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Introduction

The arrival of smart cardiac implants has prompted a shift in how regula-
tors evaluate material safety. Driven by ISO 10993-18 standards and more 
complex innovation, chemical characterization is no longer a box to check 
near the end of development.1 Today, it’s a critical front-loaded activity that 
demands advanced testing to fully identify material risk. The rigor of that 
testing directly helps or hinders approval timelines and program momen-
tum.

Formally known as cardiac implantable electronic devices (CIEDs), smart 
cardiac implants combine multi-material construction, embedded sen-
sors, wireless communication, and continuous energy delivery, all within 
a long-dwelling implant that must remain chemically stable for years. The 
combination of materials and components creates a chemically dynamic 
environment inside the body where materials interact, interfaces evolve, 
and degradation pathways emerge over time.

Regulators have adjusted their expectations accordingly. The FDA expects 
deeper identification, tighter quantification, and far more explicit documen-
tation of uncertainty than in years past, as evidenced in its latest draft guid-
ance on medical device chemical analysis for biocompatibility assessment.2 

As a result, reviewers are examining how well manufacturers understand 
the chemical behavior of their devices, including what remains unresolved 
and how that uncertainty is bounded. Compared to previous guidance, little 
is left to manufacturers’ discretion. Specific methods, analyses, and de-
mands must be followed to receive premarket approval.

Most development programs are not built for this heightened level of scru-
tiny. Teams continue to apply conventional extractables and leachables 
(E&L) strategies developed for simpler systems. Those approaches struggle 
to capture interaction effects, long-term degradation, and energy-driven 
changes in material behavior. Unknown compounds surface late, toxicolog-
ical assessments become unstable, and submission packages lose coher-
ence under review.

Unknowns discovered late carry immediate consequences 
for timelines, cost, and regulatory confidence.

The added complexity inherent in CIEDs means their chemistry shapes the 
trajectory of the program. Weak chemical characterization does not stay 
contained within a technical workstream. It manifests through deficiency let-
ters, additional testing requests, shifting timelines, and rising program cost.

Manufacturers that treat chemical characterization as part of the device’s 
evidence architecture generate the data regulators expect without chem-
istry-driven setbacks.3 With this approach, analytical chemistry, toxicology, 
regulatory strategy, and design decisions move in alignment from early 
development through submission. 

Regulators now 

expect a level of 

chemical clarity 

that most legacy 

development 

strategies 

were never 

built to deliver.
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Chemistry is no longer a downstream test. It drives how the program moves.

This paper outlines how to build that approach. Focus areas include: 

•	 The variables advanced testing captures that conventional strategies often miss
•	 The characteristics that determine which CIEDs require advanced testing and when standard test-

ing will suffice
•	 The steps to build a chemical characterization strategy that survives PMA review, toxicology risk 

assessment (TRA), and later design iterations
•	 The benefits of integrating lab and regulatory strategy early in development, including reduced 

rework and de-risked approvals

In complex medical device environments, chemistry drives more than compliance. It determines whether a 
program moves forward with confidence or slows under the weight of uncertainty.

How device complexity changed the rules around regulatory science
In the past decade alone, CIEDs have evolved from relatively simple active devices into systems that 
operate continuously in a dynamic physiological environment. Modern devices incorporate specialized 
polymers, coatings, adhesives, electronics, and power sources, all interacting within a confined space over 
extended periods. 

Each layer of complexity introduces new variables in chemical behavior: 

•	 Material interfaces create localized interaction zones. 
•	 Mechanical stress alters structure over time. 
•	 Energy sources introduce heat.
•	 Electrical effects influence degradation pathways.
•	 Leachable profiles shift as materials age and fatigue accumulates.
•	 Continuous operation changes how compounds are released and distributed. 
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These factors shape exposure profiles in ways that static testing conditions 
cannot fully represent.

Regulatory expectations have advanced in parallel with device complexity. 
Recent FDA guidance on chemical characterization places greater empha-
sis on:

•	 Comprehensive identification of extractables and leachables 
•	 Confidence-based classification of chemical identities 
•	 Transparent reporting of uncertainty and analytical limitations 
•	 Justification of methods and assumptions across the testing 

strategy 

Reviewers want to understand how the device behaves chemically, not a 
disconnected set of test results. This creates a new standard for submission 
readiness.

Programs that meet this standard present chemistry as a structured, defen-
sible story. Programs that fall short present fragments that require interpre-
tation under pressure.

Where conventional testing is sufficient, and where it 
loses traction
Standard E&L strategies remain effective for many devices. Passive implants 
with well-characterized materials, stable manufacturing processes, and 
predictable exposure profiles continue to perform well under established 
methods.

The challenge emerges when device complexity crosses a threshold. 
Multi-material systems introduce interaction chemistry that does not appear 
in isolated material testing. Interfaces between polymers, metals, and ad-
hesives create environments where degradation behaves differently than 
expected.

At a certain level of complexity, conventional methods stop 
revealing risk.

Energy adds another layer of complexity. Battery heat, electrical pulses, and 
continuous sensing activity influence chemical stability and release pro-
files. These effects evolve over time and rarely align with static extraction 
assumptions.

Duration amplifies the impact. Long-dwelling implants require confidence in 
how materials behave across years of use. Time exposes chemical behavior 
that early testing does not predict. Early-stage data provides an initial view. 
Regulators expect an explanation of how that behavior progresses.

Under these conditions, conventional testing continues to produce data 
while underlying chemistry remains unresolved. The strategy must shift 
from point-in-time testing to one that identifies and characterizes chemical 
behavior over time.

A submission 

moves on the 

strength of its 

narrative, where 

data is organized, 

explained, and 

defended as a 

unified story.
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More testing does not guarantee more clarity.

Signals that advanced characterization is required

The need for advanced testing approaches becomes clear when the following conditions appear 
within the program:

•	 Multi-material construction with interaction risk across interfaces 
•	 Novel materials with limited toxicological history 
•	 Long-term implants where degradation pathways influence exposure 
•	 Active devices where energy alters chemical behavior 
•	 Early evidence of unidentified peaks or unstable semiquantitative results 

These signals indicate that uncertainty is accumulating in ways that conventional methods will struggle to 
resolve. Continuing along the same path increases the likelihood of regulatory friction such as deficiency 
letters, additional testing requests or failed approval. All these outcomes extend timelines by months. For 
example, each additional testing cycle adds two to three months depending on study complexity and lab 
availability. Recognizing advanced-testing signals early allows teams to redirect effort towards resolving 
uncertainty at the source before it reaches regulatory review.

Investigative science: turning chemistry into a design input
Advanced characterization earns its place when chemistry begins to influence program outcomes and 
shape how the program moves forward. In CIEDs, that moment arrives early. Materials interact across inter-
faces, energy flows through the system and mechanical stress accumulates over time. Each of these factors 
shapes chemical behavior inside the body in ways that static testing conditions fail to capture.

When the chemistry is clear, teams stop guessing and start deciding.
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Closing that gap requires a different posture toward analytical science. 
High-resolution mass spectrometry and predictive modeling tools such as 
Lumo™, a proprietary tool from RQM+, extend visibility into regions that con-
ventional methods leave unresolved. Unknown compounds can be identified 
with greater confidence. Semiquantitative estimates begin to approximate 
true exposure levels. Chemical profiles become interpretable signals that 
support toxicological reasoning. Clear identification and quantification strate-
gies must align with toxicological thresholds such as the analytical evaluation 
threshold (AET), ensuring that detected compounds are assessed within a 
defensible risk framework.

This paradigm shift carries practical consequences. When identification 
improves, toxicological assessments stabilize and margins of safety reflect 
actual exposure. Conversations with regulators shift from negotiation into 
data-backed explanation, and review cycles often compress by eliminating 
one full iteration, accelerating timelines by approximately two to four months 
depending on the scope of avoided deficiencies.

When quantification improves, teams make better decisions. Overestimation 
stops driving unnecessary follow-up work, and underestimation stops slipping 
through unnoticed. Resources align with real risk, sharpening both timelines 
and cost control.

Better quantification leads to better decisions, and better 
decisions prevent unnecessary work.

The most important shift happens earlier, however. Predictive modeling intro-
duces chemical insight before final prototypes are locked, rather than after 
extraction studies expose problems that redesign can no longer fix. Potential 
degradation pathways surface while design changes remain feasible. Material 
selections evolve with data in hand, and development teams gain the ability 
to steer the chemistry profile as it forms, leading to a cleaner regulatory pack-
age, fewer late-stage surprises, and a shorter path from bench to submission.

Chemistry becomes a control mechanism that shapes design 
and risk decisions.

A structured feasibility step reinforces this approach. Early analytical work 
maps degradation risks, interaction effects, and potential unknowns. Formal 
testing strategies then target the areas that matter most, guided by signal 
instead of assumption. 

Targeted testing resolves uncertainty faster than broad testing. Importantly, 
programs diverge at this point: some treat analytical chemistry as a late-stage 
function, while others integrate it into the development loop. The difference 
appears during regulatory review: the former approach often leads to gaps 
in identification confidence, under characterized unknowns, or extraction 

Unknown 

compounds 

discovered late 

carry immediate 

implications for 

toxicology, testing 

scope, and 

submission timing.
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strategies that didn’t anticipate the device’s operational complexity; namely, the deficiencies the FDA’s 2024 
draft guidance was written to address. The integrated approach has high likelihood of producing a complete 
package, with assumptions characterized, uncertainties quantified, and identification confidence levels that 
hold up to scrutiny. Regulators respond to coherence. When the chemistry holds together, the program 
moves forward.

Building a chemical characterization strategy that stands 
up to regulatory review

A strong chemical characterization strategy aligns four elements from 
the outset:

•	 Device design and material selection 
•	 Analytical chemistry methods 
•	 Toxicological assessment 
•	 Regulatory expectations 

Alignment across these areas creates a single narrative that supports decision-making throughout develop-
ment. The process begins with early feasibility work that identifies where uncertainty exists. 

Analytical methods are then selected based on their ability to resolve that uncertainty, not on convention 
alone. Toxicological assessment evolves alongside identification and quantification, incorporating updated 
data as clarity improves. Regulatory strategy defines how the entire package is structured, documented, 
and justified.

This approach creates continuity. Each layer of evidence builds on the last, assumptions are visible, 
uncertainty is bounded, and conclusions follow logically from the data.

Strong packages become internally consistent narratives that hold under regulatory scrutiny.

Teams that operate this way enter regulatory review with a position they can defend with clarity 
and confidence.
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Conclusion: chemistry as a competitive advantage
Cardiovascular implants continue to advance in capability and complexity with devices becoming smaller, 
more connected, and more dependent on multi-material systems that operate continuously inside the body. 
Each advancement increases the importance of understanding chemical behavior over time. 

Regulatory expectations have moved in step. The focus now extends to how well manufacturers can explain 
system behavior, manage uncertainty, and demonstrate control over risk. This expectation reveals a clear 
divide in how programs are built. Some treat chemical characterization as a requirement to complete while 
others treat it as a capability that shapes development.

Programs built on late-stage characterization absorb friction. Programs built on 
early chemical insight maintain momentum. Momentum follows clarity.

The difference in outcome becomes clear when pressure builds. Pressure exposes weak chemistry quickly: 
unknowns surface, reviewers probe assumptions, questions arise, and timelines begin to stretch. Programs 
grounded in coherent chemistry respond with clarity, whereas the others slow down while gaps are ad-
dressed. 

Leadership in this space comes from a clear understanding of what the data means 
and how confidently it supports patient safety.

The path forward is straightforward. Chemical characterization operates as part of the device’s evidence 
architecture. It connects design, analytical science, toxicology, and regulatory strategy into a unified, defen-
sible story. It surfaces uncertainty early, when decisions remain flexible and costs remain controlled.

In a landscape defined by complexity, that clarity drives speed, confidence, and competitive position. And 
once established, it compounds.
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RQM+ is a leading MedTech service provider offering consulting, clinical trial, lab and 
reimbursement services, as well as technology solutions to support the entire product 
life cycle. 

Jordi Labs, an RQM+ company, provides contract analytical services to leading 
consumer products, polymers, pharmaceutical, and medical device manufacturers. 
The company’s Ph.D. analytical chemists specialize in chemical identification, 
including extractables and leachables testing. 
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