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Abstract

to machine cleaning.

knowledge and access to cleaning supplies.

Background: Point-of-care ultrasound (POCUS) devices are becoming more widely used in healthcare and have

the potential to act as fomites. The objective of this project was to study the thoroughness of cleaning of POCUS
machines before and after a quality improvement initiative. We designed a mixed-methods, pre/post study which
took place over the course of one year at a university-affiliated health center. Cleaning rates of four ultrasound
machines used by hospital medicine and critical care medicine services were evaluated using fluorescent marking.
Interventions targeted physicians knowledge of best practices and improved access to cleaning supplies. Pre- and
post-intervention cleaning rates were compared using a generalized linear model. The impact of the corona virus dis-
ease of 2019 (COVID-19) pandemic on baseline cleaning rates was also evaluated. Physicians'attitudes and knowledge
of cleaning practices were evaluated via unpaired pre/post surveys.

Results: There was significant improvement in thoroughness of cleaning following intervention (pre 0.62, SE 0.05;
post 0.89, SE 0.07), p<0.0001). There was no difference in baseline cleaning rates before (0.63, SE 0.09) and after (0.61,
SE 0.1) the onset of the COVID-19 pandemic (p=0.78). Post-intervention surveying found improved understanding of
guideline-based cleaning practice, better performance on knowledge-based questions, and fewer reported barriers

Conclusion: Thoroughness of cleaning of POCUS machines can be improved with practical interventions that target
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Background

Over the past three decades, the use of point-of-care
ultrasound (POCUS) has been increasingly integrated
into routine clinical practice, including critical care and
hospital medicine [1-3]. Recently the Alliance for Aca-
demic Internal Medicine has advocated for POCUS train-
ing across all levels of medical education [3]. Advances in
technology have allowed ultrasound machines to become
more portable and user-friendly, making it possible to
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perform exams on multiple patients in a relatively short
time frame [2, 4]. Clinically relevant infectious organisms
have been cultured from ultrasound probes and gels,
even when they are not visibly soiled, including methi-
cillin-resistant  Staphylococcus aureus, Pseudomonas
aeruginosa and vancomycin-resistant enterococci [5-9].
Additionally relevant to the present time, it has been dis-
covered that SARS-CoV-2 may remain viable on plastic
surfaces for up to 72 h [10]. Thus, POCUS has the poten-
tial to act as a fomite for pathogens which are known
to prolong hospital stays, escalate healthcare costs, and
increase mortality [11].

Cleaning and disinfection of ultrasound equipment
has been shown to significantly reduce microbiological
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burden [12, 13]. Multiple professional groups have pub-
lished guidelines for cleaning and disinfecting POCUS
machines, and, though difficult to prove due to study
design, adherence to these guidelines should reduce the
risk of transmitting clinically relevant pathogens [14-21].
Unfortunately, surveys suggest suboptimal cleaning prac-
tice and a perceived lack of guidance among ultrasound
users [22-24]. Hospital-based studies have shown that
environmental cleaning performance can be improved
using education and feed-back, leading to reduced like-
lihood of culturing clinically relevant organisms [20, 21,
25-27]. Similar studies pertaining to point-of-care ultra-
sound are lacking. To address this, we designed a project
with the goal of identifying barriers to guideline-based
cleaning of POCUS devices and improving cleaning prac-
tices using targeted interventions.

Methods

Design and setting

A mixed-methods, pre/post-study of POCUS machine
cleaning practices was conducted over a 1-year period at
a 718-bed academic health center. This project was con-
sidered quality improvement by the local institutional
review board and therefore did not require approval as
human subject research. Two Philips SPARQ (Andover,
MA) and 2 GE Healthcare Venue (Chicago, IL) machines
were included in the study. SPARQ machines were pri-
marily used by hospital medicine (HM) faculty and inter-
nal medicine (IM) residents. One SPARQ machine was
stored on an inpatient medical-surgery unit and the other
was stored in a HM work room. Venue machines were
used primarily by IM residents, pulmonary/critical care
medicine (PCCM) fellows, and PCCM faculty, but they
were also accessible to surgical and anesthesia critical
care providers. One Venue was stored in a neuro-critical
care unit and the other was stored in a medical critical
care unit. All machines were outfitted with linear, convex,
and phased array transducers.

The IM residency program has approximately 95 house
officers, including categorical, preliminary, primary care,
and medicine-pediatric residents. The residency program
has a longitudinal POCUS curriculum, including work-
shops, lectures, and a dedicated POCUS rotation. There
are 13 PCCM fellows, who also have a dedicated POCUS
curriculum and rotation. POCUS training and clinical
use is variable for HM and PCCM faculty, with some
high-frequency users and some non-users.

Intervention

Interventions were guided by a targeted needs assess-
ment. To better educate physicians, we created a website
that outlined best practices for POCUS cleaning and dis-
infection [28]. The website included a 3-min instructional
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video, a summary of cleaning steps, and links to best-
practice guidelines from our institution and relevant pro-
fessional societies. The website was distributed via email
to all resident, fellow, and faculty physicians targeted by
our survey. The instructional video was also integrated
into training sessions for the IM residents and PCCM fel-
lows. Placards were placed on POCUS machines which
included a summary of cleaning steps and a QR code to
access the website for just-in-time training.

The educational intervention promoted a 2-step clean-
ing and disinfection process based on American Insti-
tute of Ultrasound in Medicine guidelines [14]. First,
users were instructed to remove all visible soiling with
a disinfecting wipe or soapy washcloth. Then, using a
fresh disinfecting wipe, all high-use areas (touch screen,
keyboard, handles, probes, and cords) were wiped thor-
oughly. PDI Sani-Cloth® AF-3 disinfecting wipes were
used throughout the study. This product is a quaternary
ammonium-containing, low-level disinfectant, which is
appropriate for disinfecting medical equipment that con-
tacts intact skin [29].

We improved access to cleaning materials by ensuring
that each machine always had a dedicated container of
disinfecting wipes. Machines with inadequate space for
wipes were equipped with commercially available canis-
ter caddies (Fig. 1). Wipes were restocked by researchers
twice weekly, as needed, during study periods. Providers
were also encouraged to replace wipes when necessary.

Data collection

A fluorescent marking gel (DAZO, ECOLAB) was used
to monitor POCUS machine cleaning practices. The use
of these gels is a well-established method for monitor-
ing environmental cleaning practices in infection control
research [25-27, 30, 31]. Circular marks roughly 2.54 cm
in diameter were placed on 12 high-touch areas on each
machine including probes, cords, and user-interface
surfaces (Figs. 1 and 2). The marking sites were deter-
mined based on best practice recommendations [14, 15]
and guidance from our infection control department.
The size of gel markings were informed by pilot testing
which revealed this pattern allowed the most consistent
application of gel. Gel markings were evaluated twice per
week during the first two weeks of each month during
the study period by members of the research team (DV
and KE). The absence of fluorescence under UV light was
classified as cleaned. The presence of any visible fluores-
cence was classified as dirty. This was done to minimize
subjectivity when interpreting partially cleaned marks
and because residual fluorescence was felt to indicate
poor cleaning technique. The presence of gross debris,
defined as the presence of soiling that was visible to the
naked eye, was also documented. The machines were
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Fig. 1 Locations of fluorescent marks. A Phillips SPARQ model
ultrasound machine is pictured to demonstrate marking locations.
Green circles represent the areas marked with fluorescent gel during
the study (size exaggerated for clarity). For simplicity, only one probe
and cord is displayed, but all probes and cords were marked in this
fashion during the study. Also pictured is the disinfecting wipe caddie
that was added to these models to improve access to cleaning
supplies (red arrow)

thoroughly cleaned per institutional guidelines and eval-
uated with UV light to ensure no remaining fluorescence
remained prior to re-marking. Prior to the start of the
project, researchers met to ensure machine marking and
data collection procedures were consistent between team
members. Machine use was tracked via a dedicated sign-
out sheet for each machine.

The pre-intervention data collection occurred from
November 2019 to January 2020. Before implementation
of the planned intervention, the COVID-19 pandemic
spread rapidly across the United States. The heightened
awareness around infection control during this time had
the potential to confound post-intervention data. To
address this possibility, the research team collected an
additional 2 months of baseline data from May to June
2020. During this time only three of the four POCUS
machines were available for data collection. Interventions
were implemented in July 2020. Post-intervention data
were collected from August to October 2020.
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Survey

A 16-question survey was created to assess participants’
demographics, POCUS experiences, and attitudes and
knowledge towards machine cleaning (Additional file 1).
The survey was created through an iterative process with
input from a survey design expert within the institution.
It was pilot tested by three members of a POCUS inter-
est group (one faculty, two residents) to ensure clarity,
ease of use, and face validity. The survey was distributed
to all IM residents; fellows from PCCM & Rheumatol-
ogy; and faculty from HM, PCCM, and Rheumatology
with POCUS training. Rheumatology physicians were
included as they routinely use POCUS in clinical practice
at our institution. A link to the anonymous, online survey
was distributed via institutional email in April 2020 (pre-
intervention) and October 2020 (post-intervention).

Analysis

The primary outcome was the composite machine clean-
ing rates in the pre-intervention phase compared to the
post-intervention phase. Secondary outcomes included
comparison of cleaning rates based on primary machine
ownership (HM vs PCCM) and marking site groups
(transducers vs. cords vs. touch surfaces). Cleaning rates
were analyzed using a generalized linear mixed model
(GLMM) which accounted for the correlation of cleaning
rates for each machine. Model-adjusted mean percent-
ages and standard errors of cleaned components by phase
were used to summarize the data. To account for occa-
sions when a machine was not used between sampling
periods, data were excluded when there was no docu-
mentation of use on the machine’s sign-out sheet and
there was no evidence of use (i.e., all gel marks remained
intact and no gross debris was present). This was done to
avoid falsely under-estimating cleaning rates. Unpaired
pre- and post-intervention survey results were compared
using descriptive statistics. All analyses were done using
SAS version 9.4, and a p-value of less than 0.05 was con-
sidered statistically significant.

Results

There was no difference in pre-intervention cleaning rates
before (0.63, SE 0.09) and after (0.61, SE 0.1) the COVID-
19 outbreak (p=0.78). These data were, therefore, com-
bined to form an aggregate baseline cleaning rate that
was used in the final analysis. Pre- and post-intervention
cleaning rates are displayed in Table 1. A total of 768 sur-
faces were evaluated in the pre-intervention phase (504
pre-COVID, 264 post-COVID) and 504 surfaces in the
post-intervention phase. There was a significant improve-
ment in the thoroughness of cleaning following inter-
vention (pre 0.62, SE 0.05; post 0.89, SE 0.07; p <0.0001),
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(left) and UV light with room lights turned off (right)

Fig. 2 Fluorescent gel marks. Pictured is a curvilinear probe used to exemplify the size and location of fluorescent marks under ambient room light

Table 1 Model-adjusted ultrasound machine cleaning rates
before and after quality improvement interventions

Before (SE)  After (SE)  p-value
All machines combined 0.62 (0.05) 0.89 (0.07) p<0.0001
Primary machine usage sub-groups
Hospital medicine machines ~ 0.50 (0.08) 0.91 (0.14) p<0.0001
Critical care machines 0.74 (0.04) 0.87 (0.05) p=0.075
Surface category sub-groups
Probe lens and handles 0.74 (0.06) 0.96 (0.07) p<0.0001
Probe cords 0.40 (0.06) 0.78 (0.10) p<0.0001
High-touch surfaces 0.63 (0.06) 0.88 (0.08) p=0.011

representing a 44% relative improvement. In a sub-group
analysis, the HM-based machines (pre 0.50, SE 0.08; post
0.91, SE 0.14; p<0.0001) demonstrated greater improve-
ment in the thoroughness of cleaning than the CCM-
based machines (pre 0.74, SE 0.04; post 0.87, SE 0.04;
p=0.075). All surface category sub-groups showed sig-
nificant improvement in cleaning rates (p <0.01 for all
groups), with probe cords showing the largest improve-
ment (Table 1). During the pre-intervention phase there

were 12 instances where gross debris was found on the
machines, while there was a single instance in the post-
intervention phase. All instances of gross debris were
found on probe lenses and/or handles. While not spe-
cifically analyzed, the gross debris visually appeared to
be an accumulation of dried gel, often associated with a
designed crevice such as the probe orientation marker.
There was a single instance where blood appeared to be
intermixed in the gross debris.

Table 2 displays the pre- and post-intervention survey
results. The response rates for the pre- and post-inter-
vention surveys were 54% (74/137) and 42% (58/139),
respectively. The majority of respondents were IM resi-
dents (66%). Roughly half of respondents used POCUS
weekly or more. Lack of knowledge, limited access to
cleaning supplies, and time constraint were identified as
the most common barriers to guidelines-based POCUS
cleaning and disinfection. Following the intervention,
self-reported familiarity with machine cleaning best
practices improved from 22 to 74%. The proportion of
participants correctly answering knowledge-based ques-
tions related to disinfectant use (pre—59%, post—74%)
and cleaning processes (pre—76%, post—93%) also
improved. Participants reported fewer barriers related to
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Table 2 Ultrasound machine cleaning survey results before and after quality improvement interventions

Survey topic

Before (n=74) After (n=58)

Female sex, n (%)

Level of training, n (%)

Internal medicine resident

Fellow

Faculty

Faculty/fellow area of practice, n (%)
Hospital medicine/general internal medicine
Pulmonary/critical care
Rheumatology

Frequency of POCUS use, n (%)
Weekly or more

Less than weekly

Respondents reporting familiarity with best practice guidelines for POCUS cleaning, n

(%)

Respondents reporting they know where to find institutional guidelines for cleaning, n

(%)

My cleaning practices follow best practice guidelines, n (%)
Agree or strongly agree

Disagree or strongly disagree

I don't know

Correct response to objective knowledge questions, n (%)
Appropriate use of disinfectants

Recommended steps of cleaning and disinfecting process
Barriers to cleaning, Median Likert (IQR)?

Access to cleaning supplies

Time constraint

Lack of knowledge

35 (47%) 23 (40%)
51 (69%) 36 (62%)
6 (8%) 7 (12%)
17 (23%) 15 (26%)
9 (39%) 9 (41%)
8 (35%) 4(18%)
6 (26%) 9 (41%)
34 (46%) 25 (43%)
40 (54%) 33 (57%)
16 (22%) 43 (74%)
3 (4%) 33 (57%)
12 (16%) 34 (76%)
4 (5%) 0 (0%)
58 (78%) 14 (24%)
44 (59%) 43 (74%)
56 (76%) 54 (93%)
3(2-3) 2(1-3)
3(2- 2(1-3)
33— 2(1-3)

2 5-point Likert scale: 1 =never, 2 =rarely, 3=sometimes, 4 = often, 5 =always

cleaning supply access, time constraints, and knowledge
deficits following the intervention.

Discussion

We were able to significantly improve the thorough-
ness of cleaning of POCUS machines by using targeted
interventions. We identified lack of knowledge, inad-
equate access to cleaning supplies, and time constraint
as primary barriers to guideline-based cleaning and dis-
infection. These findings support the concern raised
by a global survey of ultrasound users which suggested
that real-world cleaning practices are unsatisfactory and
that users are unfamiliar with guidelines [22, 23]. Given
the morbidity, mortality, and cost associated with noso-
comial infection, preventative efforts should be pur-
sued whenever feasible [32, 33]. The interventions we
described are practical and could be readily implemented
at other institutions. A review of guideline-based clean-
ing and disinfection practice should become a standard
component of POCUS training. The effort and expense

of such interventions is likely justified if they can prevent
even a small number hospital acquired infection [32].

The spread of the COVID-19 pandemic during our pre-
intervention phase had the potential to confound our
results, for example, through heightened provider aware-
ness of disinfecting practices or system-level interven-
tions. However, we did not find any difference in cleaning
rates following the first spike of COVID-19-related
admission in our region of the country [34]. This finding
is a powerful example of how difficult it can be to change
clinical practices. We believe our project was successful
because it identified specific physician-reported barriers
allowing for tailored intervention [35].

When sub-grouped by area of use, the thorough-
ness of cleaning for machines used primarily for critical
care approached, but did not meet, significance. These
machines are shared with specialties that were not tar-
geted by our interventions, providing a possible explana-
tion for this finding. Of the surface category sub-groups,
probe cords had the lowest baseline cleaning rate and
the greatest relative improvement. While probe cords
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may not be thought of as a high-contact surface, they are
frequently handled during exams or draped across the
patient, and attention must be given to this area during
cleaning. Though statistical analysis was not performed
due to the unpaired nature of our survey, there was an
improvement in all response categories following inter-
vention, further supporting the efficacy of these actions.

Although our intervention focused on POCUS users,
we would like to highlight an opportunity for manufac-
turers to improve device design to promote easier clean-
ing and better infection control. Specifically, there should
be efforts to reduce the number of difficult-to-clean crev-
ices, such as we encountered around probe orientation
markers. These are in the highest-contact region and we
consistently found them to be poorly cleaned. Additional
areas of concern include the keyboard and control knobs/
wheels.

There were limitations to our study. This was a single-
center study, which may limit generalizability. The pre/
post-intervention study design makes it possible that con-
founding variables influenced our findings. Our design
allowed measurement of cleaning but not disinfection,
although prior infection control studies demonstrated
that improvement in thoroughness of cleaning corre-
lated closely with microbiological assessment [20, 21,
26]. Additionally, thoroughness of cleaning was assessed
twice per week, making it possible that machines were
used multiple times between assessments. This could
have falsely increased our cleaning rates, though should
not affect the relative change. Despite these potential
limitations, we feel our findings provide meaningful and
useful data.

Based on the results of this study, guideline-based
cleaning practices and education have been integrated
into our POCUS curriculum. This includes ongoing
use of the online resources created for the project and
improved access to dedicated disinfecting wipes on
POCUS machines. In the future, we would like to work
with our infection control division to update institutional
cleaning and disinfection policies so that they are more
easily interpretable with regards to POCUS. An internal
sustainability study would add important information,
and we would be interested in the findings of a similar
project carried out at other sites. Finally, demonstrat-
ing a correlation between improvement in point-of-care
ultrasound cleaning and decreased patient acquisition of
microbes or healthcare-associated infection is desirable.

Conclusion

We identified barriers to guideline-based cleaning and
disinfection of point-of-care ultrasound machines: a lack
of knowledge, time constraint, and inadequate access
to cleaning supplies. By targeting these domains with
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practical interventions, we were able to significantly
improve the thoroughness of cleaning of four point-of-
care ultrasound machines used by internal medicine and
critical care medicine providers.
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