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Abstract

This article highlights the ultrasonography machine as a machine that saves lives in the intensive care unit. We review
its utility in the limited resource intensive care unit and some elements of machine design that are relevant to both
the constrained operating environment and the well-resourced intensive care unit. As the ultrasonography machine
can only save lives, if is operated by a competent intensivist; we discuss the challenges of training the frontline clini-
cian to become competent in critical care ultrasonography followed by a review of research that supports its use.
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Introduction

The machines that save lives in the intensive care unit
(ICU) require that the intensivist be knowledgeable in
their use. This is particularly the case with critical care
ultrasonography (CCUS); where the machine, when used
by a competent operator, guides diagnosis and manage-
ment of the critically ill patient. To save lives, this opera-
tor is tasked with obtaining and interpreting high quality
ultrasonography images and immediately applying the
results in a systematic and effective manner at point of
care. The machine alone is a passive device that can only
saves lives when used by a capable operator. This article
will review the three prerequisites for saving lives: a well-
designed machine adapted to the situation that is com-
bined with an adequately trained human operator who is
able to use the results in a clinically effective manner at
point of care (Fig. 1). We will also review whether there
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is an evidence-base to support the contention that the
ultrasonography machine, thus deployed, may save lives.

CCUS in case of constraints: the under-resourced
ICU

We posit that CCUS may save many lives in the under-
resourced ICU, where computerized tomography (CT),
magnetic resonance imaging (MRI), or even chest radi-
ographs are not readily available. As imaging is a key
component to critical care practice, CCUS can serve as a
highly effective and low-cost modality in the hands of the
skilled operator.

The constraints (human and material resource limita-
tions) encountered in low and middle-income countries
should not be viewed as a singular issue. They impact
the care of most critically ill patients around the globe.
If we consider the case of sepsis (which is a major indica-
tion for CCUS), 85% of the 41 million incident cases and
85% of the 8 million related deaths occurred in countries
with low or middle social development index in 2017 [1].
Similar human and material constraints impacted high-
resource countries during the coronavirus disease 2019
(COVID-19) pandemic with the massive surge of criti-
cally-ill patients [2]. These constraints are also important
when caring for the critically ill outside classical ICU
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walls (e.g., in emergency units, during transportation,
or in humanitarian medicine). These shared constraints
represent an opportunity through the concept of frugal
innovation [3]. The frugal solution is designed to answer
the need without concession on quality. The end-user
needs, and the operational environment are at the heart
of this innovation process, with a bottom-up approach.
These patient-centred solutions are very meaningful for
CCUS, which is primarily a clinically driven approach.
They may create a robust continuum between the era of
clinical examination and that of complementary exami-
nation. In addition to being adapted to a constrained
environment, they may also be particularly effective and
cost competitive in less constrained situations, in accord-
ance with the concept of reverse innovation (i.e., some
insights from low-income countries might offer transfer-
able lessons for wealthier contexts).

The ideal frugal CCUS machine should be centered on
robustness, core capabilities and functionality, focused on
essential with high value and quality to produce high-end

Take-home message

A well-designed ultrasonography machine can save lives in the
intensive care unit; if it is operated by an intensivist who is com-
petent in image acquisition, image interpretation, and application
of the results to establish diagnosis and to guide management at
point of care.

solutions from a medical perspective, by understanding
in depth the clinical need, operational environment, and
associated constraints (Table 1). The goal is refined to its
maximum to precisely meet needs, without concession
on quality, and without superfluous addition [4]. In antic-
ipation of the development of robust artificial intelligence
(AI) capability, the frugal CCUS machine should have the
potential to be upgraded in the future, as the rapid devel-
opment of Al for image interpretation [5] may allow the
building of reliable decision tools that could be remotely
available worldwide with the ongoing constellation of

2. The intensivist has competence
in CCUS with adequate training in
image acquisition and image
interpretation

1. The machine is available
to the intensivist 24/7

5 SAVE LIVES

3. The intensivist has mastery of the
cognitive base of CCUS competence
in applying the results to specific
clinical situations
Fig. 1 Prerequisites for the ultrasonography machine to be able to save lives

* Rapid response time

* Easy to use

» Causes no harm

* Provides information to

guide treatment such as:

+ Central venous line insertion
+ Fluid management
+ Catecholamines optimization
+ Decision for surgery
+ Respiratory support strategy
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Table 1 Recommended design elements for the ultrasonography machine used in the under-resourced ICU

1. Machine capability is selected based upon the clinical needs of the ICU team (e.g., 2D, M-mode, Doppler, lung imaging, catheter placement), while

discarding superfluous or redundant options

2. Robustness is an essential characteristic, with a design that is compatible with shocks, extreme temperatures, dust, unstable power sources and

electric blackout

3. The device should be easy to use, highly functional, rugged, adaptable, and easy to clean

4.The maintenance should be as easy as possible, and feasible at least in part by the end-user, especially for crucial elements like the battery or the

probe

5.The machine should have adequate memory for storage of images, and have internet connectivity to permit telemedicine connection, storage of

images, and remote training capability

6. The machine should have the processing capability for potential artificial intelligence applications

ICU intensive care unit, 2-D two dimensional

satellites for broadband global internet connectivity.
While independent of machine design per se, training in
image acquisition/interpretation and appropriate appli-
cation of the results is required for the machine to be
used to save lives. Recent advances in learning and com-
munication technologies (e.g., online courses, simulation
and telemedicine) should be combined to deliver training
easily and broadly, with the aim of reproducing bedside
teaching [6]. Some available ultraportable ultrasonog-
raphy (UPUM) devices can already connect clinicians
around the globe in real time by turning a smartphone or
tablet device into an integrated tele-ultrasound solution,
combining two-way audio-visual calls with live ultra-
sound streaming. This will allow setting an international
network of experts in CCUS to assist the worldwide col-
lection and adequate live interpretation of the images.
This will also globalize research in CCUS to help develop
more consistent international recommendations.

Is there evidence that CCUS has utility in the resource
constrained environment? Shaddock et al. performed
a systematic review of the use of portable ultrasound
devices in the limited resource environment using stand-
ard Cochrane Guidelines for Systematic Reviews and
Meta-analyses from 2010 through 2021 [7]. They identi-
fied 23 articles that fulfilled criteria for review with the
conclusion that, although overall methodological qual-
ity of the studies was low with high risk of bias, portable
ultrasound machines have a wide range of uses in rural
and remote, low-resource settings. Patient outcomes
were improved with useful clinical information gained
through early diagnosis of emergency conditions and
screening studies.

An example of the utility of CCUS for diagnosing adult
respiratory distress syndrome (ARDS) is in the Kigali def-
inition of ARDS [8]. The Berlin definition of ARDS is a
standard metric in the well-resourced ICU, but it has lim-
ited application in the under-resourced ICU where chest
radiography may not be readily available. In the Kigali
definition of ARDS, lung ultrasonography replaces chest
radiography as the imaging modality of choice.

The reality is that there is very limited evidence on
the utility of CCUS in the resource constrained envi-
ronment. One reason for this may be that the intensiv-
ist community who faces the difficult challenges of this
type of ICU practice has neither the time nor support for
well-designed research activity. Although not yet proven
to improve outcomes such as mortality and morbidity of
critical illness in the limited resource ICU, effective dis-
semination of frugal CCUS may allow wide implemen-
tation of multipurpose ultrasound-driven protocols to
improve clinical outcomes.

Machine design for CCUS in the under-resourced
ICU

CCUS may be used as the primary and only imaging
modality in the under-resourced ICU, so cost, durabil-
ity, and ease of use are key elements of machine design in
this challenging practice environment. Large full-service
ultrasonography machines used by consultative cardiol-
ogy and radiology services are not suitable for the limited
resource ICU due to their heavy weight, large footprint,
cost, difficulty in obtaining repairs, and, in some operat-
ing environments, difficulty with securing the machine.
Smaller mobile cart mounted machines present the same
challenge of securing the device, obtaining service, and
relatively high cost. In operating environments where
there are space constraints (ambulance, air transport,
outer space, remote evacuation), the same principles
apply concerning machine design as in the resource lim-
ited ICU.

Recent generation UPUM are most suitable for use
in the under-resourced ICU given their low cost, good
image quality, and ease of use. The machine, being
pocket-sized, is under the direct personal control of the
intensivist; so the device is well secured. Current UPUM
design consists of a probe that attaches to either a small,
dedicated screen or to a smartphone. As smartphones are
ubiquitous, the probe-smartphone setup is a good option:
while dedicated screen systems are required where there
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Durability of Probe

* Able to withstand 1 meter drop
onto concrete.

» Waterproof/able to be cleaned with
wide variety disinfectants.

« Covered by warranty for damage,
theft, connector failure, and failure of
housing with replacement of probe and/or
wire connection.

+ Each device manufacturer may offer ‘

several levels of warranty at different
price points.

Potential Failure Point J

The wire connecting the probe to l
the screen element is subject to failure
from repeated stresses applied during
high volume scanning at point of care.
The wire needs to be heavy duty in
construction and well armored.

Costs

» Some devices require a subscription
with a monthly fee for cloud-based
image storage.

Upfront acquisition of the device is low,
but there is ongoing cost.

* Some manufacturers offer volume
discounts with substantial cost savings,
as their business model is predicated on
sales volume, unit price being low.

Smartphone screen

Transducer Options

« Single transducer with multiple frequency
capability.

« Single double ended probe with high and low
frequency transducer capability.

« Multiple separate probes designed for vascular,
abdominal, and cardiac imaging requiring
purchase of three separate probes with added cost.

Probe size

Many UPUM probes are larger and
heavier than standard probes, as image
processing and battery function is

embedded in the probe.

Some users have difficulty adapting to
this type of probe.

Potential Failure Point

The UPUM connects the probe to the screen
via a wire, so the connection point between
the transducer and the screen are subject to
failure due to repeated physical stress at the
connection point.

The connection points need to be reinforced
and rugged in design. Wireless probes do not
have this problem.

Costs

 Warranty costs are determined by the length
and completeness of coverage.
Itis advisable to purchase a strong warranty
for all components of the system (probe and
connecting wire).

Dedicated screen

+ Both legacy companies and new startups are
fielding many different models of UPUM, so
warranty costs are regarded as negotiable.

Fig. 2 Some Elements of UPUM Design

is no cellular signal. Most UPUM have internet connec-
tivity allowing telemedicine function, cloud-based image
storage, and remote training. Some machines have full
Doppler capability, and some models are engineered to
withstand a one-meter drop, as durability is a factor in
the remote environment ICU practice. Some recent gen-
eration UPUM incorporate Al capability that includes
automated image interpretation and provide guidance to
the operator to achieve optimal image quality. The initial
Al applications are focused on echocardiography but will
likely be extended to general CCUS. There has been rapid
evolution of UPUM design. Both the well-established
manufacturers and several startups have fielded UPUM;
and to complicate matters, machines are subjected to
rapid software upgrades and are marketed with a variety
of options. Figure 2 summarizes some design elements of
the UPUM. The proliferation of device models is so rapid
that it is not possible to present a comprehensive discus-
sion of machine type or capability. Capable machines
with a single probe design that can be used both for vas-
cular and body imaging cost approximately 2000—4000€
while dedicated screen models that require a separate
vascular and body probe cost 8000—12,000 €. Widespread

use of the UPUM in the under-resourced ICU may have
major influence on provision of care and save lives, pro-
viding that the intensivist is well trained in its use.

The machine in the well-resourced ICU
A variety of ultrasonography machines are in use in the
well-resourced ICU.

1. Large full-service machines: These machines have
excellent image quality, large screens, advanced level
capability such as 3-D and strain, and sophisticated
controls. Being difficult to maneuver, they are not
suitable for rapid high-volume point of care scanning
in the busy ICU but are well designed for collective
consultative use.

2. Small cart mounted systems. These highly maneu-
verable small footprint cart mounted machines with
full Doppler capability became widely available in the
early 2000's with two different design approaches.
Clamshell units are designed as single purpose
devices with relatively small screens, while laptop
style units with larger screens may have dual use both
as an ultrasonography machine and, in some mod-
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els, as a computer. Recent generation machines have
sealed flat control services that can be easily disin-
fected. Both types have acceptable image quality with
a variety of probe options including transesophageal
echocardiography capability (TEE) capability and are
useful for shared use by the ICU team.

3. Hybrid machines. These combine the attributes of
the small cart mounted machines with the large
full-service machines with a small footprint, a large
screen, a low center of gravity, a flat easy to sanitize
control surface, image quality that approaches high
end machines, sophisticated controls that were not
available on the clamshell units, and TEE capability.
Their reasonable cost, excellent image quality, ease of
movement within the ICU, and large screen size indi-
cate that they will replace previous generation cart
mounted machines that are reaching the end of their
service life.

4. The UPUM. Unlike the under-resourced ICU where
the UPUM may be the only available machine, their
main purpose is not to replace the larger machines;
but rather to extend the reach of CCUS to every part
of the hospital and for rapid use in emergency situa-
tions in the ICU. With their own UPUM in hand, the
competent intensivist has immediate availability of a
life-saving machine in the ICU on a truly 24/7 basis
and is not reliant on a larger machine for all scanning
function. Once the UPUM becomes widely available,
it is conceivable that every intensivist who is compe-
tent in CCUS will acquire one either through ICU
policy or through personal purchase.

The UPUM has great promise but also risk. Their cost
and ease of use may result in their widespread use by
intensivists who are not inadequately trained. This will
bring risk to the patient, medico-legal risk to the opera-
tor, and discredit to the field. Effective training frontline
intensivist is required for the ultrasonography machine
to save lives.

Training and competence in CCUS
An ultrasonography machine only has utility when oper-
ated by a well-trained intensivist, so effective training in
CCUS resulting in competence is essential to permit the
machine to save lives. Given the importance of adequate
training that results in competence, this section summa-
rizes some key aspects of training and competence. The
discussion is limited by space constraints of the manu-
script and is designed to give the reader an overview of
an important aspect of CCUS.

Competence in CCUS requires mastery of image acqui-
sition and image interpretation. In addition, it requires
mastery of the cognitive base of CCUS including how to

integrate the results of the examination into the clinical
context. Training and assessment should equally empha-
size these three components of competence. Critical care
societies have established guidelines on CCUS train-
ing goals for basic and advanced levels [9, 10], yet there
remains significant variability in content, duration and
delivery mode of curricula [11, 12]. Given the heteroge-
neity of physicians seeking to learn CCUS, imposing a
universal training format is challenging. The key goal is
that training yield competence in all aspects of CCUS.

The cognitive base of CCUS may be acquired through
textbooks, articles, internet material, and courses. Image
acquisition can initially be taught on healthy models or
simulators, as using simulators accelerates the learn-
ing curve for technical skills [13, 14]. This is followed by
practice on ICU patients. [9]. Basic scanning technique
may be achieved with hands on training at courses, but
competency is achieved through longitudinal training
[15]. Basic echocardiography should not become syn-
onymous with substandard image quality; intensivists
should strive to maintain high image quality standards
with formative feedback and supervision [16]. The role of
direct supervision (with concomitant benchmark refer-
ence views from an expert) cannot be overstated, but the
optimal ratio of independent to supervised practice is yet
to be defined and likely varies between individuals [16,
17]. Regular feedback is necessary to refine psychomotor
skills and avoid acquisition mistakes [18]. As supervision
remains a bottleneck to training [19, 20], intensivists may
seek collaboration with other specialties such as cardiol-
ogy, anesthesia, or radiology [21].

Assessment of competence in CCUS should be embed-
ded in training, yet there is heterogeneity in how compe-
tency is assessed. Numerical requirements and training
duration do not guarantee competency [21, 22]. Stud-
ies have reported a minimal number ranging between
25 and 50 to attest competency in basic echocardiog-
raphy [23, 24]. For non-cardiac modalities, there are no
definitive studies; recommended numbers are based on
expert opinion [24, 25]. It is recommended that an expert
supervisor appraises scans performed independently for
quality, completeness, and interpretation accuracy [16].
Although attempts at international standardisations
and certifications have been implemented, unaccredited
practice remains common [26].

Maintenance of competence remains a concern, as skill
retention after a short period of training is variable.[27,
28]. Systematic archiving and review of scans by experts
is necessary to ensure continuing education and quality
assurance [16, 18, 29].
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Table 2 Comparison of EDEC and NBE certification programs

Requirement to Take the Certifi-
cation Examination

Examination Design

Examination Schedule

Examination Development

Psychometric Expertise
Overall Control of Certification

Process

Logbook Image Set Require-
ment

Logbook Supervision

Required Level of Training

EDEC

Formal enrollment in the EDEC
certification program. This
requires that the candidate
be a specialist level intensivist

Part 1 MCQ

Part 2 Cases

Part 3 Hands on test of TEE skill
on simulator

Given at the annual ESICM
meeting

By ESICM EDEC committee
members

By in-house ESICM psychom-
etricians

ESICM certification committee

100 TTE studies
35TEE studies

Local mentor and remote
supervisor

Specialist level intensivist

NBE

Active medical license

No requirement to be formally
enrolled in the NBE certifica-
tion process

No requirement to be specialist
level intensivist

200 MCQ with mix of knowl-
edge base items and case-
based items

No hands-on testing

Given each January in national
system of North American
computerized testing centers

By working committee
organized by the NBE with
representatives of Eight
North American critical care
societies

By psychometricians of the
NMBE

NBE Certification Committee
with six voting members

150 TTE studies
50 TEE studies (proposed)

Local supervisor

Starting in 2025: certification in
critical care medicine; before
2025: demonstration of sub-
stantial provision of critical
care services

Comment

NBE has long standing policy of permitting any
licensed physician to take any of the NBE echo-
cardiography examinations

NBE considers it the responsibility of the logbook
supervisor to approve hands on image acquisi-
tion

All NBE examinations are given at computerized
testing centers on a contracted basis

NBE considered it important to include all stake
holding societies in the development of the
examination

NBME is responsible for all of the major medical
specialty examinations in USA

EDEC process controlled by single society; NBE by
multiple societies

NBE TTE requirement is identical to cardiology
requirement

TEE is likely to be an add on certification in near
future in USA

Requirements to be a supervisor are similar
between EDEC and NBE

The 2025 rule was established to “grandfather”
non-specialist clinicians who practice critical
care

EDEC European Diploma of Echocardiography, NBE National Board of Echocardiography, TEE transesophageal echocardiography, MCQ multiple choice questions,
ESICM European Society of Intensive Care Medicine, NVBE National Board of Medical Examiners, TTE transthoracic echocardiography

Training in ACCE: a useful model?

In 2014, the European Society of Intensive Care Medi-
cine (ESICM) issued an expert statement for training in
advanced critical care echocardiography (ACCE) [29].
The working group proposed that competence in ACCE,
given its complexity, required a formal certification pro-
cess that was laid out in detail in the Statement. This
framework was used to develop the European Diploma
of Echocardiography (EDEC) [30]. The EDEC program,
developed and administered by an ESICM working
group, has been in operation since 2016. The stake-hold-
ing critical care societies in North America have devel-
oped a similar Certification program through the
National Board of Echocardiography (NBE) that has been
in operation since 2018 [31, 32]. While the two certifica-
tion processes have an identical goal, which is to assure
competence in ACCE, they differ in some respects in
their processes (Table 2) Competence in basic level echo-
cardiography is required to enter the EDEC certification

process, as it is part of the initial training of any inten-
sivist. The NBE regards that competence in ACCE per se
includes competence in basic level critical care echocar-
diography so has established no specific requirement for
competence in basic level echocardiography. Currently,
competence in both transthoracic and transesophageal
echocardiography (TEE) is mandatory for the EDEC
certification. The NBE will likely be adding TEE to their
certification. It is unknown whether ACCE has added
advantage over the use of CCUS (which includes basic
level echocardiography) in terms of effect of patient cen-
tered outcomes; this will require further study.

The success of these two formal certification programs
raises the question as to whether this model that assures
competence might be applied to other parts of CCUS.
This is a controversial proposal. The professional socie-
ties involved in writing the ESICM competence state-
ment in 2014 recommended that there be no formal
certification for CCUS. The justification for this position
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was that CCUS training should be embedded into criti-
cal care training. If this is the case, requiring a specific
certification for CCUS implies that other routine proce-
dures such as airway management, or bronchoscopy etc.,
would also require a certification process thus opening a
Pandora’s Box i.e., this could lead to the requirement of
certification for all types of standard ICU procedures The
complexity and cost of developing a certification process
for CCUS would also be prohibitive.

The success of the ACCE certification processes sug-
gests that this recommendation be reconsidered. A
standard curriculum for CCUS and standardized test-
ing sequence including image acquisition and interpre-
tation would ensure that trainees had an adequate skill
level. The resulting certification would confirm that the
intensivist was competent in CCUS. This would duplicate
the situation that now exists with ACCE certification i.e.,
if an intensivist is certified by EDEC or NBE in ACCE,
this assures that they have a high level of competence.
Because CCUS training is at present so variable in qual-
ity, a formal certification process would bring assurance
that the intensivist that claimed competence CCUS was
truly competent. The development mechanics of a CCUS
certification process would be relatively straightforward
given the experience with the ACCE programs. A major
challenge would be in establishing an internationally
accepted and uniform definition of competence similar
to what has been established for ACCE. The idea that
all intensivists are receiving adequate training in CCUS
is an admirable goal, but at present is only aspirational.
The ultrasonography machine will only save lives if oper-
ated by a competent user. The present reality is that the
competence of the user can only be assured by a for-
mal certification process of similar quality to the ACCE
certifications.

Research studies: does CCUS really save lives?
While the individual intensivist can recall dramatic find-
ings that, if unrecognized, would have led to death of the
patient (e.g., pericardial tamponade, tension pneumotho-
rax etc.); the thoughtful intensivist will ask the question:
Is there research that addresses this question, or must
we rely on personal experience and intuitive judgment to
support the utility of CCUS?

In 2017, ICM published a research agenda on CCUS
which proposed ten studies/trials that should be per-
formed to further support its utility [33]. Five years later,
research on CCUS has not moved much forward, despite
this call to arms. We see two reasons for this. First, phy-
sicians who use CCUS naturally consider that it saves
lives. Lacking clinical equipoise, the ICU team that has
fully incorporated CCUS into bedside practice would not
be inclined to participate in a prospective randomized

controlled trial where they were barred from using
CCUS. The second reason is that three requirements are
needed to demonstrate that CCUS saves lives (Fig. 1);
an adequate ultrasonography machine available 24/7;
adequately trained physicians able to accurately perform
and interpret CCUS studies, both already discussed; and
a standard effective protocol for using the result to guide
treatment of the patient. While machines are now widely
available, the other two requirements may be more dif-
ficult to achieve. Just as when studying hemodynamic
monitoring methods, when studying CCUS, it is neces-
sary that the data obtained are accurate and relevant
enough to influence therapeutic decision-making and
that changes in management based on the system-guided
protocol could alter the outcome [34]

Studies on CCUS in different locations (ICU, emer-
gency departments, operating rooms) show that current
research studies aiming to demonstrate that CCUS may
save lives are very heterogeneous in their design, qual-
ity, population, objectives, and conclusions. Some stud-
ies have suggested neutral effect [36, 37] and others even
that ultrasonography machine could worsen prognosis
[37, 38]. We recently reported a systematic review and
literature appraisal on methodology of conducting and
reporting critical care echocardiography studies [39]. In
the 256 research studies found, we showed that design
and reporting were globally poor in the fields of LV sys-
tolic and diastolic function, RV function, fluid man-
agement and advanced echo techniques. For instance,
ventilator settings, i.e., PEEP, plateau pressure and tidal
volume, were only reported in 32%, 19% and 28% of cases
respectively, while they are crucial to adequately inter-
pret the exam, and so to accordingly adapt management.
This led to the recommendation that there be adequate
methodology to conduct and report critical care echocar-
diography research studies (Ref. [40] and, by implication
to CCUS research.

However, there is some reasonable direct or indirect
data which could suggest that CCUS may actually save
lives. In considering the influence of ultrasonography
on outcomes, its effect may be differentiated between
its utility for guidance of procedures and its effect on
establishing diagnosis and therapy of critical illness.
Ultrasonography has utility in the ICU for guidance of
a wide variety of procedures (e.g., central line insertion,
thoracentesis, paracentesis, ECMO cannula insertion
etc.) compared to blind insertion technique. Many stud-
ies have reported that ultrasound-guided techniques for
central venous catheter placement increases success and
decreases side effects, which could improve the outcome.
A recent prospective multicenter and observational study
performed in 354 pediatric critically ill patients found
that vascular ultrasonography, compared to the landmark
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technique, was associated with an increase in the first-
attempt success rate, a reduced number of puncture
attempt, and as a consequence fewer complications [45].
It is intuitively obvious that the safety of device insertion
would be augmented with ultrasonography control than
without, so we posit that ultrasonography guidance of
needle and device insertion is now “industry standard” in
the ICU where ultrasonography is available.

Regarding the possibility that CCUS may alter patient
outcomes due to its influence on diagnosis and manage-
ment, in a prospective observational controlled study
performed in 165 patients, a protocolized use of an
UPUM at the bedside improved the proportion of ade-
quate diagnosis, the time to initial treatment and poten-
tially the outcome [41]. In a randomized multicenter
trial performed in 367 patients on chronic hemodialysis,
pre-dialysis lung US (LUS) evaluating level of lung con-
gestion to titrate ultrafiltration led to a risk reduction for
recurrent episodes of decompensated heart failure and
cardiovascular events after a follow-up of 1-year and half
[42]. How similar results could be observed in critically
ill patients who require renal replacement therapy after
hemodynamic stabilization remains to be evaluated. In
123 patients admitted for heart failure, randomization
in a LUS arm follow-up where physicians were encour-
aged to modify diuretic therapy in accordance with the
number of B-lines, led patients to receive more diuret-
ics, to have less urgent visits, hospitalization for worsen-
ing heart failure, and death (composite outcome) during
the 180 days of follow-up after discharge [43]. A similar
approach could be evaluated in the future during ICU
stay. The respective benefits, harms, and diagnostic accu-
racy of point of care ultrasonography in patients with
acute dyspnea were evaluated in a meta-analysis [44]. In
59 patients at high risk of weaning induced pulmonary
edema, echocardiography when performed immediately
before and after spontaneous breathing trial helped to
optimize treatment, mostly by promoting negative fluid
balance, to improve successful weaning [46] An analy-
sis of the MIMIC-III database in 6361 patients admitted
in the ICU for sepsis found that 51% received a formal
transthoracic echocardiography (TTE) done by a sonog-
rapher and interpreted by a cardiologist [47] It was asso-
ciated with a more positive fluid-balance on day 1 and
more infusion of dobutamine. Mortality at day-28 was
significantly reduced and patients with echo were more
quickly weaned off vasopressors. From the Nationwide
Inpatient Sample, an increase in the use of echocardi-
ography between 2001 and 2011 was reported and was
associated with prognosis improvement in patients
admitted for heart failure, sepsis, and acute myocardial
infarction [48]. In 90 pediatric patients with septic shock,
patients randomized in serial echocardiography-guided

therapy had a shorter shock reversal time, a lower fluid
balance, a higher rate of dobutamine infusion which was
initiated earlier, and a lower mortality due to unresolved
shock [49]. In a randomized controlled trial includ-
ing 550 patients with shock, the use of a single-use TEE
probe to more continuously monitor hemodynamics
showed that time to resolution of signs of hypoperfusion,
duration of organ support, length of stay and in-ICU
mortality did not differ, while a shorter time to resolu-
tion of hemodynamic instability was reported during
the first 72 h [50]. Finally, a randomized controlled trial
in 86 patients admitted for septic shock, comparing an
early goal-directed therapy with a CCE goal-directed
therapy, recently showed that the cumulative fluid infu-
sion volume and fluid balance at 12 and 24 h was lower
in the CCE group, and the 6 h lactate clearance rate was
improved [51].

There is no well-designed large prospective rand-
omized controlled study that convincingly demonstrates
the CCUS alters mortality or morbidity of critical illness.
Available literature is only suggestive of a positive effect,
and it is possible that this will remain the reality for the
frontline intensivist who uses CCUS in everyday practice.

Given the difficulty of finding ICU teams who have
clinical equipoise about CCUS, the need to ascer-
tain that the ultrasonography imaging is accurate, the
challenge of determining that the interpretation of the
image is correct, and the difficulty in standardizing any
therapy that would be predetermined by the results
(complicated by the heterogeneity of the patient popu-
lation and variability of other aspects of clinical man-
agement) makes it difficult to envision that there will
ever be evidence-based proof that CCUS, like the other
imaging modalities in widespread use in the ICU, alters
outcome of critical illness. Imaging is a key element of
critical care practice, as it is used to establish diagno-
sis. A basic principle of modern medical practice is that
knowledge of an accurate diagnosis improves patient
care, as it may lead to effective therapy. As CCUS, like
CT scan, MRI, and chest radiography, are imaging
modalities, their utility is to identify a diagnosis. They
are not therapeutic, as only the clinician decides upon
therapy based upon the perceived diagnosis. Instead of
focusing on whether a specific imaging modality in of
itself improves outcome, future research activity might
be better focused on how to train intensivists to per-
form CCUS and integrate its findings into frontline
ICU function.

Conclusion

Ultrasonography, CT, MRI, and standard radiography
have a shared utility in the ICU, as they aid the inten-
sivist in reaching a diagnosis. The clinician uses this
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information to establish management strategy. CCUS
has the unique advantage that the imaging modality is in
the hands of the frontline intensivist at point of care for
immediate, repeated, serial, and goal directed use. Con-
sultative ultrasonography services and advanced imaging
modalities will always have important applications in the
ICU, but the widespread availability of high-quality cart
mounted machines and UPUM make the ultrasonog-
raphy machine uniquely positioned to save lives. This
applies both in the well-resourced and limited resource
ICU where the UPUM has major application as the pri-
mary imaging modality. Competence in image acquisi-
tion, image interpretation, and the cognitive base allows
the intensivist to use the ultrasonography machine to
save lives. This can only be achieved through adequate
training.
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