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Introduction

Each year, 350,000 people in the United States 
alone experience sudden cardiac arrest outside 
of the hospital, according to the American Heart 
Association. For many of these cases, defibrillators 
are an important line of defense, delivering life-
saving shocks that restore normal heart rhythms. 
From first responders to nurses and doctors, 
countless medical professionals rely on these 
essential devices and the underlying high-voltage 
interconnect solutions that power them.

At Amphenol Alden, we specialize in developing 
high-quality, hybrid high-voltage with signal cable 
assemblies and connectors designed to meet the 
exacting demands of these environments — whether 
it’s in a hospital, an ambulance or in the field. 

In this white paper, we’ll explore the intricate 
engineering and testing processes that go into 
developing the safe, reliable and innovative 
interconnect solutions behind life-saving defibrillators. 
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Understanding Defibrillator Assemblies  
and High-Voltage Demands

Defibrillators are an indispensable technology 
in medical emergencies, utilizing controlled high 
voltage electrical impulses to restore  
heart rhythm. 

Defibrillator cable assemblies serve dual purposes: 
delivering the energy required for defibrillation and 
monitoring patient vital signs, such as heart rate and, 
in some cases, oxygen levels. This dual functionality 
demands innovative engineering solutions to protect 
the patient, operator and device from unintended 
electrical discharges.  

Moreover, these systems must meet stringent safety 
standards to protect both patients and medical 
personnel and maintain operability in critical 
situations. While design considerations differ based 
on the specific application, all defibrillator cable 
assemblies share certain critical requirements,  
such as: 

•	 Robust insulation to prevent electrical leakage.

•	 Excellent electrical noise suppression to 
avoid interference.

•	 Materials capable of withstanding mechanical and 
environmental stress factors driven by their  
end-use environment.
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The Different Types of Defibrillators

Defibrillators come in various types, each designed to address specific medical end-use 
environments and patient needs. From wearable to implantable devices, from manual to 
automated systems, these technologies share a common goal: to restore normal heart rhythm. 

Here is an overview of the primary types of defibrillators and their unique applications and 
design considerations:

Implantable Cardioverter Defibrillator (ICD)

ICDs are surgically implanted devices that provide continuous heart 
monitoring and deliver a shock directly to the heart when a life-
threatening arrhythmia occurs. 

The high-voltage cable assemblies in ICDs are miniaturized and 
optimized for long-term reliability. They must maintain signal 
integrity and energy transmission within the body while withstanding 
physiological conditions, such as exposure to bodily fluids and patient 
movement over time.

Wearable Cardioverter Defibrillator (WCD)

WCDs are non-invasive devices designed for patients at temporary risk 
of sudden cardiac arrest who are not yet candidates for permanent 
implantable devices. Worn around the chest, these defibrillators 
continuously monitor the patient’s heart rhythm and automatically 
deliver a life-saving shock if a dangerous arrhythmia is detected.

The cable assemblies and connectors in WCDs are lightweight and 
flexible to ensure patient comfort while providing reliable energy 
delivery and monitoring. Durability is also critical, as these devices  
must withstand daily wear and environmental factors without 
compromising performance.
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Manual External Defibrillator

Manual external defibrillators are primarily used by trained healthcare 
professionals in hospitals, ambulances and other medical settings. 
These devices require the operator to interpret the patient’s condition 
and manually deliver the appropriate electrical shock.

The cable assemblies associated with manual defibrillators must deliver 
energy reliably under demanding conditions in emergency scenarios 
where the care-givers attention is focused solely on the patient. The 
durability and ergonomic design of these cable assemblies are essential 
to their effectiveness in high-stress situations.

Automated External Defibrillator (AED)

AEDs are designed for use by the general public, often placed in 
schools, airports, gyms and other public spaces. These devices are 
user-friendly, with voice prompts and visual instructions to guide non-
professionals through the defibrillation process. 

Because of their convenient user-interface, AEDs require robust cable 
assemblies to ensure energy delivery and maintain user safety. These 
assemblies must also meet stringent cost and durability requirements 
to accommodate high production volumes and frequent deployment in 
diverse environments.
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Critical Design Considerations for  
High-Voltage Interconnect Solutions

Beyond the specific application, high-voltage assembly design must also meet stringent technical, 
environmental and human-centered design criteria. These important considerations include:

Electrical 
Characteristics

Minimizing 
Electromagnetic 
Interference (EMI)

Defibrillator assemblies must be able to safely 
operate at nominal and peak operating voltages, 
assuring complete electrical isolation between 
adjacent contacts as well as the ground-path, and 
supporting high-duty cycles. These parameters 
ensure the precise energy delivery necessary to 
restore heart rhythm arrives as intended. For 
example, manual defibrillators operate at voltages 
exceeding 5,000 volts, requiring robust insulation 
and fault-tolerant designs to avoid electrical 
breakdown during use.

Voltage isolation is another critical factor. Effective 
separation of high-voltage and low-voltage lines 
prevents dangerous arcing and ensures the device 
operates within safety parameters. Engineers 
address this through meticulous creepage and 
clearance distance calculations, advanced material 
selection and physical barriers that provide 
additional layers of safety.

All environments are dense with electronic 
equipment, making electromagnetic interference a 
significant concern as it relates to monitoring of the 
heart after defibrillation. Defibrillator assemblies 
must incorporate advanced shielding techniques 
to prevent this interference from compromising 
the device’s ‘monitoring’ functionality. EMI shielding 
ensures signal clarity and stable operation, even 
in complex environments like ambulances and 
operating rooms.

Human Factors 
and Usability

The usability of defibrillator assemblies directly 
impacts their effectiveness in emergencies. 
Connectors must be intuitive to handle and secure 
under pressure, minimizing the potential for user 
error. Ergonomic designs ensure that medical 
personnel can quickly and confidently connect 
devices during high-stakes situations, such as cardiac 
arrest response in public spaces or field hospitals.
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Safety Features

Safety begins with best-in-class design knowledge 
and practices as it relates to defibrillators. 
Adequate spacing and isolation of electrical 
contacts, use of high dielectric strength materials, 
and proper assembly techniques insulate 
electrical pathways and prevent unintended 
energy discharge. To mitigate risks further, energy 
dissipation componentry can be integrated to 
handle excess energy without overheating or 
damaging components.

Environmental and 
Mechanical Durability

Defibrillators face a variety of environmental  
and mechanical stressors. These assemblies  
must endure:

•	 Temperature extremes: Devices are often used 
in sub-zero conditions as well as high-temperature 
climates. Materials must perform consistently 
across these temperature ranges.

•	 Impact and vibration resistance: Assemblies 
need to withstand drops, shocks and continuous 
vibrations, particularly during transport in 
ambulances or helicopters.

•	 Fluid ingress protection: Exposure to moisture, 
contaminants and bodily fluids is inevitable 
in medical environments. Reliable seals and 
robust materials prevent these factors from 
compromising device performance.
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Design Verification and Validation for 
High-Voltage Assemblies

The development of hybrid high-voltage assemblies for defibrillation requires rigorous design verification and 
validation (V&V) processes to ensure reliability, safety and compliance with industry standards. 

These processes are essential in confirming that assemblies meet the demands of real-world use while 
adhering to strict regulatory requirements.

Design Verification & Validation

Verification ensures that a product’s design aligns 
with its specified requirements; validation ensures 
that a product, when produced using volume 
production intent manufacturing techniques, will 
consistently meet the specified requirements. These 
phases involve testing and inspections to confirm 
that each component performs as intended. For 
high-voltage assemblies, V&V includes (amongst 
other tests):

•	 Dielectric withstand testing: This test 
evaluates whether insulation materials can handle 
the device’s peak operating voltage without 
breakdown. By simulating high-voltage conditions, 
engineers ensure the safety and reliability of the 
assembly.

•	 Dimensional inspections: Precision in 
dimensions is crucial for connectors to meet the 
necessary creepage and clearance distances, 
reducing the risk of electrical arcing.

•	 Material analysis: Testing the mechanical and 
electrical properties of materials ensures they can 
withstand sterilization processes, environmental 
stresses and long-term use.

•	 Usability testing: Simulating emergency 
scenarios to confirm that connectors are easy  
to handle and connect securely under high-
pressure conditions.

•	 Environmental stress testing: Exposing 
assemblies to temperature variations, vibrations 
and moisture to replicate the conditions they 
might face during transport or use.

Together, these V&V processes provide robust 
evidence that the assemblies will perform reliably 
throughout their lifecycle, meeting the rigorous 
demands of medical environments.
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Advancing Patient Safety With  
High-Voltage Solutions

Defibrillators are at the front line of defense against 
cardiac arrest, and their safety and efficacy hinge 
on the quality and reliability of the high-voltage 
assemblies powering them. From wearable to 
implantable defibrillators, the diverse applications 
of this life-saving technology demand innovative 
engineering, robust testing and a commitment  
to precision.

As technology evolves, the design and functionality 
of defibrillators will continue to advance, requiring 
hybrid high-voltage assemblies that meet  
ever-increasing demands for precision, safety 
and adaptability.  

These innovations not only improve device 
performance but also contribute to better patient 
outcomes, enabling healthcare providers to respond 
confidently in life-critical situations.

Amphenol Alden has a long-standing reputation 
for delivering innovative, high-quality interconnect 
solutions tailored to the unique challenges of 
medical devices. Our expertise in engineering, 
rigorous testing processes and commitment to 
safety and reliability ensure that your defibrillator 
assemblies meet the highest standards for 
performance and compliance.

Ready to elevate your medical device technology?

Contact Amphenol Alden today to explore how 
our solutions can support your next innovation 
in life-saving equipment.

https://www.amphenolalden.com/company/contact

