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Abstract: The rapid evolution of artificial intelligence (AI) and robotic automation is 

transforming hospital pharmacy practice by enhancing precision, safety, and operational 

efficiency. This chapter provides a comprehensive synthesis of current technologies, 

innovations, and real-world implementations of AI-enabled robotic systems across 

medication preparation, compounding, dispensing, inventory optimization, and patient-

specific therapeutic support. Advanced systems including sterile IV compounding robots, 

autonomous delivery platforms, intelligent storage units, and AI-driven decision-support 

modules demonstrate substantial improvements in accuracy, workflow streamlining, 

and resource utilization within clinical settings. Case studies from global hospital 

deployments highlight measurable gains such as reduced dispensing errors, accelerated 

turnaround times, optimized inventory cycles, and increased pharmacist capacity for 

clinical care. Despite these advantages, challenges persist, including high capital costs, 

integration complexities, staff adaptability issues, and variable impacts on clinical 

outcomes. Emerging trends indicate a shift toward deeply integrated AI-robotics 

ecosystems leveraging predictive analytics, autonomous navigation, remote pharmacy 

models, and precision-medicine-oriented compounding. Overall, the chapter underscores 

that AI-powered robotics represent a pivotal force shaping the future of hospital 

pharmacy, driving safer medication practices, sustainable workflows, and an expanded 

clinical role for pharmacists. 
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INTRODUCTION 

Artificial intelligence (AI) has surfaced as an innovative technology across 

multitudinous diligence, particularly in healthcare, where it holds the implicit to revise 

medicine discovery and optimize drugstore practices. The nonstop elaboration of AI, 

fueled by advancements in machine literacy and data wisdom, has eased the 

development of innovative results to complex challenges in the pharmaceutical sector. 

AI’s relinquishment is sustained by the progression of algorithms able of literacy, 

conforming, automating processes, and performing sophisticated data analysis, paving 

the way for enhanced decision- timber and functional effectiveness.(1) 

Deep Genomics, an AI system, proves to be precious in assaying patterns within 

inheritable information and medical records, enabling the identification of mutations 

and their connections to colorful conditions. By examining the differences in DNA 

caused by inheritable variations, this system provides croakers with perceptivity into 

the cellular events taking place. The algorithm behind this AI system was developed by 

Craig Venter, famed as the father of the mortal genome design. It offers information on 

cases’ physical traits by assaying their DNA. In addition, the AI technology known as 

“mortal Life” plays a pivotal part in detecting the precise position of cancer and vascular 

conditions during their early stages.(2) 

TYPES OF ROBOTICS SYSTEMS IN PHARMACY 

 Automated allocating Robot Select, Count, Marker And apportion drug 

 Compounding Robots Prepare Sterile IV cocktails And Cytotoxic medicines With 

Precision 

 Packaging And Sorting Robots Manage Bulk Packaging And Unit Dose System 

 Delivery Robots Transport Medicines From The Pharmacy To Wards Or ICU 

operations 

Medicine Preparation and Compounding 

Several inventions concentrate on automating the medication and compounding 

of specifics, icing effectiveness and perfection. These advancement include medicine 

lozenge medication systems, 118 automated pharmaceutical compounding systems, 119 

automated sterile compounding stations that prepare intravenous specifics, manage 

force, and print storehouse markers with expiration dates, 120 and systems that 

automate dangerous medicine compounding using robotic arms and real- time 

monitoring.(3)(4)(5) 

Medicine Dispensing and Delivery 

Other patents concentrate on automating the allocating and delivery of 

medicines, perfecting delicacy and speed. Innovation include styles for managing 

medicine medication, allocating, and recycling, 122 systems designed to ameliorate 

allocating effectiveness, 123,124 drug reclamation system featuring a robot designed to 

automate the process of reacquiring and delivering specifics in a sanitarium setting, 125 

perfusion system designed to directly administer an antineoplastic medicine cure to a 

case, calculated grounded on the case’s parameters, 126 Infusion pump systems that 

process remedy data to induce and affair acclimatized protocols for optimized medicine 

delivery, 127 and system exercising contemporaneous Localization and Mapping( 

SLAM), allowing robots to autonomously manage force and deliver specifics to 

cases..(6)(7)(8)(9)(10) 
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Patient-Related Systems 

Innovations also extend to improve patient care, with systems that monitor and 

improve patient-specific therapies, one such innovation is parenteral nutritional 

diagnostic systems that analyze muscle quantity and quality to assess nutritional status 

and offer precise recommendations. 126 These innovations are presented. [11][12][13] 

Automated dispensing and storage 

Robotic dispensing units select, package, and label unit‑dose medications, 

reducing picking errors and speeding up prescription filling in inpatient and outpatient 

hospital pharmacies. Systems often integrate with carousels and bar‑code verification to 

track inventory in real time and reduce stock‑outs and wastage.[14][15] 

Intravenous compounding robots 

IV compounding robots prepare cytotoxic and other high‑risk IV admixtures in 

enclosed systems, aiming to improve dose accuracy and reduce staff exposure to 

hazardous drugs. Studies on robotic antineoplastic compounding show better accuracy 

for many preparations and improved occupational safety, although overall medication 

error reduction can be mixed and cost–effectiveness depends on high infusion volumes. 
[16]  

Intelligent pharmacy management robots 

Hospital pharmacy management robots combine a robotic arm, AI‑based visual 

recognition, mobile chassis, and  IoT links to manage the full cycle of storage, picking, 

and distribution of medicines from the central pharmacy to dispensing points. These 

systems use barcode/2‑D code reading, multi‑axis manipulators, and autonomous 

navigation to shorten patient waiting times and reduce manual workload and 

dispensing errors. [17] 

Smartphone‑controlled and mobile robotic arms 

Research prototypes describe robotic arms, sometimes smartphone‑controlled, for 

automated picking and handling of medications in hospital pharmacies. These systems 

aim to create low‑cost, flexible robots that can retrieve and place medicine containers 

with high precision, supporting or replacing manual tasks at dispensing benches or 

storage rack..[18] 

Automation, AI and workflow optimization 

Broader automation and AI studies in hospital pharmacy describe robotics as 

part of integrated systems that combine barcoding, automated dispensing cabinets, 

carousels, and machine‑learning tools for forecasting demand and optimizing stock 

levels. Reported benefits include reduced dispensing errors, shorter turnaround times, 

more efficient inventory management, and freeing pharmacists for clinical activities..[19] 

CASE STUDIES OF AI POWERED PHARMACY ROBOTS IMPLEMENTED IN 

HOSPITALS  

Robotic dispensing in hospital pharmacies: 

Winston Hospital (UK) and Princess Alexandra Hospital (Australia) 

implemented large robotic dispensing systems that use software intelligence plus 

barcode verification to select, label, and store thousands of packs, cutting turnaround 

times and error rates while freeing pharmacists for clinical work. These systems use 

AI‑like logic in workload scheduling and stock placement to optimize speed and space 

use, rather than just simple mechanical automation ..[20] 
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A hospital case reported by Rite Technologies describes a robotic pill‑dispensing 

arm integrated with the pharmacy management system using standard messaging 

(HL7), where the robot counts, dispenses, and labels prescriptions with barcode‑based 

checking. The case reports faster dispensing, higher accuracy, and the ability to process 

up to hundreds of prescriptions per hour, allowing pharmacists to redirect time to 

counseling and therapy management .[21] 

AI‑driven inventory and storage robots 

Manufacturers such as GOLLMANN report hospital deployments where an 

existing robotic storage/dispensing system is augmented with AI modules that track 

expiry, identify empty slots, and continuously optimize item location inside the robot. 

Case reports show reductions of roughly a quarter to a third in stock‑outs or overstock 

when AI is used to support inventory decisions on top of the mechanical robot..[22] 

A 2025 hospital case study on AI‑powered pharmacy inventory software describes 

a mid‑size hospital pharmacy using AI demand prediction and autonomous reordering 

for high‑cost, short‑shelf‑life drugs. Although the robot itself handles physical storage 

and retrieval, the AI layer plans orders and stock levels, leading to less waste and better 

availability .[23] 

Integrated automation models and AI support 

A 2025 study on automation models in hospital pharmacy includes examples 

where robots (for storage, picking, or dispensing) work together with decision‑support 

algorithms to improve safety and throughput. These cases show that combining robotics 

with AI (for workload balancing, route optimization, and decision support) yields greater 

benefits than standalone robots or standalone software .[24] 

Design‑focused research on “pharmacy management robots” describes hospital 

systems using computer vision, AI‑based recognition, and autonomous navigation to 

move robotic arms and mobile bases for storage, picking, and delivery of medicines 

inside the hospital pharmacy. In pilot deployments, these AI‑enabled robots reduced 

human picking workload and shortened patient waiting time by automating the full 

path from shelf to dispensing point [25] 

 

Advantages of robotics in hospital pharmacy from research articles include: 

 Enhanced accuracy and reduced medication errors through automated 

dispensing and barcoding systems. One study reported an 85% reduction in 

target dispensing errors and 74% reduction in Po (26) 

 Improved operational efficiency with faster medication dispensing and 

streamlined workflows. Automation helps reduce dispensing times by up to 40% 

compared to manual processes, increasing pharmacist productivity and allowing 

more patient interaction .[27] 

 Optimized inventory management with robotic storage and retrieval systems 

that reduce stock-outs, overstock, and drug wastage. Inventory robots have 

shown up to 232% return on investment from cost savings related to accurate 

stock control and reduced waste .[28] 

 Increased patient safety and satisfaction by minimizing human errors and 

freeing pharmacists for clinical roles like counseling and medication therapy 

management .[29]  
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 Cost savings and rapid return on investment due to labor savings, reduced 

medication errors, and lower drug wastage, although initial setup costs can be 

high. [30] 

 Consistent, continuous operation without fatigue or breaks, reducing risks tied to 

human error or workload stress. 

In summary, robotics enhance medication safety, accuracy, efficiency, inventory 

management, and pharmacist capacity to deliver patient care in hospital pharmacy 

settings. [31] 

Limitations of robotics in hospital pharmacy from research articles include: 

 High initial and maintenance costs, requiring significant capital investment and 

ongoing technical support which can limit feasibility for smaller hospitals or low-

volume settings. 

 Technical issues such as equipment downtime, software glitches, and system 

integration challenges that cause decreased productivity or workflow 

interruptions during implementation and operation .[32] 

 Staff resistance due to unfamiliarity, fear of job loss, or difficulty adapting to new 

workflows and technologies, which can hinder successful adoption and reduce 

potential benefits. [33]  

 Limited evidence of consistent improvement in clinical outcomes or medication 

error reductions; some studies show improvement in dispensing accuracy but not 

a clear reduction in adverse drug events across all robotic implementations (34)  

 Complexity in maintaining compatibility and integration with existing hospital 

systems, requiring careful planning and continuous monitoring for optimal 

functioning. 

 Dependence on rigorous staff training and competency assessments to ensure 

safe operation and proper use, adding to operational complexity .[35] 

 Risk that automation may focus on efficiency over clinical judgment or 

pharmacist-patient interaction, potentially impacting care quality without 

complementary clinical oversight .[36] 

In summary, while hospital pharmacy robotics offer benefits, their limitations 

include high costs, technical challenges, staff acceptance, integration complexity, and 

inconsistent clinical outcome data, making thoughtful implementation and ongoing 

evaluation essential. 

Future perspectives of robotics in hospital pharmacy  

 Emphasize greater integration of artificial intelligence (AI), improved workflow 

efficiency, and expanding clinical roles for pharmacists supported by automation. 

Key trends from recent industry and research reports include: 

 AI-enhanced decision support embedded in pharmacy robots will enable 

predictive analytics for inventory management, personalized medication 

dispensing, and early detection of drug interactions, improving patient safety and 

pharmacy operational efficiency [37] 

 Robotic process automation (RPA) will extend beyond physical medicine handling 

to automate administrative tasks such as billing, insurance claims, and 

documentation, freeing pharmacists to focus more on clinical care and medication 

therapy management. 
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 Integration of pharmacy automation with TelePharmacy and virtual 

consultations will enable near-instant medication dispensing to patients even in 

remote or decentralized settings, enhancing access and convenience. [38]  

 Centralized medication distribution hubs using high-capacity robotic systems 

will become more common in large healthcare networks, creating economies of 

scale and improved inventory control across multiple hospital sites. 

 Emerging technologies like swarm robotics for inventory management and cloud-

connected robotic instrumentation for live data analytics will offer advanced 

operational insight and flexibility .[39] 

 Robotics will support the growth of personalized and precision medicine by 

enabling scalable, timely, and accurate compounding and dispensing of 

individualized therapies .[40] 

 There will be continued focus on workforce optimization, using automation to 

alleviate labor shortages and redeploy pharmacists for higher-value clinical roles, 

improving job satisfaction and patient outcomes. 

 Sustainability and energy efficiency will guide future pharmacy robotics design 

alongside ongoing improvements in interoperability, cyber security, and user-

friendly interfaces. [41] 

CONCLUSION  

The integration of artificial intelligence and robotic automation in hospital 

pharmacy is fundamentally reshaping medication management by improving accuracy, 

enhancing workflow efficiency, and strengthening patient safety. 

Current advancements—from robotic dispensing and sterile IV compounding 

systems to AI-driven inventory optimization and autonomous delivery platforms—

demonstrate significant benefits in reducing errors, minimizing waste, and optimizing 

pharmacist workload. While high installation costs, system integration challenges, and 

staff adaptation remain important limitations, continuous innovation and effective 

implementation strategies can mitigate these barriers. As AI capabilities expand 

through predictive analytics, autonomous navigation, and precision-medicine-focused 

compounding, hospital pharmacies are moving toward fully intelligent, integrated 

automation ecosystems. Overall, the combined power of AI and robotics has the 

potential to elevate pharmacy practice, support clinical decision-making, and contribute 

to a safer, more efficient, and patient-centered healthcare environment. 
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