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AIM: To determine the national practice of transvaginal ultrasound (TVUS) probe decon-
tamination in English hospitals and to develop recommendations for guidance.
MATERIALS AND METHODS: A literature review was undertaken to clarify best practice and

evaluate methods of decontamination of TVUS probes. A questionnaire was developed to
ascertain TVUS probe decontamination programmes in current use within English hospitals.
This was sent to ultrasound leads of 100 English hospitals; 68 hospitals responded.
RESULTS: There is a wide variation in TVUS probe decontamination across English hospitals.

Although the majority of respondents (87%, 59/68) reported having clear and practical written
guidelines for TVUS decontamination, the frequency, methods, and types of decontamination
solutions utilized were widely variable and none meet the standards required to achieve high-
level disinfection.
CONCLUSION: While the decontamination of other endoluminal medical devices (e.g.,

flexible endoscopes) is well defined and regulated, the decontamination of TVUS probes has no
such guidance. There appears to be incomplete understanding of the level of risk posed by
TVUS probes, and in some cases, this has resulted in highly questionable practices regarding
TVUS hygiene. There is an urgent need to develop evidence-based national guidance for TVUS
probe decontamination.

� 2012 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
Introduction

Transvaginal ultrasound (TVUS) probes are routinely
used for the investigation of suspected gynaecological
disease and in the assessment of early and late pregnancy
complications. They are complex medical devices that
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require decontamination before being used on subsequent
patients.

The Spaulding classification system divides medical
devices into categories based on the infection risk associ-
ated with their use and also defines the minimum levels of
decontamination to be employed following use of the
device on a patient.1 The approach remains largely appli-
cable today despite changes in our understanding of
microorganisms and decontamination processes.2 TVUS
probes are considered semi-critical devices because of their
contact with intact mucous membranes, and this justifies
the need for a minimum of a high-level disinfection process
following use.
Elsevier Ltd. All rights reserved.
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Studies have shown that there is risk of bacterial trans-
mission during ultrasound examination procedures. Ultra-
sound equipment can become contaminated with bacterial
pathogens, including methicillin-resistant Staphylococcus
aureus (MRSA), and hence is a potential vector of transfer
of microorganisms.3e15 Nosocomial outbreaks of infection
originating from ultrasound transducer probes and
contaminated coupling gels have been reported.6e8 The risk
of transmission of infection is significantly increased with
the use of intra-cavity transducers and TVUS probes may
transmit potentially pathogenic microorganisms by transfer
of genital secretions or blood.

There are currently no UK guidelines governing TVUS
probe decontamination. While there are robust and upda-
ted national guidelines regarding the decontamination of
flexible endoscopes,16 TVUS probe decontamination has
largely been ignored. No data currently exists as to the
absolute risk of transmission of infection from patient to
patient at TVUS, nor is there a process either to detect or
record infection that could be linked to TVUS use. Pelvic
infection is common, symptoms may be slight, and in the
absence of a formal programme of surveillance, it is inap-
propriate to dismiss the risk of contamination on the basis
of the absence of recorded cases. Although Backhouse17

attempted to establish protocols for ultrasound transducer
decontamination, endocavitary probes were not discussed
in detail and insufficient evidence was presented in order to
rationalize the proposed protocol.

In the absence of data attesting to defined risks of cross-
infection secondary to TVUS, the practice of probe decon-
tamination has been largely left to individual departments
to determine. There is a wide variety of products available
ostensibly designed for probe cleaning and disinfection.
Little is known about whether there is a uniform approach
across the UK to the decontamination of probes or
whether there are significant differences between different
departments.

In the present study, an anonymous questionnaire was
designed to ascertain TVUS probe cleaning programmes in
current use within English hospitals. This was to provide
evidence of variation in TVUS hygiene across hospitals and
to assess the need for national guidance. A literature review
was undertaken to clarify best practice and evaluation of
methods of decontamination discussed.
Materials and methods

A questionnaire was developed, informed by a review of
the literature, designed to examine the nature and distri-
bution of a wide variety of techniques utilized for probe
decontamination. Ethical approval was not necessary for
this questionnaire-based evaluation of practice. It was
initially made available on “survey monkey” (http://www.
surveymonkey.com/) and publicized via the British
Medical Ultrasound newsletter. This led to a disappointing
number of responses and, therefore, a paper-based survey
using the same questions was devised. The survey was sent
to ultrasound leads in 100 English acute hospitals, chosen at
random from the NHS website (http://www.nhs.uk/
servicedirectories/pages/acutetrustlisting.aspx). The paper
questionnaire was posted with a stamped addressed
envelope for return.
Results

Of 100 hospitals invited to take part in the questionnaire
68/100 (68%) responded. A summary of the results of the
completed questionnaire is presented. Appendix A lists the
questions and answers provided.
Discussion

Infection risk

Many authors use the terms “high risk”, “medium risk”,
and “low risk” interchangeably with Spaulding’s terms
(critical, semi-critical, and non-critical) describing the level
of disinfection required.18,19 To ensure no confusion about
the meaning of these terms used in the present question-
naire, a descriptor was provided to clarify what tissues the
probe contacts.

There is wide variation in response to the perceived risk
of cross-infection. This reflects a limited understanding of
risk stratification for the risk posed by medical instru-
ments. A high proportion of respondents (53%, 36/68)
classify TVUS probes as critical items, although there is no
evidence to suggest these same respondents decontami-
nate TVUS probes as such (requiring sterilization). Wor-
ryingly, 3% (2/68) classified TVUS probes as posing no
infection risk at all.

Departmental protocol

There is wide variation in the practice of probe hygiene in
the departments responding to the questionnaire. Although
the majority of respondents (87%, 59/68) reported having
clear and practical written guidelines for TVUS probe
decontamination within their hospital, the frequency,
methods, and types of decontamination solutions utilized
were widely variable across hospitals (Fig 1) and none meet
the standards required to achieve high-level disinfection.

Decontamination methods

How we are decontaminating now
Effective cleaning is an essential prerequisite to all

subsequent methods of decontamination (disinfection or
sterilization).20 Cleaning is defined as a process that
physically removes infectious agents and the organic
matter on which they thrive but does not necessarily
destroy infectious agents. The vast majority of pathogens
are present in organic matter so cleaning is vitally impor-
tant. Any failure to remove soil at this point creates the
potential for transmission of infection as the efficacy of
subsequent disinfection or sterilization will be
compromised.21,22

http://www.surveymonkey.com/
http://www.surveymonkey.com/
http://www.nhs.uk/servicedirectories/pages/acutetrustlisting.aspx
http://www.nhs.uk/servicedirectories/pages/acutetrustlisting.aspx
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Figure 1 Decontamination methods.
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Cleaning ultrasound probes with soap and water has
been shown to be more effective than other methods such
as paper or detergent wipes.23 The present survey has
shown that 37% (25/68) of respondents are using alcohol
wipes to clean the probe between patients. Alcohol wipes
do not clean, are not classified as high-level disinfectants,
and can damage equipment.12,24,25 Over time they harden
rubber and crack plastic. Therefore, their use is limited to
routine environmental decontamination and they should
not be used to clean ultrasound probes. Thirteen percent
(9/68) of respondents were using detergent wipes only.
Detergent wipes clean rather than disinfect, they are
expensive and not as effective as soap and water.26 Wor-
ryingly, 4% (3/68) of survey respondents only wipe the
probe head with paper and this cannot constitute adequate
cleaning.

One respondent reported use of enzymatic cleaning at
the end of a list. A US national survey in 1991 revealed 67%
of hospitals were using enzymatic cleaning during decon-
tamination of gastrointestinal endoscopes.27 Enzymatic
cleaning has been shown to be safe, cheap, and effective for
a variety of medical devices including rigid sigmoidoscopes
and flexible nasopharyngoscopes.28,29 Finding studies
comparing enzymatic cleaning with other established
cleaning methods has proven difficult.

The present questionnaire results revealed that 32%
(22/68) of respondents perform extra cleaning after a list
or if the probe cover breaks. A guiding principle for
decontamination is that of universal precautions: any
patient must be considered a potential infection risk, and
each TVUS probe must be decontaminated with the same
rigour following every endovaginal procedure. Universal
precautions should be followed; definitive decontamina-
tion should occur between every patient, without extra
procedures after a list or only if the probe is visibly
contaminated.

How we should decontaminate
The decontamination of endoscopes is well defined and

based on recommendations for flexible gastrointestinal
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endoscopes.30 Consequently, the incidence of endoscopy-
associated infections is low and usually attributed to lap-
ses or suboptimal decontamination procedures.31e35

Several methods have been proposed for ultrasound probe
disinfection, but the respective efficacy of these cleaning
methods has been variable when used under routine
conditions.9,36e38

Rutala and Weber39 stated the desired characteristics of
a high-level disinfectant. Unfortunately, no single system
for disinfection and no single most appropriate disinfec-
tant exists: all products have limitations. Oxidizing agents,
such as peracetic acid and chlorine-based agents, are
generally better biocides than the alkylating agents but
have a poorer materials compatibility. Alkylating agents,
such as gluteraldehyde and formaldehyde, are generally
not as good a biocide as the oxidizing agents but have
better materials compatibility. However, these agents are
no longer used due to toxicity and the risk of occupational
asthma.40

Most evidence for the effectiveness of various disinfec-
tant agents is developed by the companies themselves,
without comparison to other methods. Currently, no refer-
ence standard exists, which makes comparison between
products potentially confusing.

Within guidance for flexible endoscope decontamina-
tion, the Health and Safety Executive40 Control of
Substances Hazardous to Health (COSHH) regulations
essentials identify three group A (low-hazard and need only
general ventilation) high-level chemical disinfectants:
Tristel, Sterilox, and Virkon. COSHH requires consideration
to be given to the least hazardous substances (group A)
before more hazardous substances are used.

Twenty-four percent (16/68) of respondents are
currently using Tristel in some form. The protocol suggested
by Backhouse17 recommends use of Tristel. While Tristel is
claimed to be a high-level disinfectant,41 these data are
based on immersion in a solution of Tristel for 5 min. Tristel
is available in a number of formulations including wipes
and Tristel Duo (two solutions combined to make an active
foam). It is unlikely that wiping the TVUS probe with the
solution is as effective as immersion.

Sterilox is generated at the point of use by electrolysis of
salt solution. It must be used within 24 h and requires
a large space to house both generators and immersion
baths. This is space most NHS ultrasound departments do
not readily have. Although consumables cost is low (a 3 kg
bag of salt only is required for formulation of the disinfec-
tant solution for two cycles), both the generator and a dual
reprocessing unit (able to run two cycles at the same time)
cost £48,000.

Virkon requires a longer disinfectant time than the
aforementioned disinfectants and the working party
of European Society of Gastroenterology (ESG) do not
recommend peroxygen disinfectants for gastrointestinal
endoscopy.

How we might decontaminate in the future
Gas plasma. The use of true gas plasmas for the inactiva-
tion of microorganisms is an area of dynamic research. The
antimicrobial mechanisms of oxygen-based gas plasmas
may be due to an etching effect on microbial structures,
particularly bacterial endospores resulting in shrinkage.
The advantages of gas plasma sterilization include its
ability to provide safe, non-toxic, dry, low-temperature
sterilization in under an hour. By-products of plasma
sterilization are primarily water and oxygen. Because these
by-products are harmless, there is no need for aeration or
environmental hazard concerns. It is possible that appro-
priate sterility assurance levels can be obtained in parallel
with material and functional compatibility. Traditional
sterilization methods are often limited in these require-
ments. Therefore, gas plasma sterilization may prove to be
an appropriate alternative sterilization procedure for TVUS
probes.42

Ultraviolet C. Ultraviolet C irradiation is another promising
method. It has been shown to reduce contamination in
hospital rooms significantly.43 It appears to have similar
advantages to gas plasma. A single study by Kac et al.44 has
suggested that decontamination of TVUS probes by ultra-
violet C may be a useful method. Following ultraviolet C
decontamination (5 min per cycle) of endocavitary probes
neither bacterial pathogenic flora nor viral genomes were
recovered from the probe. This compared with significant
pathogenic bacteria and viral genomes on the control
probes (no decontamination process occurred following
probe cover removal). If it is to compete with more estab-
lished methods of decontamination, randomized,
controlled studies comparing ultraviolet C decontamination
with currently used decontamination methods are
essential.

Nanosonics. The Trophon EPR (manufactured by Nano-
sonics, Unit 24, 566 Gardeners Road, Alexandria, NSW,
Australia) is a relatively new machine specifically designed
for high-level disinfection of endocavity probes. The disin-
fection process occurs within an automated closed system,
with no exposure to toxic chemicals. It claims to provide
high-level disinfection (plus effectiveness against spores) in
under 6 min operating time. The whole unit stands at
485 mm by 340 mm by 315 mm and weighs 18 kg. The fully
automated device is designed for use directly at the point of
care and claims to be environmentally friendly, leaving only
hydrogen and water as by-products. It is currently only
available for purchase in Australia, New Zealand, and
France. It is scheduled to be rolled out across Europe but it is
not currently available in the UK. The product has been
validated by some ultrasound equipment manufacturers
(e.g., Philips, GE, Siemens), but it has not been indepen-
dently evaluated in the UK, where it is not a licensed device.
Although this seems an ideal alternative to use of chemical
disinfectants (whose long-term toxic effects remain
unknown), the main drawback is that this is likely to
represent major capital investment for the NHS. A unit
would be required in each ultrasound room utilizing
transvaginal ultrasound probes. Unit cost (to reprocess one
TVUS probe at a time) is £3995. The disinfectant chemicals
(nanoebulant) are held within a cartridge that can cycle 50
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TVUS probes. Twelve cartridges cost £750 and, therefore,
the consumables cost per patient is £1.75.

Probe cover use and type

Probe cover
All English hospitals surveyed reported using a probe

cover. It is arguable that some of the variation in decon-
tamination practice relates to an over-reliance on the use of
probe covers to provide protection of the patient from
cross-infection. From free text comments within the ques-
tionnaire, some respondents downgraded TVUS probe risk
to “low” with the additional use of a probe cover. However,
with condom perforation rates reported as high as 9%45 it
must be assumed that the probe remains a semi-critical
item, even with probe cover use.

Type of probe cover
While all respondents used probe covers, the majority

(65%, 44/68) continue to use manufacturer-produced probe
covers despite robust evidence showing condoms as
a superior cover, at least in respect to perforation rates.46

One respondent reported that there was no need to
inspect the probe cover as they had recently changed to
a probe cover claimed by the manufacturer to be guaran-
teed “no holes”.

One potential drawback of the use of condoms is that
they have lower coverage of the lead coming from the probe
than most manufacturer produced covers. It remains
acceptable to use condoms as long as cleaning of the probe
includes the entire probe and the immediate part of the
lead.

Inspection for contamination
Forty percent (27/68) of respondents to the question-

naire report using visual inspection of the probe cover to
exclude perforations. Within the free text area, many
respondents who reported checking probe covers visually
did so only prior to starting the transvaginal examination.

Perforations have been shown to occur without visible
soiling of the probe.47 The majority of research studies
investigating probe-cover perforation assess these by
blowing up the condom or probe cover (with air or filling
with water) after use to test for leaks.45,46,48 This is certainly
not practical or appropriate in clinical practice. Visual
inspection of probe covers is an unreliable method of
testing for perforations and is not acceptable as conferring
evidence of efficacy of the probe cover.44,47,49

Probe cover conclusions
It has been suggested that employing a single-use,

disposable polyurethane sheath, combined with enzy-
matic detergent cleaning and disinfectionwith 70% ethanol,
can reliably decontaminate other intra-cavity endoscopes
and eliminate the need for high-level disinfection of
endoscopes.50 However, it has also been shown that probes
may carry pathogens after removal of covers under routine
conditions44,45 contamination may occur either after
perforation of the sheath45e47,51 or through leakage of body
fluids at the open rim of the protective cover. Consequently,
currently available international guidelines recommend
routine high-level disinfection of probes immediately after
each examination, even when a protective cover is
used.52e54
Ultrasound machine types

Fifty-seven percent (39/68) of surveyed hospitals use
a range of different ultrasound machines, which identifies
the need to provide decontamination methods compatible
across all these machines, both for individual hospital
guidelines and in a national document.
Comparison with previous audit

The results of the present questionnaire unfortunately
demonstrate similarities to a previous audit that sought to
establish a protocol of decontamination of ultrasound
transducers in general.17 The present review of national
practice has been focussed specifically on TVUS probe
decontamination. It has by comparison, shown a greater
variation in decontamination practices and combinations of
methods. All respondents used probe covers in the present
review; in the review by Backhouse only 22% always used
probe covers, but this is likely to reflect the inclusion of
transabdominal probe use within this audit (for which
a probe cover is not commonly required). The Backhouse
questionnaire was filled in by nurses who, at least within
the authors’ department, are not responsible for TVUS
probe decontamination.

The audit by Backhouse revealed questionable practices
with regard to probe cleaning. There has been no
improvement since that time, suggesting that, without
direction, this issue is unlikely to be adequately addressed.
Best practice cannot be determined by evaluating practice
but must be informed by evidence. The variation in practice
does suggest the need for a thorough review of evidence
and highlights the need for national guidance/recommen-
dations based on evidence.

Previous studies have demonstrated poor compliance
with decontamination guidance and that routine probe
disinfection between examinations is not a universal
practice.17,55e57 In addition, there is no current uniform UK
system for decontamination of TVUS probes, which explains
why there is variation in practice. This may be due to lack of
data of bacterial and viral contamination of ultrasound
probes despite the use of covers, the disadvantages of
chemical disinfection, the time required for the disinfection
procedure, and potential incompatibility with the materials
used to construct the probes leading to a shortening of their
working life.12,19,38

Any high-level disinfection process must achieve
appropriate levels of decontamination in a reasonable
timeframe for practical clinical use. Unfortunately,
processes that deliver effective cleaning and disinfection
between patients are frequently expensive and have rela-
tively long turnaround times.
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As well as a review of existing options, there is a need for
a more thorough evaluation of alternative methods of probe
decontamination including ultraviolet C, gas plasma, and the
generation of a closed-circuit biocidal mist (Nanosonics
Trophon). As the principles are the same for any transducers
that may come into contact with body secretions, any new
protocolswould potentially be applicable to all intra-cavitary
transducers, including transvaginal, transrectal, trans-
oesophageal and endoscopic transducers. A recent paper
outlining guidelines for transoesophageal echocardiographic
probe decontamination58 has identified several methods of
decontamination, which could also be acceptable for use
with TVUS probes. Their recommendations closely mirror
our own suggestions; none of which are in current use for
TUVS probes within surveyed English hospitals.

National guidelines around the world

National guidelines do exist in other countries including
America,59 Canada,60 Australasia,53 and France.61 Because of
the risk of disruption of probe covers, all insist upon high-
level chemical disinfection of probes. Although national
guidelines exist, the unenviable choice of which high-level
chemical disinfectant to use remains up to individual
hospitals.

The following represents a summary of the recommen-
dations of the Australasian Society of Ultrasound in Medi-
cine and Biology. (1) Universal precautions must be
followed; (2) high-level disinfection is required despite use
of probe covers; (3) formal training in decontamination
procedures is a legal requirement for equipment users; (4)
the probe cover used must be more than 38 mm thick but
the type is not specified; (5) probe cleaning should occur
with running water, using a soft brush and free rinsing mild
alkali (Household detergents and soaps are not recom-
mended due to high foaming properties increasing residue
left behind, decreasing the effectiveness of the clean.); (6)
disinfection options are: (i) gluteraldehyde d 20 min
immersion, (ii) ortho-phthaladehyde (Cidex OPA)d 10 min
immersion at 20 �C; (iii) hydrogen peroxide in an auto-
mated system (e.g., Trophon EPR); (7) adequate rinsing
(with sterile water) and drying time following decontami-
nation is important.

In the UK gluteraldehyde use is not recommended.40 The
immersion times suggested are impractical within a busy
TVUS list, adding adequate rinsing and drying times will put
each probe out of circulation for at least 30 min. While it is
encouraging that Australasia has national guidance on
intracavitary transducer decontamination, the evidence
base for the guidelines is difficult to ascertain from the
document.53 In drawing up national guidelines for the UK, it
is imperative that the basis for the recommendations is
transparent and that the recommendations are effective,
clear, practical, and cost conscious.

Limitations of questionnaire

Details of the gender and the respondent’s position
within the hospital were not obtained. Although the
questionnaire was addressed to the ultrasound lead, it can
only be assumed that the respondent was in fact the
ultrasound lead. The response rate suggests that the
results are a reasonably representative cross-section of
English hospitals. Nonetheless, certain limitations of this
study should be taken into consideration. Firstly, the
respondents may be a biased subgroup. Secondly, it is
possible that the survey did not reach all of the intended
recipients. It is acknowledged that there is no information
about acceptability, validity, or reliability of the ques-
tionnaire, but it is an acceptable tool to provide qualitative
information of TVUS probe decontamination across
English hospitals.

Within guidance on decontamination, the Health and
Social Care Act62 requires “a record-keeping regime is in
place to ensure that decontamination processes are fit for
purpose and use the required quality systems”. Adequate
documentation of decontamination of each TVUS probe is
a legal requirement for traceability and tracking. A glaring
omission of this questionnaire is a survey question dedi-
cated to this subject. However, given the survey results,
few, if any, hospitals would be able to demonstrate
a decontamination process for TVUS probes with a robust
audit trail.

Another omission within the questionnaire is the lack of
a question regarding the sterility of coupling gel. There have
been a number of reports (although with only small
numbers) of nosocomial infections implicating ultrasound
gel as a vector7,8,63 although not specifically with respect to
TVUS. Muradali et al.36 evaluated coupling gel as a culture
medium, and showed that the gel permitted bacterial
growth and did not show any evidence of bactericidal or
bacteriostatic properties. It is imperative that all traces of
the coupling gel should be removed from the probe prior to
higher-level decontamination. Coupling gel used for TVUS
should be sterile and this should be considered as part of
any national guideline.

In conclusion, confusion over the level of risk posed by
TVUS probes and highly questionable practises regarding
TVUS hygiene have been confirmed from the survey
results. There is a wide variety of decontamination
methods, as well as a wide variety of agents proposed as
disinfectants. Robust evidence to enable development
of a single protocol for TVUS probe decontamination is
severely lacking. It is our view that there is an urgent
need to develop national guidance for TVUS probe
decontamination.

In the absence of national guidance, it remains appro-
priate to make certain general recommendations regarding
TVUS probe decontamination: (1) transvaginal ultrasound
probes should be regarded as semi-critical devices and
decontaminated as such; (2) high-level decontamination of
transvaginal ultrasound probes should occur between
every patient; (3) decontamination of TVUS probes should
be documented and there should be a system of trace-
ability in cases of decontamination failure; (4) consensus
on probe cover use and decontamination methods is
required; (5) sterilization of TVUS probes is not required or
feasible.
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Appendix A
Table A1
Answers to questionnaire related to transvaginal ultrasound (TVUS) probe decontamination.

Question Number of
respondents

Percentage
(%)a

For the purposes of infection, do you consider TVUS to be:
Critical (direct contact with blood products) 36 53
Semi-critical (contact with intact mucous membranes) 25 37
Non critical (contact with intact skin) 5 7
No risk 2 3
Does the department where you work have a policy/protocol regarding the cleaning of TVUS probes?
Yes, a clear protocol which is practicable and followed 59 87
Yes, but it is not practicable / achievable 3 4
No, there is no policy 6 9
I don’t know 0 0
In addition to the method(s) used after each single use, is another additional method used less frequently?
No additional method 46 68
Other method used 22 32
Other method
Soap wipes at end of list 7
If cover breaks Tristel wipes used 5
Rinsed three times then disinfected (method not specified) 2
At end of list soaked in solution of Sanichlor 2
Endozyme used after every list 1
If cover breaks wash twice with soap and water then use T spray 1
Alcohol wipes used at end of list 1
At the end of the list decontamination occurs with gas plasma 1
If cover breaks soaked in Perasafe 1
If cover breaks sent for decontamination (method not specified). 1
When performing TVUS, do you use a probe cover?
Always 68 100
Sometimes 0 0
Never 0 0
What type of probe cover do you use?
Manufacturer produced 37 55
Condom 24 35
Manufacturer produced and condom 7 10
Is the probe routinely inspected for contamination?
Yes 54 79
No 14 21
Is the probe cover routinely inspected for perforations? If so what method is used?
No, not inspected 40 59
Yes, visually inspected 27 40
Yes other way.

(We have changed to a cover which is guaranteed ‘no holes’ by the manufacturing process).
1 1

How many different makes of ultrasound machine do you use for TVUS?
Single make 29 43
Two makes 22 32
Three makes 9 13
Four makes 7 10
More than four makes 1 1

a Percentages are rounded to nearest whole number.
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