in 

healthcare by addressing the inherent complexities of patient throughput. By integrating the 

collective wisdom of multiple evidence-based models, healthcare organizations can achieve a 

higher degree of predictive accuracy, generalization, and transparency. This approach fosters 

trust among clinicians and administrators. It empowers them with robust decision-making tools 

that can optimize resource allocation, streamline patient flow, and ultimately improve the quality 

and efficiency of care delivery. 

6.0 The Technology Stack for Patient Flow Optimization 

Implementing advanced patient journey management solutions requires a sophisticated 

technological infrastructure capable of handling the complexities of healthcare data and 

predictive analytics. The following table outlines key technology categories and examples of 

leading tools and platforms that can be leveraged to achieve seamless data integration, robust 

model development, and actionable insights. 
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Table 4: Technology Arsenal for Patient Throughput Optimization 

Technology Category Example Technologies 

Data Warehousing 
Snowflake, Amazon Redshift, Azure Synapse, Google BigQuery, 

Teradata 

Cloud Infrastructure 
Amazon Web Services (AWS), Microsoft Azure, Google Cloud 

Platform 

Data Integration & ETL 
Informatica PowerCenter, Fivetran, Matillion, Microsoft SSIS, 

Qlik(Talend), 

Stream Processing  & Event 

Streaming 

Confluent Platform, Apache Kafka/Flink, Amazon Kinesis, 

Microsoft Azure Event Hubs, Google Cloud Pub/Sub 

Business intelligence & 

Visualization 
Salesforce/Tableau, Microsoft Power BI, Qlik Sense, Looker 

Advanced Analytics and 

Machine Learning 

Databricks, DataRobot, Dataiku, Amazon Sagemaker, Azure 

Machine Learning, R, Python, SAS Viya, H2O.ai 

Data Lake Technologies 
Databricks Delta Lake, Snowflake, AWS Lake Formation, Azure 

Data Lake Storage, Google Cloud Storage 

Data Intelligence and AI 

Governance  
Collibra, Alation, Informatica Enterprise Data Catalog 

MLOps and Model 

Management 
MLflow, Kubeflow, DataRobot MLOps, SAS Model Manager 

Data Quality & Prep Informatica Data Quality, Talend Data Quality, Trifecta, Alteryx 

AI Explainability and 

Fairness 

Google What-If Tool, SHAP (SHapley Additive exPlanations), 

Microsoft Fairlean, Aequitas 

Note: Traditional enterprise players like IBM, Oracle and SAP have products in all of these 

categories and have not been included in this table 

 

The choice of specific technologies depends on each healthcare organization's unique needs and 

resources. However, by carefully evaluating and selecting from the wide array of available tools, 

healthcare providers can build a powerful and adaptable technology ecosystem that enables them 

to harness the full potential of predictive modeling and real-time data integration for patient 

throughput optimization.  
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This strategic investment in technology is not merely an operational necessity but a catalyst for 

transformative change in healthcare delivery, ultimately improving patient care, resource 

utilization, and the overall efficiency of the healthcare system. 

7.0 Optimizing Healthcare Analytics: Core Design Principles  

Successful implementation of advanced healthcare analytics systems requires adherence to 

fundamental design principles that guide the development process. These principles ensure that 

the resulting system is robust, secure, scalable, and well-integrated into healthcare workflows. 

Here are the core design principles to consider: 

1. Interoperability by Design: Ensure all system components adhere to healthcare data 

exchange standards (e.g., HL7, FHIR) to facilitate seamless data integration across 

diverse sources. 

2. Scalability-Focused Architecture: Design the system infrastructure with future growth 

in mind, allowing for increased data volumes and evolving analytics needs without 

significant overhauls. 

3. Privacy and Security as Foundation: Embed robust data protection measures from the 

ground up, ensuring compliance with HIPAA and other relevant regulations throughout 

the system's architecture. 

4. Algorithmic Flexibility and Optimization: Create a framework that allows for careful 

selection, tuning, and evaluation of machine learning algorithms, balancing proprietary 

and established models to maximize predictive accuracy while guarding against 

overfitting. 

5. User-Centric Change Integration: Incorporate change management principles into the 

system design, ensuring the technology supports and enhances existing workflows while 

facilitating smooth adoption by end-users. 

By adhering to these design principles, healthcare organizations can create technologically 

advanced analytics systems that are well-integrated into their operational ecosystem. This 

approach fosters a synergy between robust infrastructure, standardized data practices, stringent 

security measures, and user-friendly interfaces. The result is a system that optimizes patient 

throughput enhances operational efficiency, supports informed clinical decision-making, and 

ultimately improves patient satisfaction. 

These principles guide the design and implementation process, ensuring all critical aspects are 

considered and integrated cohesively into the final system. 

8.0 Benefits and Challenges 

While adopting evidence-based predictive modeling, ensemble techniques, and real-time data 

integration offers healthcare organizations a transformative path towards optimized patient 

throughput, it's crucial to acknowledge both the potential rewards and inherent challenges. The 

following table illustrates the significant benefits these technologies can bring, alongside the key 

hurdles that must be addressed for successful implementation and sustainable impact. 
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Table 5: Balancing Promise and Practicalities of Advanced Patient Throughput 

Technologies 

Value Strategic Implementation Focus 

Enhanced operational efficiency Data harmonization and process optimization 

Improved clinical outcomes AI-driven decision support and clinical workflow integration 

Elevated patient experience Personalized care pathway design 

Optimized resource utilization Predictive analytics for dynamic resource allocation 

Streamlined patient transitions Integrated discharge planning and care coordination 

Increased staff satisfaction Change management and technology adoption strategies 

Sustainable financial performance ROI maximization through targeted technology deployment 

 

The path toward optimized patient throughput through advanced technologies has challenges, but 

the potential benefits are undeniable. By proactively addressing data quality and standardization, 

investing in explainable AI solutions, and fostering a culture of continuous learning and 

adaptation, healthcare organizations can successfully harness the power of predictive modeling, 

ensemble techniques, and real-time data integration to achieve a new era of efficient, patient-

centric care delivery. 

9.0 The Future: Enhancing the Patient Experience 

As we look towards the next 5-10 years, the patient journey is poised for a transformative leap 

driven by AI, machine learning, and advanced data engineering. This evolution presents exciting 

opportunities and strategic imperatives for healthcare technology leaders - CDOs, CMOs, CIOs, 

and VPs of Finance. The future of patient care lies at the intersection of cutting-edge technology 

and compassionate healthcare delivery. Three key pillars will drive this transformation: 

1. Seamless Care Continuity 

2. Enhanced Patient Experience 

3. Optimized Operational Efficiency 
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Figure 1: The AI-Enabled Patient Journey: Optimizing Continuity, Experience, and 

Efficiency 

 

 

 

 

By leveraging AI/ML and robust data engineering, we can create a patient-centric model that 

prioritizes well-being while maximizing operational excellence. 

9.1 Key Technology Advancements 

Intelligent Data Integration: AI-powered systems will seamlessly integrate data from disparate 

sources, including electronic health records, wearables, and social determinants of health. This 

integration will create comprehensive patient profiles, enabling a holistic view of each 

individual's health status and needs. As a result, healthcare providers will be able to develop 

more accurate predictive models and highly personalized care plans, leading to improved patient 

outcomes and more efficient resource allocation. 
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Advanced Natural Language Processing (NLP): NLP technology will revolutionize clinical 

documentation by automatically capturing and analyzing patient-provider interactions. This 

advancement will significantly reduce the administrative burden on healthcare professionals, 

allowing them to focus more on patient care. Simultaneously, it will provide a rich data source 

for throughput optimization and quality improvement initiatives. NLP will also enhance the 

accuracy of medical coding and billing, potentially reducing errors and improving financial 

outcomes for healthcare organizations. 

Predictive Analytics and Machine Learning: Sophisticated machine learning algorithms will 

process complex, multimodal data to predict patient needs, optimize resource allocation, and 

prevent adverse events. These models will continuously learn and improve, adapting to changing 

patient populations and evolving healthcare landscapes. By leveraging predictive analytics, 

healthcare providers can move from reactive to proactive care models, identifying at-risk patients 

earlier and implementing preventive measures more effectively. 

Generative AI and Large Language Models (LLMs): LLMs will enhance interoperability by 

translating between different data formats and standardizing medical terminology across 

systems. They will power more intuitive and context-aware clinical decision support tools, 

assisting healthcare professionals in making more informed decisions quickly. LLMs could also 

revolutionize patient education by generating personalized, easy-to-understand health 

information and treatment plans. 

Internet of Medical Things (IoMT) Integration: AI and machine learning will interpret data 

from a growing ecosystem of connected medical devices, generating real-time actionable 

insights. This integration will enable more proactive and preventive care models, allowing for 

continuous monitoring of patient health outside traditional healthcare settings. IoMT will be 

particularly valuable in managing chronic conditions and reducing hospital readmissions through 

early intervention. 

Immersive Technologies: Virtual and augmented reality will transform patient education, 

rehabilitation, and even remote care delivery. These technologies will provide immersive 

experiences for medical training, patient education, and therapy sessions. For example, VR could 

be used for pain management or physical therapy, while AR could assist surgeons during 

complex procedures by overlaying critical information in real-time. 

Blockchain for Data Security and Interoperability: Blockchain technology will ensure secure, 

transparent data sharing across healthcare systems while maintaining patient privacy. This 

decentralized approach to data management will enhance trust in health information exchanges, 

improve the accuracy of patient records, and potentially streamline administrative processes such 

as claims processing and supply chain management. Blockchain could also empower patients by 

giving them greater control over their health data and how it's shared among providers. 

9.2 Strategic Considerations for Healthcare Leaders 

1. Data Governance and Ethics:  
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• Develop robust frameworks for ethical AI use, ensuring fair and unbiased patient 

prioritization and resource allocation. 

• Implement robust data governance policies to maintain trust and compliance. 

2. Infrastructure Investment:  

• Prioritize scalable, cloud-based infrastructure to support the growing 

computational demands of AI/ML systems. 

• Invest in data lakes and advanced analytics platforms to unlock the full potential 

of your organization's data. 

3. Workforce Development:  

• Cultivate a data-driven culture across your organization. 

• Invest in upskilling programs to ensure your workforce can leverage AI/ML tools 

effectively. 

4. Strategic Partnerships:  

• Collaborate with technology vendors, academic institutions, and startups to stay at 

the forefront of AI/ML innovation in healthcare. 

5. Patient Engagement:  

• Develop AI-powered patient communication platforms that provide real-time 

updates on wait times, treatment progress, and next steps. 

• Use predictive analytics to personalize patient outreach and education initiatives. 

6. Financial Modeling:  

• Leverage AI/ML for more accurate financial forecasting, resource allocation, and 

ROI analysis of technology investments. 

• Explore innovative payment models enabled by AI-driven insights into patient 

outcomes and care quality. 

The path forward requires a commitment to innovation, cross-functional collaboration, and a 

relentless focus on creating scalable, adaptable solutions. By embracing these advancements, 

healthcare organizations can meet growing demands and redefine the standard of patient care. 

As healthcare technology leaders, your strategic vision and investment decisions today will 

shape the patient experience of tomorrow. By harnessing the power of AI/ML and advanced data 

engineering, we can create a future where every aspect of the patient journey is optimized, 

personalized, and truly patient-centric. 

This evolution in patient care underscores the importance of ongoing investment in technology 

infrastructure, staff training, and process improvement. As healthcare organizations adapt to 

these changes, they will be better positioned to meet the growing demands on healthcare systems 

while maintaining high-quality, patient-centered care. 

The future of healthcare lies in the dynamic interplay of technology and compassion, 

revolutionizing how we deliver and experience care. Through seamless data sharing, real-time 

patient monitoring, AI-powered tools, and immersive technologies, we can create a healthcare 

ecosystem that not only streamlines processes and maximizes resources but also empowers 

patients and providers. 
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10.0 Conclusion 

Implementing advanced patient flow technologies offers significant value-creation opportunities 

for healthcare organizations. However, realizing these benefits requires strategic planning, expert 

guidance, and a tailored approach to implementation. Our consultancy specializes in navigating 

these complex transformations, ensuring that healthcare providers can fully leverage these 

technologies to enhance patient care, optimize operations, and drive sustainable growth. 

By collaborating with experienced modern data & analytics consultants, healthcare organizations 

can effectively address the strategic focus areas outlined above, transforming potential 

challenges into opportunities for innovation and excellence in patient care delivery. 
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About CTI Data 

 

Our data and analytics experts specialize in Digital Transformation, Advanced Analytics, AI/ML, 

and Data Marketplaces. This experience provides valuable insights and expertise. We are adept at 

understanding best practices, identifying potential pitfalls, and customizing solutions to meet 

your unique needs.  

By partnering with us, you can drive value from digital transformation efforts as we examine 

your business strategy, analyze your current state, pinpoint opportunities, and develop a strategic 

roadmap that aligns technology investments with strategic goals. We commit to collaborating 

closely with you and sharing accountability for achieving mutual goals.  

 

Contact us to explore our real-world case studies and learn more about how we have helped our 

clients grow and create business value.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Disclaimer: This whitepaper is for informational purposes only and does not constitute professional advice. While 

we have endeavored to ensure the accuracy and completeness of the information contained herein, CTI Data makes 

no representations or warranties regarding its accuracy or completeness. The information presented is based on 

current knowledge and understanding and may be subject to change. References to third-party data or findings are 

for informational purposes only, and CTI Data assumes no responsibility for the accuracy of such third-party 

information. The limitations of the technologies or methodologies discussed in this whitepaper should be carefully 

considered before applying them in any specific context.  
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