A Comprehensive Guide to Ultrasound
Equipment Lifecycle Management and
Mainstream Brand Fault Analysis

Part I: Strategic Lifecycle Management of Ultrasound
Systems

Section 1: A Framework for Total Asset Management

Effective management of ultrasound equipment extends beyond routine maintenance; it
requires a strategic framework that governs the asset from conception to disposal. This
holistic approach, known as Lifecycle Management (LCM), ensures that equipment delivers
maximum clinical value, patient safety, and financial return. By integrating the financial
discipline of Total Cost of Ownership (TCO) into each phase of the lifecycle, healthcare
organizations can transform equipment management from a reactive cost center into a
proactive, data-driven strategy.

The Nine-Phase Medical Equipment Lifecycle Model

A comprehensive framework for Healthcare Technology Management (HTM) divides the
equipment lifecycle into nine distinct, sequential phases. This granular model provides an
operational blueprint for clinical engineering, procurement, and administrative departments,
ensuring that all critical activities are addressed systematically.

1. Planning & Needs Assessment: This foundational phase involves a collaborative
assessment of clinical needs, involving input from users (clinicians), technical staff



(engineers), and management. It includes an inventory check of existing equipment and
an infrastructure assessment to ensure the facility can support the new technology.

2. Budgeting & Financing: Based on the needs assessment, a realistic budget is created.
This budget must extend beyond the initial purchase price to include the estimated “cost
of ownership" over the equipment's entire lifespan.

3. Technology Assessment & Selection: This phase involves evaluating available
technologies and models against the defined clinical requirements and budgetary
constraints. Key considerations include equipment robustness, availability of service, and
whether a non-electrical alternative exists.

4. Procurement & Logistics: This is the formal acquisition process. It may involve writing a
tender, making a direct purchase, or agreeing upon a donation. Logistics, including
transportation and insurance, are planned and executed.

5. Installation & Commissioning: Upon arrival, the equipment is unpacked, installed in its
designated space, and commissioned. This includes verifying that it functions according
to manufacturer specifications and is integrated with necessary hospital systems (e.g.,
power, network).

6. Training & Skill Development: Comprehensive training is provided to two key groups:
clinical staff on how to operate the equipment safely and effectively, and technical staff
on how to perform maintenance and repairs.

7. Operation & Safety: This is the longest phase, encompassing the daily use of the
equipment. It includes adherence to safety protocols, performance monitoring, and
managing consumables.

8. Maintenance & Repair: This phase includes all scheduled preventive maintenance (PM)
activities designed to prolong equipment life and prevent failures, as well as unscheduled
corrective repairs to address malfunctions.

9. Decommissioning & Disposal: At the end of its useful life, the equipment is formally
taken out of service. This phase involves safe decommissioning and environmentally
responsible disposal, adhering to regulations for electronic and potentially hazardous
waste.

While this nine-phase model provides the necessary detail for operational teams, a more
condensed four-phase model—1. Planning and assessment; 2. Set-up; 3. Use and
maintenance; and 4. Disposal—is often more suitable for high-level strategic and financial
discussions with executive leadership. The nine-phase model consolidates into the
four-phase model, allowing a clinical engineering manager to manage projects with
operational granularity while communicating progress and budgetary needs to the C-suite in
a concise, strategic format. This ability to translate between operational detail and executive
summary is a hallmark of effective technology management.

Integrating Total Cost of Ownership (TCO) Analysis



TCO is a financial management tool that provides a comprehensive estimate of all direct and
indirect costs associated with an asset throughout its entire lifecycle. Integrating TCO analysis
into the LCM framework is essential for making sound financial decisions that go beyond the
initial sticker price.! The 13 critical factors of TCO can be mapped directly to the LCM phases:

e Acquisition-Phase Costs (Phases 1-4):
o Initial Purchase Price: The negotiated cost, influenced by Group Purchasing
Organization (GPO) contracts and purchase volume.'
o New vs. Refurbished Analysis: Evaluating the cost savings of "last year's
technology" against potential risks.
o Financing: The costs associated with leasing or installment programs versus an
outright purchase.’
o Freight & Logistics: Shipping, storage, and staging costs."
o Negotiated Upgrades: Securing future upgrade pricing at the time of purchase.’
e Operational-Phase Costs (Phases 6-8):
o Service & Maintenance: Warranty agreements and the cost of extended service
contracts versus time-and-materials repairs.’
o Support: Availability and cost of technical support, especially during off-hours."
o Operational Costs: The cost of proprietary vs. third-party consumables and revenue
lost during equipment downtime.’
o Supplies: Disposable items required for operation, such as probe covers and printing
paper.'
o IT Integration: Costs for Electronic Health Record (EHR) connectivity, software, and
IT personnel.”
o Training: Initial training hours included with purchase and the cost of ongoing or
advanced training for new staff or software upgrades.’
e Infrastructure & End-of-Life Costs (Phases 5 & 9):
o Construction/Installation: Costs for any required site modifications, such as
electrical upgrades, HVAC adjustments, or physical room changes."
o Disposal/Decommissioning: Costs for safe removal and disposal, which may
include fees for handling hazardous materials.’

Crucially, TCO should not be treated as a static, one-time calculation performed only during
procurement. It is a dynamic financial model that must be actively managed. The initial TCO
projection is based on estimates for factors like repair costs and downtime. During the
"Maintenance & Repair" phase, the actual costs are incurred and meticulously recorded in a
Computerized Maintenance Management System (CMMS). This real-world data provides the
basis for validating or refuting the initial assumptions. By systematically comparing projected
TCO with actual lifecycle costs, an organization can identify which brands, models, or service
contracts are more or less expensive than predicted. This creates a powerful, data-driven



feedback loop. The empirical TCO data from a retiring asset should directly inform the
"Technology Assessment & Selection” phase for its replacement. This transforms asset
management from a series of isolated purchases into an intelligent, evolving institutional
strategy that continuously refines its procurement decisions, ultimately lowering the TCO for
the entire equipment fleet over time.

Section 2: Market Landscape, Technology Assessment, and Strategic
Procurement

Navigating the procurement of ultrasound equipment requires a clear understanding of the
global market, a rigorous technology assessment process, and a well-defined procurement
strategy. These elements ensure that the selected equipment aligns with clinical needs,
institutional infrastructure, and long-term financial goals.

Global Market Overview

The global ultrasound equipment market is a dynamic and growing sector. In 2024, the market
was valued at approximately $9.63 billion. Projections indicate robust growth, with an
expected market size of $16.91 billion by 2032, reflecting a compound annual growth rate
(CAGR) of 7.3%. This growth is driven by technological advancements, an expanding range of
clinical applications, and increasing demand for non-invasive diagnostic imaging. The Asia
Pacific region currently dominates the market, holding a 41.23% share in 2024, partly due to
its role as a major manufacturer of cost-effective equipment.

Key Market Players and Their Portfolios

The market is led by several key players known for their advanced product offerings and
strategic innovations. These dominant manufacturers include GE HealthCare, Koninklijke
Philips N.V., Canon Medical Systems, Siemens Healthineers, FUJIFILM Corporation, and
Mindray Medical International Limited. These companies offer comprehensive portfolios
ranging from premium cart-based systems, which hold the largest market share, to portable
and handheld point-of-care devices. Their commitment to innovation is evident in the
integration of artificial intelligence (Al) and cloud-based solutions to enhance diagnostic



accuracy and streamline clinical workflows.

Technology Assessment Criteria

Selecting the right ultrasound system involves a multi-faceted assessment process that
balances clinical requirements with technical and operational realities.

Clinical Needs Assessment: The primary driver for selection is the intended clinical
application. A thorough assessment must match the equipment's technological
capabilities—such as 2D, 3D/4D imaging, Doppler modes (Pulsed-Wave,
Continuous-Wave, Color), contrast-enhanced ultrasound, and elastography—to the
specific diagnostic needs of departments like Radiology, Cardiology,
Obstetrics/Gynecology, and Musculoskeletal imaging.

Infrastructure & Environmental Check: Ultrasound systems are sensitive electronic
devices that require a stable operating environment. An infrastructure check is
mandatory to verify the availability of a stable, grounded electrical supply, protected by
uninterruptible power supplies (UPS) or stabilizers to prevent damage from power surges.
Furthermore, the room must meet manufacturer specifications for temperature (typically
20-24°C or 68-75°F) and humidity (30-60%) to prevent condensation and electronic
component failure.

Human Factors Engineering: The usability and ergonomics of a system directly impact
clinician efficiency, diagnostic accuracy, and occupational health. The assessment should
evaluate the user interface for intuitiveness, the physical design for ergonomic comfort
(e.g., adjustable monitor and control panel), and its ability to integrate seamlessly into
existing clinical workflows. A human-centered design approach enhances user
satisfaction and can reduce the risk of repetitive strain injuries among sonographers.

Procurement Strategies

The procurement strategy defines how the equipment is acquired, with significant
implications for the overall TCO.

New vs. Refurbished Equipment: While new equipment from a major manufacturer
offers the latest technology and a full warranty, it comes at a premium price.
Manufacturer-refurbished or certified pre-owned systems, such as GE's GoldSeal
program, can offer significant cost savings, making advanced technology more
accessible. This option is particularly viable when budgets are constrained, but it requires
a trusted relationship with the vendor to ensure quality, warranty, and ongoing service



support.’

e Evaluating Service and Support: The availability of reliable local service, spare parts,
and consumables is a critical factor in the procurement decision. Relying on equipment
that requires parts to be imported can lead to extended periods of downtime, negatively
impacting patient care and revenue. Therefore, the strength and responsiveness of the
manufacturer's or third-party vendor's service network in the local region should be
heavily weighted in the selection process.

Section 3: Regulatory Compliance and Quality Assurance Frameworks

The management of ultrasound equipment is governed by a stringent set of regulatory
requirements and professional quality assurance standards designed to ensure patient safety,
diagnostic accuracy, and legal compliance. A thorough understanding of these frameworks is
essential for any healthcare organization.

Navigating Global Regulatory Pathways

Before a medical device can be marketed, it must receive clearance or approval from national
or regional regulatory bodies. For ultrasound equipment, the two most prominent pathways
are the U.S. FDA's 510(k) process and the European CE Marking.

e U.S. FDA Premarket Notification (510(k)): The majority of diagnostic ultrasound
systems are brought to the U.S. market via the 510(k) premarket notification process. This
pathway requires the manufacturer to submit a comprehensive application
demonstrating that the new device is "substantially equivalent"” in terms of intended use,
technological characteristics, and performance to a legally marketed predicate device.
The FDA provides detailed guidance documents outlining the specific requirements for
these submissions, including data on acoustic output, clinical performance, and labeling.?

e European CE Marking: To sell ultrasound equipment within the European Union,
manufacturers must obtain a CE mark, which certifies that the product complies with the
EU's Medical Device Regulation (MDR). The process is rigorous and requires the
manufacturer to:

1. Implement a comprehensive Quality Management System (QMS), typically certified
to the ISO 13485 standard.

2. Prepare a detailed Technical File containing design specifications, risk analysis, and
verification/validation data.

3. Compile a Clinical Evaluation Report (CER) that provides sufficient clinical evidence



of the device's safety and performance.

4. Appoint a European Authorized Representative (EC REP) if the manufacturer is
located outside the EU.

5. Undergo an audit by a designated "Notified Body," which reviews the QMS and
Technical File before issuing the CE certificate.’

Establishing a Robust Quality Assurance (QA) Program

Beyond initial market approval, healthcare facilities are responsible for implementing an
ongoing Quality Assurance (QA) program to ensure equipment remains safe and effective
throughout its operational life. This program should be built upon established standards from
leading professional and regulatory bodies.

Foundational Standards: A comprehensive QA program should be guided by the
recommendations of organizations such as the Association for the Advancement of
Medical Instrumentation (AAMI), the American Institute of Ultrasound in Medicine (AIUM),
and the American College of Radiology (ACR). These standards provide the framework
for accreditation by bodies like The Joint Commission.*

AAMI Standards (e.g., ANSI/AAMI EQ56): AAMI provides foundational standards for a
Medical Equipment Management Program. ANSI/AAMI EQ56, for example, outlines best
practices for developing equipment inventories, establishing risk-based maintenance
schedules, documenting procedures, and ensuring adequate staff training. These
standards also provide the basis for developing an Alternative Equipment Maintenance
(AEM) program, which allows hospitals to adjust maintenance frequencies from
manufacturer recommendations based on a documented risk assessment, except for
specific equipment like imaging/radiologic devices and medical lasers.

AIUM Guidelines: The AIUM's Medical Ultrasound Safety (MUS) manual and other
guidelines focus specifically on the safe and effective use of ultrasound. Key
recommendations include routine QA testing using tissue-mimicking phantoms to
monitor for image degradation, transducer element dropout, and inaccuracies in distance
measurement. The AIUM also provides detailed protocols for the proper cleaning and
disinfection of transducers to prevent cross-contamination.

Documentation and Record-Keeping: A cornerstone of any QA program is meticulous
documentation. Detailed logs must be maintained for all maintenance activities, including
cleaning, calibration, performance tests, and repairs. This documentation is not only
essential for troubleshooting and tracking equipment history but is also a mandatory
requirement for compliance with healthcare regulations and for passing accreditation
surveys.

To clarify the complex landscape of standards, the following table summarizes the key



frameworks and their relevance to hospital operations.

Table 1: Key Regulatory and Quality Assurance Standards for Ultrasound Equipment

Issuing Body

Standard/Guidelin
e

Core Focus Area

Key Requirement
for Hospitals

U.S. Food and Drug
Administration

Premarket
Notification 510(k)

Pre-Market
Approval (U.S.)

Ensure purchased
equipment has

(FDA) valid FDA
clearance. Track
and respond to FDA
recalls and safety
alerts.

European Medical Device Pre-Market Ensure purchased

Commission Regulation (MDR) Approval (EU) equipment bears a
valid CE mark.

Association for the ANSI/AAMI Medical Equipment Implement a

Advancement of EQ56/EQ89 Management comprehensive,

Medical Program risk-based

Instrumentation management

(AAMI)

program for all
medical devices,
including inventory,
maintenance
schedules, and
documentation.

American Institute
of Ultrasound in
Medicine (AIUM)

Medical Ultrasound
Safety (MUS) / QA
Guidelines

Clinical Safety &
Performance

Implement routine
performance
testing with
phantoms. Adhere
to specified
cleaning and
disinfection
protocols. Follow
the ALARA (As Low
As Reasonably
Achievable)




principle for
acoustic output.

The Joint Environment of Hospital Maintain a written
Commission Care (EC) Accreditation inventory of
Standards medical equipment,
identify high-risk
devices, and
document

maintenance
activities according
to manufacturer
recommendations
or a documented
AEM program.

This structured approach to compliance and quality ensures that ultrasound equipment is not
only legally marketed but is also managed in a way that prioritizes patient safety and
diagnostic integrity throughout its operational life.

Part Il: Operational Management and Preventive
Maintenance

Effective operational management is the bridge between strategic planning and reliable
clinical performance. This section focuses on the practical, hands-on activities required to
maximize the uptime, longevity, and diagnostic accuracy of an ultrasound fleet. A cornerstone
of this effort is a robust, multi-tiered Preventive Maintenance (PM) program.

Section 4: Best Practices in Daily Operation and Maintenance

A structured PM program is the most effective strategy for preventing equipment failures,
ensuring patient safety, and prolonging the asset's useful life. This program should be divided
into tasks performed at daily, weekly, and monthly or quarterly intervals, with clear



responsibilities assigned to either clinical users or technical staff.®

Establishing a Structured PM Schedule

Daily Tasks: These are primarily performed by the clinical users (sonographers) and
focus on cleanliness and basic inspection. Key activities include cleaning and disinfecting
all system surfaces, with special attention to the transducers, after each patient use. A
visual inspection of cables for any signs of fraying or damage is also crucial. At the end of
the day, the system should be properly shut down and stored to prevent accidental
damage.

Weekly Tasks: These tasks involve a more thorough inspection and cleaning. Removable
parts like probe holders and gel warmers should be detached for deep cleaning. System
controls, power cords, and connectors should be inspected for wear and tear.
Monthly/Quarterly Tasks: These more technical tasks are typically performed by the
biomedical or clinical engineering department (BMET). A critical task is cleaning the
system's air filters to prevent overheating, a common cause of electronic failure.
Electrical safety checks should be performed to ensure the system is properly grounded
and free of leakage currents. System performance should be objectively verified using a
tissue-mimicking phantom to check for image uniformity, distance accuracy, and
resolution.

Detailed Cleaning and Disinfection Protocols

Improper cleaning is a leading cause of both equipment damage and healthcare-associated
infections. Protocols must be strictly followed.

Use Manufacturer-Approved Disinfectants: Only cleaning agents and disinfectants
approved by the equipment manufacturer should be used. Harsh chemicals or abrasive
materials, particularly alcohol-based wipes on transducer lenses, can cause material
degradation, cracking, and discoloration, leading to premature failure.

Levels of Disinfection: The required level of disinfection depends on the probe's use.
Probes used on intact skin require low-level disinfection (LLD). Semi-critical probes that
contact mucous membranes (e.g., endocavitary, transesophageal - TEE) require
high-level disinfection (HLD) between each patient use. Critical probes used in sterile
procedures require sterilization.



Environmental and Electrical Safety

The operating environment has a direct impact on equipment reliability.

Environmental Controls: The room housing the ultrasound system must be maintained
within the manufacturer's specified temperature range (typically 20-24°C / 68-75°F) and
humidity range (30-60%). Deviations can lead to condensation on internal electronics or
overheating, causing component failure. The area should also be kept free of excessive
dust and debris.

Electrical Protection: All ultrasound systems must be connected to properly grounded
electrical outlets. The use of medical-grade surge protectors or an uninterruptible power
supply (UPS) is highly recommended to safeguard the sensitive electronics from damage
caused by power spikes or brownouts.

Calibration and Performance Verification

To ensure diagnostic accuracy, the system's performance must be periodically verified
against known standards.

Calibration: Follow the manufacturer's guidelines for calibration intervals and
procedures. This ensures that measurements made by the system (e.g., distance,
velocity) are accurate.

Performance Verification: Objective performance testing using specialized tools is a
key component of a QA program. This includes using tissue-mimicking phantoms to test
image quality parameters, as well as tools like ultrasound watt meters and hydrophones
to measure acoustic output, ensuring it remains within safe and effective limits. All
calibration and performance test results must be documented.

The following table provides a comprehensive PM checklist that can be adapted for use in a
clinical setting.

Table 2: Comprehensive Preventive Maintenance (PM) Schedule for Ultrasound

Systems
Task Frequency Procedure Responsible Documentatio
Reference Party n Required
System &
Peripherals




Clean system Daily Manufacturer's | User/Sonograp | Cleaning Log

surfaces cleaning guide | her

(console,

keyboard,

monitor)

Inspect power Daily Visual User/Sonograp | PM Checklist

cords and Inspection her

plugs for

damage

Check printer Daily Visual User/Sonograp | PM Checklist

paper and Inspection her

ink/toner levels

Deep clean Weekly Manufacturer's | User/Sonograp | Cleaning Log

removable cleaning guide | her

parts (probe

holders, etc.)

Clean system Monthly Section 4 of BMET PM

air filters this report Checklist/CMM
S Record

Perform Annually AAMVI/IEC BMET Electrical

electrical Standards Safety Test

safety test Report

(leakage/groun

ding)

Perform full Quarterly Manufacturer's | BMET CMMS Record

system backup service manual

Transducers

Clean and Per Patient Section 5 of User/Sonograp | Cleaning Log

disinfect this report her

transducer

after each use




Visually Daily Section 5 of User/Sonograp | PM Checklist /
inspect lens, this report her Report
housing, strain damage

relief, and

cable

Inspect Weekly Visual User/Sonograp | PM Checklist /
connector pins Inspection her Report

for damage damage
Performance

& Quality

Assurance

Verify system Quarterly AlUM QA BMET QA Test Report
performance Guidelines / CMMS

with phantom Record
(uniformity,

depth,

resolution)

Calibrate Annually Manufacturer's | BMET Calibration
distance service manual Certificate
measurement

tools

Section 5: The Critical Component: Transducer Care and Failure

Analysis

The ultrasound transducer, or probe, is the most critical, delicate, and expensive component
of the system. It is responsible for both transmitting and receiving the sound waves that

create the diagnostic image. Due to its direct contact with patients and frequent handling, it is
also the component most susceptible to damage and failure. A dedicated focus on transducer
care is paramount to any successful maintenance program.




Anatomy of an Ultrasound Transducer

Understanding the basic components of a transducer helps in identifying and preventing
failures. Key parts include the piezoelectric crystals (the array that generates and receives
sound waves), the acoustic lens and matching layer (which focus the beam and improve
transmission), the housing, the strain relief (which protects the cable entry point), the
multi-conductor cable, and the system connector.

Common Modes of Transducer Failure

Transducer failures can be categorized by their root cause, which often traces back to
improper handling, cleaning, or simple wear and tear.®

Physical Trauma: This is the most common and preventable cause of failure. Dropping a
probe can cause the fragile piezoelectric crystals to crack or become dislodged ("crystal
dropout"), leading to immediate image degradation. Other forms of trauma include
running over the cable with the system's wheels, hitting the connector against a hard
surface, or improperly forcing the connector into the system, resulting in bent or broken
pins.

Wear and Tear: Repetitive use leads to gradual degradation. The strain relief at the
junction of the probe and cable is a common failure point, developing cracks from
repeated flexing and stress. The cable jacket itself can become cracked or split, exposing
the internal wires. The soft membrane or lens can also degrade over time from contact
with skin and coupling gel.

Chemical Damage: The use of unapproved cleaning agents is a significant cause of
premature failure. Alcohol-based wipes, for example, can dry out the materials of the
acoustic lens and housing, making them brittle and prone to cracking. This damage
compromises the probe's seal, allowing fluid ingress that can destroy the internal
electronics.

Electrical Failure: This can manifest as "dead elements" within the piezoelectric array,
caused by either physical shock or internal electronic failure. Broken wires within the
cable or failures in the complex circuitry inside the connector can also lead to a complete
loss of signal or system recognition failure.

Troubleshooting Image Quality Artifacts



Specific artifacts on the ultrasound image can often be traced back to a particular type of
transducer fault.

e Image Dropout (Black Lines): Vertical black lines appearing in the image are a classic
sign of dead or non-functioning elements in the transducer array. This is a definitive
hardware failure.

e Shadows or Washed-Out Areas: Dark shadows or overly bright, washed-out sections of
the image can be caused by the delamination of the acoustic lens or the presence of air
bubbles trapped between the lens and the array, which impede the transmission of
sound waves.

¢ Noise or Artifacts: Speckled noise, color artifacts, or intermittent image quality can be
caused by damage to the cable, a poor connection at the system port, or bent connector
pins. It is also important to rule out external sources of radio frequency (RF) interference
before condemning the probe.

Best Practices for Transducer Handling and Storage

Preventing transducer failure is far more cost-effective than repairing or replacing it. Strict
adherence to best practices is essential.

e Proper Handling: Always use the provided probe holders on the system for storage
between scans. Never leave a probe on the patient's bed or examination table where it
can be easily knocked off.

e Cable Management: Avoid tightly coiling or kinking the cable. When transporting the
system, ensure cables are properly stowed and not dragging on the floor where they can
be run over.

e Connection/Disconnection: Always freeze the image on the system before connecting
or disconnecting a transducer. "Hot-swapping" a probe while it is actively scanning can
cause electrical damage to both the probe and the system.

The high rate of transducer failure is rarely due to spontaneous component malfunction.
Instead, it is typically the culmination of a sequence of process failures. For instance, a
sonographer might use a convenient but unapproved alcohol wipe for cleaning, a minor
deviation from protocol. Over time, this repeated action makes the acoustic lens brittle. A
hairline crack develops, which might go unnoticed. During subsequent cleanings, fluid and gel
seep into this crack, causing corrosion and shorting out the sensitive piezoelectric elements.
The end result is prominent image dropout, a potential misdiagnosis, and a
multi-thousand-dollar repair or replacement. This entire costly sequence could have been
prevented by a single, foundational step: robust user training on proper cleaning protocols
and adherence to them. This demonstrates that investing in the "Training & Skill Development”
phase of the lifecycle provides a significantly higher return than simply budgeting for reactive



repairs in the "Maintenance & Repair" phase.

Part lll: Manufacturer-Specific Fault and
Troubleshooting Guide

While many principles of maintenance and troubleshooting are universal, specific ultrasound
platforms exhibit unique failure modes and error codes. This section provides a practical
guide to common faults for major manufacturers, drawing on regulatory data, service
documentation, and field service experience to equip clinical engineers with targeted,
actionable knowledge.

Section 6: GE HealthCare (Voluson, Vivid, LOGIQ Series)

GE HealthCare is a market leader with a broad portfolio of specialized ultrasound systems.
Key product families include the Voluson series for Women's Health, the Vivid series for
Cardiovascular imaging, the LOGIQ series for General Imaging, the Venue family for Point of
Care, and the Versana line for Primary Care applications.

Common Faults and Troubleshooting

e Issue: System Freeze / "Out of Memory" Error on Voluson Eé, E8, E10
o Description: Users may experience an intermittent "Out of Memory" error message,
which can cause the system to freeze and become unresponsive. This issue was
significant enough to prompt an FDA Class 2 device recall.?
o Root Cause: The FDA determined the root cause to be a software design flaw.®
o Action: The immediate field solution is to perform a hard reboot of the system.
However, this does not resolve the underlying issue. The permanent fix requires a
software or firmware update provided by the manufacturer. Clinical Engineering
departments must diligently track manufacturer Field Modification Instructions (FMls)
and service bulletins to ensure all affected systems in their inventory receive the
required patch from a qualified field service engineer.
e Issue: "System Overheating” Message on Vivid/LOGIQ E9
o Description: The system displays an error message indicating that internal



temperatures have exceeded safe operating limits, which can lead to performance
degradation or automatic shutdown.

Root Cause: This is a classic maintenance-preventable failure. The error is almost
always caused by restricted airflow due to the accumulation of dust and debris on
the system's air filters, particularly the fine wire mesh covering the internal fan
assembly.

Action: This issue directly highlights the importance of the PM schedule detailed in
Part Il. The first troubleshooting step is to power down the system, remove the
external filter (typically located near the casters), and clean it thoroughly with a soft
brush or vacuum. If the error persists after cleaning, it indicates a more significant
internal dust buildup, requiring a service engineer to remove the system's cosmetic
panels and clean the internal fan tray assembly.

e Issue: Operator Console Fails to Lock

o

Description: The articulating arm holding the operator console no longer locks into a
fixed position, making it difficult to scan and transport the system safely.

Root Cause: This mechanical failure is often induced by user behavior, specifically by
forcibly moving the console into position while the system is powered down. The lock
mechanism requires power to operate correctly, and forcing it can cause the
calibration to be lost or can physically damage the lock.

Action: The first step is to attempt a recalibration of the X-Y park lock through the
system's service menu. If the calibration procedure fails to resolve the issue, it
indicates physical damage to the lock mechanism, which will require component
replacement by a service engineer.

Section 7: Philips Healthcare (EPIQ and Affiniti Series)

Philips holds a significant market position with its premium EPIQ platform (including the EPIQ

Elite and EPIQ CVx for cardiology) and the high-performance Affiniti series (Affiniti 30, 50, 70,
and CVx). The company also offers a strong portfolio of portable and point-of-care solutions,
such as the handheld Lumify transducer and the Compact 5000 series.

Common Faults and Troubleshooting

O

Issue: Diagnostic Error Code 005

Description: A critical system error, often displayed as a long alphanumeric string
starting with "005," that can occur during clinical use, including during surgery. This
error may cause the system to freeze or become non-functional and has been the



subject of multiple FDA Manufacturer and User Facility Device Experience (MAUDE)
reports for the EPIQ 7.

o Root Cause: This code is strongly associated with hardware failures. Reports
indicate failures of the power regulator, acquisition board, acquisition module, or
other internal circuit boards.

o Action: This is a high-level failure requiring intervention by a qualified service
engineer. Initial on-site steps include rebooting and running internal hardware
diagnostics. If diagnostics fail, the next step is to reseat internal boards (power
regulator, acquisition board). If the problem persists, component replacement is
necessary. It is imperative that users record the entire diagnostic code string, as it
contains specific information that helps the service engineer pinpoint the faulty
component.

e Issue: System Overheating (EPIQ 5/7)

o Description: Similar to other brands, the EPIQ platform can display a system
overheating message, indicating inadequate cooling.”

o Root Cause: The design utilizes a three-fan tray assembly at the bottom of the
system, which is protected by a mesh fabric filter. This filter is highly effective at
trapping dust and debris from the floor, which can eventually clog it and severely
restrict airflow.®

o Action: This is a straightforward PM task. The system should be powered down, and
the filter, accessed via a handle at the bottom center of the unit, should be removed
and cleaned with a vacuum or soft brush. Regular cleaning as part of a monthly PM
schedule can prevent this downtime-causing event entirely.'

e Issue: Upper Operator Console Not Locking

o Description: The articulating arm of the upper console fails to lock, allowing it to
swing freely and making system transport hazardous.®

o Root Cause: This is a known mechanical issue on the EPIQ platform. A small black
plastic ring located at the base of the control arm, next to the locking solenoid, can
become dislodged and lift upwards. This prevents the solenoid pin from properly
engaging the lock.”

o Action: This is often a simple fix that can be performed by on-site technical staff. The
cosmetic covers at the base of the arm can be removed (typically without tools),
exposing the solenoid. The dislodged plastic ring can then be pressed firmly back
down into its correct position. Applying a small amount of thread locker can help
prevent the issue from recurring.'®

Section 8: Siemens Healthineers (ACUSON Series)

Siemens Healthineers is a major competitor in the ultrasound market with its ACUSON line of



products. This portfolio includes the premium ACUSON Sequoia, known for its BioAcoustic
imaging technology; the versatile ACUSON Redwood and Juniper shared-service systems;
and a range of portable solutions like the ACUSON P500 and the wireless ACUSON

Freestyle."

Common Faults and Troubleshooting

e Issue: General Hardware Error Messages (ACUSON X300 and similar platforms)

o Description: The system halts operation and displays a specific hardware error
code, such as BF HW_ERROR (Beamformer Hardware Error) or DR_HW_ERROR (Data
Receiver Hardware Error)."

o Root Cause: These errors indicate that the system's software has detected a fault or
communication failure with a specific internal hardware component, such as the
Transmit Interface (TI), Transmit/Receive (TR), or Receive Control (RC) boards.

o Action: A tiered troubleshooting approach is recommended:

1. Level 1 (User/BMET): The first action is always to reboot the system to see if the
error was transient.

2. Level 2 (BMET): If the error recurs, access the system's event log. The log will
contain more detailed messages that can provide hints about the nature of the
failure. These log files should be extracted and saved for escalation.

3. Level 3 (Service Engineer): Advanced troubleshooting involves running the
system's built-in diagnostic tests to isolate the faulty module. This is followed by
measuring power supply outputs to rule out power issues. The final step is the
replacement of the identified defective board.

e Issue: System Fails to Power On or Boot

o Description: The system is completely unresponsive when the power button is
pressed, or it begins the power-on self-test (POST) but hangs before reaching the
imaging screen.

o Root Cause: This can have several causes. A previous critical error may have
“latched" the power supply into an off state as a safety measure. It could also be a
complete failure of a power supply unit, or a short circuit on one of the internal
boards that prevents the system from booting.

o Action: Follow the power supply troubleshooting guide in the service manual. This
typically starts with cycling the main circuit breaker on the back of the unit. If the
system remains unresponsive, a service engineer will need to check internal power
supply indicator lights and may need to systematically disconnect boards from the
backplane to isolate a potential short circuit.



Section 9: Canon Medical Systems (Aplio i-Series)

Canon Medical Systems, formerly Toshiba Medical, is renowned for its high-end ultrasound
systems, particularly the Aplio series (including the Aplio i-series and a-series) and the Xario
series. These systems are known for excellent image quality and innovative technologies like
Superb Micro-vascular Imaging (SMI) for visualizing low-velocity blood flow."

Common Faults and Troubleshooting

e Issue: Power Supply Unit Failure on Aplio i-Series (i700, i800, i900)

o

Description: A specific power-on sequence can damage the power supply unit,
causing the system to fail to start up. The failure occurs if the main power plug is
inserted into an outlet while the system's rear power switch is already in the "ON"
position. This issue was the subject of an FDA Class 2 recall.*

Root Cause: The FDA identified the cause as a software/firmware design issue within
the power supply unit.

Action: The immediate workaround and correct operating procedure is to always
ensure the main power switch is set to "OFF" before connecting the system to a
power outlet. The permanent solution is a firmware update installed by a Canon
service representative. Clinical Engineering departments are responsible for tracking
this recall and ensuring all affected units in their inventory are updated to prevent this
failure.

e Issue: Transducer Reliability and Artifacts

O

Description: Field reports and user forums have noted reliability issues with specific
Canon transducers (e.g., PVI-475BX, PLI-7T05BX, PVT-574BT), including artifacts and
partial crystal failure, sometimes occurring on relatively new systems with low usage.
Artifacts have been specifically linked to the strain relief/gauge, where moving the
cable near the probe handle causes image distortion.

Root Cause: This suggests potential design sensitivities or manufacturing defects in
the transducer's strain relief mechanism or crystal array bonding.

Action: This is not a user-serviceable fault. When such artifacts are observed, the
issue should be thoroughly documented (including photos or videos of the artifact
appearing when the cable is manipulated) and reported to Canon service
immediately. Given that these issues have been reported on systems under warranty,
this should be escalated as a quality and warranty claim.

e Issue: System Overheating

O

Description: Overheating can lead to reduced system performance, instability, or
automatic shutdown to protect internal components.



O

Root Cause: As with other systems, the primary cause is a clogged air filter, which
impedes the flow of cooling air through the system chassis.

Action: This is a routine PM task. The air filter should be removed and cleaned with a
vacuum cleaner at regular intervals as specified in the monthly PM schedule. The
manufacturer explicitly warns not to operate the system with the filter removed, as
this would allow dust to be drawn directly into the sensitive electronics.

Section 10: Samsung Medison (HERA and V-Series)

Samsung Medison has become a significant player in the ultrasound market, leveraging
Samsung's expertise in electronics and display technology. Their portfolio is led by the
premium HERA series for Women's Health (e.g., HERA W10) and the versatile V-series (e.g.,
V8, V7) for general imaging and point-of-care applications.

Common Faults and Troubleshooting

While specific hardware error codes are less documented in public sources for Samsung
systems compared to other brands, common issues revolve around software, connectivity,
and system security.

e Issue: DICOM Connectivity and Configuration

O

Description: Failures in sending studies to a PACS archive or retrieving patient data
from a modality worklist are common challenges with any networked imaging device.
Root Cause: These issues are almost always due to incorrect network or DICOM
configuration. This can include incorrect IP addresses, port numbers, or mismatched
Application Entity (AE) Titles between the ultrasound system and the PACS/RIS
server. The HERA W10 DICOM Conformance Statement lists specific error codes for
failed jobs, such as A700 for "Refused: Out of Resources".

Action: This requires meticulous configuration by a BMET or PACS administrator.
Troubleshooting involves verifying all network settings (IP, subnet, gateway) and
DICOM node settings (AE Title, Port) on both the ultrasound and the server. Using
standard network tools like ping and the system's built-in DICOM Echo test is
essential to verify connectivity.

e Issue: Cybersecurity Vulnerabilities

O

Description: As modern ultrasound systems are essentially specialized computers
running on common operating systems (like Windows), they are susceptible to
network-based cybersecurity threats, such as ransomware (e.g., WannaCry) or



vulnerabilities in operating system services (e.g., BlueKeep).
o Root Cause: The exploitation of unpatched software vulnerabilities in the underlying
OS or third-party libraries.
o Action: Cybersecurity is a shared responsibility between the manufacturer, the
hospital's IT security team, and the Clinical Engineering department. Samsung states
that it mitigates some risks by disabling certain services like Remote Desktop
Protocol (RDP) to protect against threats like BlueKeep. The hospital's responsibility
is to ensure these devices are placed behind network firewalls, to limit network
access, and to stay informed of manufacturer security advisories. Promptly applying
security patches provided by the manufacturer is critical to maintaining a secure

posture.

e Support Infrastructure: Samsung has integrated remote service capabilities into its
systems. The S-Remote Communication (S-RC) feature uses built-in self-diagnostic
engines to assess the system's hardware and software status remotely. This allows for
proactive identification of potential problems and enables remote software updates,
which can reduce downtime and service costs. Healthcare organizations should leverage
this infrastructure as part of their overall maintenance strategy.

The following table summarizes the most common, brand-specific issues discussed, providing
a quick-reference guide for technical staff.

Table 3: Summary of Common Faults by Manufacturer and Model

Manufactu | Model/Seri | Common Primary Likely Root | Recommen

rer es Issue Symptom( Cause ded First
s) Action

GE Voluson System "Out of Software Reboot

HealthCar E-Series Freeze Memory" design flaw | system;

e error, schedule
unresponsi manufactur
ve system er software

update.
Vivid/LOGI Overheatin "System Clogged air | Power
QE9 g Overheatin filters down and
g" error clean
message external air
filter.
Vivid/LOGI Console Articulating | Mechanical | Attempt
arm does misalignme console




QE9 Lock Failure | not lockin nt from lock
place improper recalibratio
use nin service
menu.
Philips EPIQ 7 Error Code System Hardware Reboot
Healthcare 005 freeze, failure system;
non-functio | (acquisition document
nal during board, full error
use power code and
regulator) contact
service.
EPIQ 5/7 Overheatin "System Clogged Power
g Overheatin bottom fan down and
g" error filter clean
message bottom
mesh filter.
EPIQ 5/7 Console Articulating | Dislodged Remove
Lock Failure | arm swings plastic ring covers and
freely in lock reseat the
mechanism plastic ring
at the arm
base.
Siemens ACUSON Hardware BF HW_ERR | Internal Reboot
Healthinee | Series Errors OR, etc. on board system; if
rs screen communica | persistent,
tion failure check event
logs.
ACUSON Failure to System is Latched Cycle main
Series Power On unresponsi power circuit
ve supply or breaker; if
internal no change,
short contact
service.
Canon Aplio Power System fails | Design flaw | Ensure




Medical i-Series Supply to start up triggered main switch
Failure by is OFF
power-on before
sequence plugging in;
schedule
firmware
update.
Aplio Series | Transducer Image Strain Document
Artifacts distortion relief/gauge | artifact with
when or crystal video and
moving array contact
cable/strain | defect service for
relief warranty/re
pair.
Samsung HERA/V-Se DICOM Cannot Incorrect Use DICOM
Medison ries Failure send to network/AE Echo to test
PACS or Title connectivit
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worklist on settings.
All Cybersecur | System Unpatched Isolate from
Networked ity Threat instability, OS or network;
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e message vulnerabilit security
y and
manufactur
er.

Conclusion and Strategic Recommendations

This comprehensive analysis demonstrates that the effective management of ultrasound
equipment is a complex, multi-disciplinary endeavor that integrates strategic planning,
financial oversight, regulatory compliance, and hands-on technical maintenance. The
reliability of these critical diagnostic tools is not merely a function of their engineering but is
directly tied to the robustness of the management framework in which they operate. The




specific, technical failures detailed in Part Ill are frequently symptoms of underlying
weaknesses in the strategic lifecycle processes outlined in Part I. A clogged air filter causing
an overheating failure is a direct result of an inconsistent preventive maintenance program.
The premature failure of a transducer can often be traced back to inadequate user training on
proper cleaning and handling. Similarly, a data-driven procurement process, informed by
rigorous TCO analysis, can prevent the acquisition of equipment with a known history of
reliability issues. This symbiotic relationship between strategy and operations underscores the
need for a holistic approach to healthcare technology management.

To that end, the following strategic recommendations are proposed for healthcare
organizations seeking to optimize the performance, safety, and financial value of their
ultrasound fleet:

1. Form a Cross-Functional Technology Management Committee: Establish a formal
committee comprising stakeholders from clinical departments (e.g., radiology,
cardiology), clinical engineering, finance, IT, and procurement. This committee should be
responsible for overseeing all phases of the equipment lifecycle, from needs assessment
and technology selection to decommissioning, ensuring that decisions are aligned with
the institution's broader clinical and financial objectives.

2. Adopt a Formal LCM and TCO Framework: Transition from a procurement model based
solely on initial acquisition cost to one grounded in the nine-phase lifecycle model and
continuous TCO analysis. This should be codified as institutional policy, requiring a TCO
projection for all major capital equipment acquisitions and mandating the tracking of
actual lifecycle costs to inform future decisions.

3. Invest in a Modern Computerized Maintenance Management System (CMMS): A
robust CMMS is the central nervous system of an effective equipment management
program. It should be used to maintain an accurate inventory, schedule and document all
PM and repair activities, track costs, and generate analytics. This data is invaluable for
demonstrating regulatory compliance, optimizing maintenance strategies, and providing
the empirical evidence needed for accurate TCO modeling.

4. Prioritize User and Technical Training: Acknowledge that human factors are a leading,
and largely preventable, cause of equipment damage, particularly for expensive and
fragile components like transducers. Invest in comprehensive, ongoing training programs
for both clinical users on proper operation and handling, and for technical staff on new
technologies and maintenance procedures. This investment in human capital is a primary
risk mitigation strategy that yields significant returns in reduced repair costs and
increased equipment uptime.

5. Develop a Proactive Regulatory and Cybersecurity Posture: Designate clear
responsibility within the clinical engineering and IT departments for actively monitoring
regulatory channels (e.g., FDA recalls), manufacturer service bulletins, and cybersecurity
advisories. Implement a formal process for assessing the impact of these alerts on the
hospital's inventory and for taking timely, documented action to apply necessary
software patches, hardware modifications, or changes in procedure to maintain
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compliance and protect patient data and safety.
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