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Abstract—The importance of quality assurance (QA) in medical ultrasound (US) has been widely recognized and
recommendations concerning technical QA have been published over the years. However, the demonstrated
impact of a properly working QA protocol on clinical routine has been scarce. We investigated the transducer
write-off causes for a 5-y period in a multi-unit radiology department with an annual average of 230 transducers
in demanding diagnostic use. The transducer faults and the initial observers of the faults leading to transducer
write-offs were traced and categorized. The most common cause of transducer write-off was an image uniformity
problem or element failure. Mechanical faults or excessive leakage current and defects in the lens constituted
smaller yet substantial shares. Our results suggest that a properly working routine QA program can detect major-
ity of the faults before they are reported by users. (E-mail: juha.peltonen@hus.fi) � 2017 World Federation for
Ultrasound in Medicine & Biology.
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INTRODUCTION

Diagnostic medical ultrasound (US) makes a significant
contribution to patient care and is increasingly used in a
variety of clinical settings by many different profes-
sionals with varying technical backgrounds. Diagnostic
quality of US examinations includes more than technical
quality assurance and image quality, ranging from data
accuracy to good patient management, informed decision
and appropriate care. To lay the groundwork for the entire
quality process and safety, technical quality assurance
(QA) processes have been required as an essential part
in US practice accreditation programs such as
American College of Radiology (2011) and the
American Institute of Ultrasound in Medicine (2010)
programs. Major international scientific bodies have pub-
lished recommendations solely concerning technical QA
including the American Institute of Ultrasound in
Medicine (2008), the American Association of Physics
in Medicine (AAPM) (Goodsitt et al. 1998), American

College of Radiology (2011, 2015), Institute of Physics
and Engineering in Medicine (IPEM) (Russell 2010), Eu-
ropean Federation of Societies for Ultrasound in Medi-
cine and Biology (Kollmann et al. 2012) and
International Electrotechnical Commission (1986, 1996,
2006, 2010, 2015). In addition, several recommended
performance tests, measurement tools and methods
have been described in the literature during the past few
decades, from single commercial tools to computer-
based analysis of phantom and air images (Dolezal
et al. 2007; Gibson et al. 2001; Goldstein et al. 1989;
Goodsitt et al. 1998; Kofler and Madsen 2001;
MacGillivray et al. 2010; Moore et al. 2005; Quinn and
Verma 2014; Rosenfeld et al. 2014; Rowland et al.
2009; Satrapa et al. 2006; Thijssen et al. 2007).

The common objective of gray-scale imaging is to
determine the position, shape, size, texture and dynamics
of soft tissue structures, organs and masses (Powis and
Moore 2004). Users’ ability to meet these demands de-
pends on the proper functioning of the US devices and
transducers. Proper functioning can be ensured by
knowing the current technical state of the equipment,
most importantly the transducers (Thijssen et al. 2007;
M�artensson et al. 2009; Weigang et al. 2003). The
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highly operator-dependent nature of US examinations
and the multitude of professionals performing them
makes technical QA a vital part of the department’s qual-
ity system for US. As the number of US devices increases,
it is imperative to guide the limited resources to those
routine QA tests that provide the most efficient detection
of transducer faults. It is also useful if the results can be
compared with the performance history of the device or
with a cohort of similar devices.

We present our 5-step ultrasound QA program,
discuss its value in detecting transducer faults and review
thewrite-off causes that occurred during a 5-y period with
the full operation of a routine QA program. Also, relative
occurrence of a variety of transducer faults are clarified
and the importance of recommended QA tests assessed.
This is a retrospective study done on the basis of the in-
formation collected during 5-y period of a working QA
process.

MATERIALS AND METHODS

The operational environment for the Helsinki Uni-
versity Hospital Radiology Department’s US QA pro-
gram encompasses 19 radiology units distributed
throughout a large geographic area. The Radiology
Department is the leading provider of medical imaging
studies and interventional radiology in Finland, providing
services for the nearly 1.6 million residents. The imaging
studies and services provided cover the needs from pri-
mary to special health care as well as for university hos-
pital research and teaching nationwide. At the beginning
of 2016, the equipment comprised 60 US devices, with
226 transducers in demanding radiological use and 19 de-
vices, with 53 transducers in light use (e.g., used in guid-
ing biopsy needles etc.). The number of the US devices
has been on a slight increase during the recent year.

The personnel groups involved in our QA process
are medical physicists, sonographers, in-house medical
engineers and personnel at the department. The technical
QA program is coordinated and overseen by a qualified
medical physicist. Image quality is tested with an im-
age-quality phantom. The medical physicist performs
the image-quality tests at device acceptance, annually
during a multi-year guarantee and just before the expira-
tion of the guarantee. After the expiration of the guar-
antee, sonographers annually perform the image-quality
tests. The image-quality tests done by sonographers are
performed during the last quarter of the year. The phys-
ical condition of the US device and transducers is
assessed at the beginning of the image-quality test.
In-house medical engineers perform the annual manda-
tory leakage current measurements together with trans-
ducer electrical element sensitivity tests and inspect the
physical condition of the US devices. Medical engineers

distribute the annual inspections throughout the year.
Manufacturers’ medical engineers have no direct role in
our QA process, however, they perform on-demand re-
pairs on US devices. The personnel at the department
are involved in the QA process. Each quarter they check
and document air image and the physical condition of the
US device and transducer. Table 1 outlines our routine US
QA program, the scheduling and the personnel involved.

All measurements are carried out at the clinical sites.
Special attention has therefore been paid to technical so-
lutions, enabling centralized organization, coordination
and review of the QAmeasures. The devices are recorded
and maintained in hospital district’s online medical
equipment asset and maintenance management system
(Mequsoft, Sofor Oy, Kauhava, Finland). The system
holds all device’s information, starting from the purchas-
ing and acceptance of the device until the device is retired
from active use. The QA image communication is routed
through the radiology picture archiving and the commu-
nication system (Impax, Agfa HealthCare, Mortsel,
Belgium) to the dedicated image QA server for storage
and centralized backup. Our routine QA program com-
plies with the recommendations for technical QA by
AAPM (Goodsitt et al. 1998).

To obtain comparable air and phantom images and
results, a standardized QA measurement setup is
required. To achieve this, an unified QA preset was
created and saved for each device and transducer. The set-
tings in the preset were aimed to minimize user adjust-
ments and the processing that the US device is applying
to the image. Similar preset choices were made as in
Sipil€a et al. (2011b) with a modification of the measured
frequencies and time-gain compensation (TGC) settings:
The output power was set to maximum, as also recom-
mended in the IPEM guidelines (Russell 2010). The
TGC switches were all set in center position to achieve
straightforward measurement setup with minimal inter-
user variability. All image processing settings (such as
harmonic imaging, spatial or time averaging, compound-
ing etc.) were set to off or to the minimum value. The
focus width was set to the middle value where possible
and the number of focuses was set to one, except for
the image homogeneity test with three focuses. To reflect
clinical use, linear transducers were set at the highest fre-
quency and convex transducers were set at the lowest fre-
quency. Also, the use of only one frequencywas chosen to
keep the measurement protocol as straightforward as
possible.

The air image, an image taken when the transducer
is clean, dry and in free air was used to assess visually
the condition of the element array of the transducers. In
addition to the aforementioned QA preset, internal guide-
lines were followed on image and focus depth choices:
The image depth is set to predefined transducer
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