
RFID in Healthcare & 
Pharmaceuticals
A practical framework for RFID infrastructure
design, antenna selection and deployment in
healthcare and pharmaceutical environments
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Healthcare and pharmaceutical organisations are facing increasing pressure to improve 
traceability, regulatory compliance and operational efficiency. Regulations such as the FDA 
Unique Device Identification (UDI) rule, the EU Medical Device Regulation (MDR) and emerging 
initiatives like Digital Product Passports (DPP) are driving the need for reliable, item-level 
tracking across medical supply chains and clinical environments.

Executive Summary

Radio Frequency Identification (RFID) is
becoming a key technology to support these 
requirements. By enabling automated
identification and real-time visibility of assets, 
medical devices and pharmaceutical products, 
RFID helps healthcare organisations reduce 
manual processes, improve inventory 
accuracy and
strengthen regulatory compliance.

However, implementing RFID in healthcare 
environments presents specific
technical challenges. Metal instruments,
liquids, confined storage spaces and high
tag density can affect radio frequency
performance and system reliability. 
Successful deployments therefore require
careful consideration of RFID infrastructure
design, including reader configuration, 
antenna selection and system integration.

This white paper, developed by Times-7
and Cisper, provides a practical framework
for designing reliable RFID solutions in 
healthcare and pharmaceutical environments. 
It explores key industry drivers, common use 
cases and the RF
considerations that influence system
performance.

The paper also outlines recommended
antenna approaches for different healthcare
applications and presents real-world
examples demonstrating how RFID can
improve traceability, operational efficiency
and patient safety.
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Healthcare and pharmaceutical organisations operate 
under increasingly stringent regulations for device 
identification and traceability. Frameworks such as 
the FDA Unique Device Identification (UDI) rule and 
the EU Medical Device Regulation (MDR) require 
accurate, item-level tracking of medical devices 
throughout their lifecycle.

Adopted in 2017 and fully applicable from 26 May 
2021, the EU MDR replaced the previous MDD and 
AIMDD directives, with phased transition periods 
extending through 2026 to 2028 depending on device 
classification. As key compliance milestones draw 
closer, including requirements affecting certain 
devices from May 2026, organisations must move 
beyond manual processes and implement 
dependable, audit-ready traceability systems to 
minimise regulatory and operational risk.

RFID enables automated capture of UDI and 
GS1-compliant identifiers without line-of-sight 
scanning. In practice, healthcare organisations 
implementing RFID to support UDI and MDR  have 
demonstrated measurable operational improvements 
which include:

• Increased Inventory accuracy, compared with 
significantly lower accuracy in manual or 
barcode-based processes 

• Improvement in asset visibility and utilisation, 
reducing time spent searching for assets and 
critical medical devices 

• Automated synchronisation with regulatory 
databases such as GUDID and EUDAMED and 
hospital information systems. Stakeholders such 
as manufacturers, healthcare professionals and 
patients will now have access to a consistent, 
complete source of truth to identify medical 
devices and their key attributes.

• Reliable digital audit trails, supporting 
documentation and life cycle traceability.

Case example: Hospital implementation
A hospital study evaluating RFID-enabled 
inventory management for high-value surgical 
supplies demonstrated significant improvements 
in stock control and traceability. During the study 
period, the RFID system eliminated stock-outs 
and stock mismatches, while ensuring accurate 
assignment of products to patients. Correct 
product-to-patient assignment increased from 
36–86% under manual processes to 100% within 
the first five months of deployment. In addition, 
staff time spent on inventory management was 
reduced by 58%, highlighting the potential for 
RFID to improve both operational efficiency and 
regulatory traceability.
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Regulatory Compliance and Traceability (UDI & MDR)

100%
Product-to-pa�ent 
assignment accuracy 
(within 5 months)

58%
Reduc�on in staff 
�me on inventory 
management

Industry Drivers:
Why RFID, Why Now?



Cold Chain Assurance
RFID-enabled temperature sensors provide real-time 
environmental monitoring for biologics and vaccines. 
These sensors log temperature excursions and trigger 
alerts, ensuring regulatory compliance and product 
efficacy throughout the supply chain.

These capabilities are increasingly important as regulators and healthcare providers require accurate, 
end-to-end device traceability across the supply chain and clinical environment.

However, the effectiveness of RFID-based traceability depends heavily on reliable RF performance. 
Inconsistent reads caused by poor tag placement, environmental interference, or inadequate antenna 
design can compromise data accuracy and undermine compliance objectives. Achieving consistent, high 
read rates in healthcare environments therefore, requires careful consideration of RFID infrastructure 
design, including antenna selection, placement, and system optimisation.
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Digital Product Passports (DPPs)
The upcoming Digital Product Passport (DPP) 
initiative requires lifecycle tracking of products for 
sustainability and circular economy reporting. RFID 
tags, with their unique identifiers and writable 
memory, allow continuous updates on product 
status, location, and condition, forming the backbone 
of DPP data capture.

Operational Efficiency
RFID automates inventory management, reduces 
human error, and optimizes logistics. By enabling 
real-time visibility into stock levels and asset locations, 
RFID systems prevent stockouts, minimize expired 
inventory, and streamline workflows[.



RFID automates the tracking of consumables, medica�ons, implants, and supplies. Each item is tagged with a 
unique RFID iden�fier, allowing for bulk scanning and real-�me inventory reconcilia�on, which drama�cally 
reduces labour costs and increases accuracy.

However, effec�ve RFID implementa�on in healthcare environments goes beyond applying tags to items. The 
reliability and effec�veness of the system depend on how well the RFID infrastructure, including the antennas, 
match the physical and opera�onal characteris�cs of the healthcare se�ng.

Healthcare facili�es pose a number of unique RF challenges that must be addressed for RFID to perform reliably:

• Metallic surfaces and equipment can reflect or block RF signals, impac�ng read accuracy, par�cularly in storage 
areas with stainless steel shelving or mobile medical carts.

• Items stored in enclosed spaces such as cabinets, drawers, or refrigera�on units may require antennas capable 
of maintaining consistent performance in confined or shielded environments.

• High tag density in compact areas, such as medica�on dispensaries or surgical supply rooms, demands �ghtly 
controlled read zones to avoid stray reads or signal bleed into adjacent spaces.

Taking these factors into account during system design helps ensure accurate and consistent tag reads, minimising 
errors and suppor�ng cri�cal use cases like inventory management, restocking, and expiry tracking.

RF Considerations for Inventory Management
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Smart Shelf

Doorway tracking

Cold room

General inventory

Confined read zone

Wide zone & 
orienta�on tolerance

Extreme temperature 
& washdown

Wide coverage

Near-field

Circular far-field

Linear far-field

Circular far-field

A1115
A1130
A1163

A5020CP

A5020LX

A5010

Precise near-field reads; no stray 
reads around liquids & metals.

Applica�on Requirement Antenna type Model Key benefit

Reliable detec�on regardless of tag 
orienta�on; compact design.

High durability

High gain, symmetrical beam for 
consistent performance.

Inventory & Stock Management



Smart Cabinets & Shelving

RFID-enabled cabinets provide secure, controlled access to high-value or regulated items. The cabinets 
automa�cally log item removal and restocking events, ensuring accurate usage tracking and compliance with 
medica�on dispensing protocols.

Smart cabinets and shelving systems rely on precise, localised RFID read zones to func�on effec�vely. Unlike open 
inventory areas, these applica�ons require the system to reliably detect only the items placed on or removed from 
a specific shelf or compartment, without capturing unintended reads from nearby loca�ons.

Smart shelving and cabinet deployments introduce a dis�nct set of RF challenges:

• Confined read spaces: Shelves, drawers, and refrigerated compartments demand antennas that can operate 
effec�vely at short range with �ghtly defined read zones.

• Mixed materials: Pharmaceu�cal packaging, liquids, and metal cabinet structures can distort RF signals if not 
properly accounted for in system design.

• High item density and orienta�on variability: Items may be closely packed and placed in inconsistent 
orienta�ons, requiring antennas that deliver uniform coverage across the shelf surface.

• Applica�on-specific accuracy requirements: In regulated healthcare environments, missed reads or stray 
detec�ons can directly impact compliance and inventory accuracy especially during medical procedures.

Antennas designed specifically for shelving and cabinet installa�ons enable consistent item-level detec�on, 
support real-�me inventory visibility, and allow smart cabinet systems to trigger meaningful workflows such as 
automated replenishment, usage logging, and expiry monitoring without manual interven�on.

RF Considera�ons for Smart Cabinets and Shelving
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Refrigerated cabinets

High-value medica�on 
bins

Confined read zone with 
item-level accuracy

Enclosed metallic 
space & moisture

Smart Shelves Near-field

Circular far-field

Near-field

A7030C

A5020CP

Precise near-field reads; no stray 
reads around liquids & metals.

Applica�on Requirement Antenna type Model Key benefit

Reliable detec�on regardless of tag 
orienta�on; compact design.

A1115
A1130
A1163

Precise near-field reads around 
liquids and metals.

Liquids & high item 
density



Cold Chain Monitoring

RFID tags with integrated temperature sensors are a�ached to temperature-sensi�ve pharmaceu�cals. These tags 
con�nuously record and transmit environmental data, enabling proac�ve interven�on if temperature thresholds 
are breached, thus reducing product loss and ensuring regulatory compliance.

Cold chain environments, including pharmaceu�cal storage, vaccine distribu�on, and blood bank management, 
present specific RF challenges that must be addressed to ensure reliable tracking:

• Temperature-controlled units, such as refrigerators and freezers, o�en include metal interiors or insulated 
walls that can interfere with RF signals.

• Moisture, condensa�on, and varying humidity can affect both tag performance and antenna reliability.
• Confined storage spaces and high item density require antennas that maintain read accuracy in close quarters 

without picking up unintended tags.
• Regulatory requirements demand precise, reliable data capture with minimal error tolerance, especially for 

sensi�ve products like blood, biologics and vaccines.

RF Considera�ons for Cold Chain Monitoring

Selec�ng the right antenna ensures accurate inventory visibility, uninterrupted temperature tracking, and 
compliance with healthcare regula�ons across the cold chain.

Recommended Antennas for Cold Chain Monitoring
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Freezers & metal units

Washdown medical 
storage

Wide coverage

Metal & condensa�on

Cold rooms Circular far-field

Circular far-field

Linear far-field

A5010

A5020CP

High gain, symmetrical beam for 
consistent performance.

Applica�on Requirement Antenna type Model Key benefit

Reliable detec�on in confined 
refrigerated spaces.

A5020LXExtreme temperature
& washdown

High durability for washdown
and extreme cold use.

Blood trays & sample 
bins

Near-field A1115
A1130
A1163

Confined short-range
reads

Precise item-level reads in 
dense sample storage.



Asset Tracking & RTLS

Hospitals deploy RFID for Real-Time Loca�on Systems (RTLS) to track mobile assets such as infusion pumps, 
surgical tools, and beds. Passive and ac�ve RFID tags, combined with fixed readers, enable zonal and room-level 
tracking, improving asset u�liza�on and reducing search �mes.

• Wide-area coverage: Large, open environments like hallways, wards, and equipment rooms require antennas 
with strong, consistent read zones that cover broad areas without crea�ng blind spots.

• Tag orienta�on variability: Mobile assets are o�en tagged in different orienta�ons and move unpredictably, 
necessita�ng antennas with circular polarisa�on for reliable reads regardless of tag posi�on.

• Material interference: Equipment may contain metal components or be located near walls and carts, which 
can distort RF signals and reduce read accuracy.

• Zonal accuracy: For room-level tracking, it's important to limit overspill into adjacent areas, requiring antennas 
with symmetrical or direc�onal beam control.

RF Considera�ons for RTLS in Healthcare Se�ngs

• A5010 and A5020CP for general-purpose, circularly polarised coverage in rooms, corridors and entry/exit 
points

• True NearField™ Series (A1115, A1130, A1163) for fixed-posi�on valida�on points, such as packing sta�ons or 
tracking assets returned to storage loca�ons shelves or cabinets.

Recommended Antennas for RTLS

Room-level asset
tracking

Corridors & hallways

Entry/exit monitoring

Valida�on sta�ons

Orienta�on variability & 
consistent coverage

Wide-area read zones 
for moving assets

Controlled zone at choke 
points

Circular far-field

Circular far-field 

Circular far-field

Near-field

A5020CP

A5010

A5020CP

A1130

Applica�on Requirement Antenna Type Model

Reliable detec�on regardless of 
tag orienta�on.

Consistent coverage for mobile 
asset tracking.

Compact design for doorways and 
transi�on zones.

Accurate confirma�on 
without nearby stray reads.

Key benefit

0806

Fixed read points



Theatre & Kit Valida�on

RFID-tagged surgical instruments and kits are scanned before procedures to ensure completeness and correct 
assembly. This reduces the risk of retained surgical items and supports compliance with the Joint Commission's 
Universal Protocol.

• Item proximity and density: Surgical trays contain many small items in close quarters, making it essen�al to 
control the read zone.

• Metallic instruments: Surgical tools are typically made of stainless steel, which can reflect RF signals, 
poten�ally causing tag readability issues if not accounted for.

• Short-range precision: Scanning must be precise to validate individual kits without detec�ng nearby 
instruments or trays.

• Orienta�on tolerance: Items are not always placed consistently, so antennas must maintain performance 
across a range of tag posi�ons.

RF Considera�ons for Surgical Kit Valida�on

• True NearField™ Series (A1115, A1130, A1163) for precise read zones directly on mobile trolleys or packing 
sta�ons.

• A5020CP when moderate range, circular polarisa�on, and space-efficient installa�on are needed in sterile or 
clu�ered environments.

Recommended Antennas
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Sterile Packing sta�ons

Theatre installs

Dense metal items &
short-range precision

Confined read zone 
with zero stray reads

Surgical tray 
scanning

Near-field

Near-field

Circular far-field

A1115
A1163

A1115

Precise near-field reads in 
instrument trays.

Applica�on Requirement Antenna type Model Key benefit

Focused valida�on with minimal 
stray reads.

A5020CP Compact design with reliable tag 
detec�on.

Limited space & 
orienta�on tolerance



Enhancing Pa�ent and Staff 
Safety

Overhead RFID systems are increasingly used in healthcare environments to monitor the real-�me movement of 
pa�ents, staff, and visitors. By deploying ceiling-mounted antennas and passive RFID badges or tags, hospitals can 
automate entry/exit logging, track movement through secure or sensi�ve zones, and support infec�on control 
protocols. This visibility enhances pa�ent safety, improves staff workflow management, and helps ensure 
compliance with safety policies and access control measures.

• Read zone control: Overhead installa�ons must create a defined zone to track movement through specific 
doorways or corridors without reading tags from adjacent areas.

• Ceiling height and moun�ng constraints: Antennas must deliver sufficient read performance from elevated 
posi�ons while maintaining a discreet, low-profile form factor.

• Tag orienta�on variability: RFID badges worn by staff and pa�ents can shi� posi�on, requiring circular 
polarisa�on to ensure consistent detec�on.

• Minimising interference: Hospitals are complex RF environments, so antennas must be carefully posi�oned to 
avoid overlap or interference with other systems and equipment.

RF Considera�ons for Overhead People Tracking

• A5010 is well-suited for typical hallway and doorway installa�ons, offering dependable performance for 
monitoring foot traffic in and out of rooms or designated zones.

• A5060 / A3042 is a strong choice for areas with elevated ceilings or where �ghter control of the read field is 
required, such as in high-traffic intersec�ons or near sensi�ve equipment.

Recommended Antennas
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Applica�on Requirement Antenna type Model Key benefit

Sensi�ve access zones

Doorway monitoring

Hallway traffic tracking

High-ceiling installa�ons

Defined read zone 
without adjacent 
overspill

Wide coverage from 
ceiling mounts

Extended range with 
�ghter beam control

Circular far-field

Circular far-field 

Far-field

A5020CP

A5010

A5060
A3042

Controlled direc�onal 
field

Far-field A5060

Reliable detec�on through 
doorway transi�on points.

Low-profile design for consistent 
overhead reads.

Extra gain for elevated moun�ng 
posi�ons.

Direc�onal beam helps reduce 
unwanted reads.



Aligning with Standards & 
Regula�ons     

1. GS1 Compliance
RFID tags encoded with GS1 standards ensure consistent, interoperable data exchange across global healthcare 
and pharmaceu�cal supply chains. This standardiza�on is essen�al for traceability, recall management, and 
cross-border opera�ons.

2. UDI Requirements
RFID tags can store and transmit UDI informa�on, automa�ng device iden�fica�on and record-keeping. This 
reduces scanning errors and supports regulatory repor�ng requirements.

3. DPP Integra�on
RFID’s ability to provide a persistent, updatable digital record makes it founda�onal for DPPs, suppor�ng lifecycle 
tracking, usage documenta�on, and sustainability repor�ng.

4. Technology in Prac�ce: How RFID Integrates

RFID middleware interfaces with Electronic Health Records (EHR), Warehouse Management Systems (WMS), and 
Enterprise Resource Planning (ERP) pla�orms, enabling real-�me data synchroniza�on and ac�onable insights.

System Integra�on     

Modern RFID solu�ons employ encrypted tags and secure middleware, ensuring data privacy and compliance with 
HIPAA, GDPR, and other data protec�on mandates. Advanced authen�ca�on mechanisms prevent unauthorized 
access and counterfei�ng.

Security & Data Integrity

RFID deployments can start in targeted areas (e.g., opera�ng theatres or pharmacies) and scale across en�re 
facili�es. Modular architectures and standards-based pla�orms facilitate phased rollouts and future expansion.

Scalability
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5. Case Studies: Real-World RFID Success Stories

6. Future Outlook: What’s Next?

Integra�on of RFID with ar�ficial intelligence (AI) and machine learning (ML) enables predic�ve inventory 
management, proac�ve maintenance scheduling, and advanced usage analy�cs. This combina�on supports 
data-driven decision-making and opera�onal op�miza�on.

AI + RFID

RFID supports environmental, social, and governance (ESG) goals by enabling precise tracking of product reuse, 
recycling, and emissions. This data is essen�al for sustainability repor�ng and compliance with emerging circular 
economy regula�ons.

ESG & Circular Economy

As interna�onal standards converge, RFID adop�on will simplify cross-border compliance and enhance supply 
chain transparency, suppor�ng global healthcare and pharmaceu�cal opera�ons.

Global Harmonisa�on

Conclusion
RFID is a founda�onal technology for modernizing healthcare and pharmaceu�cal opera�ons. It enables 
compliance with evolving standards, automates cri�cal workflows and provides the data infrastructure for 
smarter, safer and more sustainable care delivery.

Hospital Inventory Management RFID-enabled cabinets and mobile carts in a European hospital reduced 
stockholding by 25%, eliminated expired items, and improved audit 
compliance. RFID tags (Omni ID UHF) and fixed readers (Impinj xArray) were 
used for robust performance and durability in harsh environments.

Cold Chain Monitoring for Vaccines A global pharma company used RFID tags with integrated temperature 
sensors to monitor biologics in transit, achieving end-to-end cold chain 
visbility and reducing product loss by 18%.

Surgical Asset Tracking A U.S. hospital system employed RFID to track surgical instruments through 
steriliza�on and storage, leading to faster turnaround, reduced loss, and 
improved opera�onal efficiency. RFID tags with hospital-validated a�achment 
methods withstood steriliza�on cycles without degrada�on.

Use Case Technical Details & Outcomes
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