
RAIN RFID in Pharma:  
Transforming Inventory Management 
and Patient Safety

Introduction
Pharmaceutical supply chains face growing 
complexity, regulatory scrutiny and patient 
safety challenges. Over the past two 
decades, RAIN RFID (UHF Radio Frequency 
Identification) has matured into a scalable, 
cost-effective technology, delivering real-
time visibility, automation and enhanced 
security across the pharmaceutical 
ecosystem. This whitepaper explores 
the evolution of RAIN RFID within the 
pharmaceutical industry, highlights recent 
technological breakthroughs and presents 
real-world use cases that enhance inventory 
management, operational efficiency  
and patient outcomes. 
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Pharmaceutical supply chains span 
continents and manage thousands of 
stock keeping units (SKUs). At the end of 
these chains (at the point of patient care), 
pharmacy teams are increasingly expected 
to deliver more with fewer resources: 
maintaining accurate medication inventories, 
verifying expiration dates and meeting 
regulatory requirements amid increasing 
pressure for end-to-end traceability and 
anti-counterfeiting safeguards. These 
demands, combined with the risks of human 
error, shortages and delayed recalls, have 
fueled demand for RAIN RFID systems. Using 
ultra-high frequency (UHF) radio waves, RAIN 
RFID wirelessly transmits item-level data 
to a reader without requiring line-of-sight 
and can capture information from multiple 
tagged items simultaneously.

While RAIN RFID is commonplace in fast-
moving consumer goods, pharmaceutical 
products present unique technical 
challenges. RFID-tagged vials and syringes 
can be difficult to read due to high storage 
densities, curved labeling surfaces, liquid-
filled containers and foil seals. Twenty 
years ago, these use cases would simply 
have been impractical, but technological 
advancements have made it possible to 
effectively apply RAIN RFID to even the most 
challenging pharmaceutical inventory types. 

Hospitals and pharmacies that have already 
deployed RAIN RFID often report meaningful 
workflow efficiency gains and are now 
pushing for broader adoption and more 
upstream enablement from manufacturers. 
Unlocking this value at scale requires 
more than deploying RAIN RFID hardware. 
It depends on seamless integration 
of the technology into manufacturing 
operations, packaging lines and inventory 
management systems, with interoperability 
across manufacturers, distributors, 

pharmacies and hospitals. This integration  
is a core element of Pharma 4.0, the 
industry’s shift toward data-driven, 
connected and automated operations.

Pharma 4.0 applies digital technologies 
such as automation, real-time data capture, 
analytics and system integration to improve 
quality, efficiency and compliance across 
the pharmaceutical lifecycle. RAIN RFID 
plays a critical role in this transformation, 
providing accurate, real-time visibility into 
products throughout their lifetime. Digitally 
linking physical products to enterprise 
systems enables smarter decision-making, 
automated workflows and closed-loop 
control of inventory, quality and supply 
chain risk.

As pharmaceutical companies advance 
toward Pharma 4.0, RAIN RFID becomes  
more than a tracking tool. It serves as a 
digital backbone that connects products, 
processes and people, supporting  
end-to-end traceability, regulatory 
compliance and continuous improvement 
across the ecosystem.

https://www.nxp.com/
http://nxp.com/healthcare
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Historical challenges:  
from manual processes  
to digital transformation
Before RAIN RFID, pharmaceutical inventory 
management relied upon manual processes. 
These approaches were slow, labor-intensive 
and prone to human error. Barcodes require 
line-of-sight and item-by-item scanning 
and typically do not capture product, lot 
or expiration date at the unit of use level. 
This leads to bottlenecks in busy hospital 
pharmacies and distribution centers. As 
errors could lead to delayed recalls, stock 
discrepancies or even canceled surgeries 
when critical drugs were unavailable.

However, early adoption of RAIN RFID in 
pharma faced significant barriers. Tags 
and readers were costly and encoding was 
complex. Read reliability was inconsistent, 
particularly with foil packaging, curved vials 
and liquid-filled containers. Infrastructure 
limitations further constrained adoption. 
Without integrated systems, RAIN RFID  
data simply cannot flow seamlessly across  
the entire supply chain. Even today, 
pharmacies using RAIN RFID to track and 
process drugs often need to individually  
tag items themselves.

The emergence of tagging at the source, 
where RAIN RFID tags are applied and 
registered during manufacturing, fortunately 
marks a critical shift. Source tagging 
enables hospitals to purchase pre-tagged 
items, eliminating manual tagging labor 
and enabling end-to-end traceability from 
factory to patient. This approach has needed 
coordinated deployment of tags, readers and 
software across the ecosystem, but it does 
reduce time and cost, improve accuracy and 
strengthen regulatory compliance.

Successfully overcoming these challenges 
has required more than technological 
solutions. Often requiring senior leadership 
sponsorship, capital investment and 
sustained engineering focus. Hospitals 
have had to redesign workflows and train 
staff, while manufacturers have faced the 
challenge of integrating RAIN RFID into sterile 
manufacturing and packaging environments 
without compromising quality systems 
or disrupting high-speed, high-volume 
production processes. 

Whether it is the new generations of 
miniaturized, pharma-specific tags or 
standardized data frameworks that ensure 
interoperability across systems, RAIN RFID 
is no longer simply a time saving measure. 
It is helping digitally transform current 
pharmaceutical inventory management 
applications and open the way to new 
innovative use cases.

https://www.nxp.com/
http://nxp.com/healthcare
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Procedural and emergency  
drug management

Hospitals and pharmacies can track 
medications in real time, reducing stockouts 
and overstocking. Automated replenishment 
ensures that critical drugs are always 
available. Pfizer has focused on RAIN RFID 
tagging at source for injectable medications. 
Providing hospitals with pre-tagged and 
associated medication, primarily used 
in hospital procedural trays, has helped 
improve restocking workflow and efficiencies. 
Studies conducted by other third-party 
organizations have shown that RAIN RFID 
pre-labeled medications can help improve 
reconciliation time by 70 % and improved 
stock accuracy to 100 % (Bluesight Case 
Study RFID Versus Barcode Processes for 
Pharmacy Kit and Tray Management). 

Remote inventory management 

High-value and special handling drugs, 
including hazardous products, compounded 
products and products with diversion risk, 
are monitored in situ in their inventory 
locations of refrigerators, cabinets and 
open shelving in the pharmacy and in clinic 
settings. Bluesight’s KitCheck Anywhere helps 
hospitals monitor remote inventory to put 
pharmacies in control of the procurement, 
inventory management and resupply  
of these critical drugs.

Patient safety

RAIN RFID enables rapid recall processes, 
preventing canceled surgeries and reducing 
financial burdens. Automated checks  
help prevent medication errors, improving  
patient outcomes.

Medication management

Active deployments in hospitals and 
pharmacies demonstrate the power of 
RAIN RFID to streamline workflows, reduce 
waste, and enhance care delivery. This is 
particularly vital when it comes to ensuring 
end-to-end monitoring of temperature  
and humidity of biologics and vaccines  
from manufacture to use. 

Anti-counterfeiting

Certain RAIN RFID ICs are designed 
specifically to support secure authentication 
enabling fast verification while preserving 
the operational benefits of non-line-of-sight, 
bulk reading. Cryptographic authentication 
ensures product integrity, protecting patients 
and brands from counterfeit drugs by 
allowing authorized stakeholders to verify 
that a tagged item is genuine.

Use cases and real-world case studies
RAIN RFID technology delivers measurable benefits across 
the pharmaceutical ecosystem.

“Our work with RFID over the past 
several years has shown how much 
the technology has matured and what 
it now enables. Offering pre labeled 
medications is an important step 
toward more connected and efficient 
healthcare supply chains. By enabling 
identification at the source, we can 
reduce downstream complexity 
and help create a more scalable, 
transparent model for how medicines 
move through the system.”

https://www.nxp.com/
http://nxp.com/healthcare
https://bluesight.com/resource/rfid-versus-barcode-processes-for-pharmacy-kit-and-tray-management/
https://bluesight.com/resource/rfid-versus-barcode-processes-for-pharmacy-kit-and-tray-management/
https://bluesight.com/resource/rfid-versus-barcode-processes-for-pharmacy-kit-and-tray-management/
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Overcoming the liquid tagging challenge
While many medicines come in lyophilized 
or powder format, injectable medications 
predominantly come in a liquid format. 
However, unlike solid products, liquids interact 
with radio frequency signals in unpredictable 
ways, often absorbing or scattering RF energy 
and detuning the antenna. This interference 
can lead to inconsistent reads or complete 
signal loss, especially when tags are placed 
close to the liquid surface.

To overcome these obstacles, engineers 
have developed specialized solutions that 
combine latest technology tag ICs, antenna 
tuning, optimized inlay design and advanced 
simulation. Tags for liquid applications 
often feature broadband or custom-
tuned antennas to maintain performance 
across variable conditions. Electromagnetic 
modeling of the container-liquid-tag 
system helps predict behavior and guide 

design choices, while collaborative testing 
ensures reliability on real-world product 
configurations. These innovations have made 
it possible to achieve consistent reads even 
on small, curved vials filled with liquid.

Industry best practices now recommend a 
structured approach to tag selection and 
validation. This includes identifying metal 
components in packaging, characterizing 
liquid properties, and matching antenna 
designs to specific product categories. 
Testing under real-world conditions remains 
essential, and iterative optimization ensures 
compliance and reliability. Standards 
bodies are also working toward new 
ARC performance categories for liquid 
products, which will help manufacturers 
and healthcare providers select tags with 
confidence and ensure interoperability 
across diverse applications.

Choosing the right tag

01	 Inspection of the liquid container  
	 for possible metal parts

02	 Characterization of the liquid  
	 and the container

03	 Categorization of liquids according to  
	 their measured parameters

04	 Assign a tag antenna design to each 
	 category and get tag performance data

05	 Tag doesn’t meet application requirements
•	 Optimize antenna design
•	 Explore other tagging options
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Technology breakthroughs: 
chips, tags and systems
Ongoing innovation in RAIN RFID technology 
has enabled smaller, more capable and 
versatile solutions. Advances in chip 
sensitivity now make it possible to tag 
extremely small items without compromising 
performance. Miniaturization has gone hand 
in hand with improved reliability, ensuring 
consistent reads. 

To meet the unique demands of the 
pharmaceutical industry, tag designs have 
become highly specialized, with inlays 
tailored to container material, size and 
chip sensitivity. Modern RAIN RFID tags are 
engineered for the unique challenges of 
pharma packaging. NXP’s UCODE chip family 
now supports reliable reads on sub-2 mL vials, 
without bulky labels, making it possible to tag 
even the smallest injectable formats. These 
tags are not only compact but also highly 
sensitive, ensuring consistent performance 
on curved glass surfaces and liquid-filled 
containers. Flexible and extendable memory 
options allow storage of essential product 

details (product code, serial number, etc.), 
supporting compliance and enhancing 
traceability. Beyond identification, today’s 
tags incorporate advanced security features. 
UCODE Guard provides AES (Advanced 
Encryption Standard) based cryptographic 
protection, safeguarding against 
counterfeiting and ensuring data integrity 
throughout the supply chain. 

Improvements in chip sensitivity and purpose 
built inlay design have made reliable reads 
possible even in high-density, liquid/foil 
environments. At the same time, efforts 
are underway to develop universal designs 
that support common formats such as 
injectables, simplifying deployment across 
product lines.

Advances in inlay design have been equally 
important. Avery Dennison’s Minidose UHF 
RFID inlay has been developed specifically 
for small-format pharmaceutical packaging 
such as injectable vials and syringes.  
A compact form factor with an antenna 
design optimized for curved glass and 
liquid proximity, allows manufacturers to 
apply c RFID tagging at source without 
altering established packaging formats or 
downstream clinical workflows.

“With our latest UCODE products, we’re 
enabling RAIN RFID that’s purpose built for 
healthcare. We deliver the sensitivity and 
performance required for fast, accurate 
reading — including for traditionally 
difficult to tag items such as liquids and 
pharmaceutical containers. This level 
of performance underpins reliable item 
level traceability at scale and helps make 
source level tagging a practical reality for 
the pharmaceutical industry.”

“With Minidose, we’ve focused on 
what it truly takes to enable item level 
identification in healthcare. Developing 
some of the world’s smallest RFID 
inlays isn’t just about size—it’s about 
delivering reliable performance on real 
pharmaceutical products, from liquids 
and curved containers to densely packed 
items and mixed materials. Designing 
for these realities is essential to making 
accurate, scalable traceability possible 
across the healthcare ecosystem.”

https://www.nxp.com/
http://nxp.com/healthcare
https://www.nxp.com/products/rfid-nfc/ucode-rain-rfid-uhf:MC_50483
https://rfid.averydennison.com/en/home/product-finder/minidose.html
https://rfid.averydennison.com/en/home/product-finder/minidose.html


Intelligent systems and cloud integration 

The evolution of RAIN RFID is not limited to 
tags. In many high-volume pharmaceutical 
use cases, the most scalable RFID 
architecture is a low-memory model that 
treats the tag as a secure, unique identifier 
(similar to a “license plate”) while storing 
rich product attributes in a reference system. 
Combined with cloud-based platforms, 
RAIN RFID systems now integrate seamlessly 
with hospital and pharmacy management 
software, providing dashboards that deliver 
actionable insights on inventory levels, 
expiration dates, and recall status.

Solutions like Bluesight’s KitCheck® exemplify 
this integration. By automating tray scanning 
and replenishment workflows, these 
platforms enable pharmacists to manage 
inventory with unprecedented speed and 
accuracy. Cloud analytics tools, such as 
ShortageCheck™, leverage historical and 
real-time data to predict stockouts, optimize 
purchasing, and reduce waste. 

The new gold standard  
for pharma 
Effective inventory management in pharma 
is no longer a future promise. It is a present-
day solution addressing the industry’s most 
pressing challenges. By enabling real-time 
visibility, ensuring compliance and improving 
patient safety, RAIN RFID technology is 
reshaping how pharmaceutical products 
are manufactured, distributed and used. 
What began as a niche tracking tool has 
evolved into a cornerstone of modern 
pharmaceutical supply chains, delivering 
measurable improvements in efficiency, 
accuracy and patient outcomes.

By embracing RAIN RFID as a core element 
of their digital strategy, pharmaceutical 
manufacturers and healthcare organizations 
can move beyond incremental efficiency 
gains. They can establish a scalable 
foundation for Pharma 4.0 that transforms 
inventory management into a strategic 
capability, strengthens compliance and 
resilience and ultimately supports safer, 
more reliable patient care in an increasingly 
complex global healthcare landscape.

“Bluesight develops health technology 
solutions aimed at simplifying complex 
hospital and pharmacy operations. In 
this context, the RFID tag becomes a 
digital anchor — a unique identifier that 
connects physical items to trusted data 
in the cloud. Extending this approach 
upstream to manufacturers is a critical 
next step. By helping establish the right 
digital infrastructure, we support the 
foundation for true end to end traceability 
as the healthcare ecosystem evolves.”

NXP, the NXP logo and UCODE are trademarks of NXP B.V.  
All other product or service names are the property of their respective owners. © 2026 NXP B.V. 
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