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EXECUTIVE OVERVIEW

The short version

Hospitals and surgeons want technology that makes surgery less invasive, more precise,
and less likely to go wrong. Much of that technology runs on video: the tiny cameras
inside surgical tools, the screens in the operating room, and the systems that carry the
picture between them.

No single company builds all of it. One company makes the chips. Another makes the
camera lenses. Another writes the software. A medical-device company puts the pieces
together and proves to regulators that the product is safe. Then manufacturers, testing
labs, distributors, and service teams carry it the rest of the way into the hospital.

This brief explains how that works in the United States and Europe. It covers each player
in ten parts: what they do, what they own, and how they depend on each other.

THE TEN PARTS

~ T -

PART 01 PART 02

Technology and Intellectual Property in Engineers and Specification Developers
Medical Video and Robotic Systems

~ T -

PART 03 PART 04

Regulatory Specialists Electronics and Video Transport Regulatory
Requirements

PART 05 PART 06

Component Suppliers Contract Manufacturers

PART 07 PART 08

Testing and Certification Laboratories Packaging and Sterilization Providers

PART 09 PART 10

Distributors and Manufacturer Clinical, Technical, and Service Personnel

Representatives

Written by Josh Leibovitch, August 2026. An industry-level overview of the medical-device video and robotic surgery
value chain in the United States and Europe.
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PART 01 OF 10

Technology and Intellectual

Property in Medical Video and
Robotic Systems

IN THIS PART

e Chipsets e Robotics, Navigation, and Motion Control

e Optics and Image Capture e Mechanical Design and Medical Packaging

e Circuit-Board and System Architecture e Instruments, Accessories, and Consumables

e Embedded Firmware and FPGA Programming e Manufacturing Processes and Test Systems

e Image-Processing Algorithms e Clinical, Regulatory, and Quality-System Assets
e Interfaces, Codecs, and Video Transport e Al Models and Clinical Datasets

e Application Software and Clinical Workflow e Brand, Licensing, and Distribution Rights

The medical-device industry in the United States and Europe is built around the implementation of
hospital needs and requests from surgeons, physicians, nurses, and other clinical specialists for
reliable but innovative technology. The objective is to make medical procedures, imaging,
diagnosis, and care less invasive, more effective, more accurate, and less likely to result in
complications.

A medical-video or robotic surgical system is rarely based on one piece of intellectual property.
Intellectual-property rights exist throughout the complete product. Separate companies may own
or control the chipsets, image sensors, optics, firmware, software, processing algorithms,
mechanical systems, manufacturing methods, clinical data, regulatory documentation, brand, and
distribution rights.

The finished device may carry the name of one manufacturer while containing protected
technologies licensed or purchased from several suppliers. The medical-device manufacturer
creates additional value by combining those technologies into a complete system that performs a
specific clinical function, operates reliably, can be manufactured repeatedly, meets regulatory
requirements, and can be distributed and supported in hospitals.

| Chipsets

Intellectual-property rights exist at nearly every component level in robotic surgical systems and
medical image and video transport. Chipsets and programmable devices, including SDVoE
(software Defined Video over Ethernet) solutions, ASICs (Application Specific Integrated Circuits),
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and FPGAs (Field Programmable Gate Arrays), control video transport reliability, format conversion,
synchronization, processing, and image quality.

These devices handle multi-channel three-dimensional, 4K, and 8K video processing, low-latency
switching, scaling, image synchronization, and conversion between SDI (Serial Digital Interface),
HDMI (High-Definition Multimedia Interface), DisplayPort, Ethernet, and fiber-optic transport. They
are also used to separate the primary surgical image from secondary recording, collaboration, and
hospital-network functions.

CMOS (Complementary Metal-Oxide-Semiconductor) image sensors are standard in endoscopes,
laparoscopes, surgical microscopes, and robotic stereo camera heads. The CMOS sensor converts
incoming light into digital image data. It normally outputs that data through a high-speed
interface such as MIPI CSI-2 (Mobile Industry Processor Interface Camera Serial Interface 2), LVDS
(Low-Voltage Differential Signaling), or SLVS-EC (Scalable Low-Voltage Signaling with Embedded
Clock). Older parallel digital interfaces transfer several bits simultaneously across separate
conductors but are less common in compact modern systems because they require more physical
connections.

For longer-reach camera links inside robotic arms, endoscopes, or surgical carts, SerDes
(Serializer/Deserializer) chipsets are used. The serializer converts the camera output into a high-
speed serial data stream. The deserializer receives that stream inside the camera-control unit,
vision cart, or robotic console and converts it back into usable image data.

Analog Devices’ GMSL (Gigabit Multimedia Serial Link) family is used for high-bandwidth, low-
latency camera connectivity with resistance to EMI (Electromagnetic Interference). Valens’ VA7000
family implements MIPI A-PHY, a long-reach physical-layer interface originally developed for
automotive cameras and now being applied to medical endoscopy. Valens has announced
VA7000-based applications involving laparoscopic imaging, three-dimensional robotic-surgery
imaging, and single-use 4K colonoscopy systems.

An ISP (Image Signal Processor) converts raw sensor output into a usable clinical image. The ISP
performs demosaicing, color correction, white balance, noise reduction, sharpening, exposure
control, and lens correction. More advanced systems add fluorescence overlays, HDR (High
Dynamic Range) processing, image stabilization, smoke and glare reduction, and Al (Artificial
Intelligence)-assisted enhancement.

The ISP may be a dedicated chipset or a processing pipeline built inside an FPGA. The manufacturer
decides where each function operates based on latency, flexibility, processing requirements, power
consumption, and cost. Functions that must remain deterministic and low latency are commonly
placed in the ISP or FPGA, while computationally heavier functions are placed in a GPU (Graphics
Processing Unit) or application processor.

In a complete robotic or OR (Operating Room) video architecture, the sensor and SerDes links feed
into an FPGA, ASIC, GPU, or combined processing platform. Examples include AMD Zynq UltraScale+,
Microchip PolarFire, NVIDIA Jetson, and NVIDIA Holoscan platforms. The FPGA provides deterministic
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routing, stereo-channel synchronization, frame tracking, scaling, format conversion, and low-
latency delivery. The GPU handles more computationally intensive functions such as anatomical
segmentation, instrument recognition, image reconstruction, and advanced image enhancement.

The processed image can then be converted to 12G-SDI, HDMI 2.0 or 2.1, DisplayPort, SDVOE, or
another Ethernet or fiber-optic transport format. From there, it can be distributed to surgeon
consoles, medical displays, recorders, auxiliary monitors, control rooms, remote consultation
systems, and teaching environments.

The semiconductor companies own the underlying chipset architecture. The medical-device
manufacturer creates additional intellectual property through chipset selection, configuration,
FPGA logic, firmware, circuit-board design, processing methods, timing, testing, and integration into
a complete clinical system.

| Optics and Image Capture

Optics and image capture form the next major layer of intellectual property after the chipsets. The
image sensor only records the light that reaches it. The optical system determines what light
arrives, how much usable information is preserved, and whether the resulting image is clinically
useful.

Optical intellectual property exists in the lens system, illumination source, optical filters, camera-
head construction, sensor alignment, stereo calibration, scope geometry, and the methods used to
maintain image quality inside a reusable or disposable medical device.

A manufacturer can purchase a commercially available CMOS sensor while controlling the
complete optical path placed in front of it. This includes the number and arrangement of lens
elements, lens curvature, glass or polymer materials, anti-reflective coatings, focal length, field of
view, depth of field, magnification, geometric distortion, light transmission, image-circle size, and
the distance between the final lens element and the sensor.

The optical train is the complete path traveled by light from the tissue to the image sensor. In an
endoscope, laparoscope, surgical microscope, or robotic camera, the optical train can include an
objective lens, relay lenses, prisms, fiber-optic bundles, protective windows, filters, dichroic mirrors,
and beam splitters. Every element affects resolution, brightness, color accuracy, contrast, distortion,
and the amount of light lost before it reaches the sensor.

A high-resolution CMOS sensor does not automatically produce a high-quality medical image.
Poor lens alignment, low light transmission, weak illumination, internal reflections, lens
contamination, optical distortion, narrow depth of field, or chromatic aberration can limit the image
before any electronic processing occurs. The clinical image is the combined result of the optics,
image sensor, illumination, processing pipeline, transport system, and display.

Lens design controls the field of view, working distance, magnification, focus range, depth of field,
geometric distortion, and light-gathering capability. A laparoscopic camera requires a wide field of
view while still resolving small vessels, tissue planes, sutures, and instrument tips. A surgical
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microscope requires greater magnification and more precise focus control. A flexible endoscope
requires a lens assembly small enough to fit inside the distal tip while still delivering adequate
resolution and brightness.

Lens intellectual property can cover objective-lens construction, relay-lens arrangements, wide-
angle designs, variable-focus systems, optical zoom, extended-depth-of-field systems, distortion
correction, chromatic-aberration correction, anti-reflective coatings, anti-fog coatings,
hydrophobic coatings, disposable molded lenses, and the methods used to align the lens to the
sensor.

Extended depth of field keeps a larger portion of the scene in focus as the camera moves closer to
or farther from tissue. Depth of field is separate from image resolution. A system can produce a
sharp image at one distance and a blurred image outside that narrow focal range if the optical
design is poor.

Endoscopes and robotic camera heads require the complete optical system to fit into a very small
physical space. The lens, sensor, illumination, wiring, sealing, and mechanical support may need to
fit inside an assembly only a few millimeters wide.

Placing the sensor at the distal tip eliminates the need to move the image through a long optical
relay system, but it creates additional engineering problems. The sensor requires power, clocking,
data connections, shielding, heat management, and mechanical support. The lens and sensor
must remain aligned while the scope bends, heats, cools, and undergoes repeated cleaning or
sterilization.

Intellectual property in miniature camera construction includes sensor-to-lens positioning,
miniature lens barrels, distal-tip packaging, flexible printed circuits, heat removal, fluid sealing,
chemical resistance, cable strain relief, electrical shielding, articulation around the camera
assembly, micron-level assembly tolerances, and automated optical alignment.

There is little or no ambient light inside the body, so the imaging system must provide controlled
illumination. Light can be delivered through external LED (Light Emitting Diode) or laser engines,
fiber-optic light guides, distal-tip LEDs, or multiple wavelength-specific emitters.

The illumination must be bright enough for the sensor without overheating tissue, the scope, or the
camera head. It must remain stable as the camera moves closer to and farther from tissue. A
reflective instrument can create glare while a deeper area of the surgical field remains dark.

lllumination intellectual property includes automatic brightness control, LED current regulation,
pulse timing, exposure synchronization, wavelength switching, output calibration, heat monitoring,
light-guide coupling, glare reduction, and coordination between the light source and camera
exposure.

Medical systems can also capture wavelengths outside standard visible-light imaging. Optical
filters isolate or block selected wavelengths to improve the visibility of blood vessels, tissue
patterns, fluorescence signals, or other anatomical information.
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These filters include excitation filters, emission filters, band-pass filters, long-pass filters, short-pass
filters, infrared-cut filters, polarizing filters, neutral-density filters, dichroic mirrors, and wavelength-
selective beam spilitters. A dichroic mirror reflects one wavelength range while transmitting
another, allowing visible light and fluorescence signals to be separated or directed toward different
sensors.

Fluorescence imaging uses one wavelength to excite a fluorescent substance and another
wavelength to capture the emitted signal. The system must reject the stronger excitation light while
preserving the weaker fluorescence signal. Intellectual property exists in the selected wavelength,
filter coatings, optical separation, timing, sensor sensitivity, visible-light alignment, image-overlay
methods, and calibration.

Narrow-band imaging uses selected wavelength ranges to emphasize particular tissue and
vascular structures. Multispectral and hyperspectral imaging systems capture information across
several or many wavelength bands instead of only standard red, green, and blue channels. These
systems require additional illumination control, filtering, calibration, image registration, and
processing.

Optical calibration is required during manufacturing. Small errors in lens angle, spacing, centering,
or rotation can reduce sharpness, create uneven focus, or move the optical center. Calibration can
include focus, lens centering, geometric distortion, shading, white balance, color accuracy,
defective-pixel correction, exposure, illumination uniformity, sensor gain, fluorescence sensitivity,
and stereo geometry.

Robotic systems use matched left and right optical channels to create stereoscopic depth. The
channels must remain synchronized in focus, color, scale, orientation, exposure, and timing. A
mismatch can create eye strain, unreliable depth perception, or inaccurate navigation overlays.

Stereo intellectual property includes the physical camera geometry, lens matching, manufacturing
tolerances, calibration fixtures, mathematical correction models, image rectification, and the
procedures used to confirm that calibration remains valid through the expected life of the device.

Optical intellectual property is commonly divided among several companies. One supplier may
own the image sensor, another the lens assembly, another the filter coatings, and another the
illumination source. The medical-device company may own the camera-head design, calibration
process, image-processing methods, clinical application, and finished product.

The optics determine the type and quality of information available to the electronic system. The
chipsets process the image, but they cannot recover information that was not captured correctly.

| Circuit-Board and System Architecture

Circuit-board and system architecture convert the sensors, chipsets, processors, and interface
components into a functioning medical product. A medical-device company can purchase nearly
every semiconductor in the system from outside suppliers and still own the complete electrical
architecture.
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The protected material includes system block diagrams, electrical schematics, PCB (Printed Circuit
Board) layouts, board stack-up specifications, component placement, signal-routing rules, power
architecture, clock architecture, isolation boundaries, grounding methods, shielding methods,
connector assignments, board-to-board communication, thermal design, fault-monitoring circuits,
manufacturing files, and test procedures.

The system architecture determines how the product is divided into functional sections. These
sections can include camera input, image processing, stereo synchronization, Al processing, video
routing, recording, network transport, robotic control, safety monitoring, power conversion, electrical
isolation, and display output.

These functions may be placed on one integrated board or divided among several modular
boards. A single integrated board reduces the number of connectors, enclosure space, and
assembly operations. A modular system allows individual functions to be updated or replaced
without redesigning the complete product. The tradeoff is additional cost, connectors, mechanical
complexity, and potential signal-integrity problems.

The architecture affects product cost, serviceability, manufacturing yield, revision speed, and
whether the same platform can be used across several product models.

Medical-video systems carry high-speed signals including MIPI CSI-2, SLVS-EC, LVDS, PCle
(Peripheral Component Interconnect Express), DDR (Double Data Rate) memory, HDMI, DisplayPort,
Ethernet, and 3G-, 6G-, or 12G-SDI.

At these data rates, a copper trace behaves as a controlled transmission line rather than a basic
electrical wire. Trace width, spacing, layer position, board material, via construction, connector
transitions, and return-current paths affect whether the signal arrives correctly.

Signal-integrity design controls impedance, differential-pair routing, trace-length matching,
crosstalk, reference-plane continuity, jitter, skew, equalization, and reclocking. The design is
validated through simulation, eye-diagram analysis, bit-error-rate testing, cable-length testing,
temperature testing, and multi-channel stress testing.

A board can operate correctly on a laboratory bench and fail after a longer cable is connected, a
component becomes hot, several channels operate simultaneously, or production tolerances
change. Signal-integrity testing must cover the expected operating range rather than one ideal
configuration.

Clocking is also critical. Sensors, FPGAs, memory, GPUs, SDI interfaces, Ethernet devices, and
robotic-control processors may all operate from separate clocks. The system must manage clock
generation, clock recovery, jitter, synchronization, and data transfer between different clock
domains.

Stereo systems require the left and right channels to remain synchronized. Multi-source operating-
room systems may also need to synchronize endoscopy, ultrasound, fluoroscopy, robotic imaging,
recording, and remote transport.
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Buffering can stabilize unrelated sources but adds latency. The architecture determines how much
buffering is acceptable for the primary surgical path and which secondary functions can tolerate
additional delay.

Power architecture controls how the device receives and distributes electrical power. A medical
system may require separate voltage rails for processor cores, memory, high-speed transceivers,
sensors, motors, displays, illumination, and safety circuits.

These voltage rails may need to start and shut down in a specific sequence. The system must also
manage brownouts, short circuits, overvoltage, undervoltage, excessive current, and unexpected
cable disconnection.

Sensitive camera and clock circuits may require low-noise power, while GPUs, motors, and FPGAs
require higher current. Power efficiency, electrical noise, and thermal output must be managed
together.

Electrical isolation separates hazardous voltages, patient-connected sections, external equipment,
and internal control systems. Isolation can be provided through transformers, isolated power
converters, digital isolators, optocouplers, or fiber-optic links.

Fiber-optic transport provides high bandwidth while removing the direct electrical connection
between devices. This can reduce ground loops and provide electrical separation between
equipment located in different parts of the operating room.

Grounding, shielding, and EMC (Electromagnetic Compatibility) design prevent the system from
interfering with other equipment and prevent outside interference from disrupting the system.
Potential interference sources include electrosurgical generators, motors, switching power supplies,
wireless systems, static electricity, and nearby imaging equipment.

The system must control conducted and radiated emissions and continue operating when exposed
to expected electrical disturbances. IEC (International Electrotechnical Commission) 60601
standards address medical electrical safety and electromagnetic compatibility.

Thermal design controls the heat produced by processors, GPUs, power converters, motors, and
network devices. Heat can be removed through heat sinks, heat spreaders, thermal pads, fans,
blowers, chassis conduction, copper planes, and directed airflow.

The board must also be designed for repeatable manufacturing and testing. Production files,
component lists, approved suppliers, test points, programming procedures, automated-test
software, and inspection criteria are part of the controlled design.

Medical products often remain in production longer than consumer-electronics products.
Component obsolescence therefore becomes a major architectural issue. A replacement
processor, memory device, connector, or power component can affect timing, firmware, thermal
performance, electromagnetic emissions, and regulatory testing.
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Ownership of the board design may be divided among the medical-device company, an
engineering contractor, a chipset supplier, and a contract manufacturer. Agreements must define
ownership of schematics, layouts, component libraries, manufacturing files, test fixtures, and later
design improvements.

Possession of a physical circuit board does not automatically provide the information or legal
rights needed to reproduce, modify, or transfer the design.

Two companies can purchase the same sensors, FPGAs, GPUs, and transport chipsets and produce
substantially different systems. The difference comes from the architecture, layout, power design,
timing, isolation, firmware, manufacturing controls, and clinical application built around those
components.

| Embedded Firmware and FPGA Programming

Embedded firmware and FPGA programming determine how the circuit-board hardware behaves.
The board establishes the physical connections. Firmware and programmable logic initialize the
hardware, manage communications, process data, maintain timing, detect faults, and control the
complete system.

This intellectual property includes FPGA source code, FPGA bitstreams, HDL (Hardware Description
Language) modules, licensed FPGA IP cores, bootloaders, BSPs (Board Support Packages), device
drivers, microcontroller firmware, RTOS (Real-Time Operating System) configurations, sensor-
control software, SerDes configuration, motor-control firmware, safety-monitoring firmware,
calibration code, diagnostic code, secure-update systems, cryptographic keys, and product-
configuration files.

Firmware runs close to the hardware on microcontrollers, Arm processors, DSPs (Digital Signal
Processors), real-time processors, motor controllers, safety controllers, and FPGA-integrated
processor cores.

It controls startup, hardware initialization, power sequencing, sensor configuration, communication
buses, temperature monitoring, cable detection, video-format selection, FPGA loading, fault
handling, and service functions.

A surgical-video system may require firmware to initialize the image sensor, configure the serializer
and deserializer, establish the FPGA video path, detect the connected display, select the output
format, enable network transport, and confirm that the cooling system is operating.

The boot process determines how the product starts and which software is allowed to run. A
controlled boot sequence brings up power in the correct order, starts the primary processor, verifies
the bootloader, authenticates the firmware, loads the FPGA configuration, initializes the hardware,
loads calibration data, performs self-tests, and starts the operating system or clinical application.

Inside the medical-device video and robotic surgery value chain - Josh Leibovitch 10



Secure boot prevents altered or unauthorized firmware from running. A medical product may also
maintain primary, backup, recovery, and factory-test firmware images. A failed update can then be
reversed without replacing the circuit board.

Semiconductors require product-specific configuration. Image sensors need resolution, exposure,
gain, clock, and frame-rate settings. SerDes devices need link speed, equalization, control-channel,
and lock settings. Video-interface devices need timing, color-space, hot-plug, and output settings.

The chipset supplier provides technical documentation and reference software. The medical-
device manufacturer still has to determine the correct configuration for the complete product,
including different board revisions, sensors, cables, displays, and operating modes.

Device drivers translate software commands into the register operations and timing required by
the hardware. Supplier reference drivers may demonstrate the component but often lack the fault
recovery, logging, cybersecurity, and long-duration reliability required in a medical system.

An FPGA is programmed by loading a bitstream that defines its internal digital logic. Unlike normal
CPU (Central Processing Unit) software, FPGA logic performs many operations in parallel. This
makes it useful for deterministic video processing, multi-channel routing, stereo synchronization,
interface conversion, and real-time safety monitoring.

FPGA designs are written in languages such as Verilog, SystemVerilog, or VHDL (VHSIC Hardware
Description Language). Development tools convert the source design into a bitstream through
synthesis, placement, routing, and timing analysis.

The source code and bitstream are separate assets. Possession of the bitstream may allow
continued production of an existing board. It does not necessarily allow the manufacturer to
correct faults, support a replacement component, or develop a revised product.

Practical control requires the source files, timing constraints, tool versions, build scripts, simulation
files, IP-core licenses, release records, and encryption or signing keys.

FPGA designs frequently contain licensed IP cores for PCle, Ethernet, HDMI, DisplayPort, SDI, DDR
memory, MIPI, encryption, video scaling, and color conversion. The medical-device company may
own the custom logic while licensing the underlying core from another supplier.

The video-processing pipeline receives the image, applies defined processing functions, and sends
the result to the next device. The FPGA may handle color conversion, scaling, synchronization,
cropping, overlays, frame buffering, stereo correction, fluorescence combination, and routing to
several outputs.

Deterministic processing is essential for surgical video and robotic control. The processing delay
must remain predictable. A stable delay is often easier to validate and control than a lower
average delay that changes under load.

A surgical system may maintain a direct low-latency path for the surgeon while using separate
buffered or compressed paths for recording, network transport, Al processing, and teaching.
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Stereo video requires the left and right channels to remain synchronized. Firmware and FPGA logic
control camera triggering, frame counters, timestamps, missing-frame detection, image
rectification, and channel-delay correction.

Safety firmware is normally separated from the main clinical application. It may operate on a
separate microcontroller, independent FPGA logic, or another processor. It monitors emergency-
stop circuits, joint limits, motor torque, temperature, power faults, communication failures,
watchdog timers, and video loss.

A watchdog timer checks whether a processor or software task is still functioning. If the expected
response stops, the system can reset the processor, disable a function, stop movement, activate a
backup path, or enter a defined safe state.

Firmware updates must verify hardware compatibility, digital signatures, file integrity, power
stability, and compatibility with other installed components. An A/B update system stores the old
and new versions separately so the product can return to the previous version if the update fails.

Firmware is also a major cybersecurity target. Protection includes secure boot, encrypted firmware,
signed updates, anti-rollback controls, hardware security keys, protected debug interfaces, and
FPGA bitstream encryption.

JTAG (Joint Test Action Group) and other development interfaces can provide deep access to the
product and must be disabled, locked, or authenticated in production units.

Firmware ownership is often divided among semiconductor suppliers, engineering contractors, and
the medical-device company. Development agreements must define ownership and access to
source code, object code, FPGA projects, bitstreams, build systems, manufacturing software,
service tools, and security keys.

A company that owns the product name but cannot rebuild or modify its firmware does not have
full practical control of the product.

| Image-Processing Algorithms

Image-processing algorithms determine what the surgeon or physician sees. The hardware
captures and moves the pixels. The algorithms determine how those pixels are corrected,
enhanced, combined, and displayed.

Core image-processing functions include demosaicing, white balance, color correction, exposure
control, noise reduction, sharpening, edge enhancement, dynamic-range compression, lens-
distortion correction, image stabilization, and defective-pixel correction.

More advanced medical processing includes fluorescence extraction, visible-light and
fluorescence overlays, smoke reduction, glare reduction, blood-interference reduction, stereo
rectification, multispectral processing, image measurement, and anatomical overlays.
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The same sensor and lens can produce substantially different clinical images depending on the
processing pipeline. One manufacturer may produce better tissue color, lower noise, more stable
exposure, or clearer vessel visibility while using the same commercially available sensor as a
competitor.

Algorithms can operate inside an ISP, FPGA, GPU, or CPU. The location of each function affects
latency, processing flexibility, power consumption, and cost.

Functions that require predictable pixel-level timing normally remain in the ISP or FPGA. More
computationally intensive functions can operate on the GPU or application processor. The primary
surgical display path may remain separate from experimental enhancement or Al functions to
preserve reliability.

The image-processing pipeline is normally tuned to a specific sensor, optical assembly,
illumination source, display, and clinical application. An algorithm developed for one camera may
produce poor results on another camera without new calibration and tuning.

Processing intellectual property can be protected through patents, source-code control, trade
secrets, calibration files, tuning parameters, and restricted development tools.

Ownership may be divided among the medical-device company, an ISP supplier, a chipset
company, and outside software developers. Agreements must define who owns the source code,
improvements, tuning methods, and rights to apply the algorithms to other products.

The value of image processing is based on clinical usefulness rather than visual appearance alone.
A dramatic image is not automatically a better clinical image. Processing must preserve relevant
detail, avoid misleading artifacts, and operate within an acceptable latency.

| Interfaces, Codecs, and Video Transport

Interfaces, codecs, and video-transport systems move the processed image from the camera or
processor to displays, recorders, networks, and remote systems.

Physical interfaces include 3G-, 6G-, and 12G-SDI, HDM|, DisplayPort, USB (Universal Serial Bus),
copper Ethernet, fiber Ethernet, GMSL, MIPI A-PHY, SDVOE, and proprietary optical or electrical links.

Each interface has separate electrical, timing, bandwidth, cable-distance, connector, and error-
handling requirements. The product must detect the connected equipment, identify supported
formats, establish the link, and respond correctly when the cable is removed or the format
changes.

Codecs compress video to reduce bandwidth and storage requirements. Uncompressed transport
preserves the complete image and normally provides the lowest latency, but it requires high-
bandwidth connections. Visually lossless or low-compression systems reduce bandwidth while
attempting to preserve the image information required for clinical use.
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Heavier compression may be acceptable for recording, remote consultation, teaching, or
procedure review. It may be less appropriate for the primary surgeon display if it adds latency or
removes subtle image information.

The transport architecture determines which paths remain uncompressed, which use compression,
and what happens if a secondary network, recorder, or remote system fails.

SDVoOE uses 10-gigabit Ethernet infrastructure to distribute high-resolution video between
networked transmitters and receivers. It can connect endoscopy processors, robotic systems,
medical displays, recorders, control rooms, and remote-viewing environments.

Other AV-over-IP (Audio Visual over Internet Protocol) systems use different bandwidth,
compression, switching, and control methods. The selected technology affects latency, network
cost, image quality, scalability, and interoperability.

Transport intellectual property includes routing logic, stream prioritization, source and destination
control, latency management, compression configuration, stereo synchronization, encryption,
packet-loss handling, failover behavior, network monitoring, user permissions, and APIs
(Application Programming Interfaces).

The physical interface chipset or codec may be supplied by another company. The medical-device
manufacturer controls how the technology is configured, how it interacts with the clinical system,
and how the product responds to faults.

A competitor can purchase the same interface chipsets. That does not provide the complete
architecture required to distribute several synchronized video streams while protecting the primary
surgical image.

| Application Software and Clinical Workflow

Application software is the part of the system used by surgeons, physicians, nurses, technicians,
biomedical engineers, and hospital administrators.

It controls procedure setup, user access, source selection, video routing, recording, image capture,
annotation, measurement, device configuration, user preferences, system diagnostics, case
documentation, service access, and network settings.

The software may also connect to DICOM (Digital Imaging and Communications in Medicine), PACS
(Picture Archiving and Communication System), EMR (Electronic Medical Record) systems,
inventory platforms, and hospital networks.

Clinical workflow determines the order in which the user performs actions and how the system
responds during the procedure. It includes default settings, confirmation steps, warnings,
permissions, fault messages, and the handling of unexpected events.
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Usability is a direct safety and adoption issue. Menu depth, button placement, terminology, font
size, response time, warning language, and the number of steps required to complete an action
affect whether the product can be operated correctly under pressure.

The software must distinguish between routine actions and actions that can interrupt the
procedure. Switching the primary surgical source, stopping a recording, moving a robot, or
changing a safety setting may require different confirmation and authorization.

Application software coordinates the lower-level hardware and firmware. It sends commands to
the FPGA, video router, motor controller, recorder, and network transport while displaying the
resulting system status.

The most valuable application-software intellectual property may not be the appearance of the
interface. It may be the logic that coordinates procedure setup, user permissions, video paths,
robotic movement, recording, and fault recovery.

Outside developers frequently create part of the application software. Contracts must define
source-code ownership, repository access, build environments, documentation, third-party
libraries, and continued maintenance rights.

A medical-device company that cannot change the application software does not fully control the
clinical behavior or future development of the product.

| Robotics, Navigation, and Motion Control

Robotics, navigation, and motion control form a separate intellectual-property layer in systems
that move instruments, cameras, or other devices under computer control.

The physical robot can contain motors, encoders, gears, cables, joints, force sensors, torque
sensors, and position sensors purchased from outside suppliers. The protected value often exists in
how those components are controlled and coordinated.

Robotic-control intellectual property includes kinematic models, coordinate transformation, motion
scaling, tremor filtering, position control, velocity control, torque control, force control, gravity
compensation, friction compensation, joint-limit enforcement, workspace limits, collision detection,
instrument tracking, haptic feedback, and emergency stopping.

Kinematics define the relationship between joint movement and the final position and orientation
of the instrument. The system must translate the surgeon’s hand movement into controlled
movement at the instrument tip.

Motion scaling allows a large hand movement to create a smaller instrument movement. Tremor
filtering reduces unintended high-frequency movement. Force and torque control limit the pressure
the system can apply.
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Navigation adds the position of the instrument relative to the patient, anatomy, or medical image. It
can use optical tracking, electromagnetic tracking, robotic joint data, imaging systems, or a
combination of these methods.

Navigation intellectual property includes patient registration, instrument registration, coordinate
mapping, image-to-patient alignment, camera tracking, anatomical modeling, path planning,
augmented-reality overlays, and position-error correction.

Registration establishes the mathematical relationship between the physical patient and the
image or coordinate system used by the device. Inaccurate registration can place an overlay or
instrument indicator in the wrong location.

Real-time performance is required. Motion-control loops normally operate on dedicated
processors, DSPs, or FPGA logic. Their response must remain predictable and cannot change based
on recording activity, network traffic, or user-interface demand.

Independent safety systems monitor movement and stop or restrict the robot if the main controller
fails. Safety monitoring includes joint limits, motor current, torque, speed, communication status,
encoder agreement, and emergency-stop circuits.

Robotics intellectual property is commonly protected through patents covering mechanisms and
control methods, trade secrets covering tuning and calibration, source-code control, and
proprietary mechanical interfaces.

The individual motors and sensors may be commercially available. The difficult part is integrating
the mechanics, control algorithms, calibration, navigation, video, and safety systems into one
reliable medical product.

| Mechanical Design and Medical Packaging

Mechanical design converts the electronics, optics, and control systems into a product that can be
used, cleaned, moved, serviced, and stored in a clinical environment.

Mechanical intellectual property includes enclosure design, cart structure, robotic-arm geometry,
instrument construction, endoscope geometry, articulation systems, internal channel layout, cable
routing, connector placement, strain relief, sealing, cooling, service access, mounting systems,
sterile barriers, and draping interfaces.

The enclosure must protect the electronics while allowing airflow, cable access, cleaning, and
service. External surfaces must avoid unnecessary gaps, seams, sharp corners, and fluid traps.

Robotic arms and movable carts must remain stable during operation. Weight distribution, wheel
placement, braking, center of gravity, and arm reach affect safety and usability.

For endoscopes and robotic instruments, mechanical design includes the distal tip, internal shafts,
steering mechanisms, working channels, seals, joints, and instrument interfaces.

Inside the medical-device video and robotic surgery value chain - Josh Leibovitch 16



Material selection is critical. Materials may need to tolerate cleaning agents, sterilization, repeated
flexing, bodily fluids, heat, and mechanical load. Patient-contacting materials may also require
biocompatibility testing.

Tolerance control determines whether parts fit, align, seal, and move correctly. Optical assemblies
can require micron-level alignment. Robotic joints require controlled backlash, friction, and
mechanical repeatability.

Tooling, assembly fixtures, inspection gauges, and alignment equipment represent manufacturing
intellectual property even though they do not appear in the finished product.

Mechanical protection may rely on patents covering particular mechanisms or geometries and
trade secrets covering materials, tolerances, assembly methods, coatings, tooling, and process
controls.

A product with advanced electronics can still fail commercially or clinically if it is difficult to clean,
unstable, excessively noisy, hard to service, or uncomfortable to use.

| Instruments, Accessories, and Consumables

Instruments, accessories, and consumables form a separate product and intellectual-property
category. In robotic and endoscopic systems, they can generate recurring revenue after the capital
equipment has been installed.

These products include robotic instruments, endoscope accessories, catheters, surgical tips,
camera covers, sterile drapes, disposable scopes, calibration tools, light cables, procedure-specific
attachments, replacement cables, and sterile barriers.

The capital system may be sold, leased, or installed under a utilization agreement. Revenue can
continue through single-use or limited-use products required for each procedure.

Instrument intellectual property includes jow or end-effector geometry, articulation, force
transmission, sealing, cutting or grasping mechanisms, electrical connections, materials, and
sterile packaging.

The connection between the instrument and the capital system can also be proprietary. It may
include a mechanical coupling, electrical connector, software handshake, or authentication
process.

Accessories and consumables can contain EEPROM (Electrically Erasable Programmable Read-
Only Memory), RFID (Radio Frequency Identification), NFC (Near Field Communication), or a secure
cryptographic device.

The system can use this information to identify the instrument type, serial number, lot number,
manufacturing date, expiration date, calibration data, remaining uses, sterilization status,
compatibility, and authenticity.
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Authentication reduces the use of counterfeit or incompatible products. It can also create a
controlled aftermarket and recurring-revenue structure.

The system may track the number of times an instrument has been used and prevent operation
after a defined limit. This requires the instrument, firmware, database, and service system to
operate together.

Manufacturing methods are particularly important for disposable products. The manufacturer
must achieve sufficient performance at a cost low enough for routine use or disposal.

Intellectual property in this area is protected through patents, proprietary connectors,
cryptographic authentication, manufacturing trade secrets, tooling, regulatory files, and
distribution agreements.

Ownership of the instruments and accessories can be as strategically important as ownership of
the capital system because it controls procedure-level revenue and customer dependence.

| Manufacturing Processes and Test Systems

Manufacturing processes and test systems convert the product design into units that can be
produced repeatedly at an acceptable cost and quality level.

Manufacturing intellectual property includes the assembly sequence, torque specifications,
adhesive application, soldering methods, optical alignment, camera calibration, robotic-joint
calibration, cable termination, clean-room procedures, sterile assembly, packaging, programming,
inspection, and automated testing.

A design can work as a prototype and still fail during production. Commercial manufacturing
requires controlled materials, qualified suppliers, documented instructions, trained personnel,
repeatable equipment, and measurable acceptance criteria.

Optical systems may require automated lens alignment, color calibration, distortion measurement,
focus testing, and illumination testing. Robotic systems may require joint calibration, encoder
verification, torque testing, motion-limit testing, and emergency-stop testing.

Medical-video test systems measure image resolution, color accuracy, noise, signal stability, video
latency, stereo alignment, cable distance, bit-error rate, power consumption, temperature,
electrical isolation, interface operation, and network performance.

Robotic test systems measure position accuracy, repeatability, joint movement, motor current,
force, torque, emergency stopping, sensor agreement, and communication timing.

The test fixtures, software, calibration standards, and acceptance criteria contain detailed
information about how the product is expected to perform. These assets may be owned by the
medical-device company, engineering contractor, or contract manufacturer.

Process intellectual property also includes methods for improving production yield, reducing scrap,
controlling component variation, and determining whether a failed unit can be reworked.
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A contract manufacturer may develop important production knowledge while building the product.
Agreements must determine ownership of fixtures, procedures, process improvements, test
software, tooling, and manufacturing data.

A company that owns the design but cannot reproduce the assembly and test process remains
dependent on the existing manufacturer.

Manufacturing transfer requires access to tooling, work instructions, programming equipment, test
systems, calibration data, supplier information, software, and trained knowledge. Without those
assets, moving production to another facility can require redevelopment rather than a normal
transfer.

| Clinical, Regulatory, and Quality-System Assets

Clinical, regulatory, and quality-system assets are major proprietary assets even though they are
not always treated as traditional patent or software intellectual property.

These assets include product requirements, intended use, risk-management files, design history,
verification results, validation results, clinical data, electrical-safety testing, electromagnetic-
compatibility testing, biocompatibility testing, software documentation, cybersecurity
documentation, manufacturing specifications, labeling, complaint records, and post-market data.

In the United States, the FDA (Food and Drug Administration) regulatory pathway may include a
510(k) premarket notification, De Novo classification request, or PMA (Premarket Approval).

A 510(k) generally relies on substantial equivalence to a legally marketed device. De Novo is used
for certain novel low- or moderate-risk devices without an appropriate predicate. PMA is used for
high-risk devices and requires a more extensive demonstration of safety and effectiveness.

In Europe, market access normally requires CE (European Conformity) marking under the MDR
(Medical Device Regulation). The manufacturer must establish the product classification,
conformity-assessment requirements, clinical evidence, technical documentation, and post-
market obligations.

The regulatory submission and supporting evidence can represent years of work. A competitor
cannot copy the physical product and automatically gain access to the original manufacturer’s
testing, clinical evidence, regulatory position, or quality records.

The QMS (Quality Management System), normally structured around ISO (International
Organization for Standardization) 13485, controls how the product is designed, manufactured,
released, and monitored.

The QMS controls design activities, documents, suppliers, personnel training, production, inspection,
complaints, CAPA (Corrective and Preventive Action), product changes, internal audits,
management review, and post-market surveillance.
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The quality system determines whether the company can manufacture consistently, pass audits,
investigate failures, control changes, and keep the product on the market.

Regulatory and quality documentation must remain connected to the actual product. Hardware,
firmware, software, supplier, and manufacturing changes can require new testing, risk review,
documentation updates, or an additional regulatory submission.

Ownership and control of the technical and regulatory files are important during financing,
licensing, acquisition, and manufacturing transfer. Missing or incomplete records can reduce the
value of otherwise strong technology.

| Al Models and Clinical Datasets

Al models and clinical datasets form an expanding intellectual-property layer in medical imaging,
video analysis, and robotic systems.

Al functions include image enhancement, anatomy segmentation, instrument recognition, lesion
detection, surgical-phase recognition, procedure documentation, image measurement, robotic
navigation, workflow assistance, complication detection, and decision support.

The protected assets include the model architecture, trained model weights, training methods,
feature extraction, inference software, performance data, and update procedures.

The dataset used to train and validate the model may be more valuable than the model
architecture. A medical dataset can contain endoscopic video, surgical video, imaging studies,
instrument movement, procedure stages, clinical annotations, and patient outcomes.

A useful dataset requires adequate volume, clinical diversity, accurate annotation, consistent
formatting, known data origin, privacy controls, commercial-use rights, institutional permissions,
and defined validation groups.

High-quality surgical-video annotation is expensive and time-consuming. Clinicians or trained
specialists may need to identify anatomy, instruments, tissue boundaries, procedure stages, or
complications across large numbers of frames.

A model trained on narrow or unrepresentative data may perform poorly across different hospitals,
patient groups, devices, lighting conditions, or clinical workflows.

Ownership must be clear. The company needs the right to use the source data for research,
commercial model development, regulatory submissions, and future product updates.

Hospital agreements may restrict data use, redistribution, model training, international transfer, or
commercialization. Patient consent and privacy requirements may create additional limits.

Al functions can create separate regulatory requirements depending on their intended use. A
model that improves image appearance may be treated differently from a model that identifies
disease or recommends a clinical action.
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The company must define whether the model is fixed when released or can change after
deployment. Model updates require controlled development, validation, versioning, performance
monitoring, and regulatory change management.

The Al processor may be commercially available. The defensible asset is the model, training data,
validation evidence, clinical integration, and legal right to continue improving the system.

| Brand, Licensing, and Distribution Rights

Brand, licensing, and distribution rights determine how the technical and regulatory assets are
commercialized.

Brand assets include the company name, product name, trademarks, logos, product appearance,
clinical reputation, published evidence, physician relationships, and hospital references.

A recognized medical brand can reduce sales resistance, support premium pricing, and improve
confidence in a new product. Hospitals consider the manufacturer’s service history, installed base,
training, and support capabilities alongside the technical specifications.

Licensing agreements control technology obtained from universities, research institutions,
semiconductor companies, software developers, and other medical-device companies.

A license defines the territory, field of use, product category, exclusivity, royalties, minimum
payments, manufacturing rights, sublicensing rights, modification rights, ownership of
improvements, patent responsibility, change-of-control provisions, and termination conditions.

The medical-device company may own the finished system while licensing a critical processing
method, patented mechanism, software library, transport interface, or imaging technology.

OEM (Original Equipment Manufacturer) and private-label agreements allow one company to
manufacture a product that another company sells under its own name. The agreement
determines branding, regulatory responsibility, technical support, warranty, exclusivity, product
changes, and ownership of the customer relationship.

Distribution rights determine who can sell, install, train, and service the product in a particular
territory, market, hospital system, or clinical specialty.

A distributor may provide local sales coverage, hospital relationships, inventory, importation, tender
participation, credit, installation, training, technical support, first-line service, and returns
management.

Distribution agreements can be exclusive or nonexclusive. Exclusivity may depend on sales targets,
inventory commitments, service capability, or geographic coverage.

The company must determine who controls the customer relationship, regulatory registration,
product data, service records, and right to continue selling after the agreement ends.

Inside the medical-device video and robotic surgery value chain - Josh Leibovitch 21



Commercial rights may be separated from technical ownership. One company may own the
patents, another may manufacture the product, another may hold the local regulatory registration,
and another may control distribution.

During financing or acquisition, buyers examine the complete chain of title. They review whether the
company owns or controls the patents, software, firmware, designs, data, regulatory files, brand,
manufacturing rights, and distribution agreements required to continue operating.

A strong product can lose value if a critical license can be terminated, a distributor controls the
market, a contractor owns the source code, or a supplier owns the tooling required for production.

The complete commercial position depends on more than technical invention. It depends on
whether the company has enforceable rights to manufacture, modify, register, distribute, service,
and continue improving the product.

Taken together, the complete value of a medical-device company is the combination of all of
these layers—from chipsets and optics through firmware, algorithms, robotics, mechanical design,
manufacturing, regulatory assets, Al, and commercial rights—working as a coherent, protected,
clinically validated, and manufacturable system.
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e Design Outputs

Engineers and specification developers convert clinical needs into technical requirements that can
be designed, tested, manufactured, regulated, and supported as a finished medical device. They sit
between the hospital, surgeon, physician, nurse, or biomedical engineer requesting a capability
and the suppliers, software developers, contract manufacturers, and regulatory teams responsible
for producing the final product.

The clinician identifies the problem. The engineering and specification-development teams
determine exactly what the product must do, how its performance will be measured, how it will be
manufactured, and how the company will prove that it is safe and effective.

| Converting Clinical Needs into Product Requirements

A surgeon may request a clearer image, smaller instrument, greater reach, lower latency, improved
depth perception, easier cleaning, or more accurate robotic movement. Those requests describe
the clinical need, but they are not yet engineering specifications.
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The engineering team converts them into measurable requirements. A request for a clearer image
may become requirements for resolution, color accuracy, contrast, noise, dynamic range, frame
rate, illumination, or display performance. A request for faster response may become a defined
maximum delay from image capture to display or from surgeon input to robotic movement.

A smaller instrument creates requirements for shaft diameter, camera size, articulation, working
channels, mechanical strength, wiring, illumination, sealing, heat, and manufacturing tolerances. A
request for easier cleaning creates requirements for surface geometry, material compatibility, fluid
resistance, disassembly, reprocessing instructions, and validated cleaning procedures.

The specification-development process defines what the product is intended to do, who will use it,
where it will be used, which procedures it will support, and which conditions are outside its intended
use. These decisions affect the engineering design, risk analysis, regulatory classification, testing,
clinical evidence, labeling, manufacturing process, and commercial claims.

| The Specification Developer

The specification developer is the company or organization responsible for defining the finished
device, even when another company designs or manufactures part of it.

A specification developer may own the product without owning a factory. It may use outside
engineering firms, contract manufacturers, component suppliers, software developers, and testing
laboratories. It may purchase complete subsystems, license technology, or private-label certain
components.

The specification developer controls the intended use, product requirements, system architecture,
approved design, labeling, manufacturing specifications, test methods, approved suppliers,
regulatory strategy, and product changes.

It cannot avoid responsibility for the finished product simply because an outside company
designed the circuit board, wrote the software, built the enclosure, manufactured the device, or
performed the testing.

The value of the specification developer is its ability to combine clinical knowledge, engineering,
intellectual property, regulatory control, manufacturing, and commercialization into one controlled
product.

| Systems Engineering
Systems engineering controls how the complete device operates rather than focusing on only one

component.

The systems engineer defines how the cameraq, optics, image processors, circuit boards, software,
motors, sensors, power systems, network connections, mechanical assemblies, and safety systems
work together.
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This work includes the system architecture, block diagrams, interface definitions, performance
budgets, timing requirements, power requirements, fault behavior, risk controls, and allocation of
functions between hardware and software.

In a medical-video system, the systems engineer may determine that the primary surgical image
requires a direct low-latency path while recording, remote collaboration, and Artificial Intelligence
functions operate through separate paths.

The systems engineer may also determine which functions require an FPGA (Field Programmable
Gate Array), which can operate on a CPU (Central Processing Unit), which require a GPU (Graphics
Processing Unit), and which safety functions must remain independent from the main application.

Systems engineering is also responsible for resolving conflicts between subsystems. A more
powerful processor may improve image processing but increase heat and power. A smaller
camera may improve access but reduce space for optics, shielding, illumination, and cooling. A
tighter mechanical tolerance may improve performance but increase manufacturing cost and
reduce production yield.

The systems engineer manages these tradeoffs across the complete product.

| Electrical Engineering
Electrical engineers design the circuit boards, power systems, high-speed interfaces, clocks,

electrical isolation, grounding, shielding, and protection circuits.

They select processors, FPGAs, image sensors, memory, power regulators, connectors, Ethernet
chipsets, video-interface devices, motor drivers, and protective components.

In a medical-video product, electrical engineers manage signal integrity, timing, power
sequencing, electromagnetic emissions, immunity, isolation, and thermal load. The same
semiconductor can perform differently depending on board layout, power quality, clocking,
connector selection, cable length, grounding, and the surrounding electrical environment.

Electrical engineers also define how the product handles brownouts, short circuits, cable
disconnection, electrostatic discharge, power interruption, and component failure.

The electrical design must support the intended clinical performance while meeting medical
electrical-safety and EMC (Electromagnetic Compatibility) requirements.

| Mechanical Engineering

Mechanical engineers convert the electronics, optics, sensors, and control systems into a physical
product.

They design the enclosure, medical cart, robotic arm, camera head, endoscope shaft, surgical
instrument, mounting systems, cable paths, seals, cooling, and service access.
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Mechanical requirements include size, weight, center of gravity, reach, stiffness, vibration, impact
resistance, fluid resistance, cleanability, acoustic noise, and material compatibility.

Robotic systems require additional control of joint geometry, backlash, friction, cable tension,
instrument loading, and mechanical repeatability.

Endoscopes and minimally invasive instruments require control of distal-tip geometry, articulation,
working channels, seals, shaft flexibility, and the physical relationship between the camera,
illumination, and instrument channels.

Mechanical engineers must also consider how the product will be assembled, cleaned, disinfected,
sterilized, draped, transported, and serviced.

A technically advanced product can still fail if it is unstable, difficult to clean, too heavy, noisy,
poorly balanced, or difficult to repair.

| Optical Engineering

Optical engineers design the lens system, illumination path, optical filters, sensor alignment,
fluorescence channel, stereo geometry, and calibration process.

They determine how light travels from tissue to the image sensor and how the system maintains
focus, brightness, contrast, color accuracy, and depth over the intended working distance.

The optical engineer may specify lens materials, optical coatings, focal length, field of view, depth
of field, distortion limits, wavelength response, filter transmission, light-guide efficiency, sensor
placement, and stereo-camera spacing.

These requirements affect mechanical tolerances, camera-head construction, image-processing
algorithms, manufacturing fixtures, and calibration procedures.

A commercially available image sensor does not determine the final image quality. The optical
design determines what information reaches the sensor and whether the image is stable and
clinically useful.

| Software and Firmware Engineering

Firmware engineers control the hardware at the component and circuit-board level. Application-
software engineers control the higher-level user interface, clinical workflow, recording, data
management, and network functions.

Firmware initializes processors, sensors, serializers, deserializers, FPGAs, video interfaces, motors,
and safety controllers. It controls startup, power sequencing, timing, communication, fault
detection, calibration, and hardware recovery.

Application software controls procedure setup, user access, source selection, video routing,
recording, annotation, device configuration, patient-data handling, system diagnostics, and
connections to hospital systems.

Inside the medical-device video and robotic surgery value chain - Josh Leibovitch 26



The distinction between firmware and application software is not always absolute. Firmware
generally operates close to the hardware and controls timing-sensitive functions. Application
software manages the product at the user and workflow level.

Software requirements define how the product responds to commands, faults, network changes,
disconnected accessories, unsupported formats, power interruption, failed updates, and
unauthorized access.

They also define user permissions, audit records, cybersecurity protections, data retention, and the
behavior of the system during an active procedure.

| Robotics and Control Engineering

Robotics and control engineers develop the systems that convert surgeon input into controlled
movement.

Their work includes kinematic models, coordinate transformation, motion scaling, tremor filtering,
motor-control loops, position sensing, force and torque limits, instrument tracking, collision
monitoring, and emergency stopping.

The robotics engineer determines how a movement at the surgeon console becomes movement at
the instrument tip. The system must account for joint geometry, mechanical friction, backlash,
cable stretch, motor response, sensor accuracy, and communication delay.

Control loops may operate thousands of times per second on dedicated processors, digital signal
processors, or FPGA logic.

The control system must detect excessive force, unexpected motion, encoder disagreement, motor
stall, communication loss, mechanical obstruction, and failure of a position or force sensor.

The robotics engineering function also works closely with video and navigation teams because
instrument movement, camera position, overlays, and displayed anatomy must remain
synchronized.

| Human-Factors and Usability Engineering

Human-factors engineering studies how surgeons, physicians, nurses, technicians, and service
personnel interact with the product.

This work affects the user interface, physical controls, alarms, connector placement, procedure
setup, labeling, cleaning instructions, and sequence of required actions.

A technically functional product can still create risk if the menus are confusing, buttons are poorly
placed, alarms are unclear, connectors can be confused, or important information is difficult to
find.

Human-factors engineers observe users performing realistic tasks and identify where errors,
hesitation, confusion, or unnecessary workload occur.
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The results are converted into design requirements. These may affect screen layout, button size,
warning language, color use, control placement, confirmation steps, default settings, or the order in
which the system presents information.

Usability is not limited to the surgeon. The product must also be set up, cleaned, transported,
maintained, and repaired correctly by other hospital personnel.

| Manufacturing Engineering

Manufacturing engineers determine how the design will be assembled, calibrated, inspected,
tested, and repaired at commercial production volumes.

A prototype may be assembled by the engineers who designed it. A production unit must be
assembled repeatedly by trained personnel following controlled instructions while normal variation
exists in materials, components, tooling, and labor.

Manufacturing engineers develop the assembly sequence, work instructions, tooling, fixtures,
programming stations, calibration procedures, inspection methods, and final test systems.

They also work with the design team to reduce unnecessary complexity, improve production yield,
reduce scrap, control process variation, and make the product easier to assemble and service.

A design that performs well but cannot be manufactured consistently is not a finished commercial
design.

Manufacturing engineering is also responsible for production transfer. The controlled product must
move from development into pilot production and then into commercial manufacturing without
losing the design intent.

| Quality Engineering

Quality engineers establish the controls used to confirm that the design and manufacturing
process meet the approved requirements.

They support risk management, supplier qualification, document control, inspection,
nonconforming-material review, CAPA (Corrective and Preventive Action), complaint handling, and
design-change control.

Quality engineering does not replace the design team. It ensures that the design process is
controlled, documented, reviewed, and supported by evidence.

Quality engineers also help determine whether a change requires new testing, risk review, supplier
qualification, manufacturing validation, or regulatory review.

They confirm that the released product matches the controlled specifications and that production
failures are investigated rather than accepted without explanation.
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| Regulatory Engineering
Regulatory engineers and regulatory specialists determine how the intended use, design, product

claims, risk classification, testing, clinical evidence, and manufacturing structure fit within the
applicable regulatory pathway.

They work with the engineering team throughout development so the necessary evidence is
created as the product is designed rather than reconstructed after the design is complete.

A design decision can affect product classification, required testing, clinical evidence, labeling,
cybersecurity documentation, and market access.

Regulatory engineering also controls how much the company can claim about the product.
Marketing and sales claims must remain consistent with the approved or cleared intended use and
the supporting evidence.

A product may technically perform additional functions that the company is not authorized to
promote for clinical use.

| Cybersecurity Engineering

Cybersecurity engineers define how the product protects its software, firmware, network
connections, update process, user access, cryptographic keys, and stored data.

Cybersecurity requirements can affect processor selection, memory, operating-system
architecture, network design, hardware security devices, software partitioning, and the ability to
update installed products.

The cybersecurity engineer may define secure boot, signed firmware, encrypted communication,
access control, audit logging, vulnerability monitoring, certificate management, and software-
update requirements.

Security must be designed into the system. It cannot always be added after the hardware and
software architecture has been completed.

A product without sufficient memory, processing capacity, secure storage, or update capability
may require a hardware redesign when new cybersecurity requirements or vulnerabilities appear.

| Design Inputs

Design inputs are the measurable requirements that the finished product must satisfy.

They include clinical, technical, safety, usability, regulatory, manufacturing, service, and
performance requirements.

For a medical-video or robotic system, design inputs may define image resolution, frame rate,
latency, field of view, operating distance, motor accuracy, force limits, electrical isolation, cleaning
methods, cybersecurity, service life, storage conditions, supported interfaces, and compatibility
with other equipment.
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The requirements must be measurable. A statement that the image must be high quality is not
sufficient. The company must define what image quality means through measurable limits for
resolution, noise, contrast, color accuracy, latency, or another relevant characteristic.

A requirement should be clear enough that an independent test can determine whether the
product passes or fails.

| Design Outputs

Design outputs are the materials that define how the product will be built and tested.

They include electrical schematics, printed-circuit-board layouts, mechanical drawings, optical
specifications, software source code, firmware, FPGA projects, bills of material, manufacturing
instructions, test procedures, labeling, packaging requirements, and acceptance criteria.

The design outputs must trace back to the approved design inputs. The company must be able to
identify which part of the design satisfies each requirement.

The design output is not limited to the finished drawing or source code. It also includes the

information required to manufacture, inspect, program, calibrate, package, and release the device.

| Verification

Verification confirms that the design outputs meet the technical requirements.

A video system may be verified for resolution, latency, color accuracy, frame stability, electrical
isolation, cable distance, network performance, and electromagnetic compatibility.

A robotic system may be verified for positioning accuracy, repeatability, force limits, motor
response, emergency stopping, communication timing, and sensor performance.

Verification asks whether the product was designed and built according to the specification.

Testing must use defined methods, calibrated equipment, approved samples, and documented
acceptance criteria.

A test that produces interesting information but has no predetermined acceptance criteria does
not by itself establish that the design requirement was met.

| Validation

Validation confirms that the finished product meets the user needs and intended clinical use.

A system may pass technical verification and still fail validation. The video may meet its resolution
and latency requirements while surgeons find the controls confusing or the camera angle
unsuitable for the intended procedure.

A robotic instrument may meet its movement and force specifications while remaining difficult to
position or use during a realistic clinical workflow.
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Validation is normally performed using production-equivalent devices in representative use
conditions with the intended users.

Verification asks whether the company built the product correctly. Validation asks whether the
company built the correct product.

| Requirements Traceability
Requirements traceability connects the original clinical need to the engineering requirement,

design output, risk control, verification method, validation result, and released product.

A traceability system allows the company to show why each feature exists, how it was
implemented, how it was tested, and what risk it controls.

Traceability becomes especially important when the company changes a component, updates
software, adds a feature, or investigates a field failure.

The company can identify which requirements, risks, tests, and documents are affected by the
change rather than relying on informal knowledge.

| Interface Control
Interface specifications define how separate components and subsystems connect and

communicate.

An interface can carry power, video, control data, timing, mechanical force, identification
information, or safety signals.

The interface specification can define connector type, pin assignment, voltage, timing,
communication protocol, data format, packet structure, cable length, mechanical tolerance,
startup sequence, and fault response.

Interface control is especially important when different companies design separate parts of the
product.

One company may design the camera, another the video processor, another the robotic arm, and
another the recording system. The specification developer must define the boundaries clearly
enough that the complete product works when the parts are combined.

Two subsystems can each meet their own specifications and still fail together because they use

different assumptions about timing, grounding, power, data format, startup, or error handling.

| Supplier Specifications

The specification developer controls the requirements for purchased components and custom
supplier products.

Inside the medical-device video and robotic surgery value chain - Josh Leibovitch



A supplier specification can define materials, dimensions, electrical performance, firmware version,
software configuration, labeling, packaging, inspection, calibration, traceability, and required
certifications.

A supplier should not be able to change a critical component, material, process, production
location, or firmware version without review by the medical-device company.

An apparently minor supplier change can affect biocompatibility, sterilization, signal integrity,
software, image quality, electromagnetic compatibility, mechanical performance, or regulatory
documentation.

The supplier agreement should define change-notification requirements, inspection

responsibilities, failure investigation, corrective action, and ownership of custom tooling or designs.

| Tolerances and Design Margin

A tolerance defines the acceptable variation around a required value.

Tolerances can apply to mechanical dimensions, optical alignment, voltage, timing, force,
temperature, image quality, motor movement, color, or other product characteristics.

The tolerance must be wide enough for practical manufacturing and narrow enough to protect
product performance.

Requirements that are unnecessarily tight increase cost, reduce yield, and make the product
harder to manufacture. Requirements that are too loose allow variation that can affect clinical use.

Tolerance analysis evaluates how variation across several components combines in the finished
system.

A lens, sensor mount, housing, and calibration procedure may each remain within individual
specifications while their combined variation places the final camera outside acceptable focus or
alignment.

Design margin allows the product to continue meeting its requirements when normal variation,
temperature, aging, cable length, component replacement, or environmental conditions are
introduced.

A design that only works under ideal conditions is not a robust production design.

| Prototypes and Production-Equivalent Units

Engineering teams use several types of prototypes during development.

A proof-of-concept unit demonstrates that the basic technical idea is possible. It may use
temporary components, exposed wiring, development boards, or laboratory software.

An engineering prototype develops the system architecture and allows the team to test the major
functions.
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A verification unit is built to test the approved technical requirements. A validation unit represents
the finished product closely enough to confirm its intended use.

A production-equivalent unit uses the approved components, materials, software, tooling,
assembly methods, and manufacturing processes expected in commercial production.

A functional prototype is not automatically suitable for regulatory testing, clinical validation, or
manufacturing qualification.

The company must control which prototype stage is being used and what conclusions can
reasonably be drawn from it.

| Design Reviews

Design reviews provide formal points where the company evaluates the product before moving to
the next development stage.

Reviews can cover clinical requirements, system architecture, risk, optics, electronics, software,
cybersecurity, mechanical design, manufacturing readiness, verification readiness, validation
readiness, and production transfer.

The review process identifies unresolved requirements, interface conflicts, supplier dependence,
test gaps, safety issues, manufacturing problems, and regulatory risks before the company
commits additional time and capital.

A design review is not simply a project update. It should determine whether the available evidence
supports moving forward.

Unresolved issues should be documented, assigned, and closed rather than accepted informally.

| Design Changes

Design changes must remain controlled during development and after commercial release.

A change can affect requirements, risk controls, testing, manufacturing, labeling, service
procedures, installed products, and regulatory status.

Engineering change control records what is changing, why it is changing, which products are
affected, what testing is required, and when the change becomes effective.

The change review also determines whether existing inventory, supplier orders, service parts, and
installed products are affected.

A replacement component, firmware update, revised adhesive, new cable, altered circuit-board
layout, or different contract manufacturer may appear limited to one area. The engineering team
must evaluate the effect on the complete product.
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| Outside Engineering Contractors
Medical-device companies frequently use outside engineering firms for specialized work in optics,

circuit-board design, robotics, embedded software, cybersecurity, testing, or manufacturing.

Contractors provide expertise and can reduce the need to maintain every engineering discipline
internally.

The development agreement must clearly define ownership of the work product. This includes
specifications, drawings, schematics, source code, firmware, FPGA projects, algorithms, simulations,
prototypes, test fixtures, manufacturing files, and documentation.

Payment for engineering work does not automatically establish ownership of every tool, library,
reference design, or pre-existing technology used by the contractor.

The agreement should distinguish between background intellectual property owned before the
project, newly created product-specific intellectual property, third-party technology, and later
improvements.

| Engineering File and Source-Code Control

Legal ownership has limited value if the medical-device company does not have practical access
to the engineering files.

The company should control or have continuing access to current schematics, drawings, source
code, FPGA projects, build systems, simulation files, software repositories, passwords, test methods,
programming tools, and supplier documentation.

Possession of a compiled software file or FPGA bitstream does not necessarily allow the company
to modify or rebuild it.

The company must also know which development-tool versions, third-party licenses, and
cryptographic keys are required to reproduce the released product.

A company that owns the brand but cannot update the firmware, modify the circuit board, or
recreate the manufacturing test system does not have complete practical control.

| Engineering Knowledge Retention

Important engineering knowledge can remain in the memory of one engineer or contractor instead
of in controlled documentation.

The company must document design rationale, known limitations, component dependencies,
calibration methods, failure modes, test procedures, and troubleshooting information.

Design rationale explains why a component, material, interface, algorithm, or architecture was
selected.
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This information becomes important when the company needs to replace an obsolete part,
investigate a failure, respond to a regulator, transfer manufacturing, or develop the next product
generation.

Engineer turnover should not remove the company’s ability to understand and maintain its own
device.

| Product Cost and Technical Tradeoffs
Engineers and specification developers control the relationship between product performance,

manufacturing cost, and commercial value.

A more powerful processor, higher-resolution sensor, redundant safety system, custom connector,
tighter tolerance, or more expensive optical assembly may improve performance while increasing
the bill of materials, heat, development cost, testing burden, and product size.

The engineering team must determine which capabilities are required for clinical performance,
which create meaningful differentiation, and which increase cost without sufficient benefit.

Cost reduction must not eliminate the design margin required for reliability, safety, manufacturing
variation, and future component changes.

The least expensive design is not necessarily the most commercially successful design. A product
that fails frequently, is difficult to manufacture, or cannot be supported will create costs after
release that exceed the initial component savings.

| Product Platforms and Configurations
A specification developer may create one core platform and release several product versions from

it.

The products may share the same circuit board, enclosure, firmware, or software while differing in
the number of video channels, enabled features, accessories, robotic instruments, software
licenses, or clinical applications.

Configuration control identifies which hardware, software, firmware, labeling, accessories,
manufacturing instructions, and test procedures belong to each product version.

Without configuration control, the company can manufacture or ship a combination that was
never tested, validated, or approved.

The platform strategy can reduce development cost and simplify manufacturing, but each

commercial configuration must remain clearly defined and controlled.

| Product Ownership and Control

The engineering and specification-development function ultimately controls what the product is,
how it is built, how it is tested, and how it changes.
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Hospitals and clinicians identify the need. Semiconductor companies, optical suppliers, software
developers, engineering contractors, and manufacturers provide important technologies and
services. The specification developer combines those contributions into one controlled medical

device.

A company that owns the product name but does not control the specifications, engineering files,
source code, supplier requirements, test methods, design history, and manufacturing
documentation does not fully control the product.

The practical value of the specification developer is its ability to define the device, coordinate the
engineering disciplines, control outside suppliers, maintain the development record, manage
product changes, and continue improving the system after commercial release.
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Regulatory Specialists as Product Control

Regulatory specialists determine how a medical device can be legally developed, tested,

manufactured, labeled, marketed, modified, and kept on the market. They connect the product’s

intended clinical use with the regulatory requirements that apply in each country.
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The engineering team determines how the product works. The regulatory team determines what
evidence the company must produce to prove that it works safely and whether the resulting
product can be legally sold for the intended use.

Regulatory work begins before the product is fully designed. Early decisions involving intended use,
clinical claims, product classification, software functions, accessories, patient contact, sterilization,
connectivity, and artificial intelligence can change the regulatory pathway, development cost,
testing requirements, and time required to reach the market.

A regulatory specialist must understand the product at a technical and clinical level. The role
requires more than completing forms or submitting documents. The specialist must understand
how the optics, electronics, software, robotics, manufacturing process, user interface, labeling, and
clinical workflow affect the legal status of the complete device.

| Intended Use

The intended use defines the general medical purpose of the device. It describes what the product
is intended to accomplish and establishes the basic boundary of the regulated product.

A medical-video system may be intended to display images during minimally invasive surgery. A
robotic system may be intended to assist a surgeon in controlling instruments during defined
procedures. An image-analysis system may be intended to enhance visualization, identify
anatomical structures, provide measurements, or support a diagnosis.

These are not interchangeable claims. A system that only displays an image may follow a different
regulatory pathway from a system that analyzes the image and provides diagnostic or treatment
guidance.

The intended use affects product classification, regulatory pathway, testing, clinical evidence,
software documentation, labeling, sales claims, and post-market responsibilities.

The regulatory specialist works with engineering, clinical, marketing, and legal teams to make sure
that the intended use is accurate, supportable, and consistent across the submission, labeling,
website, instructions, training material, and sales presentation.

A company cannot obtain clearance for one limited use and then market the device for a broader

clinical purpose without evaluating whether additional regulatory authorization is required.

| Indications for Use

The indications for use provide more specific information about how, where, and for whom the
device is intended to be used.

They can identify the relevant medical condition, procedure, anatomical location, patient
population, care environment, or intended user.
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A surgical camera may be indicated for use during particular endoscopic procedures. A navigation
system may be indicated for a defined surgical specialty. A robotic platform may be limited to
particular instruments, procedures, anatomical areas, or patient groups.

Small differences in wording can materially change the scope of the product. A claim that a system
displays information is different from a claim that it detects disease. A claim that software assists
the physician is different from a claim that it independently recommends treatment.

The regulatory specialist reviews these claims before the engineering design and clinical program
are fixed. An aggressive claim may create a larger commercial opportunity, but it may also require
more testing, greater clinical evidence, a higher device classification, or a more demanding
regulatory pathway.

| Product Classification

Product classification determines the level of regulatory control applied to the device.

In the United States, the Food and Drug Administration classifies medical devices as Class |, Class Il
or Class lll. Regulatory control generally increases from Class | through Class Ill. Most Class | devices
are exempt from premarket notification, most Class Il devices require a 510(k) premarket
notification, and most Class IIl devices require PMA (Premarket Approval), although the exact
requirements depend on the specific device type and classification regulation.

Classification is based on the risks associated with the device and the controls required to provide
reasonable assurance of safety and effectiveness. The product name alone does not determine its
classification. The intended use, mode of operation, patient contact, level of invasiveness, software
function, and consequences of failure all matter.

A basic video-routing device may have a different classification from a surgical camera, robotic
instrument, diagnostic image-analysis system, or patient-connected imaging device.

Accessories also require classification analysis. A component marketed specifically to support a
medical device may itself be regulated as a medical-device accessory. The accessory may have a
different risk profile and classification from the parent device.

In Europe, classification under the Medical Device Regulation is also risk based. The regulatory
specialist evaluates the device against the applicable classification rules and determines whether
it falls within Class |, Class lla, Class llb, or Class I

Classification affects whether the manufacturer can complete a limited self-assessment or must
use an independent Notified Body for conformity assessment. A Notified Body is an organization
designated by a European Union Member State to perform conformity-assessment activities where
third-party review is required.
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| Regulatory Strategy

The regulatory strategy explains how the company plans to obtain and maintain authorization in
each target market.

It identifies the intended use, classification, submission pathway, required standards, testing
program, clinical evidence, software documentation, manufacturing controls, and planned
submission sequence.

The strategy also considers which market should be entered first. A company may pursue the
United States before Europe, Europe before the United States, or several regions in parallel.

The decision affects product requirements, labeling, clinical studies, quality-system development,
manufacturing validation, and cash requirements.

The regulatory specialist should identify major risks early. These can include the absence of a
suitable predicate device, a novel artificial-intelligence function, a new robotic mechanism, unclear
classification, insufficient clinical evidence, an unqualified contract manufacturer, or dependence
on testing that cannot begin until the final production design is available.

The regulatory strategy should be updated as the product changes. A strategy based on a basic
visualization function may no longer apply if the company adds diagnostic analysis, robotic
movement, remote control, new patient contact, or a new clinical indication.

| United States Market Pathways

The Food and Drug Administration provides several pathways for medical devices depending on
classification, novelty, risk, and intended use. These include exemption from premarket submission,
510(k) premarket notification, De Novo classification, and PMA, along with more specialized
pathways for limited categories of products.

The regulatory specialist determines which pathway applies and whether the company has
sufficient technical and clinical evidence to support it.

The choice is not based only on which pathway is faster or less expensive. The selected pathway
must match the product’s classification, intended use, technological characteristics, and risk.

| 510(k) Premarket Notification

A 510(k) submission demonstrates that the proposed device is substantially equivalent to a legally
marketed predicate device.

Substantial equivalence does not mean that the products are identical. The company compares
the intended use, technological characteristics, performance, and risks of the new device with one
or more legally marketed devices.

The submission must explain why any technological differences do not create new questions of
safety or effectiveness and must provide testing sufficient to support that conclusion.
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The regulatory specialist searches the Food and Drug Administration classification and clearance
databases to identify possible predicates. A product that appears commercially similar may not be
a legally useful predicate if its intended use, product code, technology, or regulatory history is
materially different.

A weak predicate strategy can delay the submission or result in a finding that the device is not
substantially equivalent.

The 510(k) package can include device descriptions, intended-use statements, comparison tables,
risk analysis, electrical-safety testing, electromagnetic-compatibility testing, software
documentation, cybersecurity information, biocompatibility testing, sterilization validation, usability
evidence, and bench-performance testing.

A robotic, imaging, or connected device may require extensive documentation even when it uses
the 510(k) pathway.

| De Novo Classification

The De Novo pathway is used for certain novel devices for which no legally marketed predicate
exists but where general controls, or general and special controls, can provide reasonable
assurance of safety and effectiveness.

A successful De Novo request creates a new Class | or Class Il device type and establishes the
controls that apply to later products of that type.

The regulatory specialist may recommend De Novo when the product has a new intended use, new
technological characteristics, or a combination of functions that prevents a credible substantial-
equivalence argument.

A De Novo submission normally requires a clear description of the device, risk analysis, proposed
risk controls, performance evidence, and support for the proposed classification.

The company must identify the risks and explain how design controls, labeling, testing, clinical
evidence, or other special controls address them.

A De Novo pathway can create a strong regulatory position because the company establishes a
new device category, but it generally requires more original analysis than a conventional 510(k).

| Premarket Approval

PMA (Premarket Approval) is the most demanding general medical-device marketing pathway
used by the Food and Drug Administration and is generally associated with high-risk Class I
devices.

The applicant must provide valid scientific evidence supporting a reasonable assurance of the
device’s safety and effectiveness for its intended use.
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The application can include extensive nonclinical testing, clinical studies, manufacturing
information, labeling, statistical analysis, risk management, and quality-system information.

Premarket Approval is not based primarily on comparison with a predicate device. The company
must support the safety and effectiveness of its own product.

Changes to a PMA-approved product may also require formal supplements or other submissions,
depending on the nature and significance of the change.

The regulatory specialist must therefore consider the long-term effect of the pathway on product
changes, manufacturing transfers, software updates, new models, and future clinical claims.

| Investigational Device Use

A company may need to study an investigational medical device in human subjects before
marketing authorization.

The regulatory specialist determines whether the study requires an IDE (Investigational Device
Exemption), approval by an IRB (Institutional Review Board), informed consent, or other controls.

The regulatory treatment depends partly on the risk of the investigational device and the nature of
the study.

The clinical investigation must use an approved protocol, defined endpoints, controlled device
versions, trained investigators, appropriate monitoring, and documented handling of adverse
events and protocol deviations.

The regulatory specialist works with clinical and quality teams to make sure that the devices used
in the study are manufactured, labeled, distributed, tracked, and controlled correctly.

Data collected from an uncontrolled product version or poorly documented study may be difficult
to use in a later regulatory submission.

| European Market Access

The European Union regulates medical devices primarily through Regulation (EU) 2017/745,
commonly called the MDR (Medical Device Regulation).

The manufacturer is responsible for establishing compliance with the applicable requirements
before placing the device on the European market.

Depending on the device classification, the manufacturer may need a Notified Body to review the
quality system, technical documentation, clinical evaluation, and other conformity-assessment
evidence.

After the applicable conformity-assessment requirements are satisfied, the manufacturer applies
the CE (European Conformity) marking. When a Notified Body participates in the conformity
assessment, its identification number generally appears with the CE marking.
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The regulatory specialist develops the European regulatory strategy, manages the Notified Body
relationship, coordinates technical-documentation review, responds to questions, and maintains
the certificates required for continued market access.

The European system is not a one-time submission followed by permanent authorization. The
manufacturer must maintain the technical documentation, quality system, clinical evaluation,
post-market surveillance, vigilance, and certification status throughout the product lifecycle.

| Notified Body Selection

The Notified Body is an independent organization designated to assess whether the device and
manufacturer satisfy the applicable European requirements.

Not every Notified Body is designated for every medical-device category or conformity-
assessment activity. The regulatory specialist must identify an organization with the required
designation, technical scope, capacity, experience, and geographic support.

The selection can affect review timing, cost, communication, audit scheduling, and the company’s
ability to manage future changes.

The company normally enters a commercial relationship with the Notified Body, but the Notified
Bodly still performs an independent regulatory-assessment function.

The regulatory specialist coordinates document submissions, audits, technical questions,
deficiency responses, certificate renewals, and notification of significant changes.

A poor-quality submission can create repeated review cycles. Clear organization, traceability,
complete evidence, and consistent product descriptions can reduce unnecessary questions.

| Technical Documentation

European technical documentation describes the device, intended use, design, manufacturing
process, risk controls, testing, clinical evidence, labeling, and post-market plans.

It must provide enough information for the reviewer to understand what the device is, how it works,
how it is manufactured, what risks exist, and how the company has demonstrated conformity with
the applicable requirements.

The documentation normally includes the device description, product variants, accessories, design
specifications, manufacturing information, risk-management records, verification and validation
evidence, clinical evaluation, labeling, and post-market surveillance planning.

The regulatory specialist makes sure that the sections agree with one another.

The intended use in the clinical evaluation must match the intended use in the labeling. The
product description must match the actual production configuration. The listed risks must match
the design controls and verification results. The software version must match the version being
placed on the market.
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Inconsistencies can create questions about whether the company understands and controls its
own product.

| General Safety and Performance Requirements

European medical-device technical documentation must address the applicable General Safety
and Performance Requirements.

These requirements cover broad areas such as risk reduction, performance, materials, infection
control, electrical safety, software, labeling, measurement, and protection against mechanical,
thermal, radiation, or other hazards.

The regulatory specialist works with engineering and quality teams to identify which requirements
apply and which evidence demonstrates conformity.

This work is commonly organized through a requirements checklist or matrix linking each
applicable requirement to standards, test reports, design documents, risk controls, or explanations.

A statement that the product complies is not enough. The company must identify the supporting
evidence.

| Standards Strategy

Consensus standards provide recognized methods for addressing areas including electrical safety,
electromagnetic compatibility, software lifecycle, usability, biocompatibility, sterilization,
cybersecurity, and quality management.

The regulatory specialist works with engineering and quality teams to determine which standards
apply, which edition should be used, and whether deviations require justification.

Standards do not replace product-specific risk analysis. A product can pass a general standard
and still have risks created by its particular design or intended use.

The standards strategy also affects test scheduling. Electrical-safety and electromagnetic-
compatibility laboratories may require a production-equivalent device, final power supply, final
enclosure, final cables, and representative accessories.

Testing too early can produce results that no longer apply after the design changes. Testing too
late can expose problems after the company has already committed to tooling and production.

| Clinical Evaluation and Clinical Evidence

Regulatory specialists determine what clinical evidence is required and how the evidence will
support the intended use and product claims.

Clinical evidence can come from published literature, previous experience with the device or
related products, bench testing, usability studies, post-market information, or formal clinical
investigations.
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The required evidence depends on the risk, novelty, intended use, technological characteristics,
and claims.

A medical-video transport product may rely heavily on technical performance evidence. A robotic
surgical system, diagnostic image-analysis product, or artificial-intelligence function may require
more extensive clinical evidence.

The regulatory specialist works with clinical experts to define the clinical questions that must be
answered.

The study endpoint must support the intended claim. A study showing that an image can be
transmitted does not necessarily prove that the system improves surgical accuracy. A study
showing technical robotic precision does not necessarily prove improved patient outcomes.

The evidence and claim must remain aligned.

| Clinical Investigation Planning

When a clinical study is required, the regulatory specialist helps define the product version,
protocol, population, sites, endpoints, statistical plan, monitoring requirements, and adverse-event
reporting process.

The study must use a controlled device configuration. Hardware, firmware, software, instruments,
accessories, and labeling must be identified.

The company must know which product version generated the data. If the design changes during
the study, the company must determine whether the earlier data still applies.

The regulatory specialist also coordinates interactions with regulatory authorities, ethics
committees, Institutional Review Boards, investigators, and clinical sites.

Clinical data is expensive. Poor protocol design, weak endpoint selection, inconsistent device
configuration, or incomplete data can make a study difficult to use.

| Bench and Performance Testing

Regulatory specialists work with engineers to define the testing required to support the submission.

Medical-video testing can include resolution, latency, frame stability, color performance, signal
integrity, cable distance, video-format support, image artifacts, stereo synchronization, and
compatibility with connected equipment.

Robotic testing can include accuracy, repeatability, force, torque, joint limits, motion scaling,
emergency stopping, collision response, instrument tracking, and failure handling.

The regulatory specialist does not normally perform the engineering test, but must understand
whether the test method supports the regulatory claim.
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The protocol should define the purpose, test configuration, sample size, acceptance criteria,
equipment, method, and data analysis before the test is completed.

The final report must identify the tested product version and explain any failures, deviations,
retesting, or excluded data.

| Electrical Safety and Electromagnetic Compatibility

Powered medical devices may require electrical-safety and electromagnetic-compatibility testing
based on the applicable product architecture and standards.

The testing evaluates protection from electrical hazards and whether the device can operate safely
in the expected electromagnetic environment.

The regulatory specialist coordinates the test plan, laboratory selection, product configuration,
required accessories, documentation, and response to failures.

The tested system must represent the marketed configuration. A test performed without the final
power supply, cables, enclosure, or software may not support the final product.

Electromagnetic-compatibility failures can require changes to the printed-circuit board, enclosure,
filters, grounding, shielding, cables, or firmware.

These are not always minor changes. They can affect the design schedule and require repeated
testing.

| Software Documentation

Software-containing medical devices require documentation appropriate to the software function,
risk, architecture, and regulatory pathway.

The regulatory package can include software descriptions, architecture, requirements, risk analysis,
verification, validation, configuration management, cybersecurity, unresolved anomalies, and
version history.

The regulatory specialist works with software and quality teams to make sure the documentation
describes the released software rather than an earlier development version.

The company must identify third-party software, open-source components, operating systems,
firmware packages, and libraries that form part of the product.

Software documentation must also describe how updates are controlled and how the company

determines whether a later change requires a new submission or notification.

| Cybersecurity Documentation

Connected medical devices require cybersecurity planning throughout development and the
product lifecycle.

Inside the medical-device video and robotic surgery value chain - Josh Leibovitch 46



Regulatory specialists coordinate cybersecurity documentation covering the device architecture,
threat model, security risks, authentication, access control, encryption, secure boot, update
process, vulnerability management, software inventory, and post-market support.

The Food and Drug Administration’s current cybersecurity guidance addresses cybersecurity within
the quality-management system and the content expected in premarket submissions for relevant
devices.

The regulatory team must make sure that the cybersecurity claims match the actual system.

A submission cannot describe signed updates, encryption, or vulnerability monitoring if those
controls are not implemented and verified.

Cybersecurity responsibilities continue after the device is sold. The company must be able to
identify vulnerabilities, assess their risk, develop corrections, communicate with customers, and
distribute secure updates.

| Artificial Intelligence and Machine Learning

Artificial-intelligence and machine-learning functions require additional regulatory analysis
because performance depends on the model, training data, intended use, clinical population,
operating environment, and update process.

The regulatory specialist determines whether the function is part of the regulated medical device,
whether it changes the device classification, and what evidence is required.

A function that adjusts image brightness may be treated differently from a function that identifies a
lesion, segments anatomy, recommends a surgical action, or predicts an outcome.

The company must describe the model version, training data, validation data, performance limits,
known biases, failure conditions, and intended users.

The regulatory strategy must also address whether the model remains fixed after release or
whether future updates are expected.

A model cannot be changed casually because an update may alter clinical performance and
create the need for additional validation or regulatory review.

| Risk Management

Regulatory specialists work with engineering, clinical, and quality teams to make sure that product
risks are identified, evaluated, controlled, and documented.

Risk management covers normal use, reasonably foreseeable misuse, component failure, software
failure, user error, environmental conditions, cybersecurity threats, manufacturing variation, and
service activity.

A robotic system may create risks involving unintended motion, excessive force, loss of position,
communication failure, or incorrect instrument identification.
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A medical-video system may create risks involving loss of image, incorrect routing, excessive
latency, misleading overlays, electrical faults, or image degradation.

The regulatory specialist verifies that the regulatory submission connects the identified hazards to
the implemented controls and supporting tests.

A risk-control claim without verification evidence is incomplete. A test result without a connection
to the identified risk can also be difficult to defend.

| Human Factors and Usability

Regulatory specialists help determine when human-factors and usability evidence is required.

The company must consider whether users can correctly set up, operate, clean, maintain, and
respond to faults in the product.

Critical tasks are actions that, if performed incorrectly or omitted, could result in serious harm.

For a surgical system, critical tasks may include selecting the correct video source, connecting the
correct instrument, responding to image loss, confirming robotic limits, applying a sterile barrier, or
performing an emergency stop.

The regulatory specialist works with human-factors engineers to define the intended users, use
environment, tasks, foreseeable errors, and validation plan.

Usability evidence must use representative users, realistic conditions, production-equivalent
interfaces, and the final or near-final instructions.

| Biocompatibility
Devices or components that contact the patient may require biological evaluation.

The required evaluation depends on the nature, duration, and location of contact, as well as the
materials, manufacturing process, cleaning residues, sterilization, and packaging.

The regulatory specialist works with materials engineers, toxicologists, laboratories, and suppliers to
define the evaluation.

The company cannot rely only on the commercial name of a material. Processing, additives,
colorants, adhesives, surface treatments, and manufacturing residues can affect the finished
component.

A supplier change can therefore create the need for a new biological-risk assessment or testing

even when the replacement material appears similar.

| Sterilization and Reprocessing

Sterile, reusable, or reprocessable devices require regulatory evidence supporting the method used
to prepare them safely for clinical use.
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For a sterile single-use product, the company must control the sterilization method, dose or cycle,
packaging, shelf life, residuals where applicable, and maintenance of the sterile barrier.

For a reusable device, the company must provide validated instructions for cleaning, disinfection,
or sterilization.

The instructions must be practical for the intended healthcare environment and must address
difficult areas such as channels, joints, seals, optical surfaces, and detachable components.

The regulatory specialist coordinates the validation strategy and makes sure the labeling matches
the tested process.

A device cannot be labeled for a cleaning or sterilization method that the company has not
adequately evaluated.

| Labeling

Labeling defines how the product is identified, described, installed, operated, cleaned, maintained,
and disposed of.

It includes the device label, packaging label, instructions for use, warnings, precautions,
contraindications, installation instructions, service information, and certain promotional materials.

The regulatory specialist reviews labeling to make sure that the claims remain within the authorized
intended use and that the warnings and instructions address the known risks.

Labeling must be consistent with the tested and approved product configuration.

The listed accessories, software functions, operating conditions, cleaning agents, compatible
devices, and environmental limits must match the evidence.

Labeling is not only a marketing function. It is part of the risk-control system.

A warning should not be used as a substitute for a practical design control where the risk can
reasonably be reduced through the design itself.

| Unique Device Identification

The UDI (Unique Device Identification) system provides standardized device identification through
distribution and use.

In the United States, most devices subject to the rule must carry a Unique Device Identifier on the
label and package, except where an exception or alternative applies. Reusable devices intended to
be reprocessed before each use may also require direct marking. Device information is submitted
to the GUDID (Global Unique Device Identification Database).

The regulatory specialist works with operations, labeling, and information-technology teams to
assign identifiers, control device versions, maintain database records, and determine when a
product change requires a new identifier.
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The identifier must correspond to the actual commercial configuration. Product family, packaging
level, software version, model, and manufacturing information can affect how the identification
structure is built.

Europe also uses a Unique Device Identification system connected to device registration and
lifecycle information.

The regulatory team must coordinate the identifiers across labels, technical documentation,
certificates, registrations, distribution records, and post-market reporting.

| Product Registration and Establishment Registration

Marketing authorization and registration are separate obligations.

A company may obtain clearance or approval for a product and still need to register the relevant
manufacturing or commercial establishments and list the device before distribution.

The regulatory specialist identifies which legal manufacturer, specification developer, contract
manufacturer, sterilizer, importer, or other entity has a registration or listing responsibility.

The company must keep the information current when locations, company names, manufacturing
roles, or products change.

Incorrect registration can create import delays, inspection issues, or questions about which

company is legally responsible for the device.

| European Authorized Representatives, Importers, and Distributors

A manufacturer located outside the European Union generally requires an authorized
representative established within the European Union.

The authorized representative performs defined regulatory functions on behalf of the non-
European manufacturer.

Importers and distributors also have specific obligations involving product verification, records,
complaints, storage, transport, and communication with manufacturers and authorities.

The Medical Device Regulation clarifies the separate responsibilities of manufacturers, authorized
representatives, importers, and distributors and places greater emphasis on lifecycle monitoring.

The regulatory specialist must clearly define these roles in contracts and operating procedures.

A distributor is not automatically the authorized representative. An importer is not automatically the
legal manufacturer. The same organization may perform more than one role only when the
arrangement is legally and operationally appropriate.
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| European Database on Medical Devices

EUDAMED (European Database on Medical Devices) is the information system developed by the
European Commission to support the Medical Device Regulation and the regulation for in vitro
diagnostic devices.

It contains connected modules covering economic operators, devices, Unique Device Identification,
certificates, Notified Bodies, vigilance, clinical investigations, and market surveillance.

As of May 28, 2026, the first four modules covering actor registration, device and Unique Device
Identification registration, Notified Bodies and certificates, and market surveillance became
mandatory.

The regulatory specialist manages the company’s registrations, verifies the consistency of
submitted information, and coordinates updates when products, certificates, manufacturers, or
authorized representatives change.

Incorrect database information can conflict with labels, certificates, or technical documentation
and create market-access problems.

| Quality Management System
Regulatory specialists work closely with the quality team because regulatory authorization depends

on the company’s ability to control the product throughout development and production.

In the United States, the QMSR (Quality Management System Regulation) became effective on
February 2, 2026. It amended the device manufacturing requirements in Title 21 of the Code of
Federal Regulations, Part 820 and incorporated by reference ISO (International Organization for
Standardization) 13485:2016 for medical-device quality-management systems.

The quality-management system controls design and development, suppliers, production, records,
complaints, nonconforming product, corrective actions, audits, and management oversight.

The regulatory specialist must understand which records support the submission and which
procedures are necessary to maintain compliance after authorization.

A strong submission cannot compensate for a company that cannot manufacture the approved

product consistently.

| Regulatory Submission Management

Regulatory specialists organize the submission and coordinate contributions from engineering,
software, clinical, quality, manufacturing, cybersecurity, and labeling teams.

The submission must tell one consistent technical story.

The device description, intended use, risk analysis, test reports, software version, accessories,
manufacturing configuration, and labeling must all describe the same product.
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The regulatory specialist controls the document plan, templates, review schedule, approvals,
electronic submission format, and final publishing process.

Technical experts write or approve the underlying content. The regulatory specialist makes sure
that the content answers the regulatory question and is organized in a form the reviewer can
evaluate.

A large amount of data does not automatically create a strong submission. Unsupported claims,
conflicting versions, missing acceptance criteria, and unexplained test failures can weaken an
otherwise sophisticated product.

| Regulatory Authority Communications

Regulatory specialists normally act as the formal point of contact with the regulatory authority or
Notified Body.

They manage pre-submission meetings, classification questions, deficiency letters, requests for
additional information, audit questions, and final authorization documents.

The specialist coordinates the technical response but should not answer engineering or clinical
questions without input from the responsible experts.

Responses must be accurate, consistent, complete, and provided within the required timeframe.

An incomplete or defensive response can create more questions. A direct response should identify
the issue, provide the evidence, explain the conclusion, and disclose any relevant limitation.

The company should also maintain a controlled record of regulatory communications because
informal statements can affect later submissions, inspections, and product changes.

| Deficiency Responses

A regulator or Notified Body may identify deficiencies in the submission.

These can involve unclear intended use, inadequate testing, incomplete software documentation,
insufficient clinical evidence, unsupported claims, missing risk controls, labeling problems, or
inconsistencies between documents.

The regulatory specialist separates the deficiency into technical questions and assigns each
question to the appropriate owner.

The response should directly answer the question rather than burying the answer inside unrelated
information.

New testing may be required. The specialist must determine whether the response changes the
device description, risk analysis, labeling, or other sections of the submission.

A deficiency response becomes part of the regulatory record and must remain consistent with the
final marketed product.
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| Product Claims and Promotional Review

Regulatory specialists review marketing, sales, training, website, trade-show, and distributor
materials to make sure that the claims do not exceed the authorized intended use.

A product may technically perform functions that were not reviewed for clinical use. Demonstrating
the function at a trade show or describing it as a clinical benefit can create regulatory risk.

Claims involving improved outcomes, reduced complications, greater accuracy, diagnostic
performance, or superiority over another product require appropriate support.

The regulatory team works with marketing to distinguish between factual product specifications
and clinical claims.

A statement that a system transports 4K video is different from a statement that 4K video improves
surgical outcomes. The first may be supported by engineering testing. The second may require
clinical evidence.

| Design Changes

Medical devices continue to change after authorization. Components become obsolete, software is
updated, cybersecurity vulnerabilities are corrected, suppliers change, manufacturing sites move,
and new accessories are added.

The regulatory specialist evaluates each change to determine whether it can be implemented
under the existing authorization or whether a new submission, supplement, notification, or Notified
Body review is required.

The assessment considers the effect on intended use, performance, safety, effectiveness, risk
controls, software, manufacturing, labeling, and clinical evidence.

A change that appears small from a purchasing perspective can be significant from a regulatory
perspective.

Replacing a processor can affect timing, software, cybersecurity, heat, and electromagnetic
compatibility. Changing an adhesive can affect biocompatibility, sterilization, and mechanical
strength. Updating an image-processing algorithm can change clinical performance.

The regulatory assessment should occur before the change is released, not after the updated

product has already been manufactured or shipped.

| Configuration Control

Regulatory specialists work with engineering and quality teams to identify the exact configurations
covered by each authorization.

A product family may contain several models, software versions, accessories, cables, instruments,
and packaging configurations.
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The regulatory file must clearly identify which combinations were tested and which are legally
marketed.

Configuration control prevents the company from combining an approved camera, processor,
software version, or accessory in a way that has never been evaluated.

It also allows the company to identify which customers and serial numbers are affected when a
problem is discovered.

| Manufacturing Transfers

Moving production from one contract manufacturer or facility to another requires regulatory
assessment.

The product drawings may remain unchanged, but the equipment, personnel, suppliers,
environment, assembly methods, test systems, and process controls may differ.

The regulatory specialist works with manufacturing and quality teams to determine what process
validation, product testing, documentation updates, registrations, or regulatory notifications are
required.

The new site must be capable of building the same controlled product.

A manufacturing transfer is not complete when the files are sent. It is complete when the new
facility can repeatedly manufacture and release conforming units under the approved quality
system.

| Supplier Changes

Supplier changes require regulatory review when they affect critical materials, components,
software, manufacturing processes, or product performance.

The supplier may change a resin, semiconductor fabrication process, optical coating, firmware
revision, production location, sterilization subcontractor, or packaging material.

The medical-device company must determine whether the change affects the design, risk analysis,
validation, shelf life, biocompatibility, electrical safety, electromagnetic compatibility, or regulatory
submission.

The regulatory specialist helps define which supplier changes require prior notification and which
evidence is required before approval.

A company cannot effectively manage regulatory changes if suppliers are allowed to modify
critical products without notice.

| Post-Market Surveillance

Regulatory responsibility continues after the product is sold.
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Post-market surveillance collects and evaluates information from complaints, service records,
returns, adverse events, clinical experience, literature, cybersecurity monitoring, and production
data.

The purpose is to identify emerging risks, unexpected failure patterns, misuse, product
deterioration, and opportunities for corrective action.

European regulation places strong emphasis on lifecycle safety supported by clinical datg,
vigilance, and post-market surveillance.

The regulatory specialist works with quality, service, clinical, engineering, and distribution teams to
determine what information must be collected, how frequently it is reviewed, and when it must be
reported.

Post-market surveillance should not be limited to serious incidents. Repeated minor complaints
can reveal a larger design, manufacturing, labeling, or training problem.

| Medical Device Reporting in the United States

The United States Medical Device Reporting regulation requires manufacturers, importers, and
certain device-user facilities to report specified device-related deaths, serious injuries, and
reportable malfunctions to the Food and Drug Administration.

Manufacturers and importers generally submit required individual reports electronically.
Distributors maintain relevant complaint and incident records but generally do not submit the
same individual reports unless they perform another regulated role.

The regulatory specialist helps determine whether an event is reportable, which reporting deadline
applies, what information must be included, and whether follow-up reports are required.

The company must make the determination based on the available information and reporting
rules. It should not delay a required report indefinitely while waiting for perfect information or the
return of the device.

The regulatory report does not necessarily mean that the device caused the event. It
communicates that the available information meets the reporting threshold.

Medical Device Reports are included in the MAUDE (Manufacturer and User Facility Device
Experience) database, although the Food and Drug Administration notes that the database alone
cannot establish the incidence or cause of events because of limitations including incomplete
reporting and uncertain exposure data.

| European Vigilance

European vigilance requirements cover the reporting and management of serious incidents, field
safety corrective actions, and related safety information.
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The manufacturer must evaluate events, determine reportability, investigate the cause,
communicate with the relevant authorities, and implement corrective action where required.

The regulatory specialist coordinates the reporting timeline, investigation, authority
communication, customer notification, and connection to the risk-management and post-market
surveillance systems.

The company must also coordinate across countries when the same product is distributed in
several European markets.

A correction made in one country may have implications for every market using the same product
configuration.

| Complaints

A complaint is any written, electronic, or oral communication alleging a deficiency involving the
identity, quality, durability, reliability, safety, effectiveness, or performance of a released device.

Regulatory specialists work with quality teams to determine whether complaints create reportable
events, safety signals, labeling changes, corrective actions, or regulatory notifications.

Complaint handling requires more than logging the customer’s words.

The company should identify the product, serial or lot number, software version, event date,
operating conditions, patient impact, device availability, and actions taken.

Service calls can also contain complaints even when the customer does not use the word
complaint. A repeated image-loss problem, robotic fault, overheating condition, or software crash
may require formal complaint review.

Distributors and service organizations must be trained to forward relevant information rather than

resolving the technical issue without notifying the manufacturer.

| Trend Analysis

One complaint may appear isolated. Several similar complaints can reveal a product trend.

Regulatory specialists and quality teams review complaint rates, failure modes, service
replacements, returns, adverse events, and manufacturing data.

The analysis should consider the installed base and frequency of use. Ten failures among one
hundred devices may indicate a different level of concern from ten failures among one hundred
thousand devices.

Trend analysis can be organized by model, lot, serial-number range, software version, supplier,
manufacturing site, geography, clinical application, or failure mode.

A rising trend may require investigation before the events individually reach the level of serious
harm.
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| Corrections and Recalls

When a marketed medical device violates applicable law or presents a safety problem, the
company may need to correct the product in the field or remove it from distribution.

A correction can involve a software update, labeling change, inspection, repair, replacement,
customer instruction, or modification of installed equipment.

A removal can involve returning, recovering, or withdrawing affected products.

The Food and Drug Administration defines a recall as a correction or removal of a marketed
product that it considers to violate the laws it administers and against which it could take legal
action.

The regulatory specialist works with quality, engineering, legal, operations, service,
communications, and distribution teams to define the affected population, risk, regulatory
reporting, customer communication, and effectiveness checks.

Traceability is critical. The company must know which models, lots, serial numbers, software
versions, customers, distributors, and countries are affected.

A weak distribution record can turn a technically manageable correction into a broad and

expensive recall.

| Field Safety Corrective Actions

In Europe, a safety-related correction or removal may be treated as a Field Safety Corrective
Action.

The manufacturer may need to issue a Field Safety Notice explaining the problem, affected devices,
risk, and required customer action.

The regulatory specialist coordinates the notice with the competent authorities, Notified Body,
authorized representative, importers, distributors, and customers.

The wording must be clear enough for hospitals to identify the affected products and take the
required action.

The company must also verify that customers received and completed the correction.

| Regulatory Inspections and Audits

Medical-device companies and manufacturing facilities can be inspected or audited by regulatory
authorities, Notified Bodies, certification bodies, or coommercial partners.

The regulatory specialist supports inspection readiness by making sure registrations, submissions,
licenses, certificates, technical files, procedures, and commitments remain current.
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In the United States, the Quality Management System Regulation became effective on February 2,
2026, and the Food and Drug Administration began using its updated medical-device
manufacturer inspection program in place of the former Quality System Inspection Technique.

During an inspection, the company may need to provide records involving design, suppliers,
production, complaints, adverse-event reporting, corrective actions, recalls, and product changes.

The company’s actual operations must match the written procedures. A well-written procedure
provides little protection if employees do not follow it or records do not show that it was performed.

| Regulatory Commitments

Companies frequently make commitments during submissions, audits, deficiency responses, or
authority meetings.

These commitments can involve additional testing, post-market data collection, software
corrections, labeling updates, manufacturing controls, or future reports.

The regulatory specialist tracks these commitments and makes sure they are completed.

An untracked commitment can become a compliance problem years after the original employee
or consultant who made it has left the company.

Regulatory correspondence should therefore be treated as part of the controlled product record
rather than informal communication.

| Regulatory Intelligence

Regulatory requirements, guidance, standards, databases, submission formats, and enforcement
priorities change over time.

Regulatory intelligence is the process of monitoring those changes and determining how they
affect current products and development programs.

The specialist reviews new regulations, official guidance, recognized standards, Medical Device
Coordination Group documents, regulatory decisions, safety notices, and public product
databases.

The European Commission maintains current guidance documents to support application of the
Medical Device Regulation and the regulation for in vitro diagnostic devices.

Regulatory intelligence is not limited to reading new rules. The company must determine whether a
change affects the product design, testing, technical file, labeling, registration, or post-market
process.

| International Market Expansion

Each country or region can impose separate requirements for product classification, registration,
local representation, labeling, language, importation, testing, and post-market reporting.
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Authorization in the United States or Europe can support an application elsewhere, but it does not
automatically authorize sale in another market.

The regulatory specialist develops a market-expansion plan identifying which existing evidence
can be reused and which local requirements require new work.

The company may need a local authorized representative, registration holder, importer, license,
translated labeling, country-specific certificates, or legalized documents.

The regulatory team must also understand who controls the registration.

A distributor that holds the local registration may gain substantial commercial control if the
manufacturer cannot easily transfer it when the distribution relationship ends.

| Regulatory Ownership

Regulatory documentation can be one of the most valuable assets owned by a medical-device
company.

This material includes submission files, agency correspondence, testing, clinical evidence, technical

documentation, registrations, certificates, labeling, post-market records, and regulatory strategy.

Ownership must be clear when outside consultants, contract manufacturers, distributors, or
development partners contribute to the work.

A consultant may prepare a submission, but the medical-device company should control the final
files, source documents, authority accounts, correspondence, and authorization records.

A distributor may assist with registration, but the contract should define who owns the registration
and what happens when the relationship ends.

The company should not become dependent on one consultant’s private files, one employee’s
email account, or one distributor’s regulatory login.

| Regulatory Consultants

Medical-device companies frequently use outside regulatory consultants for classification,
strategy, submission preparation, clinical planning, European representation, audit support, or
market registration.

Consultants can provide specialized knowledge and additional capacity, but the legal
manufacturer remains responsible for the product and the accuracy of the submission.

The development agreement should define ownership of the regulatory work, authority
communications, templates, analysis, and final documents.

The company should retain access to the complete submission, supporting evidence,
correspondence, deficiency responses, passwords, and registration accounts.
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A consultant’s opinion should be documented with the facts and reasoning supporting it. The
company may need to explain the decision years later after the consultant is no longer involved.

| Regulatory Control of Commercialization

The regulatory specialist controls the boundary between the product that engineering developed
and the product that the company is legally allowed to sell.

Engineering may create several functions. Marketing may identify several possible benefits. Sales
may receive customer requests for additional uses.

The regulatory authorization defines which of those functions and claims can be commercially
promoted.

This does not mean that regulatory specialists control every sales decision. It means that
commercial statements must remain inside the supported and authorized product position.

The company must train employees and distributors so that technical discussions do not become
unsupported clinical claims.

A technically accurate statement can still create a regulatory problem when it implies a medical

use that has not been authorized.

| Product Lifecycle Control

Regulatory work continues from the first product concept through the final unit's removal from
service.

Before market entry, the regulatory specialist defines the pathway and evidence requirements.
During development, the specialist reviews requirements, risk, testing, claims, and documentation.

During submission, the specialist coordinates the regulatory package and authority
communications.

After authorization, the specialist controls registrations, product changes, complaints, adverse-
event reporting, recalls, post-market surveillance, certificate maintenance, and market expansion.

At product discontinuation, the company may still have obligations involving service, complaint
handling, adverse-event reporting, record retention, cybersecurity, spare parts, and customer
communication.

Regulatory authorization is therefore not a final document stored after product launch. It is an
operating system that controls how the company develops, manufactures, markets, changes, and
supports the product.
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| Regulatory Specialists as Product Control

Regulatory specialists do not replace engineers, clinicians, quality personnel, or legal counsel. Their
function is to connect those disciplines to the requirements governing the product.

The engineer may know that the device works. The regulatory specialist must determine what
evidence proves that it works for the intended use.

The clinician may believe that the device creates a meaningful benefit. The regulatory specialist
must determine whether the available clinical evidence supports that claim.

The manufacturer may believe that a component change is minor. The regulatory specialist must
determine whether the change affects the existing authorization.

The sales team may understand what the customer wants. The regulatory specialist must
determine whether the company is authorized to promote the product for that purpose.

A company that owns sophisticated technology but cannot classify, document, register, and
maintain it cannot build a stable medical-device business.

The practical value of the regulatory specialist is the ability to convert the device’s technical and
clinical performance into a legally marketable product and keep that product on the market as the
technology, manufacturing process, standards, and regulatory requirements change.
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Regulatory requirements for medical-video electronics depend on the intended use of the product,
its connection to other medical equipment, the consequence of a failure, and the environment in
which the system operates. The physical location inside or outside the Operating Room does not by
itself determine whether a product is regulated as a medical device.

A transmitter, receiver, processor, network switch, video cable, power supply, or display can
become part of the regulated medical system when it is specifically intended to support,
supplement, or augment the performance of a medical device. The Food and Drug Administration
treats a finished product intended to support or augment another medical device as a medical-
device accessory and classifies it according to the risks created by its intended use.

The regulatory analysis must therefore identify the complete signal path, power path, equipment
location, intended user, clinical function, and effect of failure. A video receiver placed outside the
Operating Room can still be part of the medical system if the surgeon depends on it for the live
image. A commercially available network switch located inside the hospital does not automatically
become a medical device simply because medical video passes through it. Its status depends on
how the manufacturer or system supplier represents, configures, and integrates it.

| Electronics Inside the Operating Room

Electronics installed inside the Operating Room normally operate closer to the patient, surgeon,
medical staff, surgical instruments, and other powered medical equipment. These products are
exposed to a more demanding clinical environment and can create a direct effect on the
procedure if they fail.

The electronics can include camera-control units, robotic vision carts, video transmitters and
receivers, displays, recorders, network endpoints, optical transceivers, surgical-light systems, motor
controllers, power supplies, mobile carts, and integrated room-control systems.
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The regulatory review must determine whether the equipment is Medical Electrical Equipment, part
of a Medical Electrical System, a medical-device accessory, or nonmedical equipment connected
to the medical system. [IEC 60601-1 establishes general requirements for the basic safety and
essential performance of Medical Electrical Equipment and Medical Electrical Systems. The current
consolidated edition includes the original third edition and its later amendments.

Basic safety covers protection against electrical, mechanical, thermal, fire, and other hazards.
Essential performance covers the functions whose loss or degradation could create an
unacceptable risk.

For a surgical-video product, essential performance may include maintaining the primary image,
preserving required image quality, preventing unacceptable latency, maintaining stereo
synchronization, and providing a controlled response when a cable, display, power supply, or
processing component fails.

The company must define essential performance before testing. A test laboratory cannot
determine the clinical significance of every product function without input from the manufacturer.
The manufacturer must identify which functions can temporarily fail without creating unacceptable
risk and which functions must remain available.

Inside the Operating Room, Electromagnetic Compatibility is especially important because the
system may operate near electrosurgical generators, imaging systems, motors, wireless
transmitters, switching power supplies, and other sources of electromagnetic disturbance.

IEC 60601-1-2 addresses the basic safety and essential performance of Medical Electrical
Equipment and Medical Electrical Systems in the presence of electromagnetic disturbances. It also
addresses electromagnetic emissions produced by the equipment.

The Food and Drug Administration’s Electromagnetic Compatibility guidance applies to electrically
powered medical devices and electronic accessories and describes the testing and submission
information expected to support electromagnetic compatibility.

The final test configuration must represent the marketed product. This includes the production
enclosure, power supply, firmware, video formats, cables, fiber modules, accessories, displays,
network connections, grounding method, and maximum expected operating load.

A transmitter tested alone may perform differently when installed on a mobile cart with a display,
recorder, power supply, robotic system, and several long cables. The complete connected
configuration can create different emissions, grounding paths, thermal loads, and immunity
failures.

| Electronics Outside the Operating Room

Electronics installed outside the Operating Room can include central video routers, network
switches, servers, recording systems, storage systems, remote collaboration equipment,
equipment-room receivers, and hospital-wide distribution systems.
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Some of this equipment may be standard Audio-Visual or Information and Communications
Technology equipment rather than Medical Electrical Equipment. [EC 62368-1 applies to the safety
of electrical and electronic equipment used for audio, video, information, and communications
technology and uses an energy-source and safeguard approach to equipment safety.

Compliance with IEC 62368-1does not automatically establish compliance with I[EC 60601-1. The
two standards address different product categories and use environments.

A standard network switch or computer located in a central equipment room may be evaluated
under [EC 62368-1. The complete medical-video system may still require system-level evaluation if
that switch becomes part of the path supporting a clinical function.

The regulatory question is not simply whether the device sits inside or outside the Operating Room.
The question is whether its failure, delay, corruption, disconnection, or restart can affect the medical
device's safety or essential performance.

A remote recorder can usually fail without removing the surgeon’s primary image if the
architecture keeps the recording path separate. A central router carrying the only available
surgical-video path creates a different level of risk.

The architecture should therefore separate primary clinical functions from secondary functions
whenever practical. Recording, remote observation, teaching, and hospital distribution should not
be able to interrupt the direct image used by the surgeon unless that dependency is specifically
designed, tested, and controlled.

Equipment outside the Operating Room may also have different environmental requirements. It
may operate in a controlled rack room with stable temperature, restricted access, and permanent
cabling. Equipment inside the Operating Room may be moved, cleaned, reconnected, exposed to
fluids, and operated near staff and other equipment.

The regulatory file should identify the location and environmental assumptions for each
component. A device tested only for permanent rack installation should not be represented as
suitable for mobile use inside the Operating Room without additional evaluation.

| Medical-Grade Power

The phrase medical-grade power is commonly used in the industry, but the phrase alone does not
prove that a power supply or complete product satisfies the applicable medical requirements.

The power architecture must be evaluated as part of the finished device or Medical Electrical
System. The analysis covers input voltage, power conversion, insulation, protective earth, leakage
current, isolation, overcurrent protection, component temperatures, fault conditions, and the
separation between hazardous electrical energy and the patient or operator.

I[EC 60601-1 provides the general safety and essential-performance requirements for powered
Medical Electrical Equipment.
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A certified external medical power supply can simplify the product design, but its certification does
not automatically certify the complete device. The finished product still includes the power
connector, internal wiring, direct-current distribution, circuit-board power rails, protective devices,
enclosure, accessible conductive parts, and connected accessories.

The power supply must provide the required voltage and current under the maximum operating
load. A nominal 12-volt or 24-volt supply may need to support the FPGA, Graphics Processing Unit,
display, optical modules, network interfaces, fans, storage, illumination, and connected accessories
simultaneously.

Power testing must include normal operation and defined fault conditions. The device must be
evaluated during startup, shutdown, maximum processing load, cable connection, cable
disconnection, network activity, video-format changes, and recovery from interrupted power.

The design must control overvoltage, undervoltage, excessive current, short circuits, reverse polarity
where applicable, inrush current, component failure, and loss of one or more power rails.

Power sequencing is particularly important for FPGAs, processors, memory, image sensors, and
high-speed transceivers. Several voltage rails may need to rise and fall in a specific order. Incorrect
sequencing can damage a component, prevent startup, corrupt firmware, or create intermittent
video failures.

Low-noise power is also required around image sensors, clocks, analog circuits, optical receivers,
and high-speed serial interfaces. Electrical noise from switching regulators, motors, fans, or other
devices can appear as image noise, synchronization problems, packet errors, or unstable
communication.

A product using Power over Ethernet must evaluate the complete power path, including the power
source, network cable, connector, isolation, maximum cable length, heat, startup behavior, and
response to a partial or unstable connection.

The regulatory and engineering documentation should clearly identify which power supplies, cable
lengths, adapters, and accessories are approved. A user should not be able to replace a qualified
power supply with a commercial unit that has the same connector and voltage but lacks the
required isolation, leakage-current performance, or fault protection.

| Thermal Performance

Thermal performance is part of electrical safety, product reliability, and essential performance. A
product cannot be treated as compliant simply because it operates correctly at normal room
temperature for a short laboratory test.

The thermal design must account for the maximum internal power load, maximum supported
video formats, simultaneous video channels, artificial-intelligence processing, recording, network
traffic, optical transceivers, memory use, and connected accessories.
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The test configuration should represent the worst credible operating condition. A product capable
of processing four video channels should not be thermally evaluated with only one channel active
unless the company can prevent the higher-load condition.

Thermal testing should evaluate internal component temperatures, external touch temperatures,
enclosure surfaces, power supplies, connectors, optical transceivers, airflow, and the temperature
of cables or modules carrying significant power.

The design must also consider blocked vents, fan failure, dust accumulation, reduced airflow, high
ambient temperature, equipment installed in a rack, and heat produced by adjacent equipment.

A product may continue operating after a fan failure while internal components exceed their rated
temperatures. The firmware should detect the failure and provide a controlled response before
image instability, data corruption, component damage, smoke, or an uncontrolled shutdown
occurs.

The response can include increasing fan speed, reducing processing load, disabling secondary
functions, warning the user, switching to a backup path, saving system state, or shutting down in a
controlled manner.

The thermal response cannot be defined only by what protects the electronics. It must also protect
the clinical function. Immediately removing the surgeon’s image may create more risk than
temporarily operating at a reduced processing level.

Thermal testing should cover startup from cold conditions, continuous operation, repeated power
cycling, maximum processing load, and recovery after an overtemperature warning.

Optical modules require particular attention. SFP+ (Small Form-factor Pluggable Plus) optical
transceivers can generate significant localized heat. Their performance and lifetime can degrade
when the surrounding temperature exceeds the qualified range.

A transceiver may operate correctly during an initial test and begin producing link errors after the
module and enclosure reach thermal equilibrium. Long-duration operation and monitoring of
optical link errors are therefore required.

The manufacturer should define the approved transceiver manufacturer, model, temperature
range, power level, firmware compatibility, and airflow requirements. Treating every module with
the same physical shape as interchangeable can create untested configurations.

| Electronics and Video Transport Testing
Electronics testing must demonstrate that the product meets its defined requirements across the

intended operating range.

Testing should cover normal operation, maximum load, minimum and maximum cable lengths,
supported video formats, power interruption, cable disconnection, hot-plug events, unsupported
inputs, network interruption, thermal stress, and recovery from faults.

Inside the medical-device video and robotic surgery value chain - Josh Leibovitch 66



The test program should evaluate the complete end-to-end path from the video source to the final
display or destination. Testing only the transmitter or receiver separately does not establish the
performance of the complete system.

Video transport testing can measure resolution, frame rate, color format, bit depth, latency, jitter,
image stability, scaling, synchronization, switching time, compression behavior, and recovery after
signal loss.

For stereo robotic video, the left and right channels must be tested together. The system must
detect missing frames, timing drift, mismatched formats, unequal delays, and loss of one channel.

Latency should be measured from a clearly defined point to another clearly defined point. Sensor-
to-display latency, input-connector-to-output-connector latency, and network transport latency
are not the same measurement.

The protocol must identify whether latency is measured in milliseconds, lines, or frames and
whether it remains constant across video formats, processing modes, and system load.

For Ethernet-based video, testing should include network congestion, packet loss, switch restart,
path interruption, bandwidth limits, multicast behavior, Quality of Service configuration, and
restoration of the stream after a fault.

The primary clinical stream should not fail because a secondary recorder, observer, or teaching
destination joins or leaves the network.

For copper video interfaces such as 12G-SDI, HDMI, DisplayPort, or Ethernet, testing should include
cable length, cable quality, connector wear, insertion loss, return loss where applicable, signal
amplitude, eye-diagram margin, jitter, bit-error rate, shielding, and electromagnetic compatibility.

The system should be tested using the cables and adapters that will actually be supplied or
approved. A product tested with a short high-quality laboratory cable may fail with the longer or
more flexible cable selected for commercial use.

| Fiber-Optic Transport and Cable Qualification

Fiber-optic transport provides high bandwidth, long distance, resistance to electromagnetic
interference, and electrical separation between endpoints. Those advantages do not remove the
need for product-specific testing.

The fiber cable, connector, optical transceiver, receiver sensitivity, transmitter power, wavelength,
fiber type, cable length, and optical budget must be controlled as one system.

The optical budget is the amount of signal loss that the complete path can tolerate while
maintaining reliable communication. It includes the loss from the fiber, connectors, adapters,
splices, patch panels, contamination, bending, aging, and manufacturing variation.
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Fiber qualification should measure attenuation, commonly called insertion loss, and return loss
where applicable. IEC 61300-3-4 describes methods for measuring attenuation in fiber-optic
interconnecting devices and passive components, while IEC 61300-3-6 describes measurement of
optical return loss.

The connector end face must remain clean and undamaged. Dust, scratches, oil, cleaning residue,
or poor polishing can increase loss or reflected power. IEC 61300-3-35 provides methods for
quantitatively assessing the end-face condition of polished fiber-optic connectors and transceiver
interfaces.

Fiber cables used on mobile carts or robotic systems require mechanical testing beyond basic
optical performance. The cable may be repeatedly bent, twisted, stepped on, pulled, rolled over,
cleaned, disconnected, and reconnected.

The IEC 60794 series contains test methods covering the mechanical, environmental, material, and
transmission properties of optical fiber cables. It includes methods for cable bending and
temperature cycling while monitoring changes in optical attenuation.

The approved bend radius must be defined. Bending the cable more tightly than the allowed radius
can increase attenuation immediately or create internal damage that produces intermittent
failures later.

Connector mating durability must also be tested. IEC 61300-2-2 evaluates the effect of repeated
connector mating and unmating on optical performance and mechanical condition.

Cable qualification should also address connector retention, strain relief, pull force, crush
resistance, kink resistance, torsion, repeated flexing, cleaning chemicals, storage temperature,
operating temperature, and visual inspection criteria.

A fiber cable used inside a robotic arm may require dynamic-flex testing over the expected
number of movement cycles. A fiber installed permanently between equipment rooms requires a
different test profile.

Fiber removes the direct electrical conductor from the communication path, but the transmitter
and receiver endpoints remain powered electronic devices. Their power supplies, circuit boards,
connectors, enclosures, firmware, thermal performance, and failure response still require
applicable medical electrical and electromagnetic-compatibility evaluation.

The system must also define what happens when the fiber link is degraded rather than completely
disconnected. Increasing optical errors can produce intermittent image loss, frame corruption, link
resets, or repeated switching between locked and unlocked states.

The product should detect the condition, report it clearly, and avoid displaying misleading or frozen
information without an appropriate indication.
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| Cable and Accessory Control

Video and fiber cables intended specifically for use with the medical device can form part of the
regulated product or accessory system.

The company should identify the approved cable type, connector, length, shielding, fiber mode,
wavelength, bend radius, fire rating, cleaning method, and replacement part number.

The labeling should make clear whether third-party cables are permitted and what performance
requirements they must satisfy.

A connector that physically fits does not establish compatibility. Two cables with the same
connector can use different wiring, shielding, impedance, fiber type, optical polish, power
conductors, or pin assignments.

Longer cables can alter video margin, voltage drop, electromagnetic emissions, optical
attenuation, and system latency. Every supported length does not necessarily require a completely
separate regulatory submission, but the company must have evidence supporting the allowed
range.

Cables should also be included in environmental, cleaning, transport, storage, and service testing
when those conditions apply to normal use.

Field-replaceable cables require inspection criteria and service procedures. The service technician
should be able to identify damaged jackets, bent connectors, crushed fiber, contamination, loose
locking mechanisms, and other conditions requiring replacement.

The distribution and service systems should maintain traceability when a cable or optical module is
changed as part of a complaint, field correction, or safety investigation.

| Verification and Validation

Verification and Validation must cover the electronics, power system, thermal design, video
transport, and cables as parts of the complete product.

Verification confirms that the product meets its technical specifications. Validation confirms that
the complete product meets user needs and the intended use.

The Food and Drug Administration describes verification as confirmation that design outputs meet
design inputs and validation as confirmation that the specifications meet user needs and intended
uses. Design validation should use production units or their equivalents under simulated or actual
use conditions.

Electronics verification can confirm voltage limits, power sequencing, leakage current, isolation,
temperature, video formats, cable distance, optical power, latency, image stability, bit-error rate,
fault detection, and recovery behavior.

Video transport validation determines whether the complete system provides the image and
workflow required by the surgeon, nurse, or technician under realistic use conditions.
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A system can meet its technical requirement for 4K video and still fail validation if the image
disappears during cable movement, the fault message is unclear, the reconnection time is too
long, or the user cannot determine whether the displayed image is live.

Validation should use production-equivalent transmitters, receivers, power supplies, fiber modules,
cables, software, firmware, displays, carts, and accessories.

The system should be evaluated in the intended environment with representative users and
realistic connections to the other equipment expected during a procedure.

Testing should include foreseeable abnormal conditions. These can include removal of the primary
cable, connection of the wrong cable, failure of a secondary display, loss of network
communication, restart of a switch, overheating of an optical module, and interruption of power.

The expected response must be defined before testing. The product should not merely survive the
failure. It must respond in a way that protects the user, patient, and essential clinical function.

Verification and Validation records should identify the exact hardware revision, firmware version,
FPGA bitstream, cable type, cable length, transceiver model, power supply, display, test equipment,
and configuration used.

Without this configuration information, a passing test cannot be reliably connected to the product
that is later manufactured and sold.

Inside the medical-device video and robotic surgery value chain - Josh Leibovitch 70



PART 05 OF 10

Component Suppliers

IN THIS PART

e How Component Supply Works

e Standard Components

e Modified Standard Components

e Custom Components

® Semiconductor Suppliers

e Optical Component Suppliers

e Power-Supply and Power-Component Suppliers
e Connector and Cable Suppliers

e Fiber-Optic Component Suppliers

e Mechanical Component Suppliers

e Motor, Sensor, and Motion-Control Suppliers
e Display Suppliers

e Software and Firmware Suppliers

® Supplier Selection

e Supplier Qualification

e Supplier Specifications

e Samples and Prototype Parts

e Tooling

e Minimum Order Quantities and Lead Times
e Pricing

e Quality Agreements

Incoming Inspection

Certificates and Supplier Documentation
Traceability

Supplier Change Notifications

Component Obsolescence

Second Sourcing

Counterfeit and Unauthorized Components
Nonconforming Components

Supplier Corrective Actions

Supplier Audits

Sub-Suppliers

Supplier Capacity and Business Continuity
Inventory and Shelf Life

Supplier Performance Monitoring

Component Suppliers and Verification and
Validation

Component Suppliers and Regulatory Control
Component Supplier Intellectual Property
Supplier Dependence

Supplier Agreements

Component Suppliers as Part of the Medical-
Device Value Chain

Component suppliers provide the semiconductors, optics, power systems, connectors, cables,
mechanical parts, sensors, motors, materials, and software building blocks used to create the
finished medical device. Most medical-device manufacturers do not design or manufacture every
component internally. They select commercially available parts, commission custom components,
license protected technology, and combine those inputs into a controlled product.

A component supplier normally sells one part of the system rather than the complete regulated
medical device. The medical-device manufacturer or specification developer remains responsible
for determining whether that part is suitable for the intended use and whether the finished system
continues to meet its safety, performance, regulatory, and manufacturing requirements.
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The supplier may own the underlying component technology. The medical-device company
controls how the component is selected, configured, integrated, tested, documented, and used in
the finished product.

| How Component Supply Works

The medical-device company begins by defining the technical and commercial requirements for
the component. These requirements can include electrical performance, optical performance,
dimensions, materials, software compatibility, operating temperature, expected life, manufacturing
volume, cost, quality level, traceability, and regulatory documentation.

The company then identifies suppliers capable of meeting those requirements. A supplier may offer
a standard catalog component, a modified version of an existing product, or a fully custom design.

A standard component is produced for a broad customer base and sold under the supplier’s
existing specifications. The medical-device company usually has limited control over the design
and must determine whether the existing part is suitable.

A modified standard component begins with an existing supplier product but includes changes
such as a different connector, housing, firmware configuration, cable length, optical coating,
mounting method, labeling, or operating range.

A custom component is developed specifically for the medical-device company. It may require
new electrical design, tooling, firmware, optics, packaging, testing, or manufacturing processes.

The more custom the component becomes, the more important the development agreement,
ownership terms, tooling rights, supply commitment, change-control process, and long-term
support become.

| Standard Components

Standard components allow the medical-device company to use technology that has already
been developed and manufactured at volume.

These parts can include processors, FPGAs (Field Programmable Gate Arrays), ASICs (Application
Specific Integrated Circuits), memory, image sensors, power regulators, connectors, optical
transceivers, motors, displays, resistors, capacitors, and network devices.

Standard components usually reduce development time and Non-Recurring Engineering cost
because the supplier has already completed the basic component design.

The medical-device manufacturer still has to qualify the component for its own application. A part
that performs correctly in an industrial, consumer, automotive, or telecommunications product
does not automatically satisfy the requirements of a medical device.

The component may need to operate under different temperature conditions, remain available for
a longer product life, tolerate repeated cleaning, support specific cybersecurity controls, or operate
near patient-connected equipment.
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The supplier's data sheet defines the component’s rated performance. The medical-device
manufacturer must determine whether that performance remains adequate after the component
is installed on the production circuit board, connected to the approved cables, enclosed in the final
housing, and operated under the maximum expected load.

| Modified Standard Components
A modified standard component is often used when an existing supplier product is technically

close to the requirement but does not match the final system completely.

A supplier may change the connector, pin assignment, housing, cable, firmware, coating, mounting
holes, optical filter, power input, or product labeling.

This approach can reduce development time compared with a completely custom product while
allowing the medical-device company to control the areas that affect integration.

A modified component still creates additional responsibilities. The company must define which
parts of the design remain standard and which parts are specific to the medical product.

The supplier may continue selling the standard version to other customers while reserving the
modified configuration for the medical-device company.

The supply agreement should identify the approved revision, drawings, firmware, materials,
manufacturing location, inspection methods, and change-notification requirements.

A supplier should not be allowed to replace the modified product with the standard version simply
because the products appear physically similar.

| Custom Components

Custom components are developed when commercially available parts do not meet the product’s
performance, size, interface, mechanical, or clinical requirements.

A custom component can include a miniature camera assembly, optical filter, robotic instrument,
cable assembly, power module, connector, mechanical housing, sensor board, illumination system,
or firmware-controlled subsystem.

Custom development normally begins with a written specification. The supplier reviews the
requirements, proposes a design, develops samples, and moves through prototype, verification,
pilot-production, and commercial-production stages.

The medical-device company may pay NRE (Non-Recurring Engineering) charges for design labor,
prototypes, tooling, test fixtures, software development, and manufacturing setup.

Payment of NRE charges does not automatically establish ownership of the resulting design.
Ownership must be defined in the development agreement.
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The supplier may retain ownership of its background technology, general manufacturing
knowledge, standard libraries, and production methods while assigning ownership of the product-
specific design to the medical-device company.

In other arrangements, the supplier may own the complete custom component and grant the
medical-device company an exclusive or nonexclusive right to purchase and use it.

The commercial and intellectual-property terms should be settled before the component becomes
difficult to replace.

| Semiconductor Suppliers

Semiconductor suppliers provide the electronic components that perform sensing, processing,
memory, communication, power control, timing, and interface functions.

These components can include CMOS (Complementary Metal-Oxide-Semiconductor) image
sensors, processors, FPGAs, ASICs, GPUs (Grophics Processing Units), CPUs (Central Processing
Units), memory devices, Ethernet controllers, SerDes (Serializer/Deserializer) devices, SDI (Serial
Digital Interface) components, HDMI (High—Definition Multimedia Interface) chipsets, clock
generators, power-management devices, motor drivers, and security components.

The semiconductor supplier normally provides a data sheet, reference design, evaluation board,
programming guide, software library, firmware package, simulation model, and application
support.

These materials help the engineering team integrate the part, but they do not create a finished
medical system.

The medical-device company still has to develop the circuit board, power architecture, firmware,
FPGA logic, thermal design, cybersecurity controls, error handling, and production-test methods
around the device.

Semiconductor suppliers may also provide reference software that remains their intellectual
property. The medical-device company may receive permission to distribute the compiled
software inside the product without receiving full ownership or source-code access.

This can create long-term dependence on the supplier for software updates, vulnerability
corrections, support for new operating systems, or compatibility with later hardware revisions.

| Optical Component Suppliers
Optical suppliers provide lenses, prisms, filters, windows, coatings, illumination components, fiber

bundles, light guides, and complete camera modules.

Some optical products are standard catalog items. Others are designed around the specific field of
view, focal length, wavelength, sensor size, working distance, and mechanical dimensions required
by the medical system.
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Optical components can be difficult to replace because their performance is tied to the complete
camera and image-processing pipeline.

A replacement lens may fit mechanically but produce different distortion, brightness, color, focus,
or depth of field. A replacement optical filter may alter fluorescence sensitivity or visible-light color.

The medical-device company must qualify the optical component as part of the complete image
chain rather than treating it as an isolated mechanical part.

The supplier specification should control materials, coatings, optical transmission, dimensions,
alignment features, cosmetic defects, surface quality, contamination, and packaging.

Custom optical tooling, coating formulas, polishing methods, alignment fixtures, and inspection
criteria may remain with the supplier unless the agreement states otherwise.

| Power-Supply and Power-Component Suppliers

Power suppliers provide external power adapters, internal AC-to-DC power supplies, DC-to-DC
converters, batteries, power-management circuits, and related protection components.

A power supply marketed as medical grade may have relevant medical electrical-safety
certifications, but the medical-device company must still evaluate the supply inside the finished
system.

The supplier should provide information covering rated voltage, current, leakage current, insulation,
operating temperature, fault protection, electromagnetic emissions, efficiency, connector
configuration, and certification status.

The medical-device company must confirm that the supply supports the maximum product load,
including startup, processing, illumination, network activity, optical modules, motors, cooling, and
connected accessories.

A replacement power supply with the same nominal voltage may have different leakage current,
noise, startup behavior, thermal performance, insulation, or electromagnetic compatibility.

The power supply should therefore be controlled by manufacturer, model, revision, connector,
cable, and approved operating configuration.

Power-component suppliers should also provide change notifications when internal components,
manufacturing locations, firmware, or certification status change.

| Connector and Cable Suppliers
Connector and cable suppliers provide the physical interfaces that carry power, video, network

data, control signals, optical signals, and accessory identification.

Products can include coaxial cables, HDMI cables, DisplayPort cables, Ethernet cables, fiber-optic
cables, USB (Universal Serial Bus) cables, custom multi-conductor assemblies, locking power
cables, robotic flex cables, and sterile or reusable cable assemblies.
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The cable is part of the system’s electrical, optical, mechanical, and electromagnetic performance.

Two cables with the same connector can have different impedance, shielding, conductor size,
optical fiber, bend tolerance, insertion loss, pin assignments, power capacity, or jacket materials.

The medical-device company should define the approved cable length, construction, shielding,
connector, fiber type, bend radius, operating temperature, cleaning method, and mechanical
durability.

Cable suppliers may manufacture the product from customer-controlled drawings or may retain
ownership of the cable design.

Custom cable assemblies frequently require tooling, molds, overmolding fixtures, connector inserts,
test fixtures, and continuity programs.

The agreement should identify who owns the tooling and whether the medical-device company
can transfer the design to another manufacturer.

| Fiber-Optic Component Suppliers

Fiber-optic suppliers provide optical transceivers, connectors, adapters, cable assembilies, splitters,
patch panels, and related optical components.

The supplier specification should define wavelength, optical power, receiver sensitivity, data rate,
fiber type, connector polish, operating temperature, power consumption, firmware compatibility,
and mechanical form.

A physically compatible optical transceiver is not automatically interchangeable with the qualified
part.

Different modules can produce different heat, optical power, link behavior, diagnostics, firmware
responses, or startup timing.

The medical-device manufacturer should maintain an approved list of optical modules and cable
assembilies rather than allowing any commercially available module with the same form factor.

The optical budget must also be controlled across the complete path. The supplier may guarantee
the module performance, but the medical-device company must account for the cable,
connectors, adapters, contamination, bends, patch panels, and expected aging.

Fiber suppliers can provide factory test results for insertion loss, return loss, connector inspection,
continuity, and polarity. The medical-device company may still perform incoming or production
testing based on the risk and criticality of the cable.

| Mechanical Component Suppliers

Mechanical suppliers provide machined parts, molded plastic components, castings, sheet-metal
assemblies, enclosures, seals, gaskets, springs, fasteners, robotic structures, and instrument
components.
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The supplier may manufacture directly from the medical-device company’s controlled drawing or
may contribute to the detailed design.

Mechanical specifications can define dimensions, tolerances, materials, coatings, surface finish,
cleanliness, sharp-edge limits, fluid resistance, color, labeling, and inspection methods.

Material identity is particularly important for patient-contacting, sterilized, reprocessed, or
chemically cleaned components.

A supplier should not change a resin, additive, colorant, adhesive, lubricant, coating, or sub-
supplier without review when the change can affect biocompatibility, sterilization, strength, wear,
sealing, or chemical resistance.

Mechanical parts may require custom molds, dies, machining fixtures, gauges, and assembly tools.
Ownership and access to this tooling should be defined before production begins.

A company that owns the drawing but does not control the mold or fixture may remain dependent
on the original supplier.

| Motor, Sensor, and Motion-Control Suppliers

Robotic and automated systems depend on suppliers of motors, encoders, brakes, gearboxes,
force sensors, torque sensors, position sensors, and motor-control electronics.

The component specification must address accuracy, repeatability, response time, rated load,
lifetime, backlash, friction, thermal performance, electrical noise, and communication behavior.

The supplier may provide a standard motor or sensor while the medical-device company develops
the control algorithm, calibration, safety limits, and mechanical integration.

A replacement component can affect the complete robotic system even when its nominal
specifications appear similar.

Different motor inertia, gearbox stiffness, encoder resolution, sensor filtering, startup behavior, or
internal firmware can change movement, tuning, force response, and safety performance.

These components should therefore be qualified as part of the complete motion-control system.

| Display Suppliers

Medical-video systems can use medical displays or commercially available displays depending on
the intended use, product claims, environment, and risk.

The display supplier may provide information covering resolution, brightness, contrast, color
performance, latency, viewing angle, supported formats, electromagnetic compatibility, power
requirements, and cleaning resistance.

The medical-device company must determine whether the display supports the required clinical
image and whether its internal processing adds unacceptable latency or image modification.
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Display models can change frequently. Suppliers may replace the panel, controller board, firmware,

power supply, or internal processing while keeping the same external product name.

The medical-device company may therefore require tighter revision control than the supplier
normally provides to commercial customers.

A change in panel or firmware can affect brightness, color, scaling, latency, image persistence, or
supported video formats and may require new qualification.

| Software and Firmware Suppliers
Component suppliers may provide software, firmware, drivers, development tools, FPGA IP cores,

security libraries, and operating-system support.

These products can be supplied as source code, compiled binaries, object libraries, encrypted
firmware, or cloud-based development tools.

The medical-device company must understand the license, source-code access, support period,
update process, cybersecurity responsibilities, and restrictions on modification or redistribution.

A supplied software component may be technically necessary while remaining outside the
medical-device company’s ownership.

The supplier may control corrections, new versions, operating-system compatibility, and
vulnerability responses.

The company should identify which supplier-controlled software components are essential to the
device and what happens if the supplier stops supporting them.

The software inventory should include the component name, version, license, source, function,
known vulnerabilities, and compatibility with the released product.

| Supplier Selection
Supplier selection considers more than component price.
The medical-device company should evaluate technical capability, quality systems,

manufacturing capacity, financial stability, product lifecycle, geographic risk, support, lead time,
change control, traceability, and experience with regulated industries.

A supplier that offers the lowest price may create greater long-term cost if it cannot maintain
quality, provide documentation, notify the customer of changes, or continue producing the
component for the required period.

The level of supplier control should be proportional to the risk created by the component.

A standard fastener may require basic purchasing controls. A custom sterile instrument, image
sensor, optical assembly, or safety processor requires more extensive qualification and ongoing
oversight.
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The company should classify suppliers according to the criticality of the product or service they
provide.

| Supplier Qualification

Supplier qualification is the process used to confirm that the supplier can consistently meet the
defined requirements.

Qualification can include review of the supplier’'s quality system, manufacturing capability, process

controls, traceability, test equipment, documentation, cybersecurity, capacity, and history.

The medical-device company may use questionnaires, document reviews, on-site audits, sample

evaluation, capability studies, or pilot-production runs.
The supplier qualification should match the specific product being purchased.

A large company with a strong general reputation may still lack the controls required for a
particular custom component or low-volume medical program.

Qualification should identify which manufacturing site, process, and sub-suppliers are approved. A

supplier with several factories should not move production to another location without review when

the manufacturing site affects quality or performance.

| Supplier Specifications

The purchasing specification defines what the supplier must provide.

It can include part number, revision, drawings, materials, dimensions, electrical performance,
optical performance, firmware version, inspection criteria, packaging, labeling, traceability,
certificates, and approved manufacturing location.

The specification should be detailed enough that the company can determine whether the
supplied component conforms.

A purchase order containing only a commercial part number may be sufficient for a standard
resistor but insufficient for a custom optical module or cable assembly.

The specification should also identify critical characteristics. These are the component features
that directly affect safety, performance, manufacturing, or regulatory requirements.

Critical characteristics may require tighter process controls, specific inspection, traceability, or

supplier reporting.

| Samples and Prototype Parts

Suppliers commonly provide engineering samples before commercial production.

Early samples may be hand-built, produced on temporary tooling, manufactured at a
development site, or assembled using components that differ from the final production version.
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The medical-device company must understand what each sample represents.

A sample that demonstrates basic function may not be suitable for verification, validation, clinical
use, sterilization testing, shelf-life testing, or regulatory submission.

The supplier should identify the materials, manufacturing process, firmware, revision, and
deviations associated with each sample stage.

Production-equivalent parts should use the approved materials, tooling, manufacturing location,

software, inspection, and process expected for commercial supply.

| Tooling

Custom components frequently require dedicated tooling.

Tooling can include injection molds, stamping dies, extrusion dies, machining fixtures, optical-
alignment fixtures, cable overmolds, test fixtures, gauges, and programming equipment.

The development agreement should define who pays for the tooling, who owns it, where it is stored,
who maintains it, and whether it can be transferred.

A medical-device company may pay the full tooling cost while the supplier retains physical
possession.

The agreement should still establish whether the supplier can use the tooling for another customer,
whether the company can remove it, and what happens if the supplier relationship ends.

Tooling condition affects component quality. Wear, repair, modification, or replacement should
remain controlled.

| Minimum Order Quantities and Lead Times

Component suppliers may require an MOQ (Minimum Order Quantity), annual purchase
commitment, or scheduled forecast.

The supplier's economic production quantity may be larger than the medical-device company’s
immediate need, particularly for custom semiconductors, optics, molded components, cables, and
packaging.

Long lead times are common for specialized components. Semiconductor, optical, mechanical,
and custom cable suppliers may require several months between purchase order and delivery.

The medical-device company must balance inventory cost against the risk of production
interruption.

Forecasting is particularly important when the supplier reserves materials, manufacturing capacity,
or sub-components based on expected demand.

A forecast may be nonbinding, partially binding, or fully binding depending on the agreement.
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The commercial team should understand which forecast periods can be changed and which
create a purchase obligation.

| Pricing

Component pricing depends on volume, customization, tooling, testing, materials, supplier
capacity, and commercial commitment.

A supplier may quote different prices for prototype quantities, pilot production, and full production.

The initial production price may also assume a particular annual volume. If actual demand is lower,
the supplier may increase the price or enforce minimum purchases.

Pricing should identify whether it includes programming, calibration, testing, packaging,
certificates, freight, and customs costs.

Custom components may also carry separate charges for engineering changes, requalification,
tooling repair, test-fixture modification, or expedited production.

The medical-device company should understand the supplier’'s cost drivers before the component
becomes locked into the design.

| Quality Agreements
A quality agreement defines how the medical-device company and supplier divide responsibility

for quality-related activities.

It can address specifications, inspections, test records, traceability, nonconforming product,

complaint investigations, change notification, corrective actions, audits, document retention, and
regulatory support.

The commercial supply agreement governs pricing, quantities, delivery, ownership, liability, and
other business terms. The quality agreement governs how product quality and compliance are
controlled.

The two agreements should not conflict.

A quality agreement does not transfer the medical-device manufacturer’s responsibility for the
finished product. It defines what information and controls the supplier must provide to support that
responsibility.

| Incoming Inspection

Incoming inspection confirms that supplied components meet the approved requirements before
they are used in production.

Inspection can include visual examination, dimensional measurement, electrical testing, optical
testing, documentation review, certificate review, and functional testing.
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Not every characteristic is tested on every incoming unit.

The inspection level depends on component risk, supplier performance, process capability, and the
company’s ability to detect a failure later in production.

Some characteristics can only be verified by destructive testing or specialized equipment. The
company may rely on supplier process controls and certificates while periodically performing
independent verification.

Incoming inspection should not be used as the only quality control for a poorly controlled supplier.
Quality should be built into the supplier’'s process rather than inspected into the part after delivery.

| Certificates and Supplier Documentation
Suppliers may provide Certificates of Conformance, material certificates, test reports, calibration

records, sterilization records, or inspection data.

A Certificate of Conformance states that the supplier believes the delivered product meets the
specified requirements.

The certificate does not replace the underlying supplier controls or the medical-device company’s
responsibility to determine whether the component is suitable.

The company should define which documents must accompany each shipment and which records
the supplier must retain.

Documentation requirements are particularly important for patient-contact materials, sterile
components, calibrated devices, custom software, critical electronics, and traceable instruments.

| Traceability
Traceability connects the supplied component to its manufacturer, lot, date, process, material, and
test history.

The required level of traceability depends on component risk.

A custom camera module may require unit-level serial-number traceability. A molded plastic
component may require lot traceability. A standard passive electronic component may be
controlled by supplier lot and purchase order.

Traceability supports complaint investigations, supplier corrective actions, field corrections, and
recalls.

Without traceability, a problem involving one supplier lot may force the medical-device company
to treat every product containing that component as potentially affected.

The finished device record should allow the company to identify which component lots were used
in which device serial numbers or production batches when that information is necessary for risk
control.
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| Supplier Change Notifications
Suppliers regularly change materials, sub-suppliers, manufacturing equipment, production sites,

firmware, packaging, test methods, or internal processes.

A PCN (Product Change Notification) informs customers of a planned component or process
change.

The medical-device company must review the change before using the revised component when
the change can affect the finished device.

The assessment can include electrical, optical, mechanical, software, cybersecurity, manufacturing,
biocompatibility, sterilization, thermal, or regulatory effects.

A supplier may consider a change minor because the component continues to meet its data sheet.
The medical-device company may consider the same change significant because the finished
system depends on characteristics not fully described in the standard data sheet.

The supply and quality agreements should define which changes require prior approval, which
require advance notice, and how much notice must be provided.

| Component Obsolescence

Medical devices often remain in production and service longer than the commercial life of their
components.

Semiconductor, display, memory, connector, sensor, and software suppliers may discontinue
products as newer technology becomes available.

An EOL (End of Life) notice identifies a component that will no longer be manufactured or
supported. The supplier may provide a last-time-buy period during which customers can place
final orders.

The medical-device company must decide whether to purchase long-term inventory, redesign the
product, qualify a replacement, or discontinue the affected model.

A replacement can require circuit-board changes, firmware changes, software changes, thermal
testing, electromagnetic-compatibility testing, performance testing, and regulatory review.

The obsolescence risk should be considered during initial component selection. A technically ideal
component with a short remaining lifecycle may create more risk than a slightly less advanced
part with long-term support.

| Second Sourcing

Second sourcing means qualifying more than one supplier or component for the same function.

A second source can reduce dependence on one supplier, manufacturing site, country, or
transportation route.
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True second sourcing requires more than identifying another part with similar specifications. The
alternate must be integrated, tested, documented, and approved.

For a basic mechanical component, this may be straightforward. For an image sensor, FPGA,
optical module, display, power supply, or custom cable, the alternate can require substantial
redesign and validation.

The medical-device company may maintain two suppliers in active production or qualify one
backup supplier that can be activated if needed.

The backup strategy should consider tooling, lead time, minimum orders, test fixtures, software
compatibility, and regulatory impact.

| Counterfeit and Unauthorized Components

Counterfeit, remarked, recycled, or unauthorized electronic components create reliability and
traceability risks.

The risk increases when components are purchased from brokers or secondary markets after the
authorized supplier has limited supply or discontinued the product.

A counterfeit device may carry the correct markings while containing a different die, previous-use
damage, altered date codes, or lower-grade material.

The medical-device company should purchase critical components through authorized channels
where practical.

When broker purchases are unavoidable, additional inspection and authentication may be
required.

Unauthorized substitutions by contract manufacturers must also be prevented. A manufacturer

should not replace a qualified component with a lower-cost alternative without written approval.

| Nonconforming Components

A component is nonconforming when it fails to meet the approved specification.

The supplier or medical-device company may discover the issue during inspection, production,
testing, or field use.

The nonconforming product should be identified, segregated, investigated, and dispositioned.
Possible dispositions include return to supplier, rework, sorting, concession, or scrap.

A concession allows use of a component that does not fully meet the specification when the
company determines that the deviation does not affect safety, performance, regulatory
compliance, or manufacturing.

A concession should be formally reviewed and should not become an informal method for
accepting repeated supplier failures.
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Repeated nonconformance may require a supplier corrective action and reassessment of the
supplier's qualification.

| Supplier Corrective Actions

When a supplier problem affects product quality, the medical-device company may issue a
Supplier Corrective Action Request.

The supplier investigates the problem, identifies the root cause, defines corrective action, and
provides evidence that the action was effective.

Replacing the failed parts does not by itself correct the underlying process problem.

The investigation may need to address material control, equipment, software, training, inspection,
sub-suppliers, maintenance, or process variation.

The medical-device company reviews whether the response explains the failure and whether the
corrective action prevents recurrence.

Critical problems may require on-site review, additional incoming inspection, temporary
production controls, or suspension of the supplier.

| Supplier Audits

Supplier audits evaluate whether the supplier’'s actual operations match the agreed requirements.

An audit can review document control, training, traceability, equipment, calibration, process
validation, inspection, nonconforming product, corrective action, software control, sub-suppliers,
and change management.

The audit scope should reflect the risk of the supplied product.

A supplier producing a custom sterile instrument requires a different audit from a distributor
supplying standard electronic components.

Audits can be performed before approval, periodically, or in response to a quality problem.

The company should document findings, required actions, owners, and completion dates.

| Sub-Suppliers

A direct supplier may depend on additional companies for materials, components, coatings,
sterilization, software, or manufacturing.

These companies are sub-suppliers to the medical-device manufacturer.

The medical-device company may not contract directly with every sub-supplier, but it must
understand which sub-suppliers affect critical characteristics.
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The direct supplier should control its own supply chain and notify the medical-device company
when a critical sub-supplier or process changes.

For certain high-risk components, the medical-device company may require approval of named
sub-suppliers or access to their documentation.

A component can fail because of a change several levels below the direct supplier even when the
direct supplier’s final part number remains unchanged.

| Supplier Capacity and Business Continuity

The supplier must be able to produce the required quantity without losing control of quality.

A low-volume development supplier may perform well during prototype production but lack the
equipment, personnel, or sub-supplier capacity required for commercial volume.

The medical-device company should evaluate production capacity, expansion plans, backup
equipment, disaster recovery, geographic concentration, and dependence on single machines or
employees.

Business continuity planning addresses disruptions involving fire, flood, earthquake, political
instability, transportation, utilities, cyberattack, labor problems, or sub-supplier failure.

The company should identify critical components for which an interruption would stop production
and determine whether safety stock, alternate sites, second sources, or redesign plans are
required.

| Inventory and Shelf Life

Some supplied components have a defined shelf life or storage condition.

These can include adhesives, batteries, sterile components, optical coatings, electronic
components sensitive to moisture, and materials that degrade over time.

The supplier should define the manufacturing date, expiration date, storage temperature, humidity
limits, and handling requirements.

The medical-device company must control inventory rotation and prevent expired or improperly
stored components from entering production.

Long-term inventory purchased during an End of Life event may require periodic testing, controlled
storage, repackaging, or special handling.

A component can remain electrically functional while its solderability, adhesive performance,
battery capacity, or packaging integrity degrades.

| Supplier Performance Monitoring

Supplier qualification is not a one-time event.
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The medical-device company should continue monitoring delivery, quality, documentation,
responsiveness, change control, corrective actions, and technical support.

Supplier performance can be measured through defect rates, on-time delivery, complaint
involvement, response time, audit results, and corrective-action effectiveness.

The company may increase or reduce oversight based on performance.

A supplier with repeated late deliveries, undocumented changes, or recurring defects creates both
manufacturing and regulatory risk even when each individual event appears manageable.

Supplier performance should be reviewed before awarding additional business or designing the
supplier's components into a new product.

| Component Suppliers and Verification and Validation
The supplier verifies that the component meets the supplier specification. The medical-device
company verifies that the component and finished device meet the medical-device requirements.

These are different responsibilities.

A fiber supplier may verify insertion loss and connector quality. The medical-device company must
verify that the complete video path operates at the required distance, temperature, data rate, and
system load.

A power-supply supplier may verify output voltage and medical electrical-safety certification. The
medical-device company must verify leakage current, thermal performance, electromagnetic
compatibility, and fault response inside the finished product.

An image-sensor supplier may verify sensor performance. The medical-device company must
verify the complete optical and image-processing performance.

Validation then confirms that the finished product meets the needs of the intended users under
realistic conditions.

Supplier testing can support the medical-device company’s evidence, but it does not replace
system-level Verification and Validation.

| Component Suppliers and Regulatory Control

Component suppliers are not automatically medical-device manufacturers simply because their
products are used inside a medical device.

The legal and regulatory role depends on how the component is marketed, what claims are made,
whether it is sold as a finished medical-device accessory, and which company controls the finished
product.

The medical-device manufacturer remains responsible for showing that purchased components
are appropriate for the intended use.
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Regulatory submissions may identify critical suppliers, manufacturing sites, sterilizers, software
providers, and component specifications.

A supplier change can therefore affect the regulatory file even when the supplier itself has no direct
submission obligation.

The medical-device company should have access to the supplier documentation required to
support testing, risk management, manufacturing, and regulatory review.

Confidential supplier information can sometimes be provided directly to a regulatory authority or
testing organization when the supplier will not release proprietary details to the medical-device
company.

| Component Supplier Intellectual Property

The supplier normally owns the technology used to create its standard component.

This can include semiconductor design, optical formulas, manufacturing processes, firmware,
software libraries, test methods, materials, tooling, and general engineering knowledge.

The medical-device company may own the custom specification, product-specific drawings,
interface, configuration, calibration, or modifications funded through the development program.

The division of ownership should be written clearly.

The agreement should address background intellectual property, newly developed intellectual
property, modifications, tooling, derivative designs, exclusivity, field-of-use restrictions, and rights
after termination.

A custom component may become a major part of the medical-device company’s competitive
advantage. If the supplier owns the design and can sell the same product to competitors, the
company may have less protection than expected.

An exclusive arrangement can provide greater control but may require volume commitments,
minimum purchases, development funding, or geographic and market limitations.

| Supplier Dependence

Supplier dependence exists when the medical-device company cannot manufacture, service, or
modify the product without one specific supplier.

Dependence can result from custom tooling, proprietary firmware, unavailable source code, sole-
source materials, calibration equipment, encrypted components, specialized manufacturing
knowledge, or regulatory documentation held by the supplier.

Not all dependence is avoidable. Advanced medical products often rely on suppliers with
specialized capabilities.
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The company should understand the dependency and manage it through contracts, inventory,
second sourcing, escrow, tooling ownership, documentation access, or long-term supply
agreements.

A company that owns the finished product but cannot obtain a critical camera, cable, chipset,
instrument, power supply, or software update does not have complete practical control of
production.

| Supplier Agreements

The commercial agreement defines pricing, quantities, forecasts, delivery, payment, warranties,
ownership, confidentiality, liability, termination, and dispute resolution.

The development agreement defines engineering work, prototypes, tooling, intellectual property,
documentation, milestones, and acceptance.

The quality agreement defines specifications, change control, traceability, inspection,
nonconformance, corrective action, complaints, audits, and record retention.

These agreements may be combined or separated, but the responsibilities should remain
consistent.

The agreements should also define what happens if the supplier is acquired, discontinues the
component, closes a manufacturing site, loses a critical sub-supplier, or terminates the
relationship.

The medical-device company should not wait until a supply interruption to determine whether it
has the right to obtain the tooling, files, inventory, and technical support required to continue
production.

| Component Suppliers as Part of the Medical-Device Value Chain

Component suppliers provide the specialized technologies that make the finished device possible.

They may own the semiconductor, lens, motor, power supply, cable, material, software library,
optical module, or mechanical process.

The medical-device manufacturer defines how those components are combined into a controlled
clinical system.

The supplier is responsible for delivering a component that meets the agreed specification. The
medical-device manufacturer is responsible for confirming that the component is suitable for the
intended medical use and that the complete product remains safe, effective, manufacturable, and
supportable.

The strongest medical-device companies do not treat suppliers as simple sources of
interchangeable parts. They understand which components are standard, which are custom, which
are difficult to replace, which create regulatory dependencies, and which contain intellectual
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property essential to the finished product.

Practical control depends on qualified suppliers, controlled specifications, documented changes,
reliable test methods, traceability, supply continuity, clear ownership, and the ability to respond
when a component fails, changes, or becomes unavailable.
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Contract manufacturers build medical devices or major medical-device subsystems for
companies that own the product, specification, brand, regulatory authorization, or commercial
rights. They can manufacture circuit boards, optical assembilies, robotic components, cable
systems, instruments, power systems, enclosures, disposable products, or the complete finished
device.

A contract manufacturer may perform only assembly, or it may provide engineering, sourcing,
tooling, programming, calibration, testing, packaging, sterilization coordination, warehousing, and
shipping. The exact role depends on the manufacturing agreement and the capabilities of the
facility.

The medical-device company may own the product and control the design while the contract
manufacturer owns the factory, equipment, production personnel, and some of the manufacturing
process. The relationship works only when ownership, specifications, responsibilities, quality
controls, and change authority are clearly defined.

The contract manufacturer is responsible for producing the device according to the approved
requirements. The specification developer or legal manufacturer remains responsible for
determining that the finished product is suitable for its intended use and continues to meet its
regulatory, safety, and performance requirements.

| How Contract Manufacturing Works

The medical-device company provides the controlled design and product requirements to the
contract manufacturer. These can include drawings, electrical schematics, PCB (Printed Circuit
Board) files, software, firmware, bills of material, assembly instructions, inspection procedures, test
methods, labeling, packaging requirements, and approved supplier information.

The contract manufacturer reviews the design and determines how it will be produced. It develops
or adapts the manufacturing process, equipment, tooling, fixtures, work instructions, inspection
steps, programming stations, calibration systems, and final test procedures needed to build the
product repeatedly.

The manufacturer may purchase components directly or receive customer-supplied materials. It
may also manage sub-suppliers for circuit boards, metalwork, molded components, cables,
coatings, sterilization, packaging, or other specialized processes.

The product company normally retains approval authority over the released design and critical
changes. The contract manufacturer controls day-to-day production within those approved limits.

The contract manufacturer cannot substitute components, change the assembly process, move
production, revise firmware, or modify test limits without review when the change can affect the
finished medical device.

| Levels of Contract Manufacturing

Contract manufacturing can range from basic assembly to complete outsourced production.
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A basic assembly provider builds a product from customer-supplied materials, drawings, and
instructions. The product company retains most sourcing, engineering, testing, and quality
responsibilities.

A turnkey manufacturer purchases components, manages suppliers, assembles the product,
performs testing, and delivers completed units. The product company provides the design and
retains approval authority but depends more heavily on the manufacturer’s supply chain and
process controls.

A full-service contract manufacturer may also provide design engineering, Design for
Manufacturing, Design for Test, tooling, regulatory support, packaging, sterilization coordination,
logistics, repair, and product-lifecycle management.

Some companies use separate manufacturers for different stages. One facility may build the circuit
boards, another may assemble optics, another may perform final system integration, and another
may package or sterilize the finished device.

The more divided the manufacturing chain becomes, the more important interface control,
traceability, configuration management, and responsibility assignment become.

| Original Equipment Manufacturing and Private Labeling

A contract manufacturer may build a product that another company sells under its own name. This
can be structured as OEM (Original Equipment Manufacturer), private-label, white-label, or
specification-development manufacturing.

In one model, the selling company owns the product design and contracts the manufacturer only
for production. In another, the manufacturer owns the underlying product and supplies a
customized or rebranded version to the commercial company.

These arrangements create different ownership and regulatory positions.

If the manufacturer owns the design, the commercial company may have limited authority to
modify the product, change suppliers, move production, or continue selling after the agreement
ends.

If the commercial company owns the design, it should control the technical files, source code,
tooling, test systems, supplier specifications, and regulatory documentation required to transfer the
product to another facility.

The agreement must identify who is the legal manufacturer, who owns the regulatory authorization,
whose name appears on the label, who handles complaints, and who is responsible for field
corrections and recalls.
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| Contract Manufacturing of Electronics

Electronics contract manufacturers build printed circuit boards, cable assemblies, power
assemblies, video-processing modules, network endpoints, robotic-control boards, and complete
electronic systems.

PCB assembly normally includes solder-paste printing, automated component placement, reflow
soldering, through-hole assembly, cleaning where required, inspection, programming, and
functional testing.

The manufacturer may use AOI (Automated Optical Inspection) to inspect solder joints and
component placement. It may use X-ray inspection for BGAs (Ball Grid Arrays), hidden solder joints,
and other components that cannot be inspected visually.

Additional testing can include flying-probe testing, in-circuit testing, boundary scan, power-up
testing, memory testing, interface testing, and full functional testing.

The manufacturer must control the correct component manufacturer, part number, revision, date
code, moisture sensitivity, storage condition, and approved substitute status.

Electronic production is vulnerable to unauthorized substitution because many components
appear physically similar. A replacement memory device, regulator, oscillator, transceiver, or
connector may fit the same footprint while behaving differently.

The contract manufacturer should not make component substitutions based only on availability or
price unless the approved change process permits it.

| Contract Manufacturing of Medical Video Systems

A medical-video contract manufacturer may assemble transmitters, receivers, camera-control
systems, recording equipment, networked video endpoints, fiber-optic modules, mobile carts, and
integrated Operating Room systems.

These products require more than basic circuit-board assembly. The manufacturer may need to
load FPGA (Field Programmable Gate Array) bitstreams, firmware, operating systems, calibration
files, licenses, cryptographic keys, and product-specific configurations.

The production system must confirm that the correct hardware and software versions are installed
together.

The manufacturer may also test video resolution, frame rate, latency, color format, cable distance,
fiber operation, network performance, signal recovery, and supported input and output formats.

For stereo robotic video, both channels must be tested together to confirm synchronization, image
alignment, and correct routing.

A unit that powers on and displays an image has not necessarily passed the full medical-video test
requirement. The manufacturer must verify the performance defined in the released specification.
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| Contract Manufacturing of Optical Systems
Optical contract manufacturers assemble lenses, filters, sensors, illumination components, camera

modules, endoscope tips, stereo cameras, and complete optical subsystems.

The work can require controlled environments, specialized alignment stations, optical targets,
calibrated light sources, clean handling, and automated image analysis.

The manufacturer may perform lens alignment, sensor positioning, focus adjustment, distortion
measurement, color calibration, fluorescence-channel alignment, stereo calibration, and optical
sealing.

Small changes in adhesive volume, curing temperature, component position, contamination, or
fixture accuracy can affect the final image.

The manufacturing process must therefore control more than component dimensions. It must
control the completed optical performance.

The contract manufacturer may develop specialized fixtures and alignment algorithms during
production setup. The agreement should identify whether those fixtures, methods, and software
belong to the product company or remain the manufacturer’s property.

A product company may own the camera design but remain unable to transfer production if it
does not have access to the alignment process and calibration system.

| Contract Manufacturing of Robotic Systems

Robotic medical-device manufacturing can include motors, encoders, gear systems, cable drives,
joints, instruments, sensors, control boards, mechanical structures, and safety systems.

The manufacturer must control mechanical tolerances, torque, backlash, alignment, lubrication,
cable tension, encoder positioning, and joint calibration.

Final testing may include motion range, positioning accuracy, repeatability, motor current, force,
torque, emergency stopping, collision response, and sensor agreement.

The manufacturer may need dedicated calibration fixtures that establish mechanical zero
positions and coordinate relationships between joints, cameras, instruments, and control systems.

Robotic systems also require strict configuration control. A motor, encoder, gearbox, control-board
revision, or firmware version may change the performance of the complete motion-control system.

The manufacturer cannot treat those components as independent replacements without system-

level approval and testing.

| Contract Manufacturing of Cables and Fiber Assemblies

Contract manufacturers can produce copper video cables, fiber-optic cables, hybrid power-and-
data cables, robotic flex cables, custom medical connectors, and overmolded cable assemblies.
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Cable production can include conductor preparation, termination, polishing, splicing, crimping,
soldering, overmolding, strain relief, shielding, continuity testing, optical testing, and labeling.

For copper video cables, the manufacturer may test continuity, pin assignment, shielding,
impedance, insertion loss, and signal performance.

For fiber-optic assembilies, the manufacturer may test polarity, insertion loss, return loss, connector
end-face condition, and mechanical retention.

The cable manufacturer should control fiber type, connector polish, cable jacket, bend radius, strain
relief, shielding, conductor size, and approved length.

A cable that passes a basic continuity test may still fail at the required video data rate or after
repeated flexing.

The medical-device company should define whether the cable is intended for permanent
installation, mobile cart use, robotic motion, repeated cleaning, or connection inside the Operating
Room. The manufacturing and test requirements should match that use.

| Manufacturing Process Development
A contract manufacturer normally develops the production process after reviewing the product

design.

Process development determines the order in which components are assembled, programmed,
calibrated, inspected, tested, labeled, and packaged.

The sequence matters. A component may need to be calibrated before the enclosure is closed. A
firmware version may need to be loaded before final testing. An optical assembly may need to be
aligned before sealing. A robotic joint may need to be torqued before position calibration.

The manufacturer identifies the required equipment, tooling, fixtures, workstations, environmental
controls, and operator training.

The process is then evaluated to confirm that it can produce conforming products repeatedly.

A process that depends on one experienced technician making undocumented adjustments is not
a controlled production process.

The manufacturer must convert engineering knowledge into repeatable instructions, measurable

settings, and acceptance criteria.

| Design for Manufacturing

DFM (Design for Manufacturing) is the process of modifying the product design so it can be
produced consistently and economically.
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The contract manufacturer may recommend changes to component placement, fasteners,
connectors, tolerances, cable routing, adhesives, enclosure design, assembly access, inspection
features, and test points.

A design can function correctly and still be difficult to manufacture. Examples include parts that
can be installed backward, components that cannot be inspected, connectors that are difficult to
reach, fasteners requiring unusual tools, or tolerances that cannot be maintained at commercial
volume.

DFM changes should preserve the product’s safety, performance, and regulatory requirements.

The contract manufacturer may identify a lower-cost or more manufacturable design, but the
product company must determine whether the change affects verification, validation, risk
management, labeling, or regulatory authorization.

| Design for Test
DFT (Design for Test) makes it possible to determine whether each manufactured unit meets its

requirements.

The design may include test points, diagnostic modes, loopback connections, boundary-scan
access, built-in test patterns, removable covers, service ports, calibration memory, or software
commands used only during production.

The contract manufacturer can help determine where automated testing is practical and which
characteristics require manual inspection or specialized equipment.

A product that cannot be tested efficiently may depend on long final tests, expensive equipment, or
incomplete inspection.

The test strategy should detect defects as early as possible. A circuit-board failure found before
final assembly is usually less expensive to correct than the same failure found after optical
alignment, enclosure assembly, and full system calibration.

| Manufacturing Work Instructions

Work instructions define how operators perform each production step.

They can include component preparation, assembly sequence, torque values, adhesive quantity,
curing time, soldering requirements, cable routing, cleaning, programming, calibration, inspection,
and packaging.

The instruction should be clear enough that trained personnel can perform the work without relying
on undocumented knowledge.

Photographs, diagrams, videos, fixtures, gauges, and software prompts can be used to reduce
ambiguity.
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The instructions should identify the required tools, materials, personal protective equipment,
environmental conditions, and acceptance criteria.

Changes to the work instructions must remain controlled. The manufacturer should not alter the
assembly method informally because a different method appears faster or easier.

| Tooling and Fixtures

Contract manufacturers use tooling and fixtures to hold, align, assemble, program, calibrate, and
test the product.

Tooling can include mechanical assembly fixtures, optical-alignment stations, robotic calibration
systems, circuit-board programmers, cable testers, custom gauges, leak testers, and packaging
fixtures.

The agreement should define who owns the tooling, who paid for it, where it is stored, who
maintains it, and whether it can be transferred.

The manufacturer may own general production equipment while the medical-device company
owns product-specific tooling.

Ownership should not be assumed based only on who possesses the equipment.

A company may pay for tooling while the contract manufacturer retains physical control. The
company should still have defined rights to use, inspect, copy, or transfer the tooling if the
manufacturing relationship ends.

Tooling maintenance, calibration, repair, and replacement must remain controlled because worn
or modified tooling can change the finished product.

| Manufacturing Equipment

Production equipment can include placement machines, reflow ovens, torque tools, laser welders,
adhesive dispensers, optical aligners, environmental chambers, cable testers, programmers, and
automated test stations.

The manufacturer must maintain and calibrate equipment whose accuracy affects product
quality.

Equipment settings should be controlled where changes can affect the product.

A reflow profile, adhesive cure temperature, optical alignment parameter, torque setting, or robotic
calibration routine can be a critical process parameter.

The medical-device company does not need to control every general factory setting, but it must
ensure that the manufacturer controls the parameters that affect the approved product.
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| Process Validation
Process validation is required when the result of a manufacturing process cannot be fully verified

through later inspection or testing.

Examples can include adhesive bonding, welding, molding, sealing, sterilization, coating, software
loading, optical alignment, and other processes where a defect may not be completely visible in
the finished unit.

Validation demonstrates that the process can repeatedly produce an acceptable result when
operated within defined limits.

The manufacturer identifies the critical process parameters, equipment, materials, environmental
conditions, operator requirements, and acceptance criteria.

The validation normally challenges the process across the approved operating range rather than
proving only that one ideal setting works.

A validated process must remain under control after validation. Equipment changes, material
changes, production-site changes, or major parameter changes may require review and
revalidation.

Installation Qualification, Operational Qualification, and Performance
Qualification

Manufacturing process validation may include IQ (Installation Qualification), 0Q (Operational
Qualification), and PQ (Performance Quailification).

Installation Qualification confirms that the equipment and supporting systems are installed
correctly and match the approved requirements.

Operational Qualification confirms that the equipment operates as intended across the defined
parameter range.

Performance Qualification confirms that the complete process, using production personnel,
materials, equipment, and procedures, repeatedly produces acceptable product.

These activities are applied according to the process and risk. Not every manufacturing step
requires the same level of qualification.

The contract manufacturer may execute the qualification, but the medical-device company should

review and approve the approach for processes that directly affect the finished product.

| Production Testing

Production testing confirms that each unit or defined sample meets the released requirements
before it is accepted.

Testing may occur at several stages rather than only at final assembly.
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Circuit boards can be tested before enclosure installation. Camera modules can be tested before
integration. Cables can be tested before connection to the system. Robotic joints can be calibrated
before final system assembly.

Final testing confirms that the assembled product operates correctly as a complete unit.

Medical-video production testing can include startup, supported formats, image stability, latency,
network operation, fiber connectivity, display output, recording, fault detection, and recovery.

Robotic production testing can include motion range, accuracy, repeatability, force, torque, sensor
status, emergency stop, and safety monitoring.

The test software, limits, equipment, and product configuration must remain controlled.

| Manufacturing Test Systems

Test systems can contain a substantial part of the product’s intellectual property.

A test station may generate video signals, simulate cameras, emulate hospital equipment,
measure latency, verify optical power, test network behavior, inspect image quality, or exercise
robotic motion.

The station may also program serial numbers, cryptographic keys, firmware, FPGA bitstreams,
calibration files, and product licenses.

The test system must identify the correct product model and apply the correct test limits.

A single manufacturing line may build several product versions. The test software must prevent one
model from being tested against another model’s requirements.

Test results should be stored in a way that connects them to the specific unit, hardware revision,

software version, date, and test-station configuration.

| Verification and Validation Support

The contract manufacturer may build the units used for Verification and Validation.

Verification confirms that the product meets the technical requirements. Validation confirms that
the product meets the user needs and intended use.

The units used for these activities should be production-equivalent or otherwise justified.

The contract manufacturer must identify the materials, components, software, process, tooling, and
deviations associated with the test units.

A hand-built engineering prototype may not represent the production design closely enough to
support final validation.

The manufacturer may also support test setup, failure analysis, sample preparation, and design
corrections during Verification and Validation.
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The product company remains responsible for confirming that the selected units and evidence
apply to the product that will be marketed.

| Pilot Production

Pilot production is the controlled manufacturing stage between engineering prototypes and full
commercial production.

The manufacturer builds a limited number of units using the planned production equipment,
tooling, personnel, instructions, and test methods.

Pilot production reveals whether the design and process work under realistic production conditions.

The company can evaluate assembly time, yield, defects, test failures, component variation,
training, documentation, and supplier performance.

Problems discovered during pilot production may require design changes, work-instruction
changes, new fixtures, tighter supplier specifications, or revised tests.

Pilot production should not be treated as unrestricted commercial manufacturing. The units and
their intended use should remain controlled until the production process and product release are
approved.

| Production Transfer

Production transfer moves the product from design and development into routine manufacturing.

The contract manufacturer must receive the approved design files, software, firmware,
specifications, tooling, work instructions, test methods, calibration data, and supplier requirements.

The transfer should confirm that the manufacturer can build the product without relying on the
original design engineers to correct every unit.

The manufacturer should demonstrate that it can achieve the required yield, quality, test
performance, and documentation.

The product company reviews the transfer results and determines whether commercial production
can begin.

A transfer is not complete merely because the manufacturer has received the drawings. It is

complete when the facility can repeatedly produce and release the approved product.

| Manufacturing Transfer Between Facilities

A company may later move production to another contract manufacturer or another facility
operated by the same manufacturer.

The receiving facility must establish its own equipment, tooling, training, supplier controls, work
instructions, process validation, testing, and records.
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The new facility may use different machines, personnel, layouts, utilities, or sub-suppliers even
when the product design remains unchanged.

The product company must evaluate whether additional Verification, Validation, process
qualification, or regulatory review is required.

The original manufacturer must provide the files, tooling, software, test systems, calibration data,
supplier information, and practical knowledge needed for the transfer.

A company that does not control these assets may discover that moving production requires
redevelopment rather than transfer.

| Supplier Management by the Contract Manufacturer

A turnkey contract manufacturer may select and manage the suppliers used to build the product.

The manufacturer may purchase circuit boards, semiconductors, connectors, optical parts, cables,
metalwork, molded components, packaging, and other materials.

The medical-device company must define which suppliers and components require its approval.

The contract manufacturer should qualify and monitor its suppliers, but the product company
remains responsible for the finished device.

Critical suppliers, custom parts, patient-contact materials, sterilization providers, and software-
controlled components may require direct visibility or approval by the medical-device company.

The manufacturer should not shift critical sourcing to another supplier without notifying the product
company.

| Approved Vendor Lists

An AVL (Approved Vendor List) identifies which suppliers and component manufacturers are
permitted for the product.

The list can specify the exact manufacturer, part number, revision, manufacturing site, distributor,
and approved alternative.

The contract manufacturer may maintain its own general vendor list, while the medical-device
company controls the product-specific approved list.

A generic component description can permit too much variation. A resistor may be safely sourced
from several approved manufacturers, while an image sensor, power supply, optical module,
display, or cable may require exact control.

The contract manufacturer must purchase through approved channels where required and
maintain records showing which component lots were used.
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| Material Control

The contract manufacturer controls how components and materials are received, stored, issued,
and returned.

Electronic components may require moisture control, antistatic handling, baking, or restricted
exposure time.

Adhesives, batteries, coatings, and sterile materials may have shelf-life and temperature
requirements.

Optical parts may require clean handling and protected packaging.

The manufacturer must prevent expired, damaged, contaminated, counterfeit, or unapproved
materials from entering production.

Material identity and status should remain visible throughout the factory. Accepted, rejected,

quarantined, and expired materials should not be mixed.

| Inventory and Forecasting

The contract manufacturer may purchase inventory based on purchase orders, forecasts,
minimum-order requirements, and lead times.

The manufacturing agreement should identify which forecasts are binding, who owns excess
inventory, and what happens when demand decreases or the product changes.

Custom components can create substantial inventory obligations. A supplier may require a large
minimum purchase or long lead time, while actual medical-device demand remains uncertain.

The product company may own the inventory even when it is physically stored at the contract
manufacturer.

The agreement should address obsolete, excess, domaged, expired, and end-of-life inventory.
A design change can make existing components unusable. The company should understand who

bears that cost before approving the change.

| Component Obsolescence

The contract manufacturer may identify components that are difficult to source or approaching
End of Life.

It can monitor supplier notices, lead times, allocation, and market availability.

The contract manufacturer may recommend substitutes, but the product company must approve
them.

A replacement component may require circuit-board changes, firmware updates, software
changes, thermal analysis, electromagnetic testing, and regulatory review.
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The manufacturer should not treat a substitute as acceptable solely because it fits the same
footprint or meets the same general specification.

Obsolescence planning should begin before the last available inventory is exhausted.

| Nonconforming Product

A nonconforming product fails to meet the approved requirement.

The failure can involve material, workmanship, dimensions, software, calibration, labeling,
packaging, or test performance.

The contract manufacturer must identify and segregate the affected material or units.

The product is then reviewed for disposition. It may be reworked, returned, sorted, accepted under
concession, or scrapped.

The manufacturer should not repair or use nonconforming product without authorization when the
action can affect the finished device.

Repeated nonconformance requires investigation rather than repeated informal acceptance.

The product company should have visibility into nonconformances affecting critical components,
safety, performance, or regulatory requirements.

| Rework and Repair

Rework brings a nonconforming unit into conformity with the original approved requirement.
Repair makes the unit usable but may not restore it exactly to the original specification.

The distinction matters because a repair can create a product configuration that was not
previously evaluated.

Rework instructions should be approved, documented, and validated where necessary.

Repeated soldering, adhesive removal, connector replacement, optical realignment, or enclosure
disassembly can damage the product or reduce reliability.

The manufacturer should record which units were reworked, what was done, who performed the
work, and how the unit was retested.

Unauthorized rework can hide production problems and produce inconsistent devices.

| Yield and Scrap

Manufacturing yield is the percentage of units or assemblies that pass the process without
unacceptable failure.

Low yield can indicate a weak design, unstable supplier, poorly controlled process, incomplete work
instructions, or inadequate training.
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The contract manufacturer tracks failures by process step and failure type.

Yield improvement should not be achieved by weakening acceptance criteria or repeatedly
reworking failed units without understanding the cause.

Scrap data can reveal component, process, or design problems before they appear in the field.
The product company should review yield and failure trends, especially during product launch and

after major changes.

| Manufacturing Deviations

A manufacturing deviation is a temporary approved departure from the normal process or
specification.

A deviation may be used when equipment is unavailable, a material is delayed, a temporary
process is required, or a limited production issue must be managed.

The deviation should identify what is changing, why it is necessary, which units are affected, what
risks exist, what additional controls are required, and when the deviation expires.

A temporary deviation should not become the permanent process without formal review.
The medical-device company should approve deviations that can affect the finished device,
regulatory status, or validated process.

| Engineering Changes

The contract manufacturer may propose changes to improve cost, quality, availability, or
manufacturability.

The product company evaluates whether the change affects design requirements, risk controls,
Verification and Validation, manufacturing validation, labeling, or regulatory authorization.

The contract manufacturer should not implement the change until the required approval is
complete.

The effective date, affected inventory, transition plan, and product identification should be
controlled.

A mixed production lot containing old and new configurations can complicate service, complaint

investigation, and regulatory records.

| Quality Agreements

The quality agreement defines the quality responsibilities of the product company and contract
manufacturer.
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It can address document control, specifications, supplier approval, incoming inspection, process
validation, production testing, nonconforming product, corrective actions, complaints, change
notification, audits, record retention, traceability, and regulatory support.

The quality agreement should identify which party performs each activity and which party has final
approval authority.

The commercial agreement may address pricing, forecasts, payment, liability, warranties,
inventory, intellectual property, and termination.

The development agreement may address engineering, prototypes, tooling, and design ownership.

These documents should remain consistent. One agreement should not give the manufacturer
authority that another agreement reserves for the product company.

| Quality Management Systems

A contract manufacturer producing medical devices normally operates under a documented QMS
(Quality Management System) appropriate to its role.

The system controls documents, training, suppliers, materials, production, equipment, inspections,
nonconforming product, corrective action, changes, and records.

ISO (International Organization for Standardization) 13485 is widely used as the quality-
management standard for medical-device organizations.

Certification can provide useful evidence that the manufacturer has an established system, but
certification alone does not prove that the facility can build a specific product correctly.

The medical-device company still has to qualify the manufacturer for the particular device,
process, and risk.

The manufacturer’s quality system and the product company’s quality system must connect.
Responsibilities cannot disappear between the two companies.

| Manufacturer Qualification

The medical-device company should qualify the contract manufacturer before commercial
production.

Qualification can include review of the quality system, engineering capability, process controls,
equipment, calibration, supplier management, traceability, cybersecurity, financial stability,
capacity, and experience with similar products.

The company may use questionnaires, document review, audits, sample builds, pilot production,
capability studies, and quality-history review.

The evaluation should focus on the actual facility and processes that will build the product.
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A large manufacturing company may have strong capabilities at one site and limited capabilities
at another.

The company should also evaluate dependence on specific personnel, equipment, sub-suppliers,

or software systems.

| Audits

The medical-device company may audit the contract manufacturer before approval, periodically,
or after a significant quality problem.

The audit can review document control, training, supplier management, incoming inspection,
equipment, calibration, process validation, production records, testing, nonconformance, corrective
action, and change control.

The scope should match the risk and complexity of the product.
An audit should evaluate actual operations rather than only written procedures.

The company should document findings, corrective actions, responsible parties, and completion
dates.

Maijor findings may delay approval or require additional oversight until the issue is corrected.

| Corrective and Preventive Action

CAPA (Corrective and Preventive Action) addresses significant or recurring quality problems.

Corrective action identifies and removes the cause of an existing problem. Preventive action
addresses a potential problem before it produces nonconforming product or field failures.

The contract manufacturer may open a CAPA for repeated solder failures, optical misalignment,
cable defects, programming errors, test-station problems, or supplier nonconformance.

The investigation should identify the actual root cause rather than only the immediate symptom.
Replacing failed units does not correct the process that produced them.
The medical-device company should review CAPAs that affect its product and confirm that the

corrective action is effective.

| Traceability

Traceability connects each finished unit to its component lots, software versions, manufacturing
date, production line, operator, test results, and other required records.

The required level depends on the product and risk.
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A finished medical-video processor may require unit-level serial-number traceability. A disposable
instrument may require lot or unit traceability. A robotic system may require traceability for major
subassemblies and software configurations.

Traceability supports complaint investigation, service, field correction, and recall.

The manufacturer should record the exact hardware revision, firmware version, FPGA bitstream,
optical calibration, power supply, cable type, and other controlled configuration information where
those items affect the finished product.

Without traceability, the company may be unable to determine which devices contain a defective
component or incorrect software version.

| Device History Records

The manufacturing record for each device or production lot documents how the product was built
and released.

It can include the date of manufacture, quantity, component lots, assembly records, inspections,
test results, labels, serial numbers, deviations, rework, and release approval.

The contract manufacturer usually creates and maintains these records on behalf of the product
company.

The agreement should define record format, retention period, access, backup, and transfer if the
relationship ends.

The product company should be able to retrieve the record when investigating a complaint, audit,
or field action.

| Configuration Control

Configuration control ensures that the correct hardware, software, firmware, labeling, packaging,
and test requirements are used together.

The contract manufacturer may build several models or revisions on the same production line.

The system must prevent the wrong circuit board, enclosure, cable, firmware image, label, or
accessory from being installed.

Production software may read the product model and load the appropriate configuration
automatically.

The manufacturer should also prevent obsolete files or work instructions from remaining available
on the production floor.

A product assembled from individually approved parts can still be nonconforming if the
combination was never approved.

Inside the medical-device video and robotic surgery value chain - Josh Leibovitch 108



| Software and Firmware Programming

Contract manufacturers frequently load software, firmware, FPGA bitstreams, calibration files,
security certificates, and product licenses during production.

The programming process must verify the correct file, version, hardware compatibility, and
successful installation.

The manufacturer should control who can access the programming files and how they are
updated.

Production should stop if the required software version cannot be verified.

Security-sensitive products may require controlled provisioning of cryptographic keys or
certificates.

The manufacturer may use secure programming stations, encrypted files, hardware security
modules, or restricted network access.

The product company should retain control of master signing keys and other credentials that could

allow unauthorized firmware to appear legitimate.

| Cybersecurity in Manufacturing

The manufacturing environment can create cybersecurity risks before the product reaches the
customer.

Programming stations, test systems, factory networks, service laptops, and supplier systems may
access firmware, encryption keys, product credentials, and proprietary source files.

The contract manufacturer should control access, user accounts, removable mediag, software
updates, backups, and network connections.

Test and programming systems should be protected from unauthorized modification.

A compromised manufacturing station could load incorrect firmware, duplicate device credentials,
alter test results, or expose intellectual property.

The medical-device company should define cybersecurity requirements for manufacturing and

verify that the manufacturer can meet them.

| Calibration

Calibration adjusts the product or manufacturing equipment so measured performance matches
the approved reference.

The contract manufacturer may calibrate cameras, optical systems, robotic joints, force sensors,
torque sensors, displays, power measurements, or test equipment.
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Calibration methods should define the reference standard, equipment, procedure, limits, and
record requirements.

The calibration data may be stored in the finished product and applied during use.

The manufacturer must prevent calibration data from being assigned to the wrong serial number

or overwritten during later programming.

Test equipment used to accept product must also remain calibrated and traceable to appropriate

standards.

| Packaging and Labeling

The contract manufacturer may apply labels, assemble packaging, and prepare the device for
shipment.

The manufacturer must use the approved label revision and ensure that the correct label matches

the correct model, software version, accessories, and packaging configuration.

Labeling can include product identity, serial number, lot number, Unique Device Identification,
warnings, storage conditions, expiration date, and regulatory information.

Packaging must protect the device during storage and transportation.
Sterile devices require validated sterile-barrier packaging and controlled sealing processes.

Nonsterile electronic systems may still require protection against shock, vibration, moisture,
electrostatic discharge, and connector damage.

Packaging changes can affect transport testing, sterility, shelf life, labeling, and regulatory
documentation.

| Sterilization Coordination

Some contract manufacturers coordinate sterilization through an outside sterilization provider.

The manufacturer may assemble, package, and release the product for sterilization, while the
sterilization contractor performs the validated process.

The responsibilities for product identification, loading configuration, cycle records, release, and
nonconformance must be clearly defined.

The contract manufacturer must prevent nonsterile, pre-sterilized, and released sterile product
from being confused.

Sterilization changes, facility changes, packaging changes, or load changes may require
evaluation and revalidation.

The medical-device company remains responsible for the finished sterile product even when
sterilization is performed by another company.
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| Warehousing and Distribution

A contract manufacturer may store finished devices and ship them directly to distributors,
hospitals, or customers.

The manufacturer must control storage temperature, humidity, shelf life, product status, inventory
rotation, and shipment records where applicable.

Released product must remain separated from quarantined, rejected, returned, or unreleased
product.

Shipping records support traceability and field actions.

The agreement should define when ownership and risk transfer, who authorizes shipment, and
whether the manufacturer can ship only after formal product release.

Direct shipment can reduce handling but increases the importance of accurate labels, records, and

customer information.

| Service and Repair

Some contract manufacturers provide depot repair, refurbishment, field-service support, or spare-
parts management.

Service activities should use approved procedures, components, software, test methods, and
records.

The repaired device should be tested before release.

The manufacturer should record the complaint or service reason, failure found, parts replaced,
software changes, test results, and return date.

Service data can reveal recurring product failures and should be shared with the medical-device
company.

A service organization should not repeatedly replace boards or cables without reporting the
underlying failure pattern.

Refurbishment that changes the device beyond normal servicing may create additional regulatory

questions and must be controlled separately.

| Complaints and Failure Investigation

The medical-device company normally owns the complaint-handling process, but the contract
manufacturer may perform technical investigation.

The manufacturer may inspect returned products, reproduce the failure, review production records,
analyze components, and provide a root-cause report.

The investigation should preserve evidence and identify the tested configuration.
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The product company determines whether the event is reportable, whether a corrective action is
required, and whether other products are affected.

The contract manufacturer should promptly report any information suggesting that a
manufacturing defect may have contributed to a serious event.

Complaint investigation responsibilities and timelines should be defined in the quality agreement.

| Field Corrections and Recalls

A contract manufacturer may support field corrections, recalls, and product containment.

It may identify affected serial numbers, stop production, quarantine inventory, inspect components,
rework products, provide replacement units, or assist with customer corrections.

Traceability determines how narrowly the affected population can be identified.

If the manufacturer cannot determine which units contain the affected component or process, the
company may need to include a much larger population in the field action.

The manufacturer should preserve records and cooperate with the product company’s regulatory
and quality investigation.

The product company normally controls external communication with customers and regulatory
authorities unless the agreement assigns a specific role to the manufacturer.

| Intellectual Property

The product company may own the product design while the contract manufacturer owns general
manufacturing knowledge, standard processes, equipment, and pre-existing tools.

The manufacturer may also develop product-specific fixtures, test software, process
improvements, or assembly methods during production setup.

Ownership of these assets should be defined in the development and manufacturing agreements.

The product company should know whether it has the right to transfer the manufacturing process
to another facility.

A company may own the drawings but lack the alignment fixture, test software, source code, or
process knowledge required to build the product.

The manufacturer may retain its background intellectual property while granting the product
company the rights needed to manufacture, service, and transfer the specific product.

Confidentiality provisions should protect the product design, volumes, suppliers, pricing, software,
and customer information.
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| Manufacturing Files and Data Ownership

Manufacturing generates large amounts of data.

This can include production records, test results, yield data, calibration records, component
traceability, failure analysis, process settings, and supplier performance.

The agreement should identify who owns the data and who can access it.

The product company should have access to the records needed for regulatory submissions,
audits, complaint investigations, product changes, and manufacturing transfer.

The contract manufacturer may operate proprietary production systems and may not provide
unrestricted access to every internal record.

The agreement should still ensure that all product-specific records required to control the medical
device remain available.

Data retention and backup requirements should continue after production ends or the commercial
relationship terminates.

| Cost Structure

Contract-manufacturing cost includes more than the price of components.

The manufacturer may charge for labor, overhead, equipment, tooling, testing, programming,
calibration, packaging, quality support, inventory carrying, engineering, and profit.

Prototype and pilot-production units normally cost more than mature production units because
the volume is lower and the process is not yet optimized.

The quotation should identify what is included. A low unit price may exclude test equipment,
calibration, non-recurring engineering, inventory risk, packaging, freight, or warranty support.

The product company should understand the cost of scrap, rework, minimum orders, excess
inventory, engineering changes, and expedited production.

The manufacturer may reduce the unit price after volume increases, but the company may be
required to make forecast or purchase commitments.

| Minimum Orders and Forecasts

Contract manufacturers plan labor, materials, equipment, and supplier purchases around
expected demand.

The agreement may require forecasts, firm purchase-order windows, minimum order quantities, or
annual commitments.

The forecast normally becomes more binding as the production date approaches.
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The product company must understand which periods can be changed and which create financial
liability.

Medical-device demand can be uneven, particularly during launch. Excessive inventory
commitments can create cash and obsolescence risk, while inadequate forecasting can create
long lead times and missed sales.

Custom components and long-lead semiconductors can require purchase commitments months
before the finished device is needed.

| capacity

The contract manufacturer must have enough capacity to meet expected demand without losing
process control.

The company should evaluate available production lines, equipment, trained personnel, test
stations, supplier capacity, and planned expansion.

A manufacturer may handle development quantities well and struggle when volume increases.

Capacity is not only the number of units that can be assembled. It includes calibration, testing,
inspection, quality review, packaging, and release.

A bottleneck in one specialized test station can limit total production even when the assembly line
has additional capacity.

The agreement may reserve capacity or require the manufacturer to notify the product company

when competing demand threatens supply.

| Business Continuity

Business-continuity planning addresses interruptions involving fire, flood, earthquake, power loss,
cyberattack, labor disruption, political risk, transportation, and supplier failure.

The manufacturer should identify critical equipment, utilities, software, personnel, suppliers, and
records.

The product company should understand whether backup equipment, alternate facilities,
duplicated tooling, data backups, and emergency suppliers exist.

A single optical-alignment station, test fixture, or programmer can become the only way to
manufacture the product.

The company may maintain safety stock, duplicate critical tooling, qualify a second site, or retain
the ability to transfer production.

Business continuity should also address ownership and access to inventory if the contract
manufacturer becomes insolvent.
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| Manufacturer Dependence

Dependence exists when the product company cannot continue production without one specific
contract manufacturer.

Dependence can result from manufacturer-owned tooling, undocumented processes, private test
software, sole-source suppliers, production data, specialized equipment, or knowledge held by a
few employees.

Some dependence is unavoidable, especially for complex optical, robotic, or disposable products.

The company should understand and manage the dependence through contracts,
documentation, duplicated tooling, source-code access, escrow, second-site qualification, or
inventory.

A company that owns the product brand but cannot transfer production does not have complete
operational control.

| Second Manufacturing Sources

A second contract manufacturer can reduce supply risk but requires investment.

The second site must receive the design files, tooling, process instructions, test methods,
programming systems, calibration data, supplier requirements, and training.

The product company must then qualify the second process and determine what testing and
regulatory review are required.

Two manufacturers may build from the same drawings and still produce different results because
of equipment, materials, operators, suppliers, and process settings.

Second sourcing should therefore be treated as a controlled manufacturing transfer rather than a
simple purchasing decision.

A company may maintain one primary manufacturer and one qualified backup, or actively split
production between two facilities.

| Contract Termination

The manufacturing agreement should define what happens when the relationship ends.

The company may need access to finished inventory, raw materials, tooling, fixtures, work
instructions, test systems, production records, software, supplier information, and open purchase
orders.

The agreement should identify which assets can be removed, copied, transferred, or purchased.

It should also address confidential information, warranty obligations, complaint support, regulatory
records, and service parts.
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Termination can become difficult when the manufacturer controls custom tooling, supplier
relationships, or production software.

The company should establish exit rights before the manufacturer becomes the sole practical
source of the product.

| Contract Manufacturers and Regulatory Responsibility

The regulatory role of the contract manufacturer depends on the structure of the product and
market.

The contract manufacturer may be identified as a manufacturing site, critical supplier, finished-
device manufacturer, sterilization provider, or another controlled entity.

The specification developer or legal manufacturer generally remains responsible for the complete
product and regulatory authorization.

The manufacturer must support the records, inspections, testing, traceability, and change control
required for the regulated device.

A regulator may inspect the contract-manufacturing facility or review its role during a submission
or quality-system audit.

The product company cannot avoid regulatory responsibility by outsourcing manufacturing.

The contract manufacturer cannot make uncontrolled changes merely because it owns the facility
and process equipment.

| Contract Manufacturers as Part of the Medical-Device Value Chain

Contract manufacturers convert the controlled product design into commercial units.

They provide factories, equipment, production labor, sourcing, process development, tooling,
programming, calibration, testing, quality controls, packaging, and logistics.

The medical-device company defines the product and retains responsibility for the intended use,
safety, performance, regulatory position, and commercial configuration.

The contract manufacturer controls how the approved design is executed within the defined
manufacturing process.

The strongest relationships are not simple buyer-and-seller arrangements. They operate through
controlled specifications, qualified processes, clear ownership, reliable test systems, traceability,
change control, transparent quality data, and practical transfer rights.

A medical-device company does not have full control of its product merely because it owns the
brand and design files. Practical control also requires access to the manufacturing process, tooling,
software, test systems, supplier information, production records, and knowledge needed to
continue building the device if the existing contract-manufacturing relationship changes.
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Testing and certification laboratories provide independent technical evidence that medical
devices, electronic subsystems, power supplies, cables, optical links, software, packaging, and
manufacturing processes meet defined requirements.

A laboratory may test a complete finished medical device, one subsystem, a component, a cable
assembly, a material, or a manufacturing process. The work can include electrical safety,
Electromagnetic Compatibility, thermal performance, environmental exposure, mechanical
durability, ingress protection, optical performance, video transport, software, cybersecurity,
biocompatibility, sterilization, packaging, and calibration.

Testing and certification are related but are not the same activity. A testing laboratory performs
defined tests and produces results. A certification body evaluates the results against a certification
program and may authorize the manufacturer to place a certification mark on the product. Some
organizations perform both functions through separate controlled operations.

The laboratory does not decide the product’s intended use, regulatory classification, or complete
regulatory strategy. The medical-device manufacturer defines the product, selects the applicable
requirements, identifies essential performance, provides representative test units, and determines
how the evidence fits into the regulatory submission.

| How Laboratory Testing Works

The medical-device company begins by describing the product, intended use, operating
environment, electrical architecture, accessories, software, power supplies, cables, and available
configurations.

The company and laboratory then identify the standards and test methods that apply. This review
should occur before final testing begins. Waiting until the product is complete can expose missing
requirements after tooling, circuit boards, enclosures, and software have already been released.

The laboratory normally requests a technical package containing the product description, block
diagrams, electrical schematics, component information, risk-management records, essential-
performance definition, software version, accessories, cable list, power architecture, instructions for
use, and details of the proposed markets.

The laboratory reviews the material and prepares a quotation or test plan. The plan identifies the
applicable standards, product configurations, number of samples, required documents, estimated
test sequence, and expected deliverables.

The medical-device company then supplies test units that represent the final commercial product.
Testing may require several units because certain tests can damage the sample, change its
condition, or prevent it from being used for later testing.

The laboratory performs the approved test plan, records the results, identifies failures, and issues a
formal report. Certification may follow if the product meets the applicable certification
requirements and the manufacturer satisfies any required factory-surveillance or production-
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control obligations.

| Testing Laboratories and Certification Bodies

A testing laboratory measures product performance against a defined standard, test method, or
customer specification.

The laboratory may measure leakage current, insulation, electromagnetic emissions, immunity,
temperatures, optical loss, video latency, cable durability, mechanical strength, ingress protection,
or another technical characteristic.

The test report states what was tested, how it was tested, which equipment was used, what
configuration was evaluated, and whether the results met the defined acceptance criteria.

A certification body performs a broader conformity-assessment function. It reviews the test
evidence, product construction, certification rules, manufacturing controls, and continued
compliance obligations.

Certification can include authorization to use a safety mark, product listing, periodic factory
inspection, control of critical components, and review of later product changes.

A laboratory report does not automatically create a certification. A certification mark does not
automatically provide Food and Drug Administration clearance, European CE marking, or
authorization to make a particular clinical claim.

The manufacturer may need laboratory testing, product certification, regulatory authorization, and
quality-system certification for the same product. Each activity addresses a different part of
market access.

| Laboratory Accreditation

Laboratory accreditation provides evidence that a laboratory is competent to perform specific
testing or calibration activities.

ISO/IEC 17025 (Internationall Organization for Standardization/International Electrotechnical
Commission 17025) establishes requirements for the competence, impartiality, and consistent
operation of testing and calibration laboratories. Accreditation is granted for a defined scope
rather than for every possible type of test.

A laboratory can be accredited for electrical-safety testing without being accredited for
biocompatibility, software, fiber optics, or sterilization testing. The medical-device company must
confirm that the laboratory’s accreditation scope covers the specific standard, method, and
technical area required.

The fact that a laboratory is accredited does not mean every test it performs is within its accredited
scope. The quotation and final report should identify whether the work was conducted under
accreditation.
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Accreditation bodies evaluate laboratory personnel, equipment, calibration, methods, quality
controls, recordkeeping, impartiality, and technical competence.

Accredited testing can improve acceptance of results between markets, but acceptance is not
automatic. The regulatory authority, certification body, Notified Body, or customer may impose
additional requirements.

| FDA-Recognized Consensus Standards

The Food and Drug Administration maintains a database of recognized consensus standards for
medical devices. A manufacturer can use an applicable recognized standard and, where
permitted, submit a Declaration of Conformity as part of a premarket submission. Recognition can
be complete or limited to specific portions of a standard.

The regulatory team must confirm the exact standard edition and recognition status before testing
begins. Standards are revised, amended, replaced, partially recognized, or withdrawn over time.

Testing to the newest commercial edition does not automatically mean that the edition is the one
recognized by the Food and Drug Administration. Testing to an older edition may create problems
in another market or with a certification body.

The standards strategy should identify the applicable edition for each target market and whether
one test program can satisfy several requirements.

A laboratory may help identify applicable standards, but the medical-device manufacturer
remains responsible for the final regulatory strategy.

| Accreditation Scheme for Conformity Assessment
The Food and Drug Administration operates the ASCA (Accreditation Scheme for Conformity

Assessment) program.

Under ASCA, qualified accreditation bodies accredit testing laboratories to perform testing under
defined program specifications. The Food and Drug Administration grants ASCA Accreditation to
qualified laboratories and can place greater confidence in reports generated under the program.

ASCA does not cover every medical-device standard or every type of testing. The manufacturer
must confirm whether the required standard and laboratory are within the current program scope.

ASCA accreditation does not eliminate the need for a complete submission. The company must still
provide the device description, risk analysis, test configuration, conclusions, and other required
evidence.

| Nationally Recognized Testing Laboratories

In the United States, OSHA (Occupational Safety and Health Administration) recognizes private
organizations as NRTLs (Nationally Recognized Testing Laboratories).
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An NRTL can test and certify products within its recognized scope using approved United States
product-safety standards. Each recognized organization uses its own registered certification mark.

Recognition is specific to the organization, facility, testing standards, and certification programs
included in its scope.

ANSI/AAMI ES 60601-1, covering general requirements for the basic safety and essential
performance of Medical Electrical Equipment, appears on OSHA's list of appropriate NRTL test
standards. UL 62368-1, covering audio, video, information, and communications-technology
equipment, also appears on the list.

NRTL certification can be important for electrically powered products used in the workplace. It is
separate from Food and Drug Administration review.

A product can require NRTL certification for electrical safety while also requiring Food and Drug
Administration clearance or approval for its medical intended use.

| International Certification and the CB Scheme

The IECEE (International Electrotechnical Commission System for Conformity Assessment Schemes
for Electrotechnical Equipment and Components) operates the CB Scheme.

The CB Scheme allows participating certification bodies and testing laboratories to use a common
structure based on International Electrotechnical Commission standards. A CB Test Certificate and
supporting report can help a manufacturer seek national certifications in multiple participating
markets without repeating the complete test program in every country.

The CB Scheme does not create one universal approval valid in every country. National certification
bodies can require country-specific deviations, additional documentation, local marks, or
supplemental testing.

A medical-device company should identify its target markets before final testing so the laboratory
can include the relevant national deviations.

A United States certification may use national versions of the medical electrical-safety standards.
European and other markets may use separate national adoptions or certification requirements.

| Selecting a Laboratory

Laboratory selection should be based on technical scope, medical-device experience, available
equipment, accreditation, certification authority, report acceptance, scheduling, cost, and ability to
support the intended markets.

The closest or least expensive laboratory is not always the best choice.

A laboratory with strong experience in consumer electronics may not understand essential
performance, applied parts, patient leakage current, Medical Electrical Systems, or medical risk-
management documentation.
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A laboratory experienced in basic electrical safety may not have the equipment required for 12G-
SDI (12-Gigabit Serial Digital Interface), 10-gigabit Ethernet, stereo-video latency, optical power, or
robotic motion testing.

The manufacturer should confirm that the laboratory can perform the required test rather than
assuming that a broad statement such as “medical-device testing” covers every technical area.

The company should also determine whether the laboratory performs the work internally or
subcontracts part of it.

Subcontracting can be acceptable when it is controlled, but the manufacturer should understand
which laboratory performs the test, which accreditation applies, and how the final report identifies
the work.

| Laboratory Scope Review
Before accepting the quotation, the manufacturer should review the laboratory’s exact scope.

The scope should identify the test standard, edition, technical areq, facility, and accreditation or
certification program.

A laboratory may be accredited for an earlier edition of a standard but not the current edition. It
may be able to test to the newer edition outside its accredited scope, but the resulting report may
not receive the same acceptance.

The product company should also confirm whether the laboratory can issue only a test report or
can provide the certification required for the target market.

A local engineering laboratory may perform excellent pre-compliance work but may not be
authorized to issue the required safety certification.

| Pre-Compliance Testing
Pre-compliance testing is performed before formal certification or regulatory testing.

Its purpose is to identify likely failures while the product can still be modified without restarting the
complete formal program.

Pre-compliance testing can cover electrical leakage, dielectric strength, grounding, radiated
emissions, conducted emissions, immunity, temperature, electrostatic discharge, surge, electrical
fast transients, voltage dips, video performance, optical margin, and cable operation.

The test setup may be simplified and the report may not be suitable for submission. The value is
engineering feedback.

Pre-compliance testing is particularly useful for Electromagnetic Compatibility because failures
can require changes to the Printed Circuit Board, filters, enclosure, grounding, shielding, firmware, or
cables.
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It is also useful for thermal testing because the company can identify hot components, blocked
airflow, fan problems, or optical-transceiver limits before final certification.

A product that passes informal pre-compliance testing is not guaranteed to pass the formal
program. The final laboratory uses controlled methods, calibrated equipment, defined setups, and
the complete production-equivalent configuration.

| Formal Compliance Testing

Formal testing uses the approved standard, controlled methods, calibrated equipment, and
representative test samples.

The test laboratory records the product model, serial number, hardware revision, software version,
configuration, power supply, cables, accessories, and operating modes.

The company should verify this information before the report is finalized. A report containing the
wrong product model, software version, or cable configuration can become difficult to use in a
regulatory submission.

Formal testing usually requires the manufacturer to define the worst-case operating mode. The
laboratory cannot always determine which combination of video channels, processing, motors,
optical modules, recording, network activity, and accessories creates the highest electrical,
thermal, or electromagnetic stress.

The manufacturer should provide operating instructions or test software that keeps the product in
the required mode throughout testing.

| Test Units

The test units should represent the product intended for commercial release.

This includes the final or justified production-equivalent circuit board, enclosure, power supply,
firmware, Field Programmable Gate Array bitstream, cables, optical modules, connectors,
accessories, displays, and mechanical assembly.

Engineering samples can be used during development, but differences from the production
product must be identified.

A test performed using a laboratory power supply instead of the intended commercial supply may
not support the final product. A test performed without the final enclosure may not represent
electromagnetic emissions or temperatures. A test performed with a short cable may not support a
longer approved cable.

The manufacturer should maintain traceability for every test unit. The record should identify how it
was built, which components it contained, what modifications were made, and which tests it
underwent.
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| Worst-Case Configuration

Many medical electronic systems have several product configurations.

A family can include different numbers of video inputs, fiber modules, power supplies, displays,
processor boards, network ports, software features, cable lengths, or accessories.

The manufacturer and laboratory determine which configuration represents the worst case for
each test.

The highest-power configuration may be the worst case for thermal testing. The configuration with
the longest cables may be the worst case for emissions or immunity. The configuration with the
most external connections may be the worst case for leakage current. The configuration with the
greatest network traffic may be the worst case for video latency.

One physical unit may not represent the worst case for every requirement.

The test plan should explain why the selected configurations cover the complete product family.

| Essential Performance

Medical electrical-safety and Electromagnetic Compatibility testing require the manufacturer to
define essential performance.

Essential performance is the performance necessary to avoid unacceptable risk when it is absent
or degraded.

For a medical-video system, essential performance may include continuous display of the primary
surgical image, acceptable latency, correct image orientation, stable video routing, accurate
stereo synchronization, or a clear warning when the image is no longer valid.

For robotic equipment, essential performance may include controlled motion, position limits, force
limits, emergency stopping, and accurate feedback.

The laboratory applies disturbances and fault conditions while monitoring the defined essential
performance.

The manufacturer must provide measurable pass-and-fail criteria. A statement that the product
should “continue working normally” may be too vague.

The test procedure should define which temporary effects are acceptable, which require operator

intervention, and which constitute a failure.

| Electrical-Safety Testing

Electrical-safety testing evaluates hazards involving electrical energy, heat, fire, mechanical
energy, and other conditions addressed by the applicable standard.

Inside the medical-device video and robotic surgery value chain - Josh Leibovitch 124



Testing can include leakage current, dielectric strength, protective-earth continuity, insulation,
creepage distance, clearance distance, accessible energy, component temperatures, mechanical
strength, stability, power input, and operation under single-fault conditions.

The product construction is reviewed in addition to being tested.

The laboratory examines circuit-board spacing, wire routing, fuses, transformers, power supplies,
connectors, insulation systems, protective earth, enclosure openings, component ratings, and
separation between hazardous and accessible circuits.

A product can pass functional testing and still fail construction review because the insulation,
spacing, wiring, or component certification is inadequate.

The laboratory may require component certificates, safety data, transformer specifications, Printed
Circuit Board flammability information, power-supply reports, and enclosure-material
documentation.

| Medical-Grade Power Supplies
A certified medical power supply can reduce the amount of new power-supply evaluation required,

but the finished product still needs system-level testing.

The laboratory reviews the supply’s certification report, operating limits, insulation, leakage current,
output ratings, and conditions of acceptability.

Conditions of acceptability are restrictions or requirements that must be satisfied when the
component is installed in the final product.

A power supply may require a specific enclosure, airflow, fuse, temperature limit, mounting method,
protective earth connection, or spacing around live parts.

The finished device must also be tested with the approved supply, power cord, direct-current cable,
connector, and maximum system load.

Replacing the power supply after testing can require review or supplemental testing even when the
replacement has the same nominal voltage and current.

| Electromagnetic Compatibility Testing
Electromagnetic Compatibility testing evaluates emissions produced by the product and the

product’s ability to operate in the presence of electromagnetic disturbances.

Emissions testing can include conducted and radiated emissions from power, signal, and
communication ports.

Immunity testing can include electrostatic discharge, radiated radio-frequency fields, electrical
fast transients, surge, conducted disturbances, magnetic fields, voltage dips, voltage interruptions,
and other applicable phenomena.
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The product is operated in representative modes while the laboratory monitors essential
performance.

Cables are part of the Electromagnetic Compatibility configuration. Cable length, shielding,
grounding, connector design, ferrites, and routing can change both emissions and immunity.

The final report should identify each tested cable and accessory. The manufacturer’s labeling or
installation instructions may need to limit the product to those configurations.

Fiber-optic communication reduces some conducted electrical paths, but the powered
transmitters, receivers, optical modules, power supplies, and enclosures remain part of the
Electromagnetic Compatibility evaluation.

| Thermal Testing

Thermal testing evaluates whether components and accessible surfaces remain within acceptable
temperature limits during normal operation and defined fault conditions.

The product should operate at maximum expected processing load, channel count, optical-
module count, network traffic, recording load, and accessory load.

The laboratory may place temperature sensors on processors, power components, enclosures,
connectors, cables, optical transceivers, batteries, motors, and accessible surfaces.

The manufacturer should identify components with limited thermal ratings and functions that
change power consumption.

Testing may need to continue until thermal equilibrium is reached. A short operating period may
not reveal the maximum temperature of an enclosed system.

Fan failure, blocked ventilation, reduced supply voltage, abnormal load, and other fault conditions
may also require evaluation.

The device's response to overtemperature is part of the test. Warning, throttling, shutdown, and

recovery behavior should match the risk-management requirements.

| Environmental Testing

Environmental laboratories evaluate how the product responds to temperature, humidity, vibration,
shock, transportation, altitude, corrosion, dust, water, and other environmental conditions.

The test profile depends on the intended use.

A permanently installed equipment-room receiver has different requirements from a mobile
Operating Room cart, handheld camera, robotic arm, reusable cable, or disposable instrument.

Environmental testing can include high-temperature storage, low-temperature storage, operating-
temperature exposure, humidity, temperature cycling, thermal shock, vibration, mechanical shock,
drop testing, and transportation simulation.
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Testing can be performed before and after other evaluations to determine whether environmental
exposure changes electrical safety, optical performance, sealing, calibration, or video transport.

The manufacturer must define what constitutes a pass. The product may be required to operate

during exposure, after exposure, or both.

| Ingress-Protection Testing

Ingress-protection testing evaluates resistance to the entry of solid objects and water.

An IP (Ingress Protection) rating uses defined test conditions. The first numeral addresses
protection against solid objects and dust. The second addresses protection against water.

The rating does not mean the product is protected against every liquid, cleaning chemical,
pressure, angle, duration, or immersion condition.

A product can pass an ingress test and still be unsuitable for a specific disinfectant, repeated
cleaning process, or fluid-exposure pattern.

The enclosure configuration, seals, connectors, covers, vents, and cable entries must match the
production design.

Opening the enclosure, changing a gasket, changing a connector, or altering a vent after testing

may invalidate the result.

| Mechanical Testing

Mechanical laboratories test structural strength, stability, impact resistance, connector retention,
cable strain relief, moving parts, and other physical characteristics.

Medical carts may be evaluated for tipping, braking, movement, loading, and stability.

Handheld and portable devices may undergo drop or impact testing.

Connectors can be tested for insertion, withdrawal, retention, repeated mating, and accidental pull.
Robotic assemblies can require load, fatigue, joint, emergency-stop, and motion-limit testing.

Mechanical testing should reproduce the actual mounting and use condition. A board-mounted
connector supported by the production enclosure can behave differently when tested without the
enclosure.

| Video Performance Testing

Video-performance laboratories or specialized engineering laboratories evaluate the complete
image and transport path.

Testing can include supported resolutions, frame rates, color formats, bit depths, scaling, image
rotation, synchronization, switching time, compression, image artifacts, latency, jitter, and recovery
after signal loss.
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A system supporting SDI, HDMI (High-Definition Multimedia Interface), DisplayPort, Universal Serial
Bus video, Ethernet video, or fiber transport may require separate tests for each interface.

The laboratory should use calibrated signal generators, analyzers, displays, timing equipment, and
optical instruments appropriate to the data rate.

Video latency must be defined carefully. Connector-to-connector latency, sensor-to-display
latency, network latency, processing latency, and display-panel response are different
measurements.

For live surgical video, testing should identify whether the delay remains stable across format
changes, image-processing modes, network load, recording, and multiple simultaneous outputs.

| Stereo and Three-Dimensional Video Testing

Stereo systems require synchronized testing of the left and right video channels.

The laboratory can measure frame alignment, channel delay, image orientation, resolution, color
matching, geometric alignment, and recovery after one channel is interrupted.

The system should detect when the channels are no longer synchronized or when one image is
frozen, delayed, corrupted, or missing.

A system that continues displaying mismatched left and right images can create inaccurate depth
perception.

The test plan should identify the permitted synchronization error and the required fault response.
Stereo testing may also include camera triggering, timestamps, image rectification, calibration
data, and the complete path to the surgeon'’s display.

| Fiber-Optic Testing

Fiber-optic testing evaluates the optical link, cable, connectors, transceivers, and complete video
path.

Testing can include optical power, receiver sensitivity, insertion loss, return loss, connector
inspection, data errors, link margin, cable length, bend sensitivity, temperature, repeated mating,
and recovery after disconnection.

A transceiver’'s commercial data sheet does not establish that the complete medical-video system
works across the approved cable range.

The system includes the transmitter, receiver, optical module, fiber type, connectors, adapters,
patch panels, and any intermediate connection points.

Testing should use the approved single-mode or multimode fiber and the intended connector
polish.
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The laboratory should also evaluate the product’'s behavior when the optical margin degrades. The
system may show intermittent image loss, repeated relocking, corrupted frames, or a frozen image
before the link fails completely.

The required warning and recovery behavior should be defined.

| Copper Video and Network Cable Testing

Copper cable testing can cover continuity, wiring, shielding, impedance, insertion loss, return loss,
crosstalk, signal amplitude, jitter, data errors, connector retention, and mechanical durability.

A basic continuity test does not demonstrate that a cable can carry 12G-SDI, high-bandwidth HDMI,
DisplayPort, or 10-gigabit Ethernet.

The cable must be tested at the required data rate and approved length.

Flexible cables used on carts or robotic systems may require repeated-bend, torsion, pull, crush,
and strain-relief testing.

The cable jacket may also need to tolerate approved cleaning agents and environmental
conditions.

If the manufacturer supports several cable lengths, the test plan should identify which length
represents the worst case for signal integrity, power delivery, electromagnetic Compatibility, and
mechanical use.

| Network and Video-over-IP Testing

Network laboratories evaluate bandwidth, latency, packet loss, multicast behavior, Quality of
Service, switch configuration, redundancy, timing, and recovery.

The test can include maximum simultaneous streams, network congestion, switch restart, cable
interruption, link failover, and addition or removal of receivers.

A primary clinical video path should not be interrupted because a secondary recorder, observer, or
teaching destination joins the network.

The laboratory may need a network configuration representative of the installed system rather
than a simple direct connection between one transmitter and one receiver.

The manufacturer should define required switches, firmware, topology, bandwidth, timing source,
and configuration.

A video endpoint can pass direct point-to-point testing and fail in a larger network because of
congestion, incorrect multicast control, unsupported switch behavior, or timing problems.

Inside the medical-device video and robotic surgery value chain - Josh Leibovitch 129



| Power-over-Ethernet Testing
Products receiving or supplying PoE (Power over Ethernet) require evaluation of the power source,
powered device, cabling, connectors, power negotiation, heat, isolation, and fault response.

The test configuration should cover the maximum cable length and power class.

Power delivery through network cables can increase connector and cable temperatures,
particularly when several powered connections are bundled.

The device must respond correctly to partial connections, unstable negotiation, cable faults, and
loss of network power.

The fact that a network chipset and power controller each comply with their individual
specifications does not establish compliance of the finished product.

| Software Testing Laboratories

Software testing can be performed internally, by a specialized laboratory, or through a combination
of both.

Testing can include requirements-based testing, unit testing, integration testing, system testing,
regression testing, fault injection, interface testing, cybersecurity testing, and performance testing.

The laboratory needs access to the software requirements, architecture, risk controls, supported
hardware, test environment, and released version.

Software testing is not limited to confirming that expected buttons work. It must also address
unsupported inputs, failed communications, corrupted data, interrupted updates, hardware faults,
resource limits, and recovery.

The test report should identify the software version, build, operating system, libraries, firmware,
hardware revision, and configuration.

A passing result applies to the tested version. Later changes require impact assessment and, where
appropriate, regression testing.

| Cybersecurity Laboratories

Cybersecurity laboratories evaluate the product architecture, network interfaces, authentication,
encryption, update process, software components, credentials, logging, and resistance to defined
attack methods.

Testing can include vulnerability scanning, penetration testing, protocol analysis, authentication
testing, malformed-input testing, update verification, port analysis, credential review, and wireless-
security testing.

The laboratory should understand the intended threat model and clinical risk. A generic network
scan alone does not establish that the device’s cybersecurity risks are controlled.
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The company should provide representative production software and hardware. Debug functions,
default passwords, service ports, and manufacturing credentials should match or be clearly
distinguished from the commercial configuration.

Cybersecurity testing also has to consider safety. Testing should not damage clinical data, move a
robot unexpectedly, disable critical monitoring, or create uncontrolled conditions.

A cybersecurity report supports the manufacturer’s evidence but does not replace secure
architecture, software lifecycle controls, vulnerability monitoring, or post-market update capability.

| calibration Laboratories

Calibration laboratories establish the relationship between a measuring instrument and a
recognized reference.

They can calibrate electrical meters, oscilloscopes, optical power meters, temperature sensors,
torque tools, force gauges, network analyzers, video analyzers, and other equipment used during
development and production.

Calibration should cover the measurement range and accuracy required for the product test.

A calibration label alone does not prove that the instrument is suitable. The device may be
calibrated over a different range or with uncertainty too large for the acceptance limit.

The laboratory should issue a calibration certificate identifying the instrument, method, reference
standards, results, uncertainty, date, and calibration status.

Measurement uncertainty matters when the test result is close to the acceptance limit.

The manufacturer and laboratory should understand how uncertainty is considered when deciding
whether the product passes.

| Biocompatibility Laboratories
Biocompatibility laboratories evaluate biological risks associated with patient-contacting materials

and devices.

Testing can include cytotoxicity, sensitization, irritation, systemic toxicity, implantation,
hemocompatibility, chemical characterization, and other evaluations based on the contact type
and duration.

The laboratory needs accurate information about the finished materials, manufacturing process,
cleaning, sterilization, colorants, coatings, adhesives, and patient-contact surface area.

Testing a raw resin does not necessarily support the finished component because manufacturing
can introduce additives, residues, surface changes, or contamination.

The tested sample should represent the final manufactured and sterilized product where those
processes affect biological risk.
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The Food and Drug Administration includes defined biocompatibility standards within its
recognized consensus-standards system and includes certain biocompatibility testing within the
ASCA framework.

| Sterilization Laboratories

Sterilization laboratories support the development and validation of sterilization processes for
sterile medical devices.

The work can include bioburden testing, sterility testing, dose establishment, cycle development,
residual testing, biological indicators, product functionality after sterilization, and routine process
monitoring.

The sterilization process must be evaluated using the final product, packaging, load configuration,
materials, and manufacturing conditions.

A process validated for one package, product density, or loading arrangement may not support a
later change.

The laboratory does not decide whether the product design can tolerate the selected process. The
manufacturer must evaluate material degradation, electronics, optics, batteries, adhesives, seals,
packaging, and clinical performance after sterilization.

| Packaging Laboratories

Packaging laboratories test whether the package protects the device during storage, distribution,
and expected handling.

Testing can include seal strength, package integrity, leak testing, burst testing, dye penetration,
accelerated aging, real-time aging, vibration, shock, compression, and transportation simulation.

Sterile-barrier packaging requires evidence that sterility is maintained through the labeled shelf life
and distribution process.

Electronic products may require protection against shock, moisture, electrostatic discharge,
connector damage, and movement inside the shipping container.

The test package must match the commercial configuration. Changing the tray, pouch, carton,

seal material, cushioning, or shipping arrangement can require additional evaluation.

| Cleaning and Reprocessing Laboratories

Reusable medical devices require validated cleaning, disinfection, or sterilization instructions.

A reprocessing laboratory can soil the device using a defined challenge, perform the proposed
cleaning process, and measure remaining contamination.

The evaluation should focus on channels, joints, seals, optical surfaces, cable connections, distal
tips, and other locations that are difficult to clean.
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The tested product must represent the commercial design. A later change to the geometry,
material, surface finish, adhesive, or disassembly procedure can affect the reprocessing evidence.

The laboratory follows the proposed instructions. If the process requires unrealistic equipment,
excessive time, unavailable cleaning agents, or unusual operator skill, the instructions may not be
practical in the intended hospital.

| Testing Under Customer Specifications

Not every important requirement is contained in an external standard.

A manufacturer may develop internal specifications for video latency, optical power, stereo
alignment, cable life, image quality, network recovery, robotic accuracy, or clinical workflow.

An independent laboratory can test against those customer specifications.

The protocol must clearly define the requirement, method, sample, operating conditions, and
acceptance criteria.

A test performed against a customer specification can support Verification, supplier qualification,
or commercial claims.

The report should not imply certification to a public standard when the laboratory only tested
against a private method.

| Test Protocols

The test protocol defines what will be tested before the work begins.

It identifies the objective, applicable standard, sample size, product configuration, equipment,
method, operating conditions, acceptance criteria, data to be recorded, and treatment of
deviations.

A strong protocol prevents the company from selecting acceptance criteria after seeing the result.

The protocol should identify the exact hardware, firmware, software, cables, power supplies,
accessories, and operating modes.

The manufacturer, laboratory, quality team, engineering team, and regulatory team should agree
on the protocol before formal testing begins.

Changes during testing should be documented and approved.

| TestReports

The test report is the formal record of the work.

It should identify the laboratory, test dates, applicable standard, method, equipment, calibration
status, product samples, configurations, results, deviations, failures, photographs, and conclusion.
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The report should be complete enough for an independent reviewer to understand what was tested
and whether the result applies to the proposed commercial product.

A simple letter stating that the product passed is normally less useful than a complete report.

The medical-device company should review the draft for factual accuracy but should not pressure
the laboratory to remove valid failures or change independent conclusions.

Errors involving model numbers, software versions, component identities, or test configurations
should be corrected before final issuance.

| Certificates

A certificate states that the product has satisfied the requirements of a defined certification
program.

The certificate can identify the product family, model numbers, standards, manufacturing
locations, conditions, and certification mark.

The certificate should be read together with the certification report and any conditions of
acceptability.

A short certificate does not contain every restriction. The detailed report may control approved
components, power supplies, enclosures, cables, accessories, and production sites.

A certificate can expire, be suspended, or be withdrawn if the manufacturer changes the product

without approval, fails factory inspections, stops paying required fees, or no longer satisfies the
certification rules.

| Certification Marks

A certification mark communicates that the certification body has evaluated the product under its
program.

The manufacturer may apply the mark only to products covered by the active certification and
produced under the required controls.

The mark cannot be placed on a prototype, unapproved model, changed configuration, or product
manufactured at an unlisted facility unless the certification program permits it.

A certification mark is not a general statement that the product is safe under every condition. It
indicates conformity with the covered standard and certification program.

Marketing materials should not imply that the certification body approved clinical effectiveness,
medical claims, or every aspect of the product.

| Factory Surveillance

Product certification can require periodic factory surveillance.
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An inspector reviews whether the manufacturer continues building the product in accordance with
the certified construction.

The inspection can cover critical components, power supplies, materials, labels, tests,
manufacturing sites, and certification-mark control.

The inspector may review whether unapproved substitutions or changes have occurred.

The surveillance program does not replace the medical-device Quality Management System or the
manufacturer’s supplier controls.

Its purpose is to support continued conformity with the certification program.
A failure to maintain certified construction can lead to corrective action, suspension, or loss of the

certification.

| Critical Components

Certification reports often identify critical components that affect safety or compliance.

These can include power supplies, transformers, fuses, relays, connectors, Printed Circuit Boards,
enclosure materials, fans, batteries, cables, insulation, and optical modules.

The report may specify the exact manufacturer and model or permit components meeting defined
requirements.

A component cannot always be replaced by another component with the same general rating.

The certification body may require a formal component substitution review and supplemental
testing.

The medical-device company should connect the certification critical-component list to its

Approved Vendor List and engineering change process.

| Product Changes

Changes after testing must be evaluated before implementation.

Relevant changes can include circuit-board revisions, power supplies, enclosures, cables, fans,
firmware, Field Programmable Gate Array logic, optical modules, displays, connectors, materials,
and manufacturing sites.

The medical-device company should notify the certification body when required by the
certification agreement.

The certification body determines whether document review, limited testing, or a broader retest is
necessary.
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The regulatory team separately determines whether the change affects the Food and Drug
Administration submission, European technical documentation, risk analysis, or other market
authorization.

Certification change approval and regulatory change approval are separate decisions.

| Test Failures

A test failure means the tested configuration did not meet a defined requirement.

The manufacturer should identify the root cause rather than making repeated uncontrolled
modifications until the product passes.

A failure can result from the circuit board, enclosure, grounding, shielding, power supply, firmware,
cable, connector, test mode, or misunderstanding of the standard.

The laboratory should document the original failure and any modifications made during
troubleshooting.

Temporary laboratory modifications such as added ferrites, shielding tape, grounding straps, filters,
or firmware settings must be incorporated into the controlled production design before the passing
result applies to the commercial product.

The final report should identify the tested passing configuration.
A product that passes only after an undocumented laboratory modification has not completed

meaningful compliance testing.

| Retesting

Retesting is required after a failure, significant modification, or change that affects the previous
evidence.

The retest scope depends on the change.

Adding an input filter may require repeated emissions and immunity testing. Changing an
enclosure may affect electrical safety, ingress protection, thermal performance, and emissions.
Changing firmware may affect essential performance during immunity testing.

The laboratory and manufacturer should define which previous results remain valid and which
tests must be repeated.

Retesting only the failed point can be insufficient when the correction creates new effects

elsewhere.

| Witness Testing

Some certification programs allow laboratory personnel or certification-body representatives to
witness testing performed at the manufacturer’s facility.
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Witness testing can be useful when the equipment is too large, specialized, expensive, or difficult to
transport.

The manufacturer’s facility must have suitable equipment, calibrated instruments, controlled
methods, trained personnel, and an acceptable test environment.

The witnessing organization remains responsible for determining whether the observed work
satisfies its program.

Witness testing should not be confused with the manufacturer issuing its own independent
certification.

| On-Site Testing

Large Operating Room integration systems, robotic platforms, fixed installations, and central video
systems may require on-site testing.

On-site work can evaluate the final power, grounding, cable routes, network topology, room
environment, displays, racks, and connected equipment.

Factory laboratory testing and on-site testing address different issues.

The product may meet its laboratory requirements and still experience installation problems
involving grounding, electromagnetic interference, cable damage, network configuration, airflow, or
unapproved connected equipment.

Installation testing should use a defined protocol and should not replace product certification

unless the applicable certification program permits field evaluation.

| Field Evaluation

A field evaluation can be used for certain electrical equipment that lacks an acceptable
certification mark or has been modified after certification.

A recognized evaluation body examines the installed product against the applicable requirements
and may apply a field-evaluation label if the equipment is acceptable.

Field evaluation is normally specific to the evaluated unit and installation. It is not the same as
product certification covering continuing factory production.

This approach can be useful for custom systems or limited installations but may be inefficient for a

product intended for regular commercial distribution.

| Laboratory Scheduling

Laboratory capacity can affect the product-development schedule.

Specialized medical, Electromagnetic Compatibility, environmental, cybersecurity, and
biocompatibility laboratories may have limited availability.
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The company should reserve laboratory time early enough to support the regulatory plan while
avoiding formal testing before the design is stable.

A laboratory reservation does not eliminate the need for readiness. Sending an incomplete product
can waste the test window and create additional setup and cancellation costs.

The company should confirm that samples, documents, cables, accessories, test software,

engineering support, and replacement parts are available before testing begins.

| Engineering Support During Testing

Engineering personnel should be available during complex electronics and video testing.

The laboratory may need assistance placing the device into worst-case operation, interpreting
status indicators, changing formats, controlling network traffic, or collecting internal logs.

The engineer should not alter the test method or hide failures.

The role is to support correct operation of the product and help identify technical causes when
unexpected behavior occurs.

Remote support can be sufficient for simple products. Complex robotic, networked, or multi-

channel video systems may require an engineer on site.

| Cost of Testing and Certification

Laboratory cost depends on product complexity, standards, configurations, sample count, target
markets, test duration, certification program, and number of failures.

The quotation may separate document review, testing, certification, travel, national deviations,
factory surveillance, and retesting.

Additional costs can arise from incomplete documentation, repeated setup, missing accessories,
product failures, changed configurations, or delayed engineering support.

The least expensive initial quotation may not produce the lowest total program cost.

A laboratory with relevant experience may identify problems earlier, structure the program more
efficiently, and produce reports that are more readily accepted by regulators and certification
bodies.

| Laboratory Deliverables

The expected deliverables should be defined before work begins.

They can include the test protocol, raw data, photographs, formal report, certificate, construction
review, critical-component list, conditions of acceptability, deviation record, and electronic files.

The medical-device company should also understand which records the laboratory retains and for
how long.
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Raw data may be important when a regulator, Notified Body, customer, or future engineering team
questions the conclusion.

Some laboratories provide only the final report unless the agreement requires additional data.

| Confidentiality and Intellectual Property

Testing laboratories receive sensitive technical information.

This can include schematics, source code, firmware, unreleased products, clinical functions, bills of
material, supplier identities, manufacturing methods, and security architecture.

The laboratory agreement should address confidentiality, data security, sample handling,
photography, subcontracting, and disclosure to certification bodies or regulatory authorities.

The laboratory does not normally obtain ownership of the product intellectual property merely by
testing it.

The laboratory owns or controls its general methods, report formats, internal procedures, and
proprietary tools.

Custom test fixtures, software, or methods developed specifically for the product should have

clearly defined ownership and use rights.

| Sample Control

Test samples should be identified, received, stored, modified, and disposed of under a controlled
process.

The laboratory should record sample condition, serial number, accessories, and any damage
present at receipt.

Destructive testing can make a unit unsuitable for clinical use, sale, later validation, or additional
testing.

The manufacturer should define whether samples are returned, retained, destroyed, or archived.
Products containing patient data, security keys, wireless credentials, or proprietary firmware may

require special handling before shipment and after testing.

| Laboratory Independence

The value of third-party testing comes partly from independence.
The laboratory must report the actual result even when the manufacturer is paying for the work.

The manufacturer can challenge a factual error, provide additional evidence, or request a
technically justified alternative method. It should not pressure the laboratory to classify a failed
result as passing.
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ISO/IEC 17025 addresses both competence and impartiality in laboratory operation.

A credible report protects the manufacturer as well as the regulator and customer. A weak or
manipulated report can collapse during regulatory review, inspection, litigation, or a field
investigation.

| Laboratory Responsibility

The laboratory is responsible for performing the agreed test competently, using controlled
methods, suitable equipment, and accurate records.

The laboratory is not responsible for defining the product’s clinical benefit, selecting every
regulatory requirement, controlling the production design, or monitoring the product after release
unless separately contracted to do so.

A passing laboratory report does not remove the manufacturer’s responsibility for the finished
device.

The manufacturer remains responsible for design controls, risk management, supplier control,
Verification and Validation, manufacturing, labeling, regulatory submissions, complaints, product
changes, and post-market performance.

| Manufacturer Responsibility

The medical-device manufacturer must select the correct test strategy, provide representative
samples, disclose relevant product functions, define essential performance, and connect the
laboratory evidence to the risk-management and regulatory files.

The manufacturer must also control the exact production configuration supported by the reports.

A company cannot test one power supply and ship another, test one cable length and claim
unlimited distance, or test one software version without assessing later changes.

The laboratory report is evidence for a defined product configuration. It is not permanent coverage

for every future revision.

| Testing Laboratories and Verification and Validation

Laboratory testing is commonly part of Verification.
Verification confirms that the design outputs meet the approved design inputs.

Electrical safety, Electromagnetic Compatibility, thermal, environmental, video, fiber, cable,
cybersecurity, packaging, and mechanical tests can all provide Verification evidence.

Validation addresses whether the finished product meets the needs of the intended users and
intended use.
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A laboratory can verify that the system transports 4K video with defined latency. Validation
determines whether the resulting system provides the image and workflow needed during an
actual procedure.

The same laboratory may support parts of Validation, but laboratory compliance testing alone
does not establish clinical usability or intended-use performance.

| Testing Laboratories as Part of the Medical-Device Value Chain

Testing and certification laboratories convert design claims into independent technical evidence.

They provide equipment, controlled environments, trained personnel, calibrated measurements,
recognized methods, formal reports, and certification programs.

The medical-device manufacturer provides the product definition, intended use, risk analysis,
representative test units, operating instructions, and final regulatory interpretation.

The laboratory confirms what happened under the defined test conditions. The certification body
determines whether the product satisfies the applicable certification program. The regulatory
authority or Notified Body determines whether the complete evidence supports market access.

A company does not control its compliance position merely because a prototype passed a test.
Practical control requires a clear standards strategy, accredited laboratories with the correct
scope, production-equivalent samples, accurate reports, controlled product configurations,
management of later changes, and continued access to the evidence supporting the marketed
device.
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Packaging and Sterilization Providers as Part of
the Medical-Device Value Chain

Packaging and sterilization providers control the final stages that allow a medical device to reach
the hospital in a condition suitable for use. Their work affects sterility, shelf life, shipping durability,
product identification, storage, and the ability of the manufacturer to demonstrate that the device
remains safe and functional until the point of use.
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A medical-device company may manufacture the product internally or through a contract
manufacturer and then send it to outside providers for packaging, sterilization, testing, or final
release support. The outside provider performs a defined process. The medical-device
manufacturer remains responsible for confirming that the process is appropriate for the product
and that the finished device meets its approved requirements.

Packaging and sterilization cannot be treated as independent end-of-line activities. The product
materials, electronics, optics, adhesives, batteries, cables, lubricants, coatings, seals, and
packaging all have to tolerate the selected process without creating unacceptable changes in
performance.

| How Packaging and Sterilization Work

The medical-device company first defines whether the product is supplied sterile, nonsterile,
reusable, or intended to be sterilized by the healthcare facility before use.

A single-use sterile product normally moves from manufacturing into controlled packaging and
then through a validated sterilization process. A reusable product may be supplied nonsterile with
validated cleaning and sterilization instructions for the hospital. Some products contain sterile and
nonsterile components within the same overall system.

The manufacturer defines the product configuration, packaging materials, sterilization method,
target sterility requirements, shelf life, shipping conditions, labeling, and release criteria.

The packaging provider develops the sealing, pouching, tray, carton, protective packaging, and
labeling process. The sterilization provider performs the validated sterilization cycle or dose
according to the approved configuration.

The finished product can only be released when the required packaging, sterilization,
documentation, and acceptance records show that the approved process was completed
successfully.

| Sterile Barrier Systems

The sterile barrier is the packaging system that maintains sterility of the product until the package
is opened for use.

A sterile barrier can use flexible pouches, rigid trays, thermoformed trays, lids, wraps, or
combinations of these materials.

The sterile barrier must allow the selected sterilization process to reach the device while preventing
microorganisms from entering afterward.

The packaging design must also allow the clinician or technician to open the product without
contaminating the sterile contents.

Seal strength, material integrity, puncture resistance, package geometry, and opening
characteristics all affect performance.
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A package that is difficult to peel can create contamination risk if the user has to pull aggressively,
touch the sterile contents, or tear the package unpredictably.

A package that opens too easily can lose integrity during transportation or storage.

The packaging design therefore has to balance protection, sterilization compatibility, durability,
and ease of sterile presentation.

| Packaging Materials

Packaging materials are selected according to the sterilization process, product geometry, shelf
life, transportation requirements, and clinical use.

Materials can include medical-grade papers, porous spunbond materials, polymer films, formed
plastic trays, foil structures, corrugated cartons, foams, protective caps, and molded inserts.

The packaging material must remain stable through sterilization and aging.

A material can become brittle, discolored, warped, weak, or difficult to seal after exposure to heat,
humidity, radiation, chemicals, or long-term storage.

Packaging materials can also interact with the device.

A foam insert can shed particles. A plastic tray can create abrasion. A volatile material can leave
residues. Packaging pressure can bend a cable, deform an optical component, damage a
connector, or place stress on a robotic instrument.

The packaging provider and medical-device company must evaluate the complete packaged
system rather than qualifying each material separately.

| Packaging Design

Packaging design protects the product during manufacturing, sterilization, storage, transportation,
and handling.

The design must control movement inside the package while avoiding excessive pressure on
sensitive components.

A medical-video transmitter, optical module, camera head, fiber assembly, surgical instrument, or
disposable endoscope can require different physical protection.

Electronic products may require antistatic protection, connector caps, moisture control, shock
protection, and fixed orientation.

Optical components may require protection from scratching, contamination, bending, vibration,
and impact.

Fiber-optic cables may require controlled coil diameter so the packaging does not violate the
approved bend radius.
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Robotic instruments may require protection of articulated joints, cutting surfaces, distal tips,
sensors, and calibration features.

The package must also allow practical manufacturing. Operators need to place the product into
the package consistently without damaging or contaminating it.

| Packaging Process Development

The packaging provider develops the process used to place, seal, label, inspect, and prepare the
product for sterilization or shipment.

The process can include cleaning, protective wrapping, tray loading, pouch insertion, heat sealing,
labeling, carton assembly, case packing, and palletization.

Critical process parameters can include sealing temperature, pressure, dwell time, line speed,
material alignment, environmental conditions, and equipment setup.

The process should reduce variation between operators and production lots.

A sealing process that depends on an operator manually judging whether the seal looks
acceptable is weaker than a controlled process with defined equipment settings and measurable
acceptance criteria.

The manufacturer must also prevent mix-ups between sterile, nonsterile, quarantined, rejected, and

released product.

| Packaging Validation

Packaging validation demonstrates that the packaging process and finished package consistently
protect the device and maintain the required barrier through the labeled shelf life and distribution
process.

Validation can evaluate seal integrity, seal strength, material performance, transportation damage,
environmental exposure, aging, and package opening.

The product used for validation should represent the production configuration.

Changing the tray, pouch, lid, seal width, packaging machine, sealing temperature, carton, or
sterilization process can affect the validation.

Packaging validation is not only a test of the materials. It evaluates the complete packaging
system and manufacturing process.

The company must establish acceptance criteria before testing and show that the package
remains within those limits after sterilization, aging, and transportation.

| Seal Validation

Heat-sealed sterile packaging requires control of the sealing process.
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The seal must be strong enough to survive transportation and storage while remaining peelable
when opened.

Seal validation establishes an acceptable processing window for temperature, pressure, time, and
other relevant parameters.

The process should be challenged at the upper and lower limits of the approved operating range.
The manufacturer then operates within that validated window during normal production.

Seal inspection can include visual examination, seal-strength testing, leak testing, dye penetration,
or other methods appropriate to the package.

A seal can appear visually acceptable and still contain channels or weak areas that compromise
the sterile barrier.

The equipment used to create the seal must also be maintained and calibrated where its settings

affect product quality.

| Sterilization Method Selection

The sterilization method is selected according to the product materials, geometry, packaging,
electronics, intended use, and manufacturing volume.

Common industrial methods include EO (Ethylene Oxide), radiation sterilization using gamma or
electron-beam energy, and moist heat for products capable of tolerating high temperature and
moisture.

Other technologies may be used for particular products and applications.
The method cannot be selected only by cost or availability.

The manufacturer must confirm that the process can reach the required areas of the device and
that the product continues to meet its mechanical, electrical, optical, chemical, and clinical
requirements after sterilization.

A device containing sensitive optics, adhesives, electronics, polymers, batteries, sensors, lubricants,
or coatings can respond differently to each sterilization method.

The selected method becomes part of the controlled product design.

| Ethylene Oxide Sterilization

Ethylene Oxide sterilization is commonly used for products that cannot tolerate the temperature or
moisture associated with steam sterilization.

Ethylene Oxide gas can penetrate packaging and complex product geometries, including internal
spaces and certain lumens.
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The sterilization cycle can include conditioning, humidity control, gas exposure, temperature
control, pressure changes, and aeration.

The process must deliver sufficient sterilization while controlling residual Ethylene Oxide and related
compounds remaining in the product.

Aeration is therefore an important part of the process.

Materials can absorb the gas and release it over time. The product may require a defined aeration
period before release.

The medical-device company must consider the complete product, including plastics, adhesives,
tubing, lubricants, electronics, and packaging, when determining residual behavior.

A process change affecting load size, product density, packaging, materials, or sterilization location
can change how gas moves through the load and may require additional evaluation.

| Radiation Sterilization

Radiation sterilization can use gamma radiation or electron-beam processing to expose the
product to a controlled dose of ionizing radiation.

The dose must be high enough to achieve the required sterilization result while remaining low
enough to avoid unacceptable product degradation.

Radiation can affect polymers, adhesives, coatings, electronics, sensors, optical materials,
batteries, colors, and mechanical properties.

Some materials become brittle or discolored. Electronic components can experience changes
depending on their design and accumulated dose.

The manufacturer must evaluate the product at the expected sterilization dose and, where
appropriate, at higher doses representing processing variation or repeated exposure.

Dose mapping is used to determine how the sterilization dose is distributed throughout the load.
The product location receiving the lowest dose must still receive sufficient sterilization. The location

receiving the highest dose must not be damaged by excessive exposure.

| Steam Sterilization

Steam sterilization uses saturated steam under controlled temperature and pressure.

It is widely used for reusable surgical instruments and devices designed to tolerate heat and
moisture.

The product must be designed to allow steam to reach the required surfaces and internal areas.

Materials, electronics, seals, optics, cables, lubricants, adhesives, and mechanical joints must
tolerate repeated cycles if the product is reusable.
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A product that survives one cycle is not automatically suitable for repeated hospital sterilization.

Reusable-device validation should consider the maximum expected number of cycles or a justified
representative number.

Repeated steam exposure can produce corrosion, seal degradation, cable damage, optical

fogging, lubricant changes, dimensional shifts, or loss of electrical performance.

| Reusable Medical Devices

Reusable devices are normally supplied with validated instructions describing cleaning,
disinfection, and sterilization.

The manufacturer must establish that the healthcare facility can reasonably perform the required
process using the defined equipment, chemicals, temperatures, times, and procedures.

Complex devices create difficult reprocessing problems.

Endoscopes, articulated instruments, cables, joints, lumens, optical surfaces, and robotic
components can contain areas where blood, tissue, protein, or cleaning residue can remain.

The product design should allow access to areas that require cleaning.

The manufacturer cannot compensate for an unnecessarily difficult design solely by writing a
longer cleaning instruction.

The reprocessing instructions must match the actual product configuration and must be validated

using representative contamination and realistic use conditions.

| Single-Use Devices

Single-use devices are designed to be used once and discarded rather than cleaned and returned
to service.

The manufacturer controls the complete manufacturing, packaging, sterilization, shelf-life, and
distribution process before the product reaches the hospital.

Single-use products can include disposable endoscopes, sterile camera covers, robotic
instruments, surgical accessories, catheters, cables, and optical components.

The commercial advantage is reduced reprocessing burden and a controlled sterile product for
each procedure.

The design must remain economical enough for routine disposal.

This places pressure on component cost, assembly time, packaging, sterilization, and production
yield.

A disposable imaging product can still contain sophisticated sensors, optics, illumination, firmware,
and identification electronics. The sterilization process must not damage those functions.
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| Bioburden

Bioburden is the population of viable microorganisms present on a product before sterilization.

The sterilization process is designed around a controlled manufacturing environment and an
understood biological load.

The manufacturer should not rely on sterilization to compensate for uncontrolled contamination
during manufacturing.

Bioburden can be influenced by raw materials, operator handling, environmental cleanliness, water,
packaging, process time, and storage before sterilization.

Monitoring provides information about whether the manufacturing process remains under control.

A major increase in bioburden can indicate a manufacturing problem even when the final
sterilization cycle is capable of producing sterile product.

The medical-device company and contract manufacturer must therefore control cleanliness
before the product reaches the sterilization provider.

| Sterility Assurance

Sterility cannot be demonstrated by testing every finished unit because sterility testing is
destructive and can only sample a small part of a production lot.

Industrial sterilization therefore depends on validated processes and controlled production.

The process establishes a defined SAL (Sterility Assurance Level), which expresses the probability of
a viable microorganism remaining on a sterilized unit after a validated process.

The sterilization provider controls the approved cycle or radiation dose and records the parameters
for each load.

The medical-device company must make sure that the product placed into the process matches
the validated configuration.

A change in materials, packaging, product geometry, load pattern, or manufacturing process can
affect sterilization performance.

| Sterilization Validation

Sterilization validation demonstrates that the selected process can repeatedly achieve the required
result for the defined product and load configuration.

The validation can include product characterization, load definition, microbiological testing,
process development, dose studies, cycle development, physical measurements, and product-
performance testing.

The validation establishes the process parameters that normal production must follow.
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The sterilization provider may perform much of the technical work, but the medical-device
company is responsible for determining whether the validated configuration represents the
finished product.

The company should know which products, package types, load patterns, manufacturing sites,
sterilizers, and processing ranges are included.

A successful validation at one sterilization site does not automatically apply to another facility
without evaluation.

| Sterilization Load Configuration

The way products are arranged inside the sterilization chamber or radiation carrier affects the
process.

A load can differ in product density, number of cartons, package orientation, pallet arrangement,
and placement within the chamber.

These variables can change gas penetration, temperature, humidity, or radiation dose.
The validated load configuration therefore needs to be defined and controlled.

The sterilization provider should not substantially change the load pattern simply to improve
throughput without reviewing the effect on the validated process.

Mixed loads containing different products can require separate evaluation if the products influence

process penetration or dose distribution.

| Product Function After Sterilization

Sterilization validation does not end with evidence that microorganisms are controlled.

The medical-device manufacturer must also confirm that the product still performs correctly after
sterilization.

Testing can include mechanical strength, optical performance, electrical safety, video quality,
image calibration, cable performance, adhesive strength, seal integrity, robotic movement, sensor
accuracy, and software or memory operation where applicable.

A sterile medical-video product may power on after processing but still have altered image color,
optical transmission, sensor noise, cable characteristics, or connector performance.

A robotic instrument may remain sterile while experiencing increased friction or reduced
mechanical strength.

The post-sterilization product must meet the same released requirements applicable to the device
at the time of use.
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| Electronics and Sterilization

Electronics require particular attention because many sterilization technologies were developed
primarily around materials and mechanical products.

Printed circuit boards, semiconductors, sensors, memory, batteries, displays, optical transceivers,
connectors, and electronic identification devices may respond differently to radiation, heat,
humidity, and chemical exposure.

The manufacturer must determine which electronic components can tolerate the selected process.
The supplier's commercial data sheet may not address sterilization exposure.
Testing may therefore be required at the component and system levels.

Stored calibration data, security keys, firmware, and memory should also be checked after
sterilization when the process can affect electronic storage.

The fact that one electronic component survives the process does not mean every production lot or
alternate component will behave identically.

| Optical Systems and Sterilization

Optical systems can be affected by sterilization through changes in coatings, adhesives, lens
materials, filters, fiber transmission, and alignment.

Radiation can discolor some polymers or alter optical transmission.
Heat can change adhesives, seals, focus, or mechanical alignment.
Ethylene Oxide can interact with materials and leave residues requiring aeration.

Reusable steam sterilization can cause fogging, corrosion, coating damage, or seal degradation
over repeated cycles.

The manufacturer should evaluate resolution, brightness, color, distortion, fluorescence
performance, stereo alignment, and other critical optical characteristics after the required
sterilization exposure.

A product can remain mechanically intact while losing clinically important optical performance.

| Cables and Fiber Assemblies

Cables and fiber assemblies can be sterile products, reusable products, or nonsterile accessories
depending on the application.

Sterile cables must tolerate the selected sterilization process without unacceptable changes to the
conductor, shielding, connector, strain relief, fiber, jacket, or optical performance.

Reusable cables must tolerate repeated cleaning and sterilization cycles.
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Fiber-optic assemblies should be evaluated for insertion loss, connector condition, bend
performance, and mechanical integrity after the required processing.

Cable jackets can harden, discolor, crack, absorb chemicals, or become sticky after repeated
exposure.

Overmolds, adhesives, strain relief, and connector seals can also deteriorate.

The manufacturer must test the cable in the form and number of cycles associated with the
intended use rather than relying only on raw material compatibility.

| Sterilization Provider Qualification

The medical-device company should qualify the sterilization provider before routine commercial
production.

Qualification can review the provider’'s quality system, process capabilities, equipment, monitoring
systems, calibration, maintenance, documentation, capacity, deviation control, and experience
with the selected sterilization technology.

The company should identify the exact facility and process used for its product.

A large sterilization company may operate several sites with different chambers, irradiators,
equipment, and validated configurations.

Approval of one facility does not automatically establish approval of every facility.

The medical-device company should also understand whether the provider performs
microbiological testing internally or relies on outside laboratories.

| Packaging Provider Qualification

Packaging providers should be qualified according to the risk and complexity of the work they
perform.

A provider that only supplies standard cartons creates a different level of risk from a provider that
forms sterile trays, heat seals sterile barriers, applies labels, and performs final product packaging.

Qualification can review equipment, sealing controls, environmental conditions, material
traceability, inspection, training, calibration, change control, and document control.

The packaging provider should use only approved materials and controlled revisions.

It should not substitute film, adhesive, pouch material, tray resin, label stock, ink, or carton structure
without authorization when the change can affect product performance or regulatory
documentation.

| Sterilization Records

Every sterilization lot or load generates records showing that the approved process was completed.
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Records can include cycle number, date, product, quantity, load configuration, process parameters,
equipment identification, biological or chemical indicators where applicable, radiation dose data,
environmental information, deviations, and release status.

The medical-device company needs access to the records required to support product release
and later investigation.

The records must connect the sterilized lot to the finished-device lot or serial numbers.

If a hospital reports a sterile-package failure or infection concern, traceability should allow the
company to identify the sterilization load, packaging lot, manufacturing lot, and affected
distribution.

| Packaging Records

Packaging records document the approved materials and process used for each production lot.

The records can include pouch or tray lot, label revision, sealing equipment, sealing parameters,
operator, inspection results, carton configuration, and production date.

The records support investigation of seal failures, package damage, labeling errors, and shelf-life
issues.

Packaging traceability is especially important when several material lots or package suppliers are
used.

A package failure can be caused by the product, sealing process, packaging material, sterilization
process, transportation, or storage.

Good records allow those possibilities to be separated during investigation.

| Product Release

The medical-device company must define who has authority to release sterile product for
commercial distribution.

The sterilization provider can confirm that the approved process was completed successfully.
The packaging provider can confirm that the package met its acceptance criteria.

Those results do not automatically authorize commercial release unless the manufacturer’s quality
system assigns that responsibility.

Final release may require review of manufacturing records, packaging results, sterilization records,
labeling, inspection, and any deviations.

The released device should correspond to the approved product configuration and validated
process.

A sterilized lot should remain under controlled status until the required release criteria are satisfied.
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| Sterility Testing
Sterility testing can be used as part of validation, investigation, or defined process control, but it
does not replace process validation.

Only a limited number of units can be tested, and the test itself destroys or consumes the sample.
A passing sample therefore cannot prove that every unit in the lot is sterile.

The primary assurance comes from a validated sterilization process operating within controlled
parameters.

Sterility testing can still provide important information during development, validation,
contamination investigation, or process monitoring.

The test method, sample selection, and interpretation must match the purpose.

| Packaging Integrity Testing
Packaging-integrity testing evaluates whether the sterile barrier remains intact.

Methods can identify channels, leaks, weak seals, punctures, material failures, or other defects.

Testing can be performed immediately after packaging, after sterilization, after aging, and after
transportation simulation.

A package may pass directly after sealing and fail after sterilization changes the material or after
shipping subjects it to vibration and compression.

The validation sequence should therefore represent the expected product lifecycle.
The company should also define visual-inspection criteria because hospitals rely partly on

package condition before opening a sterile product.

| Transportation Testing

Transportation testing evaluates whether the packaged product survives distribution.
The test can simulate vibration, drops, compression, shock, temperature, humidity, and handling.

The complete commercial package should be tested, including the shipping carton, internal
protection, sterile barrier, device, accessories, and documentation.

A package can preserve sterility but still fail to protect the product mechanically.

A fiber connector can break, a camera can shift in its tray, a robotic instrument can deform, or an
enclosure can crack while the sterile barrier remains intact.

After transportation testing, the manufacturer should evaluate both package integrity and device
functionality.
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| Accelerated Aging

Accelerated aging exposes the packaging and product to elevated temperature for a calculated
period to simulate longer-term aging.

It can provide early evidence supporting an initial shelf-life claim while real-time aging continues.
Accelerated aging is not simply placing the product in a hot chamber.

The company must define the aging model, temperature, duration, materials, package
configuration, and acceptance tests.

After aging, the product can be evaluated for package integrity, seal strength, material condition,
labeling, sterility barrier, mechanical performance, electrical function, optical performance, and
other relevant requirements.

Real-time aging remains important because accelerated models cannot reproduce every long-
term material change.
| Real-Time Aging

Real-time aging stores the product under the labeled storage conditions for the actual claimed
shelf-life period.

The resulting data confirms that the package and product remain acceptable over time.

The company may begin commercial distribution based on justified accelerated-aging evidence
while real-time testing continues, depending on the regulatory strategy and risk.

If the real-time results later fail, the company must evaluate the marketed product and shelf-life
claim.

Shelf life applies to the complete device, not only the package.
Batteries, adhesives, lubricants, polymers, optical coatings, sensors, electronic memory, and sterile

barriers can each limit the usable life.

| Shelf-Life Determination

Shelf life defines how long the manufacturer supports the product remaining safe and functional
under the labeled storage conditions.

For a sterile disposable product, shelf life includes maintenance of sterility, package integrity, and
device performance.

For an electronic product, shelf life can also involve battery condition, adhesives, materials,
calibration, and electronic component aging.

The expiration date should therefore be based on the limiting characteristic of the complete
product.
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A package that maintains sterility for five years does not support a five-year device shelf life if the
battery or adhesive only remains qualified for three years.

The medical-device company should understand which component or characteristic sets the final

expiration period.

| Storage Conditions

The manufacturer defines the allowed storage temperature, humidity, light exposure, and other
environmental conditions.

The packaging and sterilization evidence must support those conditions.

A sterile product stored in excessive heat can experience seal degradation, package deformation,
battery deterioration, adhesive changes, or accelerated material aging.

Cold conditions can make some polymers brittle or create condensation when the product is
returned to room temperature.

Storage requirements should be practical for distributors and hospitals.
Unusually narrow environmental limits can create logistical problems even when technically

supportable.

| Labeling

Packaging providers often apply the final product labels.

Labels can include the product name, manufacturer, catalog number, lot number, serial number,
expiration date, sterile status, sterilization method, storage conditions, warnings, symbols, and UDI
(Unique Device Identification) information.

The provider must use the correct approved label revision for the product configuration.

Mixing labels between sterile and nonsterile versions, product sizes, software versions, or instrument
models can create a serious product-control problem.

Label printing systems should control data fields, barcode quality, serialization, and revision.

The labeling operation should include verification that the correct label is applied to the correct
product.

| Unique Device Identification

Sterile and packaged medical devices may carry Unique Device Identification information on the
device label and packaging.

The identifier connects the commercial product configuration to regulatory and distribution
records.
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Packaging operations must preserve the correct relationship between the device identifier,
production identifier, lot, serial number, expiration date, and package level.

A box containing several individually packaged devices can require a different identifier structure
from the individual unit.

The manufacturer should define the identification hierarchy before packaging automation and
label templates are finalized.

Incorrect serialization or duplicate identifiers can create problems in hospital inventory, complaints,
recalls, and regulatory databases.

| Sterilization Indicators

Packaging may include chemical indicators that change appearance after exposure to a
sterilization process.

These indicators can help distinguish processed from unprocessed product.
They do not by themselves prove that the product is sterile.

The indicator confirms exposure to defined conditions rather than complete process validation or
sterility of every device.

The manufacturer should avoid labeling or workflow that could cause hospital personnel to
interpret a process indicator as independent proof of sterility.

The sterilization provider’s controlled process records remain central to lot release.

| Packaging and Sterilization Changes

Changes to the packaging or sterilization process require formal assessment.

Packaging changes can include a new film, pouch, tray, adhesive, label, carton, seal width, sealing
machine, or packaging site.

Sterilization changes can include a new chamber, irradiation source, sterilization site, cycle
parameter, dose range, load configuration, or processing technology.

The company must determine whether the existing validation remains applicable.

Changes can affect sterility, package integrity, product performance, biocompatibility, residuals,
shelf life, shipping durability, and regulatory documentation.

The change should be reviewed before commercial implementation.

| Manufacturing-Site Changes

Moving packaging or sterilization to another facility is not simply a logistics change.
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The new site may use different equipment, environmental controls, process settings, operators, test
methods, utilities, and quality systems.

The manufacturer must evaluate whether the approved process can be transferred directly or
requires new qualification or validation.

The sterilization process may also depend on specific chamber geometry, radiation source,
equipment, or load pattern.

The packaging process may depend on a specific sealer, forming machine, material handling
method, or inspection system.

The transfer is complete only when the new site can repeatedly produce results equivalent to the
approved process.

| Deviations

Packaging and sterilization providers must control deviations from the approved process.

A sterilization cycle may experience an equipment alarm, temperature deviation, interrupted
exposure, incorrect load pattern, or documentation error.

A packaging line may experience sealing-temperature drift, material damage, label error,
equipment failure, or environmental excursion.

The affected product should remain under controlled status until the deviation is evaluated.
The provider should not release the product based only on the fact that it appears normail.

The investigation must determine whether the deviation could affect sterility, package integrity,
labeling, or product function.

The medical-device company should approve or review deviations according to the quality

agreement and risk.

| Nonconforming Product

Product can become nonconforming during packaging or sterilization.

Examples include damaged sterile barriers, incomplete seals, incorrect labels, excessive radiation
dose, failed cycle parameters, damaged devices, contamination, or missing records.

The provider must identify and segregate affected material.

The medical-device company then determines whether the product can be reworked, reprocessed,
inspected, or must be scrapped.

Re-sterilization requires careful evaluation because a second exposure can increase material
degradation, radiation dose, chemical exposure, or heat stress.
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A product should not automatically be sterilized again simply because the first process was
unsuccessful.

| Reprocessing and Re-Sterilization

Reprocessing a manufacturing lot is different from hospital reprocessing of a reusable medical
device.

A manufacturing sterilization failure may create pressure to process the lot again rather than scrap
it.

The company must determine whether repeated exposure remains within the validated product
limits.

Two Ethylene Oxide cycles can change residual levels and material exposure. Two radiation cycles
increase accumulated dose. Repeated heat cycles can damage materials, seals, or electronics.

Any reprocessing procedure should be defined, justified, and controlled rather than decided
informally after a production problem.

| Quality Agreements

The quality agreement between the medical-device company and packaging or sterilization
provider defines responsibilities for process control, documentation, deviations, change notification,
validation, release, complaints, audits, and records.

It should identify which party approves changes and which events require immediate notification.

The provider should notify the manufacturer before making changes that can affect the validated
process.

The agreement should also define record-retention periods and access during regulatory
inspections or complaint investigations.

The commercial agreement addresses pricing, capacity, scheduling, inventory, liability, and other
business matters.

The quality agreement controls how compliance and product quality are maintained.

| Capacity and Scheduling

Packaging and sterilization capacity can become a production constraint.

Sterilization facilities operate fixed chambers, irradiators, processing lines, and load schedules. The
medical-device company may need to reserve capacity based on forecast demand.

A production delay at the sterilization provider can stop shipment even when manufacturing is
complete.
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Lead time includes transportation to the sterilizer, queue time, processing, aeration where required,
documentation review, and return shipment.

Ethylene Oxide processes can have longer turnaround because of conditioning, exposure, and
aeration.

Radiation processing can be faster but remains dependent on facility capacity and validated load
configuration.

The manufacturer should include sterilization capacity in its supply-chain planning rather than
treating it as an unlimited external service.

| Business Continuity

Sterilization can create a major single-source risk.
A validated process may be tied to one provider, one facility, or one technology.

If the facility shuts down, loses capacity, or experiences a regulatory problem, the manufacturer
may not be able to move production immediately.

Qualifying a second sterilization facility can require transfer studies, validation work, product
testing, and regulatory assessment.

Packaging can create similar dependence when custom trays, molds, films, or sealing processes
are controlled by one supplier.

The company should identify which packaging and sterilization processes would stop commercial
supply if the current provider became unavailable.

Backup planning can include second facilities, duplicate tooling, alternate materials, safety stock,

or prequalified processing options.

| Provider Audits

Medical-device companies may audit packaging and sterilization providers according to the risk of
the service.

Audits can review quality systems, validation, equipment, calibration, maintenance, training,
environmental controls, traceability, deviations, change control, and record retention.

For sterilization providers, the audit can also review load control, process monitoring, biological or
dosimetric controls, and release documentation.

For packaging providers, the audit can review materials, sealing processes, inspection, labeling
control, and equipment qualification.

The audit should examine actual operations rather than only written procedures.

Findings should be documented and corrected according to defined timelines.
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| Complaint Investigation

Packaging or sterilization providers may participate in investigations when the field complaint
involves package integrity, contamination, sterility, labeling, or product degradation.

The manufacturer may request the provider’s production records, process data, retained samples,
equipment records, or deviation history.

A reported torn pouch may result from packaging design, sealing, transportation, hospital handling,
or product geometry.

A reported infection cannot automatically be attributed to sterilization.
The investigation must review the complete evidence.

Good traceability allows the company to connect the complaint to the packaging lot, sterilization
load, manufacturing lot, and distribution history.

| Recalls and Field Actions

Packaging and sterilization problems can create field corrections or recalls.

Examples include incorrect sterilization processing, compromised sterile barriers, mislabeled sterile
status, incorrect expiration dates, or packaging defects that affect a defined production lot.

The medical-device company must identify the affected products and determine the required
regulatory and customer response.

The provider may assist by supplying load records, production data, affected lot ranges, and
retained samples.

Traceability can allow the company to limit the field action to the affected products.
Poor traceability can force the company to include a much larger quantity because it cannot

determine which units were processed under the affected condition.

| Intellectual Property

Packaging and sterilization providers can own valuable process intellectual property.

This can include proprietary packaging equipment, tray designs, sealing methods, sterilization
cycles, load configurations, software, fixtures, and general manufacturing knowledge.

The medical-device company may own the product-specific packaging design, drawings, labels,
tooling, validation protocols, and product requirements.

Ownership must be defined when the provider develops custom tooling or process methods
specifically for the product.

A custom thermoformed tray may require product-specific tooling. The company should know who
owns the tool and whether it can be moved to another packaging supplier.
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A specialized sterilization process may also create dependency if the provider controls important
process knowledge or documentation.

The company should maintain enough documentation to understand and transfer the approved
process when necessary.

| Packaging and Sterilization Providers and Regulatory Control

Packaging and sterilization providers operate as controlled suppliers within the medical-device
manufacturing system.

Their work can directly affect sterility, shelf life, labeling, product performance, and regulatory
compliance.

The medical-device company remains responsible for establishing that the packaging and
sterilization processes are appropriate and validated for the intended product.

The provider is responsible for performing the approved process according to the agreed
specifications and quality controls.

The company must maintain access to the validation evidence, production records, change
notifications, deviations, and release information required to support regulatory submissions and
post-market investigations.

A provider cannot independently change a critical process simply because the new method
remains acceptable for its other customers.

| Packaging and Sterilization Providers as Part of the Medical-Device Value Chain

Packaging and sterilization providers convert the manufactured device into a product that can be
transported, stored, and presented for clinical use in the required condition.

Packaging protects the device and, where required, maintains the sterile barrier.

Sterilization reduces the microbial contamination of the finished product through a validated
process compatible with the product and package.

The value is not limited to the pouch, carton, or sterilization cycle. It exists in the complete controlled
system of materials, equipment, process parameters, testing, validation, traceability, labeling,
aging, transportation, release, and change control.

A medical-device company does not have complete control of a sterile product merely because it
owns the device design. Practical control also requires qualified packaging and sterilization
providers, validated processes, documented transfer rights, reliable records, controlled changes,
and the ability to demonstrate that the product remains sterile, intact, and functional until it
reaches the user.
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e Distributors, Representatives, and Regulatory
Control

e Distributors and Manufacturer Representatives as
Part of the Medical-Device Value Chain

Distributors and manufacturer representatives connect the medical-device manufacturer to
hospitals, health systems, surgeons, clinics, integrators, government buyers, and other customers.
They perform the commercial work required to move a regulated product from the manufacturer
into the market, but the two models operate differently.

A distributor normally purchases products from the manufacturer and resells them to the
customer. The distributor can hold inventory, establish local pricing, manage quotations, provide
credit, participate in tenders, coordinate installation, perform training, and provide first-line service.

A manufacturer representative normally does not purchase and resell the product. The
representative sells on behalf of the manufacturer and receives a commission or other agreed
compensation when the manufacturer completes the sale.

Both models extend the manufacturer’'s commercial reach without requiring the manufacturer to
employ a full direct-sales organization in every territory. The manufacturer still has to control
product claims, regulatory responsibilities, customer support, complaints, service, pricing strategy,
and the commercial rights granted to each channel partner.

| Distributor Model

A distributor purchases the product from the medical-device manufacturer under an agreed
transfer price and resells it to hospitals, dealers, integrators, clinics, or other customers.

The distributor normally earns the difference between its acquisition cost and final selling price.

The manufacturer may sell a device to the distributor for one amount while the distributor resells it
at a higher amount that covers local sales expense, demonstration equipment, inventory, financing,
service, installation, training, tender participation, and profit.

The distributor may take legal ownership of the physical inventory before the product reaches the
final customer.

This creates a different commmercial relationship from a sales representative. The distributor
becomes a customer of the manufacturer while simultaneously functioning as the manufacturer’s
route to the market.

The agreement determines how much commercial control the distributor receives.

| Manufacturer Representative Model

A manufacturer representative sells the manufacturer’s products without normally purchasing or
owning the inventory.
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The representative develops customer relationships, identifies opportunities, provides product
demonstrations, assists with technical discussions, supports quotations, and helps move the
opportunity through the sales process.

The final purchase order is normally placed directly with the manufacturer or another authorized
selling entity.

The manufacturer invoices the customer and recognizes the sale. The representative receives an
agreed commission based on the transaction.

This structure gives the manufacturer greater control of pricing, customer information, contracts,
and receivables while reducing the need to employ a direct salesperson in the territory.

The representative usually accepts less inventory and credit risk than a distributor because the
representative is not purchasing the product for resale.

| Choosing Between Distribution and Representation

The appropriate model depends on the product, market, territory, customer expectations, sales
cycle, service requirements, regulatory structure, and manufacturer resources.

A complex capital product requiring demonstrations, inventory, installation, training, local service,
financing, and tender participation may benefit from a strong distributor.

A highly specialized product sold to a limited number of sophisticated customers may be better
suited to a manufacturer representative working closely with the manufacturer’s direct technical
team.

Some companies use both models.

A manufacturer may sell directly to major national accounts while using distributors for smaller
hospitals or distant territories. It may use representatives to create demand and distributors to
handle logistics, invoicing, and local service.

The manufacturer must define these boundaries clearly to prevent channel conflict.

| Territory

The commercial agreement defines the territory in which the distributor or representative is
authorized to sell.

A territory can be a country, group of countries, state, province, metropolitan areq, health system,
customer category, or clinical specialty.

A broad geographic territory should not automatically provide unrestricted rights to every
customer within it.

The manufacturer may reserve strategic accounts, multinational customers, government
contracts, Original Equipment Manufacturer relationships, or direct online sales.
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Territorial rights also affect opportunities that cross boundaries.

A distributor may develop a project in one country for a hospital group headquartered in another
country. A representative may introduce an international customer that purchases through the
manufacturer’s corporate account.

The agreement should define how these situations are handled before revenue is involved.

| Exclusive and Nonexclusive Distribution

A distributor can receive exclusive or nonexclusive rights.

Exclusive distribution means the manufacturer agrees not to appoint another distributor for the
defined territory, market, or product category during the agreement period, subject to the stated
exceptions.

Exclusivity can motivate the distributor to invest in personnel, inventory, demonstrations, service
capability, and local market development.

It also creates dependence.

A distributor that underperforms can restrict the manufacturer’'s access to an entire market if the
manufacturer cannot appoint another partner.

Exclusivity should therefore normally be connected to measurable obligations such as minimum
purchases, revenue targets, inventory levels, trained personnel, demonstration capability, service
support, regulatory support, or market coverage.

A nonexclusive agreement allows several distributors to sell the same products.

This can increase coverage but can also create price competition, customer confusion, duplicated
effort, and disputes over opportunity ownership.

The manufacturer must balance market access against channel control.

| Representative Exclusivity

Manufacturer representatives can also receive exclusive territories or accounts.

An exclusive representative may receive commission on substantially all qualifying sales in the
territory regardless of whether the representative personally originated every opportunity.

A nonexclusive representative is usually compensated only for opportunities it identifies, registers,
or materially supports.

The agreement should define when an opportunity belongs to the representative.

Without clear rules, disputes can arise over trade-show leads, inbound inquiries, direct
manufacturer relationships, existing customers, distributor referrals, and multinational accounts.
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The manufacturer should maintain an opportunity-registration process that records when the
opportunity was identified and who is responsible for developing it.

| Pricing

Pricing works differently between distributor and representative channels.

A distributor normally receives a transfer price or discount from the manufacturer’'s suggested
selling price.

The distributor then establishes the final customer price within the commercial and legal
boundaries of the agreement.

The manufacturer should understand the complete price structure from factory cost through final
hospital price.

Additional layers can include importer margin, master distributor margin, local distributor margin,
dealer margin, installation, service, freight, taxes, and tender costs.

Too many commercial layers can make the final product uncompetitive even when the
manufacturing cost is reasonable.

A manufacturer representative normally does not determine the entire resale structure because
the manufacturer invoices the customer directly.

The manufacturer controls the final quotation while compensating the representative through

commission.

| Distributor Margin

Distributor margin compensates the distributor for more than the salesperson’s time.

The distributor may finance inventory, maintain local warehouses, carry demonstration equipment,
provide technical specialists, employ service engineers, attend conferences, train hospital staff,
participate in tenders, provide local credit, manage returns, and assume collection risk.

A distributor providing only lead generation should not necessarily receive the same margin as a
partner carrying inventory and providing complete local support.

The manufacturer should understand exactly what commercial functions are being purchased
through the distributor discount.

Margin should be aligned with responsibility.

| Representative Commission

Manufacturer representatives are normally compensated through commission.

The commission can be calculated as a percentage of net sales, gross sales, gross profit, or
another defined amount.
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The agreement must define which amounts are included.

Freight, taxes, installation, service contracts, discounts, returns, credits, and third-party equipment
may be treated differently.

The agreement should also define when the commission becomes earned.

Commission may become payable when the customer places the purchase order, when the
manufacturer ships, when the invoice is issued, or when the customer pays.

For long medical-device sales cycles, this distinction is important.

A representative may work on an opportunity for a year or more before the sale closes.

| SalesCycle

Medical-device sales frequently involve a long sales cycle.

The process can include surgeon interest, clinical evaluation, biomedical engineering review,
Information Technology review, cybersecurity review, purchasing, capital approval, finance, legal
review, regulatory confirmation, product demonstration, competitive evaluation, and executive
approval.

Distributors and manufacturer representatives help coordinate these groups.
The individual physician who wants the product may not control the budget.

The purchasing department may negotiate price without evaluating clinical performance.
Biomedical engineering may evaluate maintenance and electrical safety. Information Technology
may evaluate network and cybersecurity requirements.

The commercial partner must understand who influences the decision and who has authority to
approve the purchase.

| Clinical Sales
Medical-device selling requires greater technical and clinical knowledge than many ordinary

commercial products.

The distributor or representative needs to understand the intended use, product operation,
competitive position, clinical workflow, installation, accessories, and limitations.

A sales representative should be able to explain how the system fits into the procedure without
making unsupported medical claims.

For medical-video systems, the representative may need to understand resolution, latency, fiber
transport, camera interfaces, Operating Room integration, routing, recording, displays, and
compatibility with other medical equipment.

Inside the medical-device video and robotic surgery value chain - Josh Leibovitch 168



For robotic systems, the representative may need to understand instruments, system configuration,
procedure workflow, training requirements, capital equipment, and recurring consumables.

The manufacturer is responsible for providing controlled training and approved commercial

materials.

| Product Demonstrations

Demonstration equipment is important in medical-device sales because hospitals and clinicians
frequently want to see the product operate before purchasing.

The distributor may purchase or receive demonstration units at a reduced price.
The equipment must remain controlled.

A demonstration product should have the correct software, firmware, accessories, labels, and
safety configuration.

The manufacturer should define whether the device is approved for clinical use or only nonclinical
demonstration.

A device that has been transported repeatedly between trade shows and customer sites may not
be suitable for patient use without inspection and appropriate control.

The distributor should also maintain demonstration equipment so that poor cables, damaged
connectors, obsolete firmware, or incorrect settings do not create a misleading impression of the
commercial product.

| Trials and Evaluations

Hospitals may request temporary product evaluations before purchasing.
The distributor or representative can coordinate the evaluation with the manufacturer.

The evaluation should define the product configuration, evaluation period, responsible hospital
personnel, intended use, training, return requirements, and whether patient use is permitted.

The company should know where the evaluation unit is located.
A unit should not circulate between hospitals without controlled records.

Software versions, accessories, instruments, and cables should remain consistent with the
approved evaluation configuration.

The manufacturer should collect useful feedback while separating anecdotal commercial
comments from formal clinical evidence.
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| Hospital Purchasing

Hospital purchasing departments negotiate price, contract terms, delivery, warranties, and
approved-vendor status.

The distributor may already have an established commercial relationship with the hospital that
allows a new medical-device manufacturer to access the account more easily.

Large health systems can require vendor credentialing, insurance documentation, cybersecurity
information, product certifications, service commitments, and standardized contractual terms.

The distributor may manage much of this process locally.

A manufacturer representative can assist with the process but the manufacturer usually remains
the contracting party when sales are direct.

The choice of commercial model therefore affects how much administrative work remains with the
manufacturer.

| Group Purchasing Organizations

Hospitals can purchase through GPOs (Group Purchasing Organizations) that negotiate contracts
for multiple healthcare organizations.

A manufacturer or distributor may negotiate pricing and contractual terms that allow member
hospitals to purchase under an existing agreement.

GPO access can create significant commercial reach but can also reduce pricing flexibility.

The manufacturer must understand whether the agreement is direct or administered through
distributors.

Distributor margins, administrative fees, contracted pricing, and local hospital negotiations can
interact.

The manufacturer should know the net realized price after every layer rather than evaluating only
the published selling price.

| Government and Public Tenders

Many countries and public healthcare systems purchase medical devices through formal tenders.

The distributor often plays a major role because it understands the local procurement process,
language, documentation, deadlines, and contracting requirements.

A tender may require technical specifications, regulatory certificates, financial guarantees, local
references, service capability, training, installation, spare parts, and fixed pricing.

The lowest-priced bid does not always win. Technical qualification may occur before price
evaluation.
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The distributor must understand how the manufacturer’s product maps to the written specification.

The manufacturer should review tender responses involving technical or clinical claims before
submission.

A distributor should not alter specifications or make unsupported promises simply to satisfy the

tender.

| Importation

International distributors may also act as importers.
Importation is a regulatory and logistics function distinct from ordinary sales.

The importer may manage customs clearance, local taxes, import licenses, warehousing,
documentation, and communication with authorities.

The regulatory responsibilities depend on the jurisdiction.

The commercial agreement should distinguish the distributor role from the importer role and
identify which organization is responsible for each activity.

A manufacturer should not assume that every distributor is legally or operationally capable of
importing regulated medical devices.

The importer must also maintain product identification and traceability where required.

| Regulatory Registration

In some markets, a local distributor assists with or holds elements of the medical-device
registration.

This can create significant commercial dependence.

If the registration is controlled exclusively by the distributor, changing distributors may become
difficult or temporarily prevent continued sales.

The manufacturer should understand whether the registration is held in the name of the
manufacturer, local representative, importer, distributor, or another authorized entity.

The distribution agreement should define ownership and transfer of registrations, regulatory
records, product listings, certificates, and authority accounts.

Regulatory control should not be surrendered accidentally as part of a sales agreement.

| Regulatory Claims

Distributors and manufacturer representatives must market the product within the approved
intended use and supported claims.
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The manufacturer should provide controlled sales literature, product specifications, clinical claims,
training materials, and presentation content.

The distributor should not independently expand the product’s intended use.

A product cleared or approved for visualization should not be promoted as diagnosing disease
unless that claim is supported by the applicable authorization.

A technical specification can also become a clinical claim depending on how it is presented.

Saying that the product provides low-latency 4K video is different from claiming that the feature
reduces surgical complications.

The distributor and representative need enough regulatory training to understand this difference.

| Training
The manufacturer trains distributors and manufacturer representatives on the product, intended
use, installation, operation, safety information, sales positioning, and limitations.

Training should be updated when the hardware, software, labeling, accessories, or regulatory
claims change.

The manufacturer may certify individual salespeople, clinical specialists, installers, or service
technicians.

The distributor should maintain records showing which personnel have completed the required
training.

A distributor with one trained employee does not necessarily have adequate coverage for an entire
national territory.

The agreement may require a minimum number of trained sales and technical personnel.

| Clinical Training

Some medical devices require customer training before clinical use.
The distributor can provide training when authorized by the manufacturer.
Clinical training must use approved content and qualified personnel.

The trainer should distinguish between teaching operation of the device and providing
independent medical advice.

For robotic systems, surgical instruments, or complex imaging platforms, the training program may
include classroom instruction, simulation, laboratory work, observation, supervised use, and
competency assessment.

The exact program depends on the product and intended use.
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The manufacturer should control the curriculum even when the distributor delivers it locally.

| Technical Support

Distributors frequently provide first-line technical support.

The local team may answer basic operating questions, troubleshoot cables, verify configurations,
inspect connectors, reset systems, replace approved accessories, or determine whether the
product requires factory service.

The manufacturer provides higher-level technical support for complex failures.

The support structure should define when the distributor is allowed to correct the problem and
when the issue must be escalated.

A distributor should not modify firmware, replace internal components, or alter a medical device
unless the manufacturer has authorized and documented the procedure.

Unauthorized repairs can create product configurations that were never tested or approved.

| Installation

Some devices require professional installation before use.

The distributor may install video-routing systems, displays, carts, networked endpoints, fiber
connections, recording systems, or complete Operating Room integration systems.

Installation instructions should define power, grounding, network configuration, cable types, fiber
types, ventilation, environmental conditions, physical mounting, and connected equipment.

Installation personnel should use the approved configuration.

A product that passed Verification and Validation with one cable, power supply, switch, or network
topology may not support an arbitrary substitute.

Installation records should identify the product serial numbers, location, configuration, software,
accessories, and completion status where appropriate.

| Operating Room Integration

Operating Room integration creates additional channel responsibilities because the medical
product may connect to equipment from several manufacturers.

The distributor or representative may work with hospital engineering teams, Audio-Visual
integrators, network specialists, display companies, surgical-equipment manufacturers, and
medical-device service teams.

The sales organization must understand the boundary between the medical device and the
surrounding infrastructure.
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A video transmitter can support 12G-SD|, fiber, HDMI, or Ethernet, but the total installation also
depends on cable length, optical modules, displays, network switches, power, grounding, and room
architecture.

The distributor should not promise compatibility with equipment the manufacturer has not
evaluated.

Compatibility questions should be documented and escalated to engineering when necessary.

| Inventory

Distributors may maintain local finished-goods inventory.
Local inventory can reduce delivery time and allow rapid replacement of failed units.

The distributor assumes financial risk because inventory can become obsolete, damaged, expired,
or replaced by a new model.

The agreement should define minimum inventory, safety stock, demonstration inventory, spare
parts, and treatment of obsolete products.

Products with expiration dates or controlled storage conditions require inventory rotation.

The distributor should use FEFO (First Expired, First Out) where expiration is relevant rather than
simply shipping the oldest purchase order.

Serialized equipment should remain traceable while held in distributor inventory.

| Warehousing

Distributor warehouses must protect the product according to the manufacturer’s storage
requirements.

The warehouse may need temperature, humidity, cleanliness, security, and inventory-status
controls.

Released product should remain separated from returns, damaged goods, expired inventory,
demonstration equipment, and quarantined product.

Sterile products require protection of the packaging and sterile barrier.

Electronic equipment requires protection against moisture, impact, electrostatic discharge where
appropriate, connector damage, and unauthorized modification.

Warehouse personnel should know which products require special handling.

| Shipping and Logistics
The distributor may handle local transportation from its warehouse to the hospital.

The product should remain within the approved shipping and storage conditions.
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Large medical systems may require specialized freight, inside delivery, lift-gate service, installation
scheduling, or controlled unpacking.

Sensitive optical and robotic systems can require shock and orientation controls.
Sterile products require protection against package damage.

The distributor should document shipment destination, product identity, serial or lot information,
and delivery date where traceability requires it.

Shipping records become important during complaints, service campaigns, and recalls.

| Customer Ownership

Distribution agreements should define what customer ownership means.

The distributor may consider a hospital its customer because it developed the account and
manages the relationship.

The manufacturer may consider the hospital the ultimate user of its product and require direct
access for regulatory, service, training, and product-safety communication.

Both interests can coexist.

The manufacturer should retain access to the information required to support the device,
investigate complaints, communicate safety information, and manage recalls.

The distributor may retain commercial protection against the manufacturer bypassing it for
ordinary sales.

A contract that prevents the manufacturer from knowing where its regulated products are installed
creates operational and regulatory risk.

| Opportunity Registration

Opportunity registration prevents several distributors or representatives from pursuing the same
project without coordination.

The partner submits the hospital, project, product, expected value, and sales stage to the
manufacturer.

The manufacturer confirms whether the opportunity is available and which partner will receive
commercial protection.

Registration can be time limited.
The partner must continue developing the opportunity to retain protection.

This structure reduces channel conflict while preventing a distributor from claiming every hospital
in its territory without meaningful sales activity.
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Opportunity registration is particularly useful in nonexclusive distribution networks.

| Forecasting

Distributors provide forecasts so the manufacturer can plan production, component purchases,
inventory, and staffing.

Forecasts can include expected opportunities, probability, timing, quantities, and product mix.

Medical-device forecasting is difficult because a project can remain active for months and then
move quickly after capital approval.

The manufacturer should distinguish between the sales pipeline and a purchasing commitment.

A distributor may forecast ten systems because ten hospitals are considering the product. That
does not mean ten purchase orders will occur in the same quarter.

Forecasting should become more reliable as the sale approaches contractual commitment.

| Purchase Orders

The distributor purchases product through formal purchase orders.
The purchase order identifies the product, quantity, price, delivery location, and requested date.
The manufacturer should confirm that the ordered configuration is valid.

A distributor may accidentally order incompatible accessories, obsolete part numbers, or a product
configuration not registered in its territory.

Order-entry controls should identify these problems before shipment.

Custom configurations should not be created informally through purchase-order notes unless
engineering, quality, and regulatory teams have approved the variation.

| Payment Terms and Credit

Distributors may receive commercial credit from the manufacturer.

Payment terms can allow the distributor to pay thirty, sixty, ninety, or another agreed number of
days after invoice.

Long payment terms effectively require the manufacturer to finance part of the distributor’s
inventory and customer receivables.

International markets can create additional currency, banking, collection, and political risk.
The manufacturer should evaluate distributor creditworthiness before extending significant terms.

A strong distributor can generate substantial sales while still creating cash-flow problems if
customer payment cycles are much longer than the manufacturer expects.
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| Demo and Consignment Inventory

Manufacturers can place equipment with distributors or hospitals without immediately transferring
ownership.

Consignment inventory remains owned by the manufacturer until a defined event occurs.

Demonstration inventory may remain manufacturer-owned while the distributor uses it to support
sales.

The agreement should identify responsibility for loss, damage, insurance, maintenance, software
updates, and return.

Serialized equipment should remain traceable.

A demonstration or consignment unit should not become permanent hospital equipment without
the proper commercial and quality records.

| Installation Base

The installed base is the population of products currently operating at customer locations.
Maintaining accurate installed-base records is commercially and operationally valuable.

The records can include hospital, department, product model, serial number, software version,
installation date, accessories, warranty status, service history, and distributor.

This information supports upgrades, service, recalls, consumable sales, replacement planning, and
future product introductions.

A manufacturer that loses installed-base information when changing distributors loses a
significant commercial asset.

The distribution agreement should therefore address access to installation records.

| Service

Distributors may provide local service when trained and authorized by the manufacturer.

Service can include inspection, troubleshooting, replacement of approved modules, cable
replacement, software updates, preventive maintenance, and repair.

The manufacturer defines which procedures can be performed locally.

A modular system may allow the distributor to replace a power supply, receiver, cable, display, or
circuit-board assembly without component-level repair.

Other failures may require return to the manufacturer or an authorized depot.
Service procedures, test equipment, spare parts, software, and training should remain controlled.

The repaired unit should meet the defined acceptance criteria before returning to clinical use.
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| Preventive Maintenance

Some capital equipment requires periodic preventive maintenance.
The distributor may perform the work under the manufacturer’s service program.

Maintenance can include inspection, cleaning, calibration, fan replacement, battery replacement,
cable inspection, mechanical checks, software review, and functional testing.

The schedule should be based on the product design and risk rather than used only as a recurring
commercial service.

Service records should identify what was performed and whether any abnormal condition was
found.

Repeated maintenance findings can reveal a larger design or field-performance issue.

| Spare Parts

The distributor may maintain local spare parts to reduce system downtime.
The manufacturer should define which parts are authorized for local replacement.

Spare parts can include cables, power supplies, fans, displays, optical modules, interface boards,
accessories, and mechanical parts.

Software or firmware compatibility must be considered.

A replacement board may be physically compatible while requiring a particular firmware version or
calibration file.

Spare parts also require obsolescence planning because the finished system may remain installed
for many years.

The manufacturer should define support periods and final-buy strategies where appropriate.

| Warranty

The manufacturer normally defines the product warranty, but the distributor may administer it
locally.

The agreement should determine who pays freight, labor, replacement parts, travel, and temporary
replacement equipment.

The distributor should not create warranties or service commitments beyond what the
manufacturer has approved unless it accepts the corresponding financial responsibility.

Warranty claims should be recorded and analyzed.

A high warranty rate can indicate a design, manufacturing, shipping, installation, training, or
customer-use problem.
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Warranty data is therefore both commercial and quality information.

| Returns

Returned products require controlled handling.

A hospital may return unopened inventory, damaged products, failed devices, expired sterile
products, or equipment requiring service.

The distributor should distinguish between commercial returns and quality complaints.
A failed product should not simply be placed back into normal inventory after a basic inspection.

Returned equipment may require decontamination, investigation, repair, software review, testing, or
quarantine.

Sterile products with damaged packaging should not return to saleable inventory.

The manufacturer and distributor should define the return authorization and disposition process.

| Complaints

Distributors and manufacturer representatives are important sources of post-market information
because customers often contact the salesperson first when something goes wrong.

The partner must recognize what constitutes a product complaint and forward it to the
manufacturer promptly.

A customer may say that the image freezes, a cable disconnects, the robot behaves unexpectedly,
the package is damaged, the battery dies early, or the user interface is confusing.

The salesperson should not decide independently that the issue is insignificant simply because it
was resolved at the hospital.

The manufacturer needs the information to determine whether the event is a complaint, reportable
adverse event, service issue, trend, or potential corrective action.

Commercial personnel therefore require complaint-handling training.

| Adverse Events

A distributor may become aware of an event involving patient injury, death, procedure interruption,
or serious product malfunction.

The information must be escalated immediately through the manufacturer’s defined process.

The sales organization should collect factual information without making unsupported conclusions
about causation.

The manufacturer determines reporting obligations based on the jurisdiction and available
evidence.
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The distributor may need to provide product identification, hospital contact information, event
details, and access to the affected device.

A serious event should not remain inside the distributor’s local service organization because the

unit was repaired successfully.

| Recalls and Field Corrections

Distributors play a major role in field corrections and recalls because they may know where the
products were sold and installed.

The manufacturer identifies the affected products and required action.

The distributor may contact customers, stop shipments, quarantine inventory, arrange inspections,
install updates, replace units, recover affected products, and document completion.

Accurate traceability determines how efficiently this can be done.

The distributor should maintain records connecting product serial numbers or lot numbers to
customers where required.

A distributor that cannot identify where products were shipped can significantly increase the scope

and cost of a recall.

| Field Safety Notices

International markets may require formal safety communications to customers.

The manufacturer normally controls the content because the notice is connected to the regulatory
action.

The distributor can translate and distribute the notice when authorized.
Translation must preserve the technical and regulatory meaning.

A distributor should not soften the language because it fears losing customer confidence or modify
instructions to simplify the response.

The manufacturer should verify that affected customers received the communication and
completed the required action.

| Distributor Quality Agreements

A medical-device manufacturer may use a quality agreement in addition to the commercial
distribution agreement.

The quality agreement defines responsibilities for product storage, traceability, complaints, recalls,
regulatory communications, training, service, nonconforming product, records, and change
notifications.
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The commercial agreement addresses pricing, territory, exclusivity, targets, inventory, payment,
and termination.

Separating the two can make responsibilities clearer.
Commercial disputes should not prevent the distributor from fulfilling product-safety obligations.

Even during termination, the distributor may still need to provide complaint, customer, traceability,
and recall information.

| Manufacturer Representative Agreements

Representative agreements focus more heavily on territory, accounts, opportunity ownership,
commission, sales conduct, confidentiality, and termination.

Because the representative does not normally own the product inventory, fewer provisions are
required for storage and resale.

The representative still requires training on product claims, complaint reporting, confidentiality,
anti-corruption rules, and commercial conduct.

The agreement should define whether the representative can bind the manufacturer contractually.

In most arrangements, the representative can solicit business but cannot independently enter
contracts, guarantee product performance, alter pricing, or make commitments outside its
authority.

| sales Targets

Manufacturers often require distributors to meet annual or quarterly sales targets.
Targets provide a measurable basis for maintaining exclusivity or preferred status.
The target should reflect the realistic size and development stage of the market.
A new product may require substantial clinical education before revenue grows.

An unrealistic target can encourage excessive inventory purchases, aggressive discounting, or
unsupported sales claims.

The manufacturer should distinguish between true end-customer demand and inventory loaded
into the distributor’'s warehouse.

A distributor buying excess inventory to preserve exclusivity does not necessarily demonstrate
market success.

| Market Development

Good distributors do more than process orders.

They develop the market.
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This can include identifying clinical leaders, attending conferences, organizing demonstrations,
developing hospital references, supporting publications, training salespeople, identifying
competitors, monitoring tenders, and providing market feedback.

Local market knowledge is particularly valuable internationally.

The distributor may understand hospital structures, reimbursement, purchasing practices,
language, competitive products, government procurement, and clinical preferences that the
manufacturer does not.

The manufacturer should use this information while maintaining control of product claims and
strategy.

| Conferences and Trade Shows

Distributors and representatives frequently represent manufacturers at medical conferences and
trade shows.

The manufacturer may provide demonstration equipment, graphics, product literature, training,
and lead-capture systems.

The partner should use current approved materials.
Old brochures can contain outdated regulatory claims, product specifications, or model numbers.

Trade-show demonstrations should also match the product’s regulatory status in the country
where the event occurs.

A product not yet authorized for commmercial sale may require clear identification as
investigational, development-stage, or not available for sale depending on the applicable rules.

Commercial enthusiasm should not blur the product’s actual regulatory status.

| Key Opinion Leaders

Distributors often know influential surgeons, clinicians, biomedical engineers, and hospital
administrators.

These relationships can help the manufacturer understand clinical needs and introduce new
products.

A KOL (Key Opinion Leader) can provide product feedback, participate in evaluations, teach other
clinicians, speak at conferences, or participate in research.

Commercial relationships with healthcare professionals must be structured carefully.

Consulting, speaking, training, research, and advisory payments should reflect legitimate services
rather than functioning as disguised incentives to purchase products.
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The manufacturer should maintain appropriate compliance controls even when the distributor
manages the local relationship.

| Anti-Bribery and Commercial Compliance
Medical-device sales frequently involve physicians, public hospitals, government institutions,
purchasing officials, and international distributors.

This creates significant anti-bribery and corruption risk.

The manufacturer should conduct appropriate diligence on distributors and representatives and
establish clear rules on payments, gifts, travel, entertainment, consulting arrangements, tenders,
and interactions with healthcare professionals.

A distributor cannot make an improper payment on behalf of the manufacturer simply because it

is an independent company.

Commission rates, discounts, marketing funds, consulting fees, and tender-related payments
should have legitimate commercial explanations.

Unusually high margins or payments to intermediaries without a clear function can create legal

and reputational risk.

| Sub-Distributors

A distributor may use sub-distributors or dealers to extend coverage.

The manufacturer should determine whether this is permitted and whether prior approval is
required.

A national distributor may rely on regional dealers in a large country.
Each additional commmercial layer reduces the manufacturer’s direct visibility into the customer.

The primary distributor should remain responsible for ensuring that approved sub-distributors
follow the required product training, claim restrictions, storage requirements, complaint
procedures, and service rules.

The manufacturer should know which organizations are representing its products.

A distributor should not appoint uncontrolled downstream sellers without visibility.

| E-Commerce and Online Sales

Some accessories and lower-complexity medical products can be sold online.

The manufacturer should decide whether distributors are allowed to sell through online
marketplaces, distributor websites, or third-party platforms.
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Online sales can create pricing conflicts, unauthorized cross-border sales, counterfeit risk,
incomplete training, and loss of customer traceability.

A product requiring installation, prescription, clinical training, or controlled configuration may not
be suitable for unrestricted online sale.

The distribution strategy should match the complexity and risk of the product.

| Channel Conflict

Channel conflict occurs when direct salespeople, distributors, manufacturer representatives,
integrators, or other partners pursue the same customer.

Poorly controlled conflict can cause price erosion and damage customer confidence.

The manufacturer should establish territory rules, reserved accounts, opportunity registration,
pricing authority, and escalation procedures.

A customer should not receive several conflicting quotations for the same configuration from
partners representing the same manufacturer.

Channel strategy should reward market development without preventing the manufacturer from

serving strategic customers effectively.

| Customer Data

Distributors and representatives collect valuable commercial information.

This can include customer names, contacts, quotations, installed products, competitor information,
opportunities, service history, and purchasing behavior.

The distribution agreement should define access to this information.

The manufacturer should receive enough information to manage product safety, service, warranty,
recalls, and future product support.

Commercial confidentiality can still protect the distributor’s legitimate business interests.
Customer data also must be handled according to applicable privacy and security requirements.
Medical sales information should not casually include patient information that the commercial

organization does not need.

| Forecast and Market Intelligence

Distributors provide information that can influence manufacturing and product-development
decisions.

They can identify requested features, missing accessories, competitor pricing, purchasing
objections, regional standards, service expectations, and emerging clinical applications.
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The manufacturer should separate recurring market signals from isolated requests.
One distributor may insist that a feature is essential because one large customer requested it.

Engineering and product management should determine whether the requirement represents a
broader market need before changing the product.

Distributors provide important intelligence, but they do not independently control the product

roadmap.

| New Product Launch

A distributor network must be prepared before a new medical device is launched.

The manufacturer provides product training, pricing, demonstration equipment, technical
documentation, regulatory status, sales literature, service procedures, and inventory plans.

The distributor develops a local launch plan.

This can include customer targeting, demonstrations, conferences, reference sites, tender
registration, inventory, and sales training.

A poorly prepared launch can create technical-support problems even when customer demand is
strong.

The manufacturer should ensure that service and complaint processes are active before

increasing sales volume.

| Product Discontinuation

When a product reaches End of Life, the manufacturer must communicate the commercial and
service transition to distributors and customers.

The company may establish final order dates, final shipment dates, spare-parts periods, software-
support periods, and replacement products.

The distributor should not continue selling discontinued inventory without understanding the
remaining support obligations.

Products with limited shelf life require additional control.

The manufacturer may also need to maintain service and regulatory support for the installed base
after new sales stop.

Ending distribution does not immediately end responsibility for products already in clinical use.

| Distributor Termination

The distribution agreement should define how the relationship ends.
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Termination can affect inventory, customer relationships, regulatory registrations, demonstration
equipment, spare parts, confidential information, service, and ongoing sales opportunities.

The manufacturer should have access to the installed-base and traceability information required
to continue supporting its products.

The agreement should define whether the manufacturer repurchases remaining inventory and
under what conditions.

The distributor may remain entitled to compensation for certain open opportunities or may have a
defined sell-off period.

Regulatory, complaint, recall, and safety obligations should continue regardless of the commercial

dispute.

| Representative Termination

Manufacturer-representative agreements also require clear termination provisions.

The agreement should define whether commission remains payable on opportunities developed
before termination but closed afterward.

The sales cycle for capital medical equipment can be long enough that a representative may
perform substantial work before the relationship ends.

A defined post-termination commission period can reduce disputes.

The representative must return confidential information, demonstration equipment, customer
records belonging to the manufacturer, and other company property.

The manufacturer should maintain continuity with customers so the sales process does not

disappear when one representative leaves.

| Distributor Dependence

A manufacturer can become dependent on a distributor when that partner controls the customer
relationships, local registration, service organization, inventory, and market knowledge.

Dependence is not automatically negative.

A strong distributor can build a market much faster than a small manufacturer could
independently.

The risk arises when the manufacturer cannot replace the distributor without losing access to the
market.

The company should maintain direct knowledge of major accounts, regulatory registrations,
installed products, service history, and commercial performance.

The manufacturer should understand who ultimately controls the market position.
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| Manufacturer Representative Dependence

Dependence on a manufacturer representative normally involves customer relationships rather
than inventory or regulatory control.

An experienced representative may have relationships developed over decades with surgeons,
hospital executives, integrators, and purchasing organizations.

Those relationships can produce substantial value.
The manufacturer should still build institutional relationships that extend beyond one salesperson.

Customer knowledge should enter the manufacturer's CRM (Customer Relationship Management)
system rather than remain entirely inside the representative’s personal contacts.

This protects continuity when territories or personnel change.

| Distribution Rights as an Asset

Distribution rights can themselves become valuable commercial assets.

An exclusive right to sell a strong medical product in a major territory can produce recurring
revenue without requiring the distributor to own the underlying technology.

The value depends on the product demand, exclusivity, contract duration, renewal rights, margin,
territory, installed base, service rights, and termination provisions.

Manufacturers should understand that granting long-term exclusivity transfers meaningful
commercial value to the distributor.

Rights should therefore correspond to meaningful obligations.

A distributor receiving a valuable territory should be expected to invest in developing it.

| Distributor Intellectual Property

The manufacturer normally owns the product technology, brand, regulatory files, and official
marketing materials.

The distributor may own local customer relationships, sales methods, localized marketing content,
internal databases, and certain market-development materials.

Jointly created content should have clear ownership.

Translations of instructions, training materials, product brochures, websites, and technical
documents can become important product assets.

The manufacturer should retain appropriate rights to continue using approved translations after
changing distributors.
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The same applies to localized regulatory and tender documents created using manufacturer
information.

| Manufacturer Representative Intellectual Property

Representatives generally create less product-specific intellectual property because they do not
manufacture or substantially modify the product.

Their value is primarily relationship, market knowledge, sales execution, and account access.
They may create account plans, customer presentations, territory research, and sales strategies.

The agreement should distinguish confidential manufacturer information from the representative’s
general industry knowledge.

The manufacturer should retain access to opportunity and customer information required to
continue supporting the territory.

| Distributors, Representatives, and Regulatory Control

The commercial channel is part of the regulated product lifecycle.

Distributors and representatives are often the people closest to the customer and therefore
become important sources of information about product performance, complaints, misuse,
competitor activity, and clinical demand.

The manufacturer must train and control the channel sufficiently to ensure that the product is
stored, promoted, installed, serviced, and supported correctly.

The distributor or representative cannot independently change the intended use, technical
specification, configuration, labeling, or approved product claims.

The manufacturer remains responsible for the medical device while using outside commercial
organizations to reach the market.

A strong channel extends the manufacturer’'s capabilities. A poorly controlled channel can create
unsupported claims, lost traceability, regulatory problems, inconsistent service, price erosion, and
customer confusion.

Distributors and Manufacturer Representatives as Part of the Medical-Device
Value Chain

Distributors and manufacturer representatives convert a finished medical device into market
access and customer adoption.

The manufacturer develops, regulates, manufactures, and supports the product. The commercial
channel identifies customers, develops opportunities, demonstrates the system, navigates
purchasing, supports implementation, and maintains the local relationship.
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The distributor model provides greater local infrastructure through inventory, logistics, credit,
installation, training, and service while taking a larger share of the commercial margin.

The manufacturer-representative model gives the manufacturer greater direct control over the
transaction while using independent sales professionals to develop the territory and customer
relationships.

Neither model is simply a sales function.

In medical devices, the channel becomes part of product training, customer support, complaint
collection, traceability, field actions, service, regulatory communication, and long-term installed-
base management.

The manufacturer therefore has to evaluate distributors and manufacturer representatives not only
by the revenue they generate, but by the quality of the market they build, the customer
relationships they maintain, the technical competence they provide, and their ability to represent a
regulated product without weakening the manufacturer’s control over it.
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Clinical, technical, and service personnel support the medical device throughout installation,
training, clinical use, maintenance, troubleshooting, repair, and product improvement. They are the
people who connect the product to the actual hospital environment after the design, regulatory,
manufacturing, and commercial work has already been completed.

Their role extends beyond customer support. These personnel help confirm that the device is
installed correctly, used within its intended application, maintained in a controlled condition, and
repaired using approved methods. They also provide the manufacturer with important information
about field performance, recurring failures, user behavior, training gaps, compatibility problems,
and opportunities for product improvement.

Clinical personnel focus primarily on workflow, product use, and interaction with surgeons,
physicians, nurses, and technicians. Technical personnel focus on system configuration,
electronics, software, video transport, networks, interfaces, and integration. Service personnel
maintain, troubleshoot, repair, calibrate, and restore equipment after installation.

In many organizations these roles overlap, but the responsibilities and required training remain
different.

| Clinical Specialists
Clinical specialists support the use of the product within the intended clinical workflow.
They may work directly with surgeons, physicians, nurses, operating-room staff, technicians, and

other healthcare professionals during product demonstrations, evaluations, installations, training,
and initial clinical use.

The clinical specialist needs to understand both the product and the procedure environment in
which it is used.

For a medical-video system, this can include camera setup, image routing, display selection,
recording, fluorescence modes, stereo imaging, source switching, and interaction with other
equipment in the Operating Room.

For a robotic system, the clinical specialist may support system setup, instrument selection,
patient-cart positioning, console preparation, workflow sequencing, accessory use, and
troubleshooting during approved procedures.

The clinical specialist does not replace the physician and should not independently provide
medical judgment or make treatment decisions.

The role is to explain the approved operation of the device, support the intended workflow, and help

users understand the product’s capabilities and limitations.

| Clinical Applications Support

Clinical applications personnel focus on how the product is configured for specific procedures or
clinical environments.
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A product may have several imaging modes, display configurations, user profiles, accessories, or
workflow settings.

The applications specialist helps the customer determine which approved configuration is
appropriate for the intended procedure.

In medical imaging and video, this can involve color modes, fluorescence visualization, image
orientation, source routing, recording, display settings, multi-view configurations, or integration with
other imaging systems.

The specialist should use settings and workflows supported by the manufacturer.

An applications specialist should not create an unsupported configuration simply because it
appears to produce a better result during one procedure.

Changes that affect clinical performance should remain within the approved product configuration

and labeling.

| Clinical Training

Clinical training teaches users how to operate the medical device correctly and consistently.

The manufacturer develops the approved curriculum, and trained clinical specialists may deliver
the program directly or through authorized distributors.

Training can include product setup, controls, accessories, warnings, alarms, routine operation,
cleaning, shutdown, fault response, and escalation.

Complex systems may require several levels of training.

A nurse may require training on room setup and accessories. A surgeon may require training on
clinical controls and procedural functions. A biomedical engineer may require separate technical
training on maintenance and troubleshooting.

Training should focus on the responsibilities of the specific user rather than providing the same
information to every person.

The company should maintain training records where required and update the training program
when the hardware, software, labeling, workflow, or accessories change.

| Procedure Support

Some medical-device companies provide clinical personnel during early procedures or during
introduction of a new system.

The specialist helps hospital staff prepare the equipment, confirm that required accessories are
available, verify the system configuration, and respond to product-related questions.

The specialist should remain within the manufacturer’s defined role.
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The physician remains responsible for the medical procedure and clinical decisions.

Procedure support can provide valuable information about how the device performs under real
conditions.

The specialist may observe setup delays, confusing controls, frequently requested functions, cable
problems, workflow interruptions, or repeated user errors.

These observations should be documented and communicated through the company’s product,
quality, training, and engineering processes rather than remaining informal knowledge held by field
personnel.

| Technical Support Personnel

Technical support personnel address problems involving the electronic, software, network, video,
and system operation of the product.

They may provide remote telephone support, video support, online diagnostics, field support, or
escalation to engineering.

Technical support commonly handles problems involving startup, software, video formats, network
connectivity, cables, displays, firmware, configuration, error messages, peripherals, and
compatibility.

The support team should use controlled troubleshooting procedures.

The objective is not only to make the immediate problem disappear. The team must determine
what failed, whether the condition can recur, and whether the event indicates a broader product
issue.

Technical support records therefore provide important field-performance data.

| Tiered Technical Support

Technical-support organizations often use several levels of escalation.

First-line support handles common operating and configuration questions. These can include
cable connections, power, basic software settings, user accounts, network configuration, approved
accessories, and routine error messages.

Second-line support handles more complex technical problems involving logs, firmware, network
behavior, signal formats, calibration, or hardware modules.

Engineering escalation addresses failures that cannot be resolved through the documented
service procedures.

The escalation structure prevents basic issues from consuming engineering resources while
ensuring that complex failures reach the appropriate technical experts.
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The company should define when the support team must stop troubleshooting and escalate the
problem.

Repeated resets, temporary workarounds, or unexplained component replacement should not

substitute for engineering investigation when the underlying cause is unknown.

| Remote Support

Remote support allows technical personnel to assist customers without traveling to the hospital.

The support team may review software versions, configuration files, logs, network status, device
health, error history, or system settings.

Remote access creates cybersecurity and privacy requirements.

The connection should use approved methods, authenticated access, appropriate encryption,
controlled user permissions, and defined logging.

The manufacturer should know when remote access occurred, who accessed the device, what
actions were taken, and whether the configuration changed.

Remote support should not create an uncontrolled backdoor into the medical system.
The hospital may also impose Information Technology and cybersecurity requirements before

remote connectivity is permitted.

| Field Service Engineers

Field service engineers work directly on installed equipment.

They may install systems, perform preventive maintenance, troubleshoot failures, replace
components, update software, calibrate equipment, and verify operation after repair.

Field service personnel require deeper technical training than ordinary sales or clinical personnel.

They need to understand the product architecture, service procedures, safety precautions,
diagnostic tools, replacement components, software versions, configuration requirements, and
post-service testing.

The service engineer should only perform repairs authorized by the manufacturer.
A technically possible repair is not automatically an approved repair.
The manufacturer must define which components can be replaced in the field and which repairs

require return to an authorized depot or factory.

| Installation Personnel

Installation personnel prepare the product for clinical use at the customer site.
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Installation may include unpacking, physical assembly, cart setup, electrical connections, network
configuration, fiber or video cabling, software setup, accessory installation, display configuration,
and functional testing.

The installation should follow the manufacturer’'s controlled instructions.

The installer should verify that the site meets the required power, network, environmental,
mechanical, and space requirements.

For medical-video systems, this can include confirming approved cable lengths, fiber types, optical
modules, video formats, network switches, display compatibility, grounding, and ventilation.

The installation should be documented when the product or quality system requires it.

A system that operates correctly in the factory can behave differently after installation if the
hospital uses unapproved cables, incorrect network settings, inadequate airflow, or incompatible
connected equipment.

| site Surveys

Complex systems may require a site survey before installation.

The service or technical team evaluates the physical room, equipment locations, power, network
infrastructure, cable paths, rack space, airflow, existing displays, connected medical equipment,
and installation access.

The survey identifies problems before the equipment arrives.

For Operating Room integration, the team may need to understand where the camera systems,
displays, robotic equipment, surgical booms, wall plates, equipment racks, network switches, and
control stations will be located.

Fiber routes and copper cable lengths can affect the system design.
The site survey should identify assumptions that affect the final configuration.
If the installation environment differs materially from the approved design, the issue should be

reviewed before installation proceeds.

| Operating Room Technical Support

Operating Room systems create technical challenges because several medical and nonmedical
technologies operate together.

The service team may support cameras, displays, video processors, fiber transport, network
endpoints, recording equipment, robotic systems, and hospital Information Technology
infrastructure.

The technician must understand which company controls each part of the system.
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A video failure can originate in the camera, cable, fiber transceiver, network switch, receiver,
display, software, or power supply.

The service technician must isolate the failure without making uncontrolled changes to unrelated
equipment.

Cross-company coordination is often required.

The medical-device manufacturer may need to work with the hospital, integrator, display
manufacturer, network team, robotic-system manufacturer, or other vendors.

A clearly defined interface specification and service responsibility reduces confusion when faults

cross product boundaries.

| Video Transport Support

Medical-video support personnel need specific knowledge of the transport technology used by the
system.

This can include SDI (Serial Digital Interface), HDMI (High-Definition Multimedia Interface),
DisplayPort, USB (Universal Serial Bus), Ethernet, fiber-optic transport, or SDVoE (Software Defined
Video over Ethernet).

The technician should understand signal direction, supported formats, cable limitations, optical
modules, network configuration, synchronization, and fault indicators.

A visible image does not necessarily mean the complete path is operating correctly.

The system can experience intermittent link errors, unstable synchronization, excessive latency,
dropped frames, degraded optical margin, or network congestion.

Service procedures should distinguish between complete loss of signal and marginal signal
conditions.

A cable or optical module that works intermittently should not remain in clinical service simply

because the technician can temporarily restore the image.

| Fiber-Optic Service

Fiber-optic systems require specific installation and maintenance practices.

Service personnel should understand fiber type, connector type, connector polish, optical
transceivers, approved cable lengths, minimum bend radius, contamination, and optical power.

Fiber connectors are sensitive to contamination.
Dust, oil, scratches, or residue can increase insertion loss and create intermittent failures.

The technician should inspect and clean connectors using approved methods rather than
repeatedly disconnecting and reconnecting the cable.
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Fiber cables should also be inspected for crushing, tight bends, damaged jackets, strain-relief
failure, and connector damage.

The service organization may use an optical power meter, visual fault locator, inspection
microscope, or other diagnostic equipment depending on the system.

The test equipment must be appropriate for the wavelength, power, and connector used by the
product.

| Copper Cable Service

Copper video and network cables can fail through connector wear, pin damage, shielding failure,
repeated bending, crushing, or internal conductor damage.

High-bandwidth interfaces are particularly sensitive to cable quality.

A cable can pass a basic continuity test while failing at 12G-SDI, high-bandwidth HDMI, DisplayPort,
or 10-gigabit Ethernet data rates.

The service technician should replace suspect cables with approved parts rather than arbitrary
commercial replacements.

Cable length, impedance, shielding, conductor size, connector construction, and certifications can
affect system performance.

Field substitutions should remain within the manufacturer’s approved configuration.

| Power-System Service

Power problems can create intermittent failures that appear to be software or video problems.

Service personnel should understand the approved medical power supply, direct-current
distribution, power connectors, fuses, grounding, power sequencing, and expected operating
voltages.

A replacement power supply should match the approved manufacturer, model, output, connector,
and safety requirements unless an alternate has been formally qualified.

The technician should not substitute a commmercial adapter simply because the voltage and
connector appear correct.

The replacement can have different leakage current, electrical noise, insulation, thermal behavior,
or fault protection.

Power-related failures should also be evaluated for damage to connected circuit boards, batteries,
memory, or optical modules.
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| Thermal Troubleshooting

Thermal problems can cause intermittent shutdowns, image failures, network instability, or reduced
component life.

The service technician should inspect fans, vents, filters, heat sinks, airflow, dust accumulation,
equipment placement, rack temperature, and nearby heat sources.

A system installed correctly in an open laboratory may overheat when placed in a crowded rack or
enclosed cart.

Optical transceivers, processors, Graphics Processing Units, power converters, and network devices
can create localized thermal problems.

The technician should not bypass a thermal alarm or increase a shutdown limit to keep the device
operating.

Thermal protection is part of the controlled product design.

Repeated overtemperature events should be escalated for engineering review.

| Preventive Maintenance

Preventive maintenance is scheduled work intended to maintain the product before failure occurs.

The program can include visual inspection, cleaning, cable inspection, fan replacement, battery
testing, calibration, software review, connector inspection, mechanical checks, and functional
testing.

The manufacturer defines the maintenance interval based on the product design, risk, component
life, and field experience.

Preventive maintenance should not become an automatic replacement of unnecessary parts
solely to create service revenue.

Each maintenance activity should have a technical purpose.

The service organization should record the work performed, measurements, parts replaced,
software changes, and abnormal conditions.

Repeated findings can identify product trends before they result in major field failures.

| calibration

Some medical devices require periodic calibration.

Calibration can involve optical systems, robotic joints, force sensors, torque sensors, displays,
measuring devices, cameras, or internal reference systems.

The service procedure should define the calibration equipment, reference standard, method,
acceptance criteria, and interval.
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Calibration equipment itself must remain controlled and calibrated.
The technician should record both the initial condition and the result after adjustment.

A device found substantially outside calibration may require further investigation because the
company needs to determine how long it may have operated outside the approved limits.

Calibration should not be treated as simply adjusting the device until it passes.

| Software and Firmware Updates

Service personnel may install approved software and firmware updates.

The update process should verify the product model, hardware revision, current software version,
target version, file integrity, and compatibility.

The technician should confirm that the update completed successfully and that the required
product functions still operate.

A software update can change image processing, network communication, cybersecurity, user
interface, or accessory compatibility.

The service organization should not install development software, unofficial patches, or unreleased
firmware on clinical products unless the activity is formally controlled.

The installed software version should remain traceable to the specific device.

| Cybersecurity Service

Cybersecurity maintenance continues after installation.

Service personnel may install security updates, replace certificates, change credentials, review
logs, or assist the hospital with network configuration.

These activities should follow approved procedures.

A service engineer should not disable authentication, encryption, firewall rules, or security controls
simply to make troubleshooting easier.

Temporary service access should be removed when the work is complete.
The company should maintain a defined process for responding to reported vulnerabilities.
Technical support, cybersecurity personnel, engineering, quality, and regulatory teams may need

to coordinate when a vulnerability affects a released medical device.

| Spare Parts Management

Service organizations require controlled spare parts.
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The manufacturer defines which components are field replaceable and which must be replaced
only at an authorized repair facility.

Spare parts can include power supplies, cables, optical transceivers, fans, displays, circuit-board
modules, sensors, batteries, and mechanical assemblies.

The part must match the approved product configuration.
A later hardware revision may require different firmware, mounting, calibration, or cables.
The service inventory system should identify compatible models and revisions.

Obsolete or superseded parts should not remain available for uncontrolled use.

| ServiceKits

Manufacturers may provide service kits containing the parts and tools required for a defined repair.

A kit can include the replacement component, fasteners, seals, cables, labels, software, instructions,
and required test accessories.

Service kits reduce the likelihood that technicians will improvise with locally sourced parts.
The kit revision should match the product revision.

Where sealing, electrical safety, calibration, or mechanical alignment is affected, the service
procedure should define the required post-repair test.

The service engineer should not assume that successful power-up proves the repair was
completed correctly.

| Depot Repair

Products that cannot be fully repaired in the field may be returned to an authorized depot.

Depot technicians have access to specialized test equipment, replacement circuit boards, optical
fixtures, programming tools, calibration systems, and controlled workstations.

The depot can perform deeper troubleshooting and component replacement than a field
technician.

The repair record should identify the reported problem, condition received, investigation, root cause
where known, components replaced, software changes, calibration, and final test.

The repaired device should meet the manufacturer’s defined acceptance criteria before release.

The depot should also feed recurring failure information back to quality and engineering teams.
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| Field Replaceable Units

A FRU (Field Replaceable Unit) is a module designed to be replaced in the field without performing
component-level repair.

Field Replaceable Units can include power supplies, fans, circuit-board modules, optical
transceivers, displays, storage devices, cables, and mechanical assemblies.

Modular service can reduce downtime and simplify technician training.
The module still requires compatibility control.

A replacement board may require programming, calibration, serial-number assignment, security
credentials, or configuration data.

The service procedure should define what information must be transferred from the original

module to the replacement.

| Service Documentation

Service manuals contain technical information not normally included in the user instructions.

They can include troubleshooting trees, error codes, block diagrams, replacement procedures,
calibration methods, test points, required tools, post-repair testing, and escalation criteria.

Service documentation should remain controlled by revision.

The technician needs access to the version that applies to the specific hardware and software
configuration.

Outdated instructions can create incorrect repairs.

The manufacturer should also control who receives detailed service documentation when it
contains proprietary information, cybersecurity-sensitive information, or procedures that require
specialized training.

| Diagnostic Tools

Service personnel may use hardware and software diagnostic tools.

These can include service applications, network analyzers, video test generators, optical power
meters, oscilloscopes, multimeters, cable testers, thermal cameras, calibration fixtures, and
proprietary service interfaces.

The tools should match the technical problem.

A simple multimeter cannot determine whether a high-speed video link has adequate signal
margin.

A visual inspection cannot establish that a fiber path has sufficient optical budget.
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Diagnostic software may access functions that are hidden from normal users.

Access to those tools should be controlled to prevent unauthorized changes.

| Built-In Diagnostics

Medical devices can contain built-in diagnostics that assist service personnel.

The system may monitor temperatures, fan speeds, voltages, network status, optical-link condition,
memory errors, cable connections, motor status, or video synchronization.

Diagnostic logs can reduce troubleshooting time and help identify intermittent failures.
The diagnostic system should distinguish between current status and historical events.

A device may appear normal when the technician arrives even though the log shows repeated
temperature alarms or link failures during clinical use.

Logs should contain enough information for troubleshooting without collecting unnecessary patient

information.

| Error Codes

Error codes provide a standardized way to identify product faults.
The code should direct the user or technician toward the appropriate response.

Some errors can be resolved by the operator. Others should require service orimmediate removal
from clinical use.

The service manual should explain the meaning of each code, likely causes, required checks, and
escalation criteria.

The product should avoid vague error messages that cause technicians to replace components
without understanding the problem.

Error-code data can also be analyzed across the installed base to identify recurring failure

patterns.

| Field Failure Analysis

Service personnel frequently provide the first technical evidence of a product failure.
The company should distinguish between symptom and root cause.

“Video lost” is a symptom. The cause could be a cable, optical module, power supply, circuit board,
thermal condition, firmware problem, network switch, or connected device.

The service record should document the condition observed, troubleshooting performed, parts
replaced, and final result.
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When the cause cannot be established, the record should say so rather than assigning an
unsupported explanation.

Repeated unexplained failures should be escalated to engineering.

| Returned Product Analysis

Returned products can provide more information than field troubleshooting.

Engineering or depot personnel can reproduce the failure, review logs, inspect components,
perform electrical measurements, and compare the unit with production records.

The returned unit should preserve evidence.

Technicians should avoid unnecessarily modifying or resetting the device before the failure
information is collected.

The investigation should identify the hardware revision, software version, serial number,
manufacturing date, service history, and reported conditions.

The results feed into complaint handling, supplier investigations, Corrective and Preventive Action,
and product improvement.

| Complaint Recognition

Clinical, technical, and service personnel must recognize when a customer communication
qualifies as a complaint.

A complaint does not have to arrive through the quality department.

A surgeon telling a clinical specialist that the image froze can be a complaint. A nurse telling a
service technician that a cable disconnects repeatedly can be a complaint. A biomedical engineer
reporting frequent power failures can be a complaint.

The employee should document the information and forward it through the approved complaint
process.

The service technician should not close the issue simply because the equipment is operating
again.

The company needs to evaluate whether the event represents a product deficiency, trend, safety
issue, or reportable event.

| Adverse Event Escalation

Clinical and service personnel may be present when a product problem affects a patient or
procedure.

The event should be escalated immediately through the manufacturer’s reporting process.
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The employee should record factual information without speculating about blame or causation.

Relevant information can include the product, serial number, software version, procedure, event
timing, observed failure, patient impact, actions taken, and current location of the device.

The company’s regulatory and quality teams determine the reporting obligations.

Field personnel should not independently decide that an event is not reportable because the
procedure was completed successfully.

| Recall and Field-Correction Support

Clinical and service personnel frequently perform the physical work required during a field
correction.

They may inspect products, install firmware, replace components, change labels, update
configuration, or remove affected equipment.

The manufacturer provides controlled instructions defining the affected units and required action.

The technician should verify the serial number and product configuration before performing the
correction.

Completion should be documented.

A recall or field correction cannot be considered complete simply because instructions were sent to
the hospital.

The manufacturer must know whether the required action was actually performed on the affected

products.

| Product Configuration Records

Service personnel help maintain accurate configuration records for installed equipment.

The record can include hardware revision, software version, Field Programmable Gate Array
bitstream, accessories, cables, optical modules, network settings, installation date, and service
history.

This information becomes especially important after several years of field updates.
Two devices with the same external model number may contain different internal revisions.

The service organization must know which parts and software are compatible with each installed
system.

Configuration records also help the manufacturer determine which products are affected by a field
issue or upgrade.
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| Installed-Base Management

The installed base is a major operational and commercial asset.

The manufacturer should know where its equipment is installed, who supports it, what configuration
is present, and what service activity has occurred.

Clinical and service personnel continuously update this information.

Accurate installed-base records support preventive maintenance, software updates, cybersecurity
corrections, recalls, upgrades, replacement sales, and spare-parts planning.

A company can lose practical control of its installed base when distributors or service partners
maintain the information in separate systems that are not shared with the manufacturer.

The service strategy should preserve manufacturer access to the information required to support
the product throughout its life.

| Biomedical Engineering Interaction

Hospital biomedical engineering departments are important partners for technical and service
personnel.

Biomedical engineers may review equipment before purchase, inspect it on arrival, manage
preventive maintenance, track electrical safety, coordinate repairs, and maintain hospital
equipment records.

The manufacturer should provide clear technical and service documentation appropriate to the
hospital’s role.

Biomedical engineering personnel may also become the first group to identify repeated equipment
failures.

A strong relationship can improve troubleshooting because the hospital team understands the
local power, network, installation, and equipment environment.

The manufacturer should distinguish between repairs the hospital is authorized to perform and

work that requires an authorized service organization.

| Information Technology Interaction

Connected medical devices require coordination with hospital Information Technology teams.

Technical personnel may need to provide network requirements, Internet Protocol addressing, port
information, bandwidth requirements, cybersecurity documentation, authentication methods,
software-update procedures, and remote-support requirements.

Information Technology personnel may control network switches, Virtual Local Area Networks,
firewalls, wireless systems, and server access.

Inside the medical-device video and robotic surgery value chain - Josh Leibovitch 205



A medical-video or robotic system can fail even when the product itself is functioning correctly if
the hospital network is configured incorrectly.

Technical support should understand the boundary between the manufacturer-controlled product
and hospital-controlled infrastructure.

Changes to hospital networks should be evaluated when they can affect clinical performance.

| Third-Party Equipment

Medical devices frequently connect to products from other manufacturers.

These can include cameras, displays, recorders, network switches, surgical systems, computers,
storage devices, and hospital information systems.

Clinical and technical personnel should know which third-party configurations are supported.
The fact that two products share the same connector does not establish full compatibility.

Resolution, frame rate, color format, network protocol, timing, control, encryption, or power behavior
may differ.

Unsupported configurations should be escalated rather than informally approved in the field.

Testing a new third-party product may require engineering evaluation before it becomes part of
the supported configuration.

| Service-Level Agreements

An SLA (Service-Level Agreement) defines the expected support response between the
manufacturer and customer.

The agreement can specify support hours, response time, remote assistance, on-site response,
replacement equipment, preventive maintenance, software support, and escalation.

Critical capital equipment may require faster response than lower-risk accessories.
The manufacturer should only commit to service levels it can actually support.

An aggressive response commitment can require local inventory, regional technicians,
replacement systems, and twenty-four-hour support coverage.

The service model should be reflected in the product’'s commercial pricing and distribution

strategy.

| Uptime and Availability

Hospitals expect critical equipment to remain available when needed.

Service organizations may monitor system uptime, Mean Time Between Failures, Mean Time To
Repair, and other reliability indicators.
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MTBF (Mean Time Between Failures) estimates how frequently failures occur across the installed
population. MTTR (Mean Time To Repair) measures how quickly service restores operation.

These metrics must be interpreted carefully.

A high uptime percentage can still hide a serious failure if the failure occurs during a procedure.
Reliability analysis should therefore consider both frequency and consequence.

Service data can help engineering identify which failures should be eliminated through redesign

rather than managed through faster repair.

| Service Parts Forecasting

Installed products require spare parts throughout their supported life.

The service organization forecasts demand for cables, power supplies, fans, circuit boards, optical
modules, batteries, displays, mechanical assemblies, and other replacements.

Forecasting becomes more difficult when the product contains components approaching End of
Life.

The manufacturer may need to purchase long-term inventory or redesign the service replacement.

A product can remain commercially installed long after the original manufacturing line has
stopped.

Service support therefore requires lifecycle planning independent of new-product production.

| Obsolescence in the Field

Component obsolescence affects service as well as manufacturing.

A replacement display, processor board, optical transceiver, power supply, or cable may no longer
be available.

The manufacturer must determine whether an alternate component can be introduced into
existing installed systems.

The alternate may require new firmware, new cables, calibration, testing, or regulatory review.
Service personnel should not make local substitutions independently.

A field substitution can create several undocumented versions of the product and make future
support more difficult.

Obsolescence should be managed through formal product configuration control.

| End-of-Life Support

When the manufacturer discontinues a product, service obligations can continue for years.
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The company should define the End of Life schedule, final software support, final spare-parts
availability, preventive maintenance, cybersecurity support, and replacement options.

Hospitals may depend on capital medical equipment much longer than ordinary consumer
electronics.

A product should not become unsupported without a clear transition plan.

Clinical and service personnel communicate this information to customers and help plan
equipment replacement.

End-of-Life planning also affects inventory because the manufacturer may need to reserve parts

for service rather than use all remaining components for final production.

| Service Training

Service personnel require formal technical training before working independently on the device.

Training can include product architecture, electrical safety, software, firmware, video transport,
fiber optics, networks, mechanical systems, calibration, cybersecurity, troubleshooting, and post-
repair testing.

The technician may need separate certification for different product families.

Training should include practical work rather than relying only on presentations.

The company should assess whether the technician can perform the required procedures correctly.
Training records should identify which product revisions the technician is authorized to service.

A technician trained on an earlier generation may require additional instruction before working on

a revised system.

| Clinical Personnel Training

Clinical specialists require a different training program.

They need to understand the approved intended use, clinical workflow, user interface, accessories,
warnings, contraindications, setup, common user errors, and escalation procedures.

They should also understand the boundary between product support and medical decision-
making.

The specialist should know when to involve technical support, service, quality, regulatory, or
engineering personnel.

Clinical personnel often hear important product feedback before anyone else in the organization.

Training should therefore include complaint recognition and adverse-event escalation.
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| Technical Certification

Manufacturers may certify distributors, service companies, or individual technicians to install and
support the product.

Certification confirms that the person completed the required training and demonstrated
competency.

The certification can have an expiration date and require periodic renewal.
Product updates may also require additional training.
The manufacturer should maintain a list of authorized service personnel.

A company should not represent an organization as an authorized service provider after its
personnel are no longer trained or the commercial agreement has ended.

| Third-Party Service Organizations

Manufacturers may use independent service organizations rather than employing every technician
directly.

The service provider can perform installation, maintenance, repair, or depot work under contract.

The manufacturer should qualify the organization based on technical capability, quality controls,
training, tools, documentation, geographic coverage, and response time.

The service organization should use approved parts and procedures.

The agreement should define complaint reporting, access to customer information, service records,
confidentiality, cybersecurity, and escalation.

Outsourcing service does not eliminate the manufacturer’s responsibility for controlling the work
performed on its medical device.

| Right-to-Repair and Unauthorized Service

Hospitals or independent organizations may attempt to repair equipment outside the
manufacturer’s authorized network.

The manufacturer should clearly distinguish legitimate safety controls from unnecessary
restrictions.

Where service information, parts, or procedures are provided, the company should define the skills,
equipment, and post-repair tests required.

The manufacturer cannot control every action taken by an independent owner, but it can control
what it represents as an approved repair.

Unauthorized changes to hardware, firmware, cables, power supplies, calibration, or safety systems
can create configurations the manufacturer has never tested.
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Field investigations should identify whether prior unauthorized service may have contributed to a
failure.

| Customer Communication

Clinical and service personnel represent the manufacturer during difficult situations.
Communication should be factual, clear, and consistent.
A technician should not speculate that the product is defective before an investigation is complete.

The same technician should not dismiss a serious complaint because the unit appears to function
normally after restart.

The customer should understand what is known, what action is being taken, whether the device
can remain in use, and when additional support is required.

Safety-related commmunication should follow approved company procedures.

| Product Feedback

Clinical and service personnel generate continuous information about how customers actually use
the device.

They see which features are valuable, which controls are confusing, which cables fail, which
accessories dre requested, and which service procedures consume unnecessary time.

This information should feed into product management and engineering.

A recurring request from several hospitals may justify a new product feature.

A recurring service problem may justify a hardware redesign.

A common setup error may indicate that the labeling or user interface needs improvement.
Field personnel should have a structured way to submit this information rather than relying on

informal conversations.

| Voice of the Customer

Voice of the Customer programs collect structured feedback from users and channel partners.

Clinical personnel can gather information from surgeons, nurses, technicians, biomedical
engineers, and administrators.

The objective is to understand the underlying need rather than simply record feature requests.

A surgeon asking for a brighter display may actually be describing inadequate contrast in a
particular workflow. A nurse requesting fewer cables may be identifying a setup and cleaning
problem.
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The product team converts the feedback into potential requirements.

The clinical specialist provides context but should not independently promise that a requested
feature will be developed.

| Service Data as Engineering Input

Service records provide quantitative evidence that complements customer feedback.

Engineering can analyze failure rates, parts replacement, thermal events, software errors, network
problems, cable failures, and repair time.

The analysis can identify whether a problem is isolated to one customer, one product revision, one
supplier lot, or the entire installed base.

Service data is especially valuable for problems that are difficult to reproduce during development.

A cable that passes laboratory testing may fail after thousands of real-world movements. A fan
may accumulate dust faster in certain installations. A network behavior may only appear in large
hospital systems.

Field data closes the loop between engineering assumptions and actual use.

| Quality-System Integration

Clinical, technical, and service organizations must connect to the medical-device Quality
Management System.

Their records can affect complaints, adverse-event reporting, Corrective and Preventive Action, risk
management, training, design changes, and post-market surveillance.

Service work should therefore produce controlled records rather than informal notes.

A product failure described in a technician’s private email cannot support proper quality analysis if
the information never enters the company system.

The manufacturer should define which field observations require complaint review, which service
events require escalation, and which data is reviewed for trends.

The support organization is part of post-market product control, not separate from it.

| Service Records

Service records document the condition of the product and the work performed.

The record can include customer, location, model, serial number, software version, reported
problem, diagnostic results, parts replaced, calibration, final test, technician, and date.

The record should distinguish between the reported symptom and confirmed cause.

The company should also know whether the product returned to service or was removed from use.
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Service records should be retained according to the company’s quality and regulatory
requirements.

Electronic service systems can connect the information directly to the installed-base and

complaint databases.

| Post-Repair Testing

A repaired product should be tested before returning to clinical use.
The test scope depends on what was changed.

Replacing a cable may require a functional video test. Replacing a power supply may require
power and safety checks. Replacing a circuit board may require software loading, calibration,
interface testing, and complete functional testing.

A repair affecting optical alignment may require image-quality testing.
A repair affecting robotic components may require motion calibration and safety testing.
The manufacturer defines the acceptance criteria.

The technician should not release the product solely because the original error message
disappeared.

| Service and Regulatory Control

Service can change the physical configuration of the medical device after the original
manufacturing process is complete.

This makes service an important part of regulatory control.

Replacement components, firmware updates, calibration, repairs, and field modifications must
remain within the approved product configuration.

The service organization should not create uncontrolled variants.
Regulatory and engineering review may be required when a service solution changes the design.

A temporary field workaround should not quietly become the standard repair method without
formal approval.

The product configuration after service should remain traceable and supportable.

Clinical, Technical, and Service Personnel as Part of the Medical-Device Value
Chain

Clinical, technical, and service personnel keep the product functioning after it reaches the
customer.

Clinical personnel make sure users understand how the product fits into the intended workflow.
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Technical personnel support configuration, connectivity, video, software, networks, and integration.
Service personnel install, maintain, repair, calibrate, and restore the equipment.
Their value extends beyond customer satisfaction.

They provide the manufacturer with direct informmation about real-world product performance, user
behavior, system reliability, compatibility, training, and failures.

A medical-device company does not fully control its product if it can design and manufacture the
equipment but cannot install it correctly, train the users, support the network and video
architecture, repair failures, maintain configuration records, and collect field-performance
information.

The strongest service organizations operate as part of the product-development and quality
system. They do not merely react to failures. They preserve product performance, protect the
installed base, identify recurring problems, support customers, and provide the information
required to improve the next generation of the device.
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