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ABSTRACT

Microbial contamination of ultrasound probes for percuta-
neous or endoscopic use is common. However, infectious
diseases caused by transmission of microorganisms by US pro-
cedures have rarely been reported. In Germany, legal regula-
tions address hygiene in ultrasound procedures. Based on these
regulations and the available literature, an expert panel of the
German Society of Ultrasound in Medicine (DEGUM) has formu-
lated sophisticated recommendations on hygienic measures in
percutaneous and endoscopic US, including US-guided inter-
ventions.

ZUSAMMENFASSUNG

Mikrobielle Kontaminationen von Schallképfen, kutan oder
endokavitar angewandst, sind haufig, tatsdchliche Infektionen
nach Sonografien werden jedoch nur kasuistisch berichtet. In
Deutschland existieren rechtliche Vorschriften zur Schallkopf-
hygiene. Ein Expertengremium der DEGUM hat vor dem Hin-
tergrund der Vorschriften und der verfligbaren Literatur
differenzierte Empfehlungen zur Hygiene in der Sonografie
und der Endosonografie, einschlieRlich der ultraschallgestiitz-
ten Interventionen, formuliert.
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Introduction

Due to its universal availability, the lack of ionizing radiation, and
its useful applications for medical practitioners with a broad range
of areas of specialization, ultrasound has become an important
diagnostic imaging method. An ultrasound probe and a coupling
medium are always applied to the patient’s body.

Ultrasound is also widely used in many medical fields for
controlling percutaneous interventions, such as puncture, biopsy,
regional anesthesia, catheter and drainage placement [1-4].
From a hygiene standpoint, the proximity of non-sterile material
(ultrasound probe) to the injection cannula or drainage tube is
problematic in particular [5-7].

In the case of diagnostic endoscopic ultrasound imaging, the
ultrasound probe is inserted into an opening in the body. In the
case of endoscopic ultrasound-guided puncture (transesopha-
geal, transgastral, transbronchial, transvaginal, transrectal), the
integrity of the mucous membranes is additionally compromised.

The current ultrasound probe preparation practices in Europe
were recorded in a survey by the European Society of Radiology
(ESR). 65 % of respondents indicated that they clean and disinfect
the ultrasound probe after every examination of intact skin. In the
case of invasive examinations, 77 % of respondents use sterile
ultrasound probe covers and 77.5 % use sterile gel. However, only
946 of 22 000 surveys were completed and returned, correspond-
ing to a response rate of only 4.6 %, thereby greatly limiting the
significance of the survey. 666 respondents provided information
regarding invasive methods [8].

In Germany, there are legal regulations regarding the use of
medical devices and their preparation [9-12], which are clearly
defined in recommendations from the Commission for Hospital
Hygiene and Infection Prevention (KRINKO) [13 - 15]. Several pro-
fessional societies have also published guidelines and recommen-
dations, some of which only address individual aspects of this
topic [16 - 21]. However, there is little prospective data regarding
infections caused by transmission of microorganisms during US
procedures. As a result, the German Society of Ultrasound in Med-
icine (DEGUM) has formulated valid, comprehensive, and sophis-
ticated recommendations for daily practice.

Method

On the initiative of DEGUM’s Working Group for Interventional
Ultrasound and with the authorization of the extended board of
the society, 16 experts were named as the authors of the recom-
mendations on hygiene in ultrasound and endoscopic ultrasound
in January 2016 after invitation to the boards of the divisions and
working groups. After approval of the topics and questions, a sys-
tematic search of the literature (PubMed, Limits 01/1980-02/
2017, human, German, English; Google Scholar) was performed
and the relevant publications of the Robert-Koch Institute were
viewed. This literature search was supplemented by a targeted
hand search by the members of the expert panel. The last update
was made as part of the review process in December 2017.

Based on the results of the literature analysis, the valid laws in
Germany, existing guidelines and expert experience, the authors
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completed their recommendations on hygiene in ultrasound and
endoscopic ultrasound by the end of April 2017. These recom-
mendations were discussed in the divisions and working groups
of DEGUM and in the expert group, and the final version was
approved using a Delphi method from June 8 to July 8, 2017.
Recommendations that did not achieve agreement of at least
75% (12/16 authors) in the Delphi method were discarded or
revised and then reconsidered. The recommendations accepted
for this publication were adopted in “consensus” (agreement of
12-13/16 authors), with “strong consensus” (14-15/16
authors) or unanimously (16/16 authors).

Although this expert consensus is based on a significantly
larger pool of data than previously published recommendations,
even those of KRINKO, there were only a few prospective studies
and almost no comparative studies regarding the main topic of in-
fection rates. Many of the cited studies are only of medium or low
quality. Therefore, grading of the evidence and evaluation of the
strength of the recommendation were intentionally eliminated.

Background

Microbial contamination

An observational study from France visually inspecting probes
from daily use in an emergency room detected macroscopic
contamination with gel, blood, or dust in 58 % of cases [22].
When the ultrasound probes at six American hospitals were tested
for contaminants, all six came back positive, albeit only with mi-
croorganisms of normal skin flora, including yeast [23]. In 320
swabs of ultrasound probes of point-of-care US devices, a single-
center American study found bacterial growth (exclusively
apathogenic microorganisms) in only 5.5 % of cases [24]. Another
American study examined ultrasound probes from an emergency
room and found contamination with skin flora in 67 % of cases in-
cluding pathogenic microorganisms in 1.2 %. The rate increased
to 70 % when examining patients with skin or soft-tissue infec-
tions [25]. Problematic bacteria like MRSA were found by other
authors in up to 41 % of ultrasound probes after examination of
MRSA-positive patients [26].

An English epidemiological study found microorganisms from
the skin and environment on ultrasound probes, gel and device
keyboards in 65 % of cases and potentially pathogenic agents in
9.4 % (one-fifth being on the ultrasound probe) [27]. An ultra-
sound probe used for abdominal ultrasound in the clinical routine
was examined using contact plates at the Greifswald University
Hospital. Examination of 95 contact samples from this probe
showed that only 17 (18 %) were without a microbiological finding
after wiping and before disinfection. Coagulase-negative staphy-
lococci were seen in the vast majority of the other cases [28].
Contamination of 60 % of all ultrasound probes after abdominal
examination is reported in Australia [29] and of 42-100% of
ultrasound probes in routine use examined in Poland [30]. A
current, European-American study found that ultrasound probes
have a tendency to have greater microbial contamination than
public toilets and handles on buses [31].
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Endoscopic ultrasound probes are semi-critical medical devi-
ces and are subject to strict preparation criteria [14, 32]. Sykes
et al. report skin and environmental organisms on 83.3 % of exam-
ined vaginal probes and on 45% of rectal probes (potentially
pathogenic microorganisms 6.7 % and 3 %, respectively) [27].

These contamination rates show the necessity for clear recom-
mendations regarding hygiene both in diagnostic ultrasound
imaging and ultrasound-guided therapy.

Legal basis

Application

According to the German Protection against Infection Act (IfSG,
§23 (3)), the heads of medical facilities must ensure that the nec-
essary measures as determined by current medical knowledge are
taken to prevent nosocomial infections and the transmission of
pathogens. Moreover, according to §36 of the IfSG, in-house
infection prevention procedures must be defined in hygiene plans
[9].

In the event of damage, e. g. the occurrence of an infection
after an ultrasound intervention, the examiner must show that
the necessary measures according to current medical science
have been met and the valid recommendations have been ob-
served [33]. Therefore, according to IfSG § 23 (4): “It is assumed
that the requirements according to current medical science in
this area have been met if the published recommendations of
the Commission for Hospital Hygiene and Infection Prevention
have been observed” [9].

In 2011, this commission (KRINKO) published the “Hygiene Re-
quirements for Puncture and Injection” [13], which are discussed
in the following.

The KRINKO recommendations [13] require skin antiseptic
with a sufficiently long application time for percutaneous punc-
ture. Microorganisms must not be able to be transferred from
the clothing of the person performing the examination to the pa-
tient. Four risk groups are defined on the basis of the puncture
procedure, the puncture target, and the assumed infection risk
(» Table 1). Individual risk factors must also be taken into consid-
eration.

Based on the categorization of the risk groups, KRINKO makes
detailed recommendations regarding materials, barrier precau-
tions, and protective clothing with examples (> Table 2).

The KRINKO recommendations also relate to ultrasound-quid-
ed puncture [13, 15]. The guidelines do concede that there are no
randomized studies with a clinical end point and only minimal
scientific data in this regard is available [13, 15]:

In the case of ultrasound-quided puncture, in which the probe
touches the puncture site or can come into contact with the punc-
ture needle, the probe is to be provided with a sterile cover
(> Fig.1-3).

In the case of ultrasound-guided puncture for inserting a cath-
eter, the sterile cover must also include the supply cable (> Fig. 4).

If a non-sterile ultrasound coupling medium is used, it must
not be allowed to contaminate the needle or the puncture region.
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» Table 1 Puncture risk groups according to KRINKO [13].

risk definition
group
1 simple puncture procedure and low risk of puncture-

associated infection

2 simple puncture procedure and low infection risk but
serious consequences documented in the literature in
the case of (rare) occurrence of infection and no need
to temporarily set down sterile puncture tools.

3 puncture of organs or cavities or complex puncture
procedure with need to temporarily set down sterile
puncture tools, with or without an assistant.

4 complex puncture with the need to temporarily set
down sterile puncture tools and aseptic handling of
puncture tools by an assistant and/or the insertion of
catheters or foreign objects into body cavities or deep
clefts in tissue.

This is ensured, for example, when the ultrasound probe is applied
outside the puncture region (> Fig. 2).

If an ultrasound coupling medium is need directly at the punc-
ture site, an alcohol skin disinfectant or sterile ultrasound gel is to
be used (> Fig. 1, 3).

Hand hygiene as the most effective single step in breaking the
chain of infection in health care facilities is particularly important
in (interventional) ultrasound. Hygienic hand disinfection must be
performed immediately before contact with a patient, immedi-
ately prior to aseptic activities, immediately after contact with
potentially infectious materials, after contact with a patient, and
after contact with the patient’s immediate surroundings and is
thus an essential and continually repeated part of diagnostic ultra-
sound imaging. Surgical hand disinfection (washing hands and
lower arms with soap, followed by disinfection up to the elbows)
is required for intraoperative ultrasound [13, 34].

Preparation

Preparation includes preliminary cleaning, cleaning, disinfection,
rinsing, drying and inspection of the cleanliness and intactness of
the ultrasound probe. In 2012, KRINKO and the Federal Institute
for Drugs and Medical Devices (BfArM) published “Hygiene
Requirements for the Preparation of Medical Devices” [14].

All medical devices must be cleaned and disinfected using vali-
dated methods and sterilized if necessary [19]. The requirements
[14] necessitate detailed description of a validated method for the
preparation of devices to be used in a low-germ - i. e. disinfected
- and sterile state with reference to the Medical Device Directive
and DINEN ISO 17664. The legal situation in Germany requires
ultrasound probe manufacturers to describe these methods.
However, this information is often missing in practice [28, 35].

With respect to the type of application and the resulting risk,
there are three categories of medical devices: non-critical, semi-
critical, and critical. Ultrasound probes that only come in contact
with healthy skin are “non-critical”. Cleaning and disinfection
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» Table 2 KRINKO recommendations to be taken into consideration in a hygiene plan, modified according to [13].

risk group type of puncture type of swab

1 i.v. injection (peripheral) low-germ

2 pleural puncture, ascites sterile
puncture, bladder puncture
(diagnostic)

3 organ puncture (e. g. kidney, sterile
liver, lymph node, spleen,
thyroid)
amniocentesis
chorionic villus sampling
transvaginal/transrectal
(ultrasound-guided) cyst
or tissue puncture

joint puncture sterile

4 pleural drainage catheter sterile
placement in other body
cavities or organs

» Fig. 1 Incorrect puncture using the freehand technique with
minimal needle distance from the ultrasound probe. The needle
unintentionally comes in contact with the ultrasound probe that
has only been disinfected. A sterile cover for the ultrasound probe
would be needed in this case.

after every use is sufficient here. Disinfectants with only bacterici-
dal and yeasticidal (yeast killing) activity are to be used.
Ultrasound probes that come into contact with the mucous
membrane or diseased skin, e. g. during introitus or perineal ultra-
sound, are “semi-critical medical devices without special prepara-
tion requirements”. In this case, disinfection with bactericidal
(including mycobacteria), fungicidal and virucidal activity must
be performed. The check for virucidal activity must be performed

Miiller T et al. DEGUM Recommendations on... Ultraschall in Med 2018; 39: 284-303

cover additional protective clothing

examiner assistance

none low-germ gloves not required
none sterile gloves, surgical no special measures
mask

sterile drape sterile gloves no special measures

sterile drape sterile gloves, surgical
mask in the case of
puncture with syringe

change

surgical mask in the case
of puncture with syringe
change

sterile drape sterile gloves, surgical
mask, surgical cap,

sterile long-sleeve gown

surgical mask

» Fig.2 A safety distance between the ultrasound probe and the
sterile needle is maintained in this freehand biopsy. If the examiner
can ensure that the needle will not come into contact with the
ultrasound probe, a sterile ultrasound probe cover is not necessary.

according to the current guidelines of the Society for Virology in
Germany and the Robert Koch Institute [14].

Rigid endoscopic ultrasound probes (> Fig.5) are generally
semi-critical medical devices of group A (without special prepara-
tion requirements). In Appendix 7 of the indicated publication,
BfArM and RKI define the requirement as follows: “Manufacturers
of ultrasound probes for transvaginal use are required to provide
specifications regarding at least one effective and suitable disin-
fection method with the above-mentioned spectrum of efficacy
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» Fig.3 Correct application of the sterile ultrasound probe cover in
a freehand biopsy with possible contact between the needle and
the ultrasound probe. The examiner is wearing sterile gloves. A
sterile drape/incise drape as a barrier precaution is obligatory when
tools (e. g. syringe) must be changed/set down during puncture.

> Fig. 4 Placement of an abscess drainage tube. Ultrasound probe,
cable, and keyboard are covered with sterile covers. Following hand
disinfection, the examiner is dressed as in a surgical situation. A
sterile drape/incise drape serves as the barrier precaution. A sterile
ultrasound gel is used as the contact medium. A sterile work table is
additionally available.

in the instructions for use. Proof of efficacy with recognized meth-
ods must be documented by an expert opinion (...)” [14]. This re-
quirement was included in the ultrasound agreement in 2017
[36].

Flexible endoscopic ultrasound probes and rigid probes with
an internal instrument channel are part of group B (with greater
preparation requirements) and must therefore undergo prelimi-
nary cleaning directly after use and should preferably be prepared
for use by machine [14].

As thermolabile devices, guide adapters that can be clamped
to the ultrasound probe (> Fig.6) are to be disinfected at least
once and covered with a sterile cover. Injection needles and
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» Fig.5 Rigid endoscopic ultrasound probe with puncture adapter.
The ultrasound probe is first covered with a low-germ cover that is
partially filled with ultrasound gel. The disposable needle guide is
mounted over this.

needle guides are generally to be used as sterile disposable pro-
ducts (> Fig. 5, 6). Puncture needles and drainage tube are “criti-
cal” medical devices that must be sterile. Ultrasound probes with
a puncture channel (> Fig.7) must also be sterilized [14].

In intraoperative ultrasound (> Fig. 8), ultrasound probes
are inserted into open body cavities and are thus also considered
critical medical devices. In addition, they are thermolabile (“criti-
cal C”). The KRINKO/BfArM recommendations require machine
cleaning and disinfection as well as sterilization (e.g. plasma or
ethylene oxide sterilization). Moreover, preparation is subject to
external quality control. This is to be verified by certification of
the quality management system to guarantee that these require-
ments have been met [14].

In English and French-speaking countries, there is often a dif-
ferentiation between “low”, “intermediate” and “high-level disin-
fection”. “Low-level disinfection” refers to the killing of most
vegetative bacteria, some fungi, and viruses in a short period of
time (<10 min). “High-level disinfection” means that all microor-
ganisms including spores are killed [32, 37]. This categorization is
not legally relevant in Germany.

Guidelines

The current European guidelines of the EFSUMB for interventional
ultrasound go into less detail compared to the KRINKO recom-
mendations that are based on the principle of risk minimization.
They are primarily based on two categories not defined in greater
detail: “major and minor invasive procedures” with varying infec-
tion risks. This required adapted hygiene measures. Sterile gloves,
disposable gowns, and sterile ultrasound probe covers are recom-
mended also for minor measures while asepsis as in the operating
room is recommended for major interventions. EFSUMB requires
cleaning and disinfection for the preparation of ultrasound
probes, while ultrasound probes with a puncture channel or intra-
operative probes must be sterilized [21].
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» Fig.6 Ultrasound probe with puncture adapter. The guide adap-
ter is attached to the ultrasound probe under the sterile cover. The
sterile disposable needle guide is clamped on top. The ultrasound
probe cover also covers the cable.

» Fig. 7 Ultrasound probe with puncture channel with removed
needle guide. As a rule, these ultrasound probes and needle guides
must be sterilized since the needle in the channel touches both
parts.

In November 2014, the Regional Anesthesia Working Group of
the German Society of Anesthesiology published its S1 guidelines,
which require that the ultrasound probe and cable be covered
with a suitable sterile cover in ultrasound-guided regional anes-
thesia. No differentiation is made between “single shot” and
“catheter-based” regional anesthesia. Moreover, only sterile ultra-
sound gel or another sterile fluid can be used to improve image
quality. In addition, all persons participating in catheter implanta-
tion must wear a surgical cap and a new surgical mask. In single-
shot puncture, only a surgical mask is necessary. The sterile gown
and surgical cap can be dispensed with [20].

In 2015, the “Hygiene in Hospital and Practice” working group
of the AWMF published S1 guidelines regarding hygiene measures
in intraarticular puncture and injection requiring a certain

Miiller T et al. DEGUM Recommendations on... Ultraschall in Med 2018; 39: 284-303

» Fig. 8 Intraoperative ultrasound with intervention. The sterilized
ultrasound probe or probe treated with bactericidal (including
mycobacteria), fungicidal, and virucidal immersion disinfection is
packed in sterile packaging. The examiner is dressed like a surgeon.

distance between the ultrasound probe and puncture site (not
defined in greater detail) during ultrasound-quided freehand
puncture. Disinfection of the ultrasound probe and patient skin is
then sufficient, and a sterile ultrasound probe cover is not requir-
ed. The coupling medium should be a disinfectant [17]. The
current ST guidelines of the same working group do not include
ultrasound control of vascular catheter insertion [18].

Guidelines of the American Centers for Disease Control and
Prevention also address ultrasound and were last published in
2008 [32]. The French Radiology Society published hygiene
recommendations for interventional radiology in 2012 [38].

Current data

Percutaneous ultrasound

The contamination rates of examined ultrasound probes from the
clinical routine were mentioned in the introduction. Transmission
of Staphylococcus aureus from patient to patient via only dry-
wiped, non-disinfected ultrasound probes was already proven 30
years ago [39]. However, reports of infections due to transmission
of microorganisms via contaminated ultrasound probes are not
known. This would also be difficult to prove since at the time of
manifestation of an infection the ultrasound probe would typically
already have been used again numerous times.

Bacterial contamination of ultrasound gel

As noninvasive products for temporary use, ultrasound gels are
class I medical devices according to European law and as such are
equal to pharmaceuticals with respect to function, safety, and
quality. In the EU it can therefore be assumed that commercially
available ultrasound gel is primarily not contaminated with bac-
teria.

However, contaminated gels were found in up to 2.5 % of cases
(Pseudomonas aeruginosa, USA; Burkholderia cepacia, Italy, Cana-
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da; mycobacteria, Taiwan) and were determined to be a source of
nosocomial infections [40 - 44]. Endemic transmission of Achro-
mobacter xylosoxidans after transrectal prostate biopsy was able
to be traced back to contaminated gel in Israel [45]. Heated gel in
pediatrics was identified as the source of infection with Staphylo-
coccus aureus [46]. However, heating the gel to over 40 °C tends
to reduce the rate of bacterial contamination [47].

If gel is transferred from the disposable bottle, contamination
and infection can occur. Eight cases of gel-associated infection
with ESBL-producing Klebsiella pneumoniae were reported in
France [48]. Contamination rates can be high: in two publications
28 % and 59.5 % of all gels were contaminated including with pa-
thogenic bacteria (Stenotrophomonas maltophilia, Acinetobacter
baumannii, Staphylococcus aureus, MRSA, Bacillus spp., among
others) [47, 49].

In a comment regarding bacterial contamination of ultrasound
gel, North American authors cited case reports indicating
contamination of the gel with Pseudomonas aeruginosa already
during manufacture [50]. Despite the addition of preservatives,
e.g. parabens, ultrasound gels are not always free of microorgan-
isms [42]. In addition, ultrasound gel can enter the needle when it
passes through the gel [51]. Various authors require the use of
sterile ultrasound gel for every procedure requiring skin disinfec-
tion. This relates to all percutaneous biopsies [44, 50].

CONCLUSION:

1. Commercially available ultrasound gels are usually but not
always free of microorganisms.

2. Refillable gel containers are often contaminated.

3. There are case histories and reports of local outbreaks of
various infections caused by the transmission of microor-
ganisms via contaminated ultrasound gels.

4. Infections caused by transmission of microorganisms via
contaminated ultrasound probes are not known despite
high contamination rates.

Ultrasound probe preparation

According to the international literature, a broad range of clean-
ing and disinfection methods are used for ultrasound probes.

Cleaning only with dry paper is common but is not sufficient
from a hygienic standpoint: Of 50 ultrasound probe swabs exam-
ined in an Iranian study, 98 % were positive for aerobic bacteria
and 52 % for anaerobic bacteria immediately after an examina-
tion. After wiping with paper towels, the rates were 42 % and
21 %, respectively [52]. A Nigerian study found positive swabs in
37 or 40 patients immediately after examination, including
34.6 % cases of MRSA. An average of 90 colony-forming units
(CFUs) were detected immediately after examination, 12.9 CFUs
after the probe was wiped once, and 3.3 CFUs after the probe
was wiped twice [53]. This coincides with findings from the USA
[25] and Wales [26].

A study from Wales prospectively examined ultrasound probes
immediately after abdominal ultrasound in 40 patients (including
34 with MRSA colonization). 40 swabs were taken immediately
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and then another 40 after the probes were wiped with paper
towels. Two groups were formed: 20 swabs were performed after
disinfection with 70 % alcohol and 20 after another wiping only
with dry paper. On average, there were 128 CFUs immediately
after use, 21 CFUs after wiping with paper once, 2 CFUs after
wiping with paper twice, and only 0.05 CFUs after cleaning with
paper and alcohol. 41 % of the first 34 swabs taken from ultra-
sound probes after use on MRSA-positive patients were positive
for MRSA [26].

In a Canadian study, 31 non-endocavitary ultrasound probes
were contaminated with various quantities of MRSA and were
then cleaned with 0.5 % hydrogen peroxide solution. After five
minutes, contamination could no longer be detected on any of
the probes [54]. An English prospective study examined 120
swabs of ultrasound probes and ultrasound units for regional
anesthesia after cleaning and disinfection with 70 % isopropanol.
No bacteria growth was seen in 85 % of cases and growth of
apathogenic microorganisms of the skin was seen in 15 % of cases
[55].

French authors compare three different methods for cleaning/
disinfection: Dry wiping with paper towels, antiseptic cleaning
with a cloth sprayed with disinfectant (mixed solution, Aniospray
29) and a ten-minute UV-C treatment. The median microbial
reduction (in CFUs) was 100 % after UV-C treatment, 98.4 % after
cleaning with an antiseptic wipe, and 87.5 % after wiping with dry
paper. Bacteria-free swabs were seen in 88%, 16% and 4 % of
cases [56].

A study from Turkey found comparable efficacy for the clean-
ing of ultrasound probes with 80 °C hot water for five minutes and
cleaning with antiseptic wipes (Cleanisept® Wipes) based on 20
swabs in each case: Coagulase-negative staphylococci were
detected in 5% of cases (1/20) [57].

CONCLUSION:

1. In daily use there are primarily microorganisms of normal
skin flora on ultrasound probes.

2. These microorganisms and pathogenic bacteria like MRSA
cannot be reliably eliminated by wiping.

3. There are numerous proposed and used cleaning and
disinfection methods with varying success rates.

Percutaneous interventional ultrasound

Given the broad use of ultrasound for guiding invasive measures,
there are astonishingly few publications that address hygiene in
this regard. The available publications regarding infectious com-
plications in ultrasound-guided interventions are case histories
and largely retrospective analyses or surveys [58 - 62]. However,
retrospective surveys have the risk of overlooking clinically inap-
parent infections or infections treated elsewhere. In addition, the
hygiene conditions and antiseptic measures are usually not stand-
ardized and therefore cannot be tracked or compared in all cases.

A large retrospective study from Italy found only three infec-
tions in 16 648 biopsies and 3035 therapeutic interventions invol-
ving the liver over a period of 22 years, all after ethanol instillation.
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However, only 8 % of the 12962 biopsied patients were reexa-
mined with documentation after two to three weeks [63].

In the case of a retrospective analysis of a biopsy register of the
Mayo Clinic in Rochester, infections were detected in 8 (0.1 %) of
the 6613 primarily ultrasound-guided liver biopsies performed
over 12 years. Unfortunately, the authors do not provide any infor-
mation regarding hygiene measures. All eight infections (cholan-
gitis, chologenic sepsis, infected biliary fistulas) occurred in
patients with biliary obstruction or after liver transplantation.
The authors discussed periinterventional antibiotic prophylaxis
for this subgroup [64].

Since infections can also occur with delay, infectious complica-
tions were not recorded in the multicenter prospective PIUS study
by DEGUM published in 2015 [65]. The available prospective data
is analyzed in the following.

Infections after ultrasound-guided percutaneous injection/
biopsy

An older prospective study from Italy examined 719 diagnostic
and therapeutic abdominal interventions in 558 patients. An anti-
sepsis regime analogous to that of venipuncture was used in this
context: Skin disinfection with an iodine solution, ultrasound
probe disinfection (70 % alcohol), no sterile covers, no contact
between needle and ultrasound probe. The coupling medium
was sterile gel or Vaseline. Puncture was performed using the
freehand and in-plane technique. The observation period was
five days. Serologic testing for hepatitis was performed after three
and six months in patients and examiners. No signs of infection
were seen [66].

A prospective study from Romania examined infectious com-
plications after ultrasound-quided interventions involving the
musculoskeletal system and reported no infections in 988 inter-
ventions in 945 patients (0). Non-sterile gel was used, the probe
was cleaned only with a dry, soft paper, and no sterile cover was
used. The examiner had washed but not disinfected his hands
and wore gloves, an apron and a mask coving the mouth. The
patient’s skin was disinfected with 70 % alcohol and a povido-
ne-iodine solution or povidone-iodine solution alone. A follow-up
examination was performed after three weeks as planned. Other-
wise, the patient was instructed to call in the event of infection
[67].

In contrast to prospective studies, two large retrospective ana-
lyses from the Mayo Clinic in Rochester found a low incidence of
intervention-associated infections:

An analysis of registry data of 13 534 interventions (thoracic
and abdominal, biopsy and drainage, but no local ablative proce-
dures) found a total of 14 infections (0.1 %) during the observa-
tion period of 12 months [68]. A sterile cover for the ultrasound
probe was not used for transcutaneous biopsies but the patient’s
skin was disinfected [69]. The infections included abscesses,
bacteremia, and peritonitis. There were no infections after fine-
needle aspiration and thoracocentesis, while infections occurred
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in 0.2% of cases after cutting needle biopsy. Infections were
observed more frequently after biopsy of the pancreas (0.9 %)
and liver biopsy (0.3 %) than after kidney biopsy (0.09 %), for
example [68].

In a further, mixed retrospective and prospective database
analysis by the Mayo Clinic, 12708 ultrasound-guided breast
biopsies from the years 2005 -2013 were evaluated. After skin
disinfection, the puncture area was surrounded by sterile surgical
drapes, and the ultrasound probes were disinfected with povi-
done iodine and a quaternary ammonium chloride solution or
with isopropanol and a quaternary ammonium chloride solution.
The gel was sterile. A cover was not used for the ultrasound
probes. The intervention-associated infection rate was 0.11 %. All
infections were localized and were able to be treated with short-
term oral antibiotic therapy [70].

Infections after ultrasound-guided percutaneous placement
of a drain or catheter

We could not find any prospective studies regarding infection
rates after ultrasound-guided drain placement. It was problematic
that drains are often placed in abscesses and empyemas. There-
fore, it is difficult to determine the cause of infection (primary dis-
ease vs. intervention).

Two prospective studies examined the rate of catheter-asso-
ciated bacteremia/septicemia after ultrasound-guided placement
of central-venous catheters versus the “landmark technique”.
Puncture was performed using barrier precautions and a sterile
ultrasound probe cover. A non-randomized observational study
from Switzerland found an infection rate of 1.7 % after ultra-
sound-guided placement of 844 catheters. The rate is similar to
that of the “landmark technique” (2 %; 33/1639). The average
catheter dwell time was six and five days, respectively [71]. In
another randomized study (450 patients per arm), the infection
rate was significantly higher. However, it was significantly lower
in the ultrasound-guided group (10.4 %) than in the group with-
out ultrasound guidance (16 %). The authors attribute the reduc-
tion to the lower number of failed puncture attempts due to ultra-
sound guidance. The dwell time of the catheters is not specified
[72].

Infections after ultrasound-guided local ablation therapy

A large retrospective monocentric study from Italy found only 5
infections in 3035 therapeutic liver interventions in 22 years. All
occurred after ethanol instillation: two early abscesses in a total
of 315 cyst aspirations (0.6 %) and one case of cholangitis after a
total of 372 ethanol instillations of tumors (0.27 %). Two “late”
abscesses eight and twelve months after intervention are not to
be considered procedure-related [63].

One case of ascites and sepsis (0.3 %) was registered prospec-
tively by the same working group after radiofrequency ablation
(RFA) in 375 sessions. The observation period was 24 hours [73].
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CONCLUSION:

1. Infections after ultrasound-guided freehand puncture
without use of a sterile ultrasound probe cover (“no-touch”
technique) could not be identified in the few available
prospective studies.

2. Extensive evaluation of registry data found infections after
percutaneous ultrasound-guided interventions in a total of
0.1-0.2% of cases.

3. In the case of complex therapeutic interventions, the
infection rate is slightly higher.

4. When placing central-venous catheters, ultrasound control
seems to result in lower infection rates than the “landmark
technique”.

Rigid endoscopic ultrasound

Endorectal ultrasound

Transrectal ultrasound (TRUS) is used to evaluate the prostate and
its internal structures in that the ultrasound probe is inserted into
the rectum and positioned in the immediate vicinity of the pros-
tate. Rigid endorectal ultrasound is also used to stage rectal
cancer, to evaluate fistulas, and to evaluate the pelvic floor and
the sphincters.

Moreover, ultrasound-guided biopsy of the prostate, e.g. for
the diagnosis of prostate cancer, is largely performed with endo-
cavitary probes (> Fig.5), with a puncture needle penetrating the
rectal mucosa which is populated by microorganisms.

Contamination of endorectal probes

45 % of 60 swabs of endorectal probes in the clinical routine over
three months contained microorganisms from the environment,
while 3 % contained potential pathogens [27]. A relatively current
metaanalysis regarding contamination of endovaginal and endo-
rectal probes included 32 studies from 1993 -2011. The rate of
pathogenic microorganisms was almost 13 % incl. 1% viruses
(HSV, HPV, CMV) [74].

The perforation rate of the latex covers on endorectal probes is
high and can be as much as 9 % after puncture [74, 75].

Infections after endoscopic ultrasound-guided transrectal
biopsy

After transrectal prostate biopsy, infectious complications are
seen in 1-17.5% of cases. These are primarily urinary tract infec-
tions and prostatitis. Sepsis occurs more rarely (0.3 % -3.1%) [74,
76 -83]. In a population study including 75 190 men, infections
are the most common complication with a rate of 72 % [84].
According to data from the SEER registry, the risk for subse-
quent hospitalization due almost exclusively to infectious compli-
cations after transrectal prostate biopsy is 2.65 times higher com-
pared to a randomly selected control population without prostate
biopsy [85]. Infections with gram-negative bacteria (E. coli, kleb-
siella) and clostridium as well as with pathogens from venereal
infections (e. g., Treponema pallidum, Neisseria gonorrhoeae,
HIV) are primarily seen. Infections with multiresistant microor-
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ganisms not included in conventional periinterventional antibiotic
regimens are detected in a relevant percentage of cases with
sepsis [76, 86].

In particular, the difficult-to-disinfect internal puncture chan-
nel in the probe [87] and the repeated use of the initially sterile
biopsy needle are problematic here. Rectal colonization with
fluoroquinolone-resistant E. coli, previous antibiotic treatment, a
medical profession, and international travel were identified as
risk factors in addition to multiple biopsy [76, 80, 88 -91].

Value of antibiotic prophylaxis

Antibiotic prophylaxis lowers the rate of symptomatic infections
after transrectal prostate biopsy even if it is still unclear which
medications should be used and for how long [77, 92, 93]. Anti-
biotic prophylaxis for transrectal endoscopic ultrasound-guided
prostate biopsy is included in the German and European guide-
lines [94, 95].

Prospective randomized studies and metaanalyses show that
targeted antibiotic prophylaxis on the basis of microbiological
examination of rectal swabs is more effective than standard
prophylaxis [96 - 99]. Empirical combination prophylaxis is also
more effective than the standard approach [92, 99, 100].

Other preventative measures

A metaanalysis of 7 studies and 2049 patients found a significant
relative reduction in the risk for fever and bacteremia when
antibiotic administration was combined with rectal enemas with
a povidone-iodine solution [101]. In a prospective randomized
study not included in this analysis including 865 men, only a ten-
dency but no significant reduction in infectious complications
from 3.5 % to 2.6 % could be observed [102].

The literature also includes a recommendation for formalin
disinfection of the biopsy needle in multiple punctures of the
prostate for reducing the risk of sepsis [103].

CONCLUSION:

1. The infection rate after transrectal prostate biopsy is high.

2. Rigid rectal endoscopic ultrasound probes are often
contaminated after examination.

Endovaginal ultrasound

Transvaginal ultrasound probes are standard ultrasound equip-
ment in gynecology and obstetrics. They are routinely used in
gynecological diagnosis, in reproductive medicine, in early prena-
tal diagnosis, and for evaluating the fetal brain based on cephalic
presentation and for evaluating the cervix and the internal cervix
in advanced pregnancy. As a rule, the vaginal probe for ultrasound
examination is covered with a latex cover partially filled with gel
that is then removed and disposed of after the examination.
Compared to simple commercial covers, condoms have a similar
leakage rate [104].

The use of only a latex cover for a vaginal probe does not meet
the necessary requirements for application and preparation [14].
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Vaginal ultrasound probes are categorized as semi-critical medical
devices of group A, i.e., they are to be prepared according to the
manufacturer’s specifications after every examination of a patient
[14, 105, 106].

Contamination of endovaginal probes

Cross-contamination with various pathogens (e.g. MRSA, HBV,
HCV, HIV, HSV, HPV, CMV) can occur when handling the probe,
ultrasound gel, and cover [6, 14, 74, 107]. Two metaanalyses
describe the contamination rates of endovaginal probes:

One found a pooled endovaginal probe contamination rate of
12.9% for bacteria and 1% for viruses after “low-level disinfec-
tion”. The latex covers were contaminated with viruses (HSV,
CMV, HPV) in 19.4 % of cases. Immediately after removal of the
latex cover, the contamination rate is 33.7 % [74].

The other metaanalysis found a contamination rate of the
ultrasound probes of 50 % for bacteria and 4 % for viruses immedi-
ately after examination, with testing only for HPV being
performed in most cases [104].

The ultrasound probe handle also presents a potential risk for
the transmission of microorganisms. Therefore, it must always be
ensured that the handle is sufficiently cleaned and disinfected
[107-109].

Infections following endovaginal ultrasound

Cases of infection from in-vitro fertilization have been reported
[110-112]. These cases were infections with the patient’s own
vaginal flora and transmission of HCV. Large prospective studies
also describe almost no infections. Therefore, there was only one
case of fever and no documented infections in 1058 individual
aspiration procedures [113].

CONCLUSION:

1. Endovaginal probes are frequently contaminated with
bacteria after examination even when used correctly.

2. Only individual cases of actual infection due to microor-
ganisms transmitted via vaginal endoscopic ultrasound
have been reported.

Ultrasound probe preparation

In the daily routine probes must be able to be cleaned and disin-
fected quickly and reliably to keep the time interval between
examinations as low as possible. Ideally the ultrasound probe
does not need to be disconnected from the ultrasound unit or
brought to another room for preparation. The KRINKO-/BfArM
recommendation requires a separate area for preparation which
can however be in the examination room [14]. Additional impor-
tant aspects are compatibility of the cleaner and disinfectant with
the probe material and safety for patients and examiners.

After removal of the cover, the probe must be cleaned as well
as undergo bactericidal, fungicidal, and virucidal disinfection [14,
105, 108, 114-116].
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Various methods are used for disinfecting rigid endoscopic
ultrasound probes: Treatment with virucidal wipes [117, 118],
wipes plus foam [105], immersion disinfection methods [117,
119], a fully automatic disinfection system with hydrogen perox-
ide aerosol [107, 109, 120, 121] or methods in which UV-C radia-
tion is used [122, 123]. While most bacteria but not always all
viruses and no bacterial spores are killed when using wipes alone,
all microorganisms, including some bacterial spores, are inactiva-
ted with the other methods. The current WFUMB guidelines
regarding the preparation of endovaginal probes provides an
overview [105].

It was shown that the reduction in test organisms with simple
wipe disinfection is not always sufficient. This was due to joints,
grooves, and corners that cannot be sufficiently reached and
cleaned with a wipe [107].

In addition, it was able to be shown that various disinfection
liquids used in the immersion method, e. g. glutaraldehyde, or-
thophthaldehyde, ethanol, isopropanol and phenol, were not
able to inactivate HPV 16 [117, 119, 121, 123]. Immersion disin-
fection methods take the longest treatment time (at least 15 min)
and there is an inhalation health risk in poorly ventilated rooms
[105, 120].

CONCLUSION:

1. Various methods can be used for disinfecting rigid endo-
scopic ultrasound probes.

2. Disinfection with simple wiping without ensuring that the
disinfectant reaches joints and edges does not provide
sufficient disinfection in the case of rigid endoscopic
ultrasound probes.

Flexible endoscopic ultrasound

Since endoscopic ultrasound units are inserted through digestive
and respiratory tracts populated by microorganisms, bacterial
translocation of local flora (primarily alpha hemolytic streptococci
and staphylococci) can occur. In an overview regarding the safety
of transesophageal echocardiography (TEE), bacteremia rates of
0-17 % are specified [124]. In the case of gastrointestinal diag-
nostic endoscopic ultrasound without intervention, cases of tran-
sient bacteremia are registered in approximately 2 % of all cases
without clinical signs of infection being observed in prospective
studies [125, 126]. Apparent infections as complications of nonin-
vasive endoscopic ultrasound are rare and only described in case
histories. For example for TEE, legionella infections from contami-
nated water [127] and E. coli pneumonia from an echoendoscope
with a defective outer layer have been reported [128].
Endoscopic ultrasound interventions have become an indis-
pensable part of visceral medicine and oncology diagnosis and
treatment. According to data of the German Endoscopic Ultra-
sound Registry of DEGUM, endoscopic ultrasound-quided fine
needle aspiration (EUS-FNA) or fine needle biopsy is performed in
approximately 13 % of all endoscopic ultrasound examinations
(EUS) and a therapeutic intervention is performed in almost 3 %
of cases. All of these interventions have in common that an instru-
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ment inserted through the instrument channel contaminated
with the bacterial flora of the tracheobronchial system, esopha-
gus, stomach, duodenum or rectum is inserted transmurally into
a primarily sterile compartment or also into an infected cavity
(necrosis, abscess, empyema). In the case of various puncture
and intervention targets, passage of the needle through the peri-
toneal or pleural cavity cannot be avoided.

A small study (n=43) showed contamination of endobronchial
ultrasound-guided transbronchial aspiration needles (EBUS-TBNA)
with local oropharyngeal flora in 15 cases (35 %) [129]. Mechani-
cal transmural translocation of local flora is thus a possible
epiphenomenon of endoscopic ultrasound interventions. In con-
trast to percutaneous ultrasound-guided interventions, neither
disinfection nor barrier precautions [8, 21, 130, 131] are possible
or productive.

Bacteremia after EUS-FNA and EBUS-TBNA

Three prospective studies with a total of 202 patients examined
the rate of bacteremia and infections after EUS-FNA in the upper
digestive tract. Bacteremia caused by pathogens that were prob-
ably not the result of contamination of the blood cultures was
observed in five patients (2.5 %). Clinical signs of infection did
not occur 125, 126, 132].

The bacteremia rate of 1-2% in prospective studies was com-
parably low even after EUS-FNA of the lower digestive tract [125,
133, 134]. A bacteremia rate after endoscopic ultrasound of 15%
(12 % after EUS without FNA, 6 % after EUS-FNA) was seen in a
small population of 41 patients with liver cirrhosis [135]. A bacter-
emia rate of 7% was reported for EBUS-TBNA in a small study
[129]. These bacteremia rates are in a range that was also report-
ed for flexible bronchoscopy and flexible esophagogastroduode-
noscopy (1-7%) [129]. In a prospective animal experiment, the
rate of bacteremia after EUS-FNA was not affected by the use of
a 0.5% povidone-iodine solution for moistening the mucosa or
by temporary treatment with the proton pump inhibitor omepra-
zole (40 mg/day) [136].

Fever and infections after EUS-FNA and EBUS-TBNA

A systematic review of 51 studies published by December 2007
regarding EUS-FNA including 10941 patients found an average
complication rate of 0.98 % and even 1.72 % in prospective stud-
ies. Transient fever occurred in 12 cases, and infections in 5 cases
(11.2% and 4.7 % of all complications, respectively). This corre-
sponds to an incidence of 0.1% (fever) and 0.046 % (infection)
[137]. In major case series, transient episodes of fever following
transduodenal or transgastral EUS-FNA of solid pancreatic lesions
were observed in 0.4 - 1% of patients [138]. After EUS-FNA of the
lower digestive tract, episodes of fever occurred in only 0.89 % of
cases in a large case series [133]. Prospective studies did not find a
relevant infection risk after transrectal EUS-FNA. However, the
study protocols always included prior complete bowel cleansing
as for a colonoscopy [133, 134, 139, 140].

Mediastinal lymph nodes and tumors

For mediastinal endoscopic ultrasound-guided fine needle aspira-
tion (EUS-FNA and EBUS-TBNA), the cumulative infection rate in a

294

metaanalysis of 190 studies (16 181 patients) was 0.07 % with in-
fectious complications being less common after EBUS-TBNA
(0.02 %) than after EUS-FNA (0.17 %) [141]. However, a multicen-
ter survey analysis from Japan showed a risk of infectious compli-
cations and fever after EBUS-TBNA of 0.24 %, which was compar-
able to that of EUS-FNA. The complications included mediastinitis
in 0.1 %, pneumonia in 0.05 %, self-limiting fever in 0.05 %, and
other infectious complications in 0.03 % [142]. A Korean study
analyzing 552 EBUS-TBNA procedures reported infectious compli-
cations in 0.54 % of cases. However, transient fever was observed
in a total of 20 % of all patients [143]. Comparable data with a rate
of severe infectious complications after EBUS-TBNA of 0.16 % was
reported by three Turkish centers [144].

An overview from the year 2012 included twelve published
cases of severe infectious complications after transesophageal
EUS-FNA of mediastinal lymph nodes, including ten cases of med-
iastinitis. Five of these cases occurred in patients with sarcoidosis
[138]. The results of a survey in Holland including all 14075
patients who underwent EUS-FNA of mediastinal lymph nodes
between 1999 and 2011 in 89 Dutch hospitals provides a good
starting point for the rate of severe infectious complications after
EUS-FNA of mediastinal target structures. Severe complications
occurred in 22 patients (0.16 %) including 15 (0.1 %) of an infec-
tious nature (mediastinitis, mediastinal abscess, pleural empye-
ma). There were three deaths as a result of infectious complica-
tions, exclusively in patients with a poor performance status
[145]. Sarcoidosis may be a risk factor for mediastinal lymph
node enlargement. Two centers in Holland reported five cases
of mediastinal abscesses after EUS-FNA or EBUS-TBNA in 252 pa-
tients with mediastinal lymph node sarcoidosis (2 %). A systematic
overview from the year 2017 included 17 published cases of med-
iastinitis and/or pericarditis after EBUS-TBNA [146].

Subepithelial tumors

The development of intratumoral abscesses after endoscopic ul-
trasound-guided biopsy of large gastrointestinal stromal tumors
was reported in five cases with a fatality in one case [147 - 150].

Cystic lesions and edema

The infection risk after EUS-FNA of cystic lesions is significantly
higher than after EUS-FNA of solid lesions. It was able to be shown
in experiments that EUS-FNA of a container filled with a culture
medium through beef tripe contaminated by bacteria resulted in
growth in the culture medium in 100 % of cases. The transmission
risk could be reduced to 20 % by treating the tripe with 5% povi-
done iodine while cleaning with water, chlorhexidine, and high-
proof alcohol was not effective [151]. A systematic review found
fever and infectious complications in only 0.05 % of cases after
EUS-FNA of solid pancreatic lesions, but in 0.55 % of cases after
EUS-FNA of cystic pancreatic lesions even though almost 94 % of
the included patients with cystic pancreatic lesions received peri-
interventional antibiotic prophylaxis [137]. In a current metaana-
lysis of the risk of EUS-FNA of cystic pancreatic lesions (40 studies
including 56 124 patients), the infection rate was 0.44 % [152].
The risk of severe infectious complications after EUS-FNA and
EBUS-TBNA of cystic mediastinal lesions seems particularly high.
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An overview from the year 2012 included eight cases in which
mediastinitis occurred after EUS-FNA of mediastinal cysts. Three
of these cases occurred in spite of the periinterventional adminis-
tration of antibiotics [138]. Three additional cases were reported
by 2015 [153, 154]. Severe infections were also reported after
EBUS-TBNA of mediastinal cysts [141, 144, 155, 156]. It must be
taken into consideration that bronchogenic cysts are often rela-
tively dense and contain material that is not anechoic and there-
fore can be misinterpreted as solid mediastinal lesions on CT and
endoscopic ultrasound [155, 157, 158].

EUS-FNA of ascites also has a particular infection risk that prob-
ably also applies to pleural and pericardial effusions [138]. One
case of death due to sepsis was reported after EUS-FNA of a liver
lesion in a patient with untreated obstructive cholestasis probably
due to contamination of an obstructed intrahepatic bile duct
[159].

Value of antibiotic prophylaxis

Professional societies such as the European Society for Gastroin-
testinal Endoscopy (ESGE), the American Society for Gastrointes-
tinal Endoscopy (ASGE), the EFSUMB and the German Society for
Gastroenterology, Digestive and Metabolic Diseases (DGVS) re-
commend periinterventional antibiotic prophylaxis prior to EUS-
FNA of cystic pancreatic lesions or generally before transintestinal
puncture of cysts and edema [160 - 163] and evaluate this as a
quality indicator in some cases [161, 164, 165]. However, these
recommendations are based less on verified evidence than on in-
direct conclusions and expert opinion. Prospective controlled
comparisons are not available.

A retrospective comparative study and a metaanalysis did not
show a difference in the rate of cyst infections with and without
antibiotic prophylaxis [152, 166]. Three- to five-day oral treat-
ment with gyrase inhibitors or beta-lactam antibiotics is largely
used after initial intravenous administration immediately before
and during intervention. In retrospective studies, no cyst infection
was observed even after intravenous single-shot application of
ceftriaxone [167], ciprofloxacin and piperacillin/tazobactam
[168] in larger patient populations.

EUS-FNA of mediastinal cysts is considered contraindicated by
the DGVS and the EFSUMB guidelines (“should be avoided”) [161,
162].

General antibiotic prophylaxis is not recommended in EUS-
FNA, EBUS-TBNA and transrectal EUS-FNA of solid lesions [160 -
163]. Antibiotic prophylaxis can be considered in individual cases
when the needle must pass through bile or pancreatic ducts
[139], the needle will touch large necrotic areas within the
tumor/lymph node, or the patient is immunocompromised.

Other preventative measures

By using contrast-enhanced endoscopic ultrasound, necrotic
areas can be identified within solid lesions [169 - 172]. To mini-
mize the risk of infection, it seems useful particularly in large, in-
homogeneous solid lesions and in possibly cystic lesions contain-
ing material that is not anechoic to perform contrast-enhanced
endoscopic ultrasound in order to be able to avoid transmural
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puncture of cystic or necrotic areas or to be able to initiate
immediate postinterventional antibiotic therapy [138, 162].

Since the risk of infection after EUS-FNA of solid lesions is very
low even when performing multiple puncture procedures with a
single needle (up to seven needle punctures in solid pancreatic
lesions), it is not necessary to change the needle to prevent infec-
tion.

Local application of disinfecting substances prior to EUS-FNA,
as proposed by an group of authors on the basis of experimental
data [151], has not yet been evaluated in studies and does not
play a role in clinical practice and in guideline recommendations.

Cystic lesions should be completely drained during puncture
[139].

In centers with corresponding expertise, complete colon
cleansing is generally performed prior to transrectal or transcolic
EUS-FNA [139].

EUS-FNA of liver lesions in untreated obstructive cholestasis
should be generally avoided [138, 139].

In patients with clinically relevant bronchopulmonary infec-
tions, EBUS-TBNA should only be performed after the infection
has been managed.

Fever and infections after endoscopic ultrasound-quided
therapeutic interventions

Compared to endoscopic ultrasound-guided fine needle aspira-
tion, endoscopic ultrasound-guided therapeutic interventions
are associated with a higher infection risk. This is true for injec-
tion, implantation, and drainage procedures. In addition to proce-
dure-related factors (implants remaining in the body, injection of
immunosuppressive drugs and glucocorticoids and other fluids),
patient factors are also a contributing factor because many of
these methods are used particularly in tumor patients for pallia-
tive care [162, 173].

Injection and implantation procedures

After endoscopic ultrasound-guided blockade of the celiac plexus
with triamcinolone, retroperitoneal abscesses were described in
four cases and pleural empyema in three, while endoscopic ultra-
sound-guided neurolysis of the plexus with high-proof alcohol
does not seem to have a relevant infection risk [173]. Due to the
relatively small number of cases in the available studies, definitive
data regarding the risk of further EUS-quided injection and
implantation procedures is not available [174, 175].

Drainage procedures

In expert hands, transmural endoscopic ultrasound-guided drain-
age of pancreatic pseudocysts, biliomas, and of demarcated (peri-)
pancreatic necroses and peri-intestinal abscesses is a relatively safe
intervention. However, there is a relevant risk of secondary
infections due to occlusion or migration of the implanted plastic
or metal stents of 4% (0-26 %) in pseudocyst drainage or necrosis
drainage and of approx. 2% in biliary drainage [173 -176]. To
prevent infections, the creation of sufficiently wide and stable
transmural accesses and a sufficiently long drainage duration are
therefore recommended in endoscopic ultrasound-quided drain-
age interventions [161, 174].
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Value of antibiotic prophylaxis

For endoscopic ultrasound-quided drainage procedures and
blockade of the celiac plexus, the DGVS and EFSUMB generally re-
commend antibiotic prophylaxis due to the relevant infection risk
even though there are no prospective studies showing a reduction
of the infection risk as a result of the periinterventional adminis-
tration of antibiotics [161, 162, 174].

CONCLUSION:

1. Infectious complications of EUS-FNA and EBUS-TBNA are
probably primarily the result of translocation of the oro-
pharyngeal or rectal bacterial flora. They are very rare in
fine needle puncture of solid lesions but occur approxi-
mately 10 times more often in the puncture of cysts,
effusions, and edema. There is a relevant infection risk in
selected endoscopic ultrasound-guided transmural inter-
ventions.

2. Endoscopic ultrasound-guided fine needle puncture of
cystic mediastinal lesions and solid liver lesions in the case
of untreated obstructive cholestasis can result in severe
infections. Puncture of necrotic areas in solid lesions
should be avoided.

3. When puncturing cystic/liquid lesions, complete draining
of the lesion via complete aspiration of the lesion (diag-
nostic puncture) and ensuring sufficiently wide, stable,
and long-term transmural accesses (therapy) should be
targeted with the goal of minimizing the risk of infection.

4. There is no data regarding periinterventional antibiotic
administration in diagnostic endoscopic ultrasound-guid-
ed puncture of cystic pancreatic lesions and in endoscopic
ultrasound-guided drainage procedures (pseudocysts,
abscesses, necroses, obstructed bile and pancreatic
ducts). However, this is recommended by professional
societies.

Intraoperative ultrasound

Ultrasound probes are inserted into open body cavities during
intraoperative ultrasound. There are no known publications re-
garding infections in this regard. According to EFSUMB and the
KRINKO/BfArM recommendations, intraoperative probes must
be sterile [14, 21]. The probes are thermolabile and can only be
treated with low-temperature sterilization [16]. This limits their
availability.

If these sterilization procedures are not available, scientists
from Australia [177] recommend immersion disinfection of the
ultrasound probe with a bactericidal (including mycobacteria),
fungicidal, and virucidal product (“high-level disinfection”) fol-
lowed by application of a sterile ultrasound probe cover. The
guidelines of the French Radiology Society recommend disinfec-
tion with a bactericidal (including mycobacteria), fungicidal,
virucidal, and sporicidal product when sterilization is not possible
[38].
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DEGUM recommendations

Some points of the hygiene requirements for individual ultra-
sound-guided procedures in the four risk groups of KRINKO
(» Tab. 1) must be scrutinized. Therefore, in the authors’ opinion,
a number of organ and joint punctures without the need for tem-
porarily setting down tools (e. g. to change the syringe) fulfill the
definitions of risk group 1 (breast biopsy) or 2 (uncomplicated
diagnostic organ biopsy) but are categorized by KRINKO as group
3 even without infections described in the literature [13]. More-
over, if it is not necessary to set down tools during puncture, a
sterile drape/incise drape is not needed even in group 3.

In particular for ultrasound-guided freehand puncture without
contact between the needle and the ultrasound probe, a sterile
ultrasound probe cover can be dispensed with based on the data
from prospective [66, 67] and large retrospective studies [68, 70]
and based on guidelines [17]. This is in concordance with the
KRINKO recommendations [13].

It is not apparent why the examiner is supposed to where
sterile gloves during transvaginal puncture.

The restriction to alcohol-based skin disinfectants as an alter-
native to sterile ultrasound gel [13, 15] could be problematic in
light of the presumed harmfulness to ultrasound probe surfaces
[26, 178]. However, other authors did not see any subjective
worsening of image quality with repeated use of alcohol [179]. In
addition, a differentiation must be made between skin disinfec-
tion and the subsequent use of a coupling medium: effective skin
disinfection requires drying of the disinfectant. Therefore, an
alcohol-based disinfectant can be used for this purpose. In our
opinion, there is no reason not to use non-alcohol-based skin
disinfectants as the contact medium.

» Table 3 provides an overview of ultrasound-guided puncture
and the recommended measures for the ultrasound probe, for
barrier precautions, and protective clothing.

General

1. Hygienic hand disinfection by the examiner before and after
the examination is a basic hygiene requirement. (Unanimous
consensus)

2. Prior to intraoperative ultrasound, the examiner should per-
form surgical hand disinfection. (Unanimous consensus)

3. Every facility performing ultrasound should define its hygiene
measures in a hygiene plan. (Unanimous consensus)

4. Ultrasound probe manufacturers are legally required to specify
suitable, validated cleaning and disinfection methods. If the
specified disinfectant does not have the spectrum of activity
specified below, examiners should request information about
suitable methods from the manufacturer (unanimous consen-
sus).

Use: Percutaneous interventional ultrasound

1. Prior to every ultrasound-guided intervention, the patient’s
skin must be disinfected. (Unanimous consensus)

2. Ininterventions, only sterile ultrasound gel or a skin disinfec-
tant should be used as the contact medium. (Unanimous
consensus)

Miiller T et al. DEGUM Recommendations on... Ultraschall in Med 2018; 39: 284-303

Downloaded by: Saarléandische Universitats- u. Landesbibliothek. Copyrighted material.



umob aA33|s-buo)
‘s9n0|b wiab-mo|

umob aA33|s-buo)
‘s9n0|b wiab-mo|

uopedpited anipoe

J0 35BD 33 ul umob and3|s
-buoj aj1133s “ded |ea1bins
“jsew |e216.ns ‘sano|b 3)1193s

uonedpn.ed aaoe jo
9sed ay3 ul sano|b aj11R1s

paJinbaijou

padinbaijou

padinbai jou

auou

aduejsisse

‘Teuarew paiyBuAdoD ayiolgigsapueT ‘n -SIgNSISAIUN aydsipueliees :Aq papeojumod

umob ana9|s-buo)
‘s9n0|b wiab-mo|

umob anaa|s-buoj
‘s9n0|b wiab-mo|

umob aA33|s-buo)
9|13s ‘ded |eaibuns ysew
1e2161ns “sano|b 9|1191s

ysew
1e21b1ns ‘sano|b 9|11a1s

San0|b 3)1193s

san0|b wiebh-mo)

sano0|b wieb-mo|

auou

J3ujwexs

Bbuiyzop anndayold

's91npado.d punoseljn snotieA 104 buiyio|d aAi3d9304d pue suoinedald JsLieq

auou

auou

adelp
asidul/adelp aj1a3s

adelp
asidul/adelp 3jua3s

auou

auou

auou

auou

uonnedauid 1a111eq

9|qedijdde jou

19A02 3y
J9pun |36 |ewou

un|s ayj uo
JuedRyuIsIp 1o [3b
3]1193S 190D Ay}
1apun |9b 311915

unjs ayj uo
JuedRyuIsIp 1o [9b
3]11915 “19A0D A}
1apun |96 311915

up|s ay3 uo
JueRuISIp 1o [9b
3]1493S 190D Ay}
1apun |9b 311215

JuBIIJUISIP
10 96 9119318

up|s ay3 uo juey

-J3juIsIp eSodNW
10 |96 3j1193s “19n0d
ay3 Japun [3b 3|1193s

196 [ewou

wnipaw 3oe3u0d

adodsopua
1| patedaud

J19A0D Wb
-MO| UM pue paj
-J9uISIp pue paueajd

19A0D 3|11AIS YIM pay
-J39JUISIp pue pauea|d

19A0D 311335 YIM pa]
-J94UISIp pue pauea)d

"9|qissod si 9|paau ayy
U3IM 3DBIUOD JI JI9A0D
9|1193S UY3IM pue pay
-D39JuISIp pue pauea|d

'JNO P3|NI 3q ued I|p
-93U 3y} Y}M 3DB3U0D
31 19702 INOYHIM

pue pa3day

pue paueapd

19A03 9|l1a]s YyIm
pue pagajuisip
pue paue3|d

pa3234uIsip
pue pauespd

9qo.d punosen|n

Asdoiq onzeannued sn3

ainound |euibeasuely
‘Asdoiq a1e350.1d |PIDRISURLY

saidelay) uone|qe |e20| ‘BlS
-ay3saue |euolbas snonunuod
‘obeujelp ssadsqe Jo |eina|d
1919438

SNOUIA |e13U3D e Jo buide|d

abeujeip

ssadsqe Jo [eanajd ‘ejmsy
19ppe|q diqndeldns ‘eisayy
-saue |euolbal Joys-a|buis,
‘a1mpund juiof ‘sassadsqe
‘53542 jo aunydound ajbuls

eIsay3saue
|euoibal Joys-a|buis, ‘e|
-NuUed snouaA buijampul [ed
-yduad simpund juol sdus
‘aan3ound sadse Jo |eing|d
snsoubelp ‘“Asdoiq uebio

punoses}|n aanesadojsod

‘puUNOSeL}|N sn}oIUI

punosel3|n |euiwopqe

sa|dwexa

9qoid 53
9]qIx3|4 ‘a1n3dound papinb-sn3

9qo.d sn3 pibu ‘a1mypund papinb-sn3

suopuaAIjul dNadelayy anbiuydsy
13buip|as ay3 buisn uteup e jo uonIasul

anbiuyd9y

a1n3ound 32a.1p buisn abeuresp
©abueyd abuliAs

y3im a1njpund disoubelp xajdwod

obulAs a3
abueyd 10 5|00 UMOP 3135 03 paau dY}
Inoyym ainyound dn3soubelp ajdwis

punom 1o esodnuwl yiim

39BJU0D YM punoses3|n di3soubelp

punose13n snosuejnaiad dipsoubelp

ainpasoud punosenjn

JuaWi3eas) aqo.d punosely|n UO SUOIIEPUAWIWOIR! NNDIA € 3]qeL <

297

Miiller T et al. DEGUM Recommendations on... Ultraschall in Med 2018; 39: 284-303



# Thieme

. If the ultrasound probe can come into contact with the sterile

puncture needle, a sterile probe cover should be used and
sterile gloves should be worn. (Unanimous consensus)

. In simple punctures not requiring tools to be set down, a sterile

drape/incise drape is not necessary. (Strong consensus)

. Needle holders applied to the ultrasound probe should be

affixed under the sterile cover or should be sterile. Needle
guides should be used exclusively as sterile (disposable)
products. (Unanimous consensus)

. When inserting catheters, performing therapeutic interven-

tions such as PEI or RFA or performing measures including, for
example, change of the syringe during an intervention, barrier
precautions are required. (Unanimous consensus)

Preparation: Probes in contact with skin or mucosa,
with or without intervention

1.

Ultrasound probes must be cleaned after every examination
but cleaning alone is not sufficient. Disinfectant solutions must
additionally be used. (Unanimous consensus)

. In the case of probes with complex surfaces (grooves, not-

ches), both the cleaner and disinfectant must be properly
applied to these recesses. (Unanimous consensus)

. The necessary spectrum of activity of the disinfectant to be

used is based on the classification (planned application) of the

ultrasound probe.

a) Non-critical: bactericidal and yeasticidal activity

b) Semi-critical: bactericidal (including mycobacteria), yeasti-
cidal, fungicidal, and virucidal activity (unanimous consen-
sus)

. Ultrasound probes with a puncture channel should be steri-

lized. (Strong consensus)

Use: Endoscopic ultrasound probes

1.

For rigid endoscopic ultrasound probes (endorectal, endovagi-
nal), the use of low-germ covers is recommended. (Strong
consensus)

. Forrigid and flexible endoscopic ultrasound probes, only ster-

ile disposable puncture and intervention platforms should be
used. (Unanimous consensus)

. Periinterventional administration of antibiotics is essential in

transrectal prostate biopsy. (Unanimous consensus)

. In transrectal prostate biopsy, combined prophylaxis (antibio-

tic plus povidone-iodine enema) or targeted antibiotic pro-
phylaxis based on rectal swabs can be considered in risk pa-
tients or in the case of high postinterventional infection rates.
(Unanimous consensus)

Preparation: Endoscopic ultrasound probes

1.

Rigid endoscopic ultrasound probes must be cleaned after
every examination and a suitable disinfection procedure must
also be performed. (Unanimous consensus)

. In the case of probes with complex surfaces (grooves, not-

ches), both the cleaner and disinfectant must be properly
applied to these recesses. (Unanimous consensus)

. Flexible endoscopic ultrasound probes are prepared analo-

gously to other flexible endoscopes (validated cleaning and

298

machine chemothermal disinfection methods). (Strong con-
sensus)

. Endoscopic ultrasound probes are semi-critical medical devi-

ces. The disinfectant must therefore have bactericidal (includ-
ing mycobacteria), fungicidal, and virucidal activity. (Strong
consensus)

Use: Intraoperative ultrasound

1.

Sterile probes can be used without an ultrasound probe cover.
(Strong consensus)

. A cleaned and disinfected probe must be provided with a

sterile cover. (Unanimous consensus)

. Only sterile ultrasound gel can be used as the contact medium

within the cover. (Unanimous consensus)

. Only a sterile fluid can be used as the contact medium outside

the cover. (Unanimous consensus)

Preparation: Intraoperative probes

1.

Ultrasound probes must be cleaned after every examination
and a suitable disinfection procedure must also be performed.
(Unanimous consensus)

. In the case of probes with complex surfaces (grooves, not-

ches), both the cleaner and disinfectant must be properly
applied to these recesses. (Unanimous consensus)

. As arule, intraoperative probes must be sterilized. (Strong

consensus)

4. If sterilization is not available, immersion disinfection can be

performed. (Strong consensus)

. Ultrasound probes used intraoperatively are critical medical

devices. The disinfectant to be used must have a bactericidal,
fungicidal, and limited virucidal spectrum of activity if subse-
quent sterilization is performed. (Strong consensus)

. If sterilization is not possible, the disinfectant must have a

bactericidal (including mycobacteria), yeasticidal, fungicidal,
and virucidal (sporicidal) spectrum of activity and final rinsing
with sterile or sterile filtered water must also be performed.
(Strong consensus)

ABBREVIATIONS
ASGE American Society for Gastrointestinal Endoscopy

AWMF  Association of the Scientific Medical Societies in
Germany
BfArM  Federal Institute for Drugs and Medical Devices

CcMV Cytomegalovirus

DEGUM German Society for Ultrasound in Medicine

DGVS  German Society for Gastroenterology, Digestive
and Metabolic Diseases

EBUS Endobronchial ultrasound

EFSUMB European Federation of Societies for Ultrasound
in Medicine and Biology

ESGE European Society for Gastrointestinal Endoscopy

ESR European Society of Radiology
EU European Union

EUS Endoscopic ultrasound

FNA Fine needle aspiration
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HBV Hepatitis-B virus

HCV Hepatitis-C virus

HIV Human immunodeficiency virus

HPV Human papilloma virus

IfSG German Protection against Infection Act

CFU Colony-forming units

KRINKO Commission for Hospital Hygiene and Infection
Prevention

MPG Medical Devices Act

MRSA  Methicillin-resistant Staphylococcus aureus

PIUS Percutaneous interventional ultrasound

RFA Radiofrequency ablation

RKI Robert Koch Institute

SEER Surveillance Epidemiology and End Results

TBNA  Transbronchial needle aspiration

TEE Transesophageal echocardiography

TRUS Transrectal ultrasound

uv C UV radiation of category C

WFUMB World Federation for Ultrasound in Medicine

and Biology
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