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Abstract 
 
Artificial Intelligence (AI) is transforming healthcare by enhancing the quality of services across various dimensions, including safety, timeliness, 

effectiveness, efficiency, efficacy, and patient-centeredness. This literature review explores how AI improves diagnostic accuracy, optimizes 

treatment plans, and streamlines administrative tasks, leading to better patient outcomes and more efficient care. However, the integration of AI 

also presents challenges, such as data privacy concerns, ethical considerations, and the potential for algorithmic bias. To maximize the benefits of 

AI in healthcare, it is crucial to implement these technologies responsibly, ensuring that they support rather than replace human judgment. This 

review underscores the importance of balancing AI's potential with careful consideration of its risks to enhance the overall quality of health services. 
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Introduction 

 

Artificial Intelligence (AI) has rapidly emerged as a 

transformative force across various industries, with 

healthcare standing out as one of the most impacted 

sectors. The potential of AI to improve healthcare 

delivery, patient outcomes, and overall quality of care is 

immense. From diagnostics to treatment planning, and 

from patient management to healthcare administration, 

AI is reshaping how healthcare is conceived, delivered, 

and experienced (Dwivedi et al., 2021; Patil & Shankar, 

2023). The convergence of AI with healthcare is not just 

a trend; it is a fundamental shift in how healthcare 

systems operate. 

AI encompasses a wide range of technologies, including 

machine learning (ML), natural language processing 

(NLP), robotics, and computer vision, among others. 

Machine learning algorithms are particularly powerful, 

capable of analyzing vast datasets to identify patterns 

and make predictions that would be impossible for 

humans to achieve within a reasonable timeframe 

(Gupta et al., 2021; Paul et al., 2021). For example, ML 

can be used to predict patient outcomes based on 

historical data, optimize treatment plans, and even 

predict the onset of diseases before symptoms appear. 

Similarly, NLP is transforming the way healthcare 

professionals interact with data, enabling the extraction 

of meaningful insights from unstructured text, such as 

clinical notes and medical literature (Lee & Yoon, 

2021). 

Robotic systems powered by AI are increasingly being 

integrated into surgical procedures, offering 

unparalleled precision and consistency. These systems 
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reduce the risk of human error and improve surgical 

outcomes, making complex procedures more accessible 

and safer for patients (Abidi et al., 2024; Shaik et al., 

2023). Furthermore, AI is playing a critical role in 

personalized medicine, where treatments are tailored to 

the individual characteristics of each patient. By 

analyzing genetic, environmental, and lifestyle factors, 

AI can help develop treatment plans that are more 

effective and have fewer side effects (Alrefaei et al., 

2022). 

The administrative side of healthcare is also benefiting 

from AI. Routine tasks such as appointment scheduling, 

billing, and patient record management are being 

automated, freeing up healthcare staff to focus on more 

critical tasks. AI-driven tools are also being used to 

predict patient admissions and discharges, helping 

hospitals manage their resources more efficiently 

(Prabhod, 2024). This optimization of resources not only 

improves the quality of care but also reduces costs, 

making healthcare more accessible and affordable 

(Alshamrani, 2022; Farid et al., 2023). 

However, the integration of AI into healthcare is not 

without its challenges. Data privacy is a major concern, 

as AI systems often require access to large amounts of 

sensitive patient data. Ensuring that this data is handled 

securely and ethically is paramount (Shuaib et al., 2021; 

Bradford et al., 2020). Additionally, the potential for 

algorithmic bias poses a significant risk. If AI systems 

are trained on biased data, they may perpetuate existing 

disparities in healthcare, leading to unequal treatment 

outcomes for different groups of patients (McLennan et 

al., 2022; Abdallah et al., 2023). 

Ethical considerations also play a crucial role in the 

deployment of AI in healthcare. The question of who is 

responsible when an AI system makes a mistake is still 

unresolved. Furthermore, as AI systems become more 

autonomous, the role of human oversight in clinical 

decision-making becomes increasingly important. 

Ensuring that AI enhances, rather than replaces, human 

judgment is essential to maintaining trust in these 

technologies (Naik et al., 2022). 

The impact of AI on healthcare quality can be assessed 

across several dimensions, including safety, 

effectiveness, patient-centeredness, timeliness, 

efficiency, and equity. In terms of safety, AI has the 

potential to significantly reduce medical errors, which 

are a leading cause of adverse outcomes in healthcare. 

By providing more accurate and timely diagnoses, AI 

can improve the effectiveness of treatments and ensure 

that patients receive the care they need when they need 

it (Krones & Walker, 2023). 

AI has the potential to revolutionize healthcare by 

improving the quality of care across multiple 

dimensions. However, realizing this potential requires 

careful consideration of the challenges and ethical 

implications associated with AI. By addressing these 

challenges and ensuring that AI is used responsibly, the 

healthcare industry can harness the power of AI to 

enhance patient care and outcomes.  

The goal of this literature review is to explore the 

comprehensive impact of AI on the quality of healthcare 

services through the lens of the STEEEP framework and 

to identify areas where AI can be most effectively 

integrated to enhance service quality. 

 

 

Methods 

 

This study relies on a comprehensive literature review 

to explore the implications of AI on the quality of health 

services. The literature review is designed to provide a 

broad understanding of the current state of AI in 

healthcare, particularly how it impacts various 

dimensions of healthcare quality, such as safety, 

effectiveness, patient-centeredness, timeliness, 

efficiency, and equity. By synthesizing findings from 

existing research, this method aims to identify key 

themes, trends, and challenges associated with the 

integration of AI in healthcare (see table 1). 

 

Table 1: STEEP definition 

Dimension Definition 

Safety 
Avoiding harm to patients from the 
care that is intended to help them. 

Timeliness 
Reducing waits and sometimes harmful 
delays for both those who receive and 
those who give care. 

Effectiveness 

Provide services based on scientific 
knowledge to all who could benefit and 
refrain from providing services to those 
not likely to benefit. 

Efficiency 
Avoiding waste, including waste of 
equipment, supplies, ideas, and energy. 

Efficacy 
The ability to produce the desired 
health outcomes under ideal 
conditions. 
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Patient-
Centeredness 

Providing care that is respectful of and 
responsive to individual patient 
preferences, needs, and values, and 
ensuring that patient values guide all 
clinical decisions. 

 

The literature review includes peer-reviewed journal 

articles, conference papers, reports from healthcare 

organizations, and policy documents. The selection of 

sources was guided by several criteria: relevance to AI 

in healthcare, focus on quality of care, and the inclusion 

of empirical evidence or case studies. The literature 

spans various aspects of AI applications, including 

diagnostic tools, treatment planning, patient 

management systems, telemedicine, and administrative 

automation. 

Key databases such as PubMed, IEEE Xplore, and 

Google Scholar were used to identify relevant literature. 

Search terms included "AI in healthcare," "quality of 

care," "machine learning in medicine," "AI ethics in 

healthcare," and "patient safety AI." The literature was 

then categorized based on the dimension of healthcare 

quality it addressed, allowing for a structured analysis of 

how AI impacts each aspect of healthcare service quality  

The analysis of the literature focused on identifying both 

the potential benefits of AI in healthcare and the 

challenges associated with its implementation. 

Particular attention was paid to studies that provided 

empirical evidence of AI's impact on healthcare quality, 

as well as those that highlighted ethical considerations, 

such as data privacy and algorithmic bias. The findings 

from this literature review form the basis for the themes 

discussed in the results section of this study. 

 

Results 

Around 25 articles were included in the review, and the 

findings can be summarized in Table 2 

 

Table 2: Summary of Studies 

Safety 

AI reduces diagnostic errors, enhances 
medication safety, and monitors patient 
vital signs for early detection of 
complications. 

Timeliness 
AI accelerates diagnostic processes, 
prioritizes clinical tasks, and streamlines 
workflows to ensure timely care delivery. 

Effectiveness 
AI enables personalized treatment plans, 
improves diagnostic accuracy, and 
ensures adherence to clinical guidelines. 

Efficiency 
AI automates routine tasks, optimizes 
resource allocation, and identifies 
bottlenecks in healthcare operations. 

Efficacy 

AI supports precision medicine, 
enhances clinical trial selection, and 
improves the identification of effective 
treatments. 

Patient-
Centeredness 

AI empowers patients with real-time 
health monitoring, facilitates 
personalized communication, and 
supports remote care through 
telemedicine. 

Safety 

AI-driven tools have made significant strides in 

enhancing the safety of healthcare services by reducing 

medical errors, which are a leading cause of patient 

harm. One of the most impactful applications of AI is in 

medical imaging. For instance, AI algorithms in 

radiology, particularly those used for detecting cancers 

in mammograms, have shown to identify subtle 

abnormalities with greater accuracy than human 

radiologists in some cases. This reduces the likelihood 

of misdiagnosis and ensures that patients receive 

appropriate treatment in a timely manner (Udegbe et al., 

2024). In addition to imaging, AI is being used to 

monitor patient vital signs continuously, enabling the 

early detection of potential complications, such as 

sepsis, before they escalate into life-threatening 

situations. This proactive approach to patient monitoring 

significantly enhances safety by enabling timely 

interventions (Ahmadi, 2024). 

 

Moreover, AI is playing a critical role in medication 

safety. Clinical decision support systems (CDSS) 

powered by AI can analyze patient data in real-time and 

provide recommendations on drug dosages, potential 

interactions, and alternative medications, thereby 

preventing adverse drug events. These systems are 

particularly valuable in complex cases where patients 

may be on multiple medications, increasing the risk of 

harmful interactions (Alrefaei et al., 2022). 

Additionally, AI algorithms can flag potential safety 

concerns in medical procedures by analyzing past data 

and predicting potential complications based on patient-

specific factors. This predictive capability allows 
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healthcare providers to take preemptive measures, 

further enhancing patient safety (McLennan et al., 

2022). 

Timeliness 

AI significantly contributes to improving the timeliness 

of healthcare delivery by accelerating the diagnostic 

process and streamlining clinical workflows. In 

emergency departments, for instance, AI algorithms can 

rapidly analyze imaging data to identify conditions like 

stroke or traumatic brain injuries, allowing for quicker 

diagnosis and treatment. This is crucial in time-sensitive 

situations where every minute counts, such as in stroke 

care, where early intervention can prevent long-term 

disability (Bradford et al., 2020). Additionally, AI is 

being used to expedite the analysis of lab results, 

enabling faster decision-making in acute care settings 

where timely information is vital for effective treatment 

(Zeng et al., 2021). 

In oncology, AI’s ability to analyze biopsy results and 

genetic profiles with speed and precision significantly 

reduces the time required to assess the presence of 

malignancies and develop treatment plans. AI-driven 

tools are also enhancing the timeliness of patient care by 

prioritizing clinical tasks. For example, AI-powered 

triage systems can automatically categorize patients 

based on the severity of their conditions, ensuring that 

those requiring immediate attention are seen first (Wang 

et al., 2024). This automated prioritization reduces 

waiting times and ensures that critical cases receive 

prompt care, ultimately improving patient outcomes. By 

minimizing delays in both diagnosis and treatment, AI 

plays a vital role in enhancing the timeliness of 

healthcare services (Farid et al., 2023). 

Effectiveness 

AI enhances the effectiveness of healthcare services by 

enabling more accurate diagnoses and personalized 

treatment plans. Machine learning models, trained on 

vast datasets, can identify patterns and correlations that 

may not be apparent to human clinicians. For example, 

in cardiology, AI tools can analyze electrocardiograms 

(ECGs) to detect arrhythmias with a high degree of 

accuracy, which improves the effectiveness of 

treatments like ablation or medication. This precision in 

diagnosis allows for targeted interventions that are more 

likely to yield positive outcomes (Paul et al., 2021; 

Abdallah et al., 2023). Similarly, in dermatology, AI-

driven image analysis can differentiate between benign 

and malignant skin lesions with high accuracy, ensuring 

that patients receive the appropriate care promptly 

(Prabhod, 2024). 

The ability of AI to continually learn and improve from 

new data further enhances the effectiveness of 

healthcare interventions. AI-driven decision support 

systems provide clinicians with evidence-based 

recommendations that align with the latest clinical 

guidelines, ensuring that patients receive care that is 

both effective and up-to-date (Schwalbe & Wahl, 2020). 

For example, in oncology, AI can help tailor 

chemotherapy regimens to the individual characteristics 

of a patient’s tumor, increasing the likelihood of 

treatment success while minimizing side effects (Abidi 

et al., 2024). This level of personalization in treatment 

is crucial for complex conditions where standard 

approaches may not be effective. By leveraging AI’s 

predictive capabilities and vast knowledge base, 

healthcare providers can offer more effective care 

tailored to the unique needs of each patient (Vatansever 

et al., 2021). 

Efficiency 

AI improves the efficiency of healthcare services by 

automating routine tasks, optimizing resource 

allocation, and reducing the administrative burden on 

healthcare professionals. For example, AI-driven 

systems can automate appointment scheduling, billing, 

and medical coding, which not only saves time but also 

reduces the likelihood of human error. In hospitals, AI 

can predict patient admissions and discharges, allowing 

for better bed management and staffing decisions (Gupta 

et al., 2021). This ensures that resources are used more 

efficiently and that patients receive care in a timely 

manner (Patil & Shankar, 2023). By streamlining these 

processes, AI frees up healthcare providers to focus 

more on patient care, thereby improving the overall 

efficiency of healthcare delivery (Alshamrani, 2022). 

Additionally, AI-driven supply chain management 

systems can track inventory levels and predict when 

supplies need to be reordered, reducing waste and 

ensuring that critical supplies are always available. This 

capability is particularly important in large healthcare 

facilities where managing inventory manually can be 

challenging and prone to errors. Furthermore, AI can 

analyze operational data to identify bottlenecks in 

workflows, providing insights that help optimize 

processes and reduce delays (Ahmadi, 2024). By 

enhancing operational efficiency, AI not only improves 

the quality of care but also reduces healthcare costs, 

making services more accessible and sustainable. The 

overall impact of AI on efficiency extends beyond the 

healthcare facility to the broader healthcare system, 

where it contributes to more coordinated and efficient 

care delivery (Udegbe et al., 2024). 
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Efficacy 

Efficacy in healthcare refers to the ability of 

interventions to produce the desired health outcomes 

under ideal conditions. AI contributes to improving the 

efficacy of treatments by enabling precision medicine. 

For instance, in oncology, AI algorithms can analyze 

genetic data from tumors to identify specific mutations 

that may respond to targeted therapies (Alrefaei et al., 

2022). This approach ensures that patients receive 

treatments that are most likely to be effective based on 

their unique genetic makeup, rather than a one-size-fits-

all approach. By tailoring treatments to individual 

patients, AI increases the likelihood of successful 

outcomes, reducing the trial-and-error approach often 

seen in traditional medicine (Abidi et al., 2024). 

Moreover, AI-driven tools are being used in clinical 

research to identify potential candidates for clinical 

trials based on their genetic profiles and medical 

histories. This precision in selecting trial participants 

ensures that the efficacy of new treatments is tested in 

the most relevant patient populations, leading to more 

accurate results (Habbal et al., 2024). Additionally, AI 

is helping to identify biomarkers that can predict how 

well a patient will respond to a particular treatment, 

further enhancing the efficacy of care (Vatansever et al., 

2021). By enabling more targeted and effective 

interventions, AI ensures that healthcare services 

achieve the desired outcomes, particularly in complex 

and challenging cases (Ahmadi, 2024). 

Patient-Centeredness 

AI has the potential to transform healthcare into a more 

patient-centered system by empowering patients to take 

an active role in their care. AI-driven mobile apps and 

wearable devices allow patients to monitor their health 

in real-time, track their progress, and communicate with 

their healthcare providers more effectively (Wang et al., 

2024). For example, patients with chronic conditions 

such as diabetes or hypertension can use AI-powered 

apps to monitor their blood sugar levels or blood 

pressure, receive personalized advice on managing their 

condition, and alert their healthcare provider if their 

readings fall outside of the normal range (Farid et al., 

2023). This increased level of engagement not only 

leads to better health outcomes but also enhances patient 

satisfaction, as patients feel more in control of their 

health and more connected to their care providers 

(Schwalbe & Wahl, 2020). 

Moreover, AI-driven telemedicine platforms enable 

patients to access healthcare services from the comfort 

of their homes, reducing the need for in-person visits 

and making healthcare more accessible, especially for 

those with mobility issues or those living in remote areas 

(Shaik et al., 2023). AI also facilitates more personalized 

communication between patients and healthcare 

providers. For example, AI-powered chatbots can 

answer patients’ questions, provide reminders for 

medication, and even offer mental health support, all 

tailored to the individual’s needs (Zeng et al., 2021). 

This personalized interaction fosters a more patient-

centered approach to care, where the patient’s 

preferences and needs are at the forefront of healthcare 

delivery (Alshamrani, 2022). By integrating AI into 

patient care, healthcare systems can create a more 

responsive, individualized, and patient-focused 

experience (Ahmadi, 2024). 

Discussion 

The results of this study underscore the multifaceted 

impact of AI on the quality of health services, 

highlighting both the substantial benefits and the 

significant challenges associated with its integration. AI 

has demonstrated considerable potential to enhance 

various dimensions of healthcare quality, particularly in 

terms of safety, effectiveness, and efficiency (Prabhod, 

2024; Schwalbe & Wahl, 2020; Sharikh, Shannak, 

Suifan, & Ayaad, 2020). However, its implementation 

also raises critical issues related to bias, data privacy, 

and the ethical implications of AI-driven decision-

making (McLennan et al., 2022; Abdallah et al., 2023; 

Al-Ruzzieh, Ayaad, & Qaddumi, 2022; Haroun et al., 

2022). 

One of the most compelling advantages of AI is its 

ability to process and analyze vast amounts of data 

quickly and accurately, leading to more informed and 

timely decisions (Gupta et al., 2021; Wang et al., 2024; 

AlHarthy et al., 2024). This capability is particularly 

beneficial in diagnostic processes, where AI can 

significantly reduce the time required to identify 

diseases, allowing for earlier interventions and 

improved patient outcomes (Paul et al., 2021; Abdallah 

et al., 2023; Majed et al., 2024). For instance, AI’s role 

in speeding up the diagnosis of life-threatening 

conditions such as stroke and cancer cannot be 

overstated, as early detection is often crucial for 

successful treatment (Bradford et al., 2020; Al-Ruzzieh, 

Ayaad, & Hess, 2022). 

However, the discussion also highlights the potential for 

bias in AI systems, which remains a significant concern 

(McLennan et al., 2022; Leone et al., 2021; Taj & 

Zaman, 2022; Al-Haijaa et al., 2018). If AI algorithms 

are trained on datasets that are not representative of the 

entire population, they may produce biased outcomes, 

perpetuating existing disparities in healthcare (Abdallah 
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et al., 2023; Al-Ruzzieh, Al Rifai, & Ayaad, 2022). This 

issue is particularly concerning in areas such as 

diagnostics and treatment recommendations, where 

biased AI systems could lead to unequal treatment 

outcomes for different patient groups (Abdallah et al., 

2023; Ayaad et al., 2019). Addressing this challenge 

requires the development of more inclusive datasets and 

the continuous monitoring of AI systems to identify and 

correct any biases that may arise (Taj & Zaman, 2022). 

Data privacy is another major concern associated with 

the use of AI in healthcare. The reliance on large datasets 

to train and operate AI systems means that vast amounts 

of sensitive patient information are being collected, 

stored, and processed (Shuaib et al., 2021; Al-Ruzzieh, 

Eddin, Ayaad, Kharabsheh, & Al-Abdallah, 2023). 

Ensuring that this data is handled securely and ethically 

is essential to maintaining patient trust and complying 

with regulatory requirements (Bradford et al., 2020; 

Shaik et al., 2023). The healthcare industry must 

establish robust data governance frameworks that 

include strong encryption protocols, secure data storage 

systems, and strict access controls to protect patient 

privacy (Shaik et al., 2023). 

The ethical implications of AI in healthcare are also a 

critical area of concern. As AI systems become more 

integrated into clinical decision-making processes, 

questions arise about the appropriate level of human 

oversight and accountability (Naik et al., 2022; 

AlHarthy et al., 2024). While AI can assist in making 

more accurate diagnoses and treatment 

recommendations, it is essential that healthcare 

providers retain the ultimate responsibility for patient 

care. Ensuring that AI is used to support, rather than 

replace, human judgment is crucial for maintaining trust 

in these technologies and ensuring that patient care 

remains patient-centered (McLennan et al., 2022). 

The discussion further explores the role of AI in 

enhancing patient-centered care. AI-driven tools that 

empower patients to take an active role in their care are 

highly beneficial, particularly in chronic disease 

management (Farid et al., 2023; Al-Ruzzieh, Eddin, 

Ayaad, Kharabsheh, & Al-Abdallah, 2023). However, it 

is essential to ensure that these tools are accessible to all 

patients, regardless of their technological literacy or 

access to digital devices. The risk of creating a "digital 

divide" in healthcare, where only those with access to 

technology benefit from AI-driven tools, must be 

carefully managed (Wang et al., 2024). 

 

Telemedicine, powered by AI, has emerged as a critical 

component of modern healthcare, particularly during the 

COVID-19 pandemic (Schwalbe & Wahl, 2020; Al-

Ruzzieh, Ayaad, & Qaddumi, 2022). The ability to 

provide remote care has expanded access to healthcare 

services, especially for patients in rural or underserved 

areas (Shaik et al., 2023; Zeng et al., 2021). However, 

the discussion highlights the need for continued 

investment in digital infrastructure to support the 

widespread adoption of telemedicine and ensure that it 

is accessible to all patients (Zeng et al., 2021). 

Robotics in surgery is another area where AI has made 

significant strides, offering promising benefits in terms 

of precision and patient outcomes (Prabhod, 2024; Abidi 

et al., 2024). However, the high cost of these 

technologies and the need for specialized training are 

barriers to their widespread adoption (Abdallah et al., 

2023). The discussion emphasizes the importance of 

addressing these challenges to ensure that the benefits of 

AI-powered robotics are accessible to a broader patient 

population (Prabhod, 2024). 

Finally, the discussion underscores the importance of 

continuous evaluation and iteration of AI systems in 

healthcare. As AI technologies evolve, it is essential to 

regularly assess their impact on healthcare quality and 

make necessary adjustments to ensure they remain 

effective and relevant (Naik et al., 2022). This includes 

not only improving the accuracy and reliability of AI 

systems but also ensuring that they are used in a manner 

that aligns with the ethical principles and values of 

healthcare practice (McLennan et al., 2022; Haroun et 

al., 2021). 

Conclusion 

In conclusion, the integration of Artificial Intelligence 

(AI) in healthcare offers transformative potential across 

various dimensions of healthcare quality, including 

safety, timeliness, effectiveness, efficiency, efficacy, 

and patient-centeredness. AI has demonstrated its 

capacity to improve diagnostic accuracy, optimize 

treatment plans, and enhance operational efficiency, 

leading to better patient outcomes and more streamlined 

healthcare delivery. However, the successful adoption 

of AI in healthcare necessitates addressing significant 

challenges, such as data privacy concerns, algorithmic 

bias, and ethical considerations related to the role of 

human oversight in AI-driven decision-making. 

To fully realize the benefits of AI in healthcare, it is 

imperative to implement these technologies responsibly, 

ensuring that they complement and enhance human 

judgment rather than replace it. Continuous evaluation 

and iteration of AI systems, along with the development 

of inclusive datasets and robust data governance 

frameworks, are essential to maintaining patient trust 

and ensuring equitable healthcare outcomes. By 

carefully balancing AI's potential with its associated 

risks, the healthcare industry can harness AI's power to 
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improve the quality of care while upholding the ethical 

principles and values fundamental to healthcare 

practice. 
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