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OINT-OF-CARE ULTRASONOGRAPHY (POCUS) IS DEFINED AS THE ACQUISI-

tion, interpretation, and immediate clinical integration of ultrasonographic

imaging performed by a treating clinician at the patient’s bedside rather
than by a radiologist or cardiologist. POCUS is an inclusive term; it is not limited
to any specialty, protocol, or organ system.! With the advent of smaller and more
affordable ultrasound machines, combined with evidence that nonradiologists and
noncardiologists can become competent in the performance of POCUS, it is now
used in many practice settings and in all phases of care — from screening and
diagnosis to procedural guidance and monitoring — and has become associated
with changes in clinical decision making in medical practice.>® A recent study
showed that POCUS facilitated confirmation of the suspected clinical diagnosis in
up to 50% of cases and supported a change in the initial diagnosis in 23% of
cases.” In this review, we discuss key trends in POCUS technology, advances in its
clinical applications, and the overlap and complementarity of POCUS and consul-
tative ultrasonography in primary imaging specialties, as shown in Figure 1.

POCUS AND CONSULTATIVE ULTRASONOGRAPHY

As a point-of-care imaging technique, POCUS requires direct interaction between
the clinician and the patient to establish a clinical diagnosis or guide a procedure.
Thus, it differs from consultative ultrasonography, in which the test is ordered by
the clinician, typically performed by a technician, and then interpreted by a
consultant who is not directly involved with the care of the patient.’ Since POCUS
challenges the traditional approach to ultrasonography and involves the clinician
directly, it may well result in a reduction in the use of consultative ultrasono-
graphic services.*®

A 2015 retrospective study showed that the introduction of point-of-care echo-
cardiography performed by intensivists led to a decreased number of comprehensive
diagnostic echocardiographic studies overall but led to a recommendation to per-
form full diagnostic echocardiographic studies in 10.7% of patients who had un-
dergone the point-of-care studies.’ This change in practice occurred without ad-
verse clinical outcomes.® However, such practice changes may engender concern in
the radiology and cardiology communities about reduced reimbursement and po-
tential quality issues. Professional societies such as the American Society of Echo-
cardiography™ have provided guidance on the use of POCUS, and there is evidence
that consultative diagnostic and therapeutic ultrasonography can be complemen-
tary to POCUS.%°

The American Society of Echocardiography, in concert with multiple specialties
that use POCUS in clinical practice, recommends that, to ensure high-quality care,
both cardiologists and sonographers facilitate the education and direct training of
clinicians who perform cardiac ultrasonography.’ North American radiology
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Figure 1. Evolution of Point-of-Care Ultrasonography (POCUS) during the Past Decade.

The leading areas of research on POCUS have been cardiothoracic ultrasonography and ultrasound-guided procedures. Most of the studies
have been published in critical care medicine and emergency medicine journals.
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societies have delineated what they consider the
proper scope and use of POCUS and have advo-
cated the adoption of a framework that defines
POCUS as a tool that enhances evaluation and
management. These professional societies em-
phasize the finite nature of POCUS and recom-
mend its use by well-trained operators.>!!

KEY TRENDS IN POCUS TECHNOLOGY

HANDHELD ULTRASOUND SYSTEMS
Low-cost handheld ultrasound systems that con-
nect to a smartphone or tablet by means of so-
phisticated wireless technology, the Internet, and
a cloud-based system have become readily avail-
able to the frontline clinician. Thus, video con-
ferencing and peer imaging evaluation (in which
an experienced peer can evaluate POCUS imag-
ing remotely on a real-time basis) for clinical,
training, or mentoring purposes are now feasible.!?
The number of probes necessary for studies
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affects cost. One handheld ultrasound system
uses silicon-chip array microsensors instead of
piezoelectric crystal elements, which means that
a single probe can be used for both vascular and
body imaging.’®* Another design features a
double-ended probe with traditional piezoelectric
crystals, so the probe can be used for both vas-
cular and body imaging. Combining vascular
and body imaging capability in one probe re-
duces acquisition costs related to the device.
Several handheld ultrasound systems can per-
form linear measurements and have full-spec-
trum Doppler, M-mode, analytics, and quantita-
tion features to facilitate POCUS applications in
multiple subspecialty settings.’*'® In 2020, the
Food and Drug Administration cleared for use a
handheld ultrasound system that has full-spec-
trum Doppler capability, which had not previous-
ly been available in any handheld system. This
capability allows for a variety of quantitative
measurements. Clinicians who use handheld
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systems that have these new algorithms for
quantitation can obtain an automated measure-
ment of the left ventricular ejection fraction,
estimate the volume of pleural effusions or uri-
nary bladder volume, and detect valvular heart
disease. Handheld POCUS systems are useful in
telemedicine and triage and directly affect length
of stay.!”

Careless use of handheld ultrasound systems
could lead to violations of the Health Insurance
Portability and Accountability Act (HIPAA) in
the United States (or similar regulations in other
countries). Clinicians who use these systems
should anticipate concern on the part of their
information technology colleagues about Internet
connectivity and the need for technical solutions
to prevent HIPAA violations.

ARTIFICIAL INTELLIGENCE AND POCUS
Deep-learning approaches are revolutionizing
decision making in medical imaging. Ultraso-
nography provides ideal data for these transfor-
mative approaches because of its widespread
availability, even in low-resource environments
and prehospital settings.’® Despite technological
advances in machine design, there is still limited
artificial intelligence that is based on quantita-
tive analysis. Implementation of fully automated
machine-learning algorithms — for example, for
left and right ventricular systolic function, pres-
ence of pericardial effusion, prediction of fluid
responsiveness or severity of acute lung disease,
detection of free abdominal fluid, and prescrip-
tive imaging guidance — is an active area of
development and research.*?!

Classification of benchmark ultrasound imag-
es is a requirement for training a convolutional
neural network (a type of artificial neural net-
work based on the pattern of connectivity of
neurons in the human brain and used in deep
learning); a new convolutional neural network
has already been trained to classify multiorgan
POCUS examinations, with promising results.?
In combination with clinician expertise, clinical-
ly relevant decision making may become more
effective with this deep-learning trajectory. In
the case of prescriptive POCUS guidance, one
study showed that novice operators were able to
obtain a 10-view echocardiographic image set
that was similar in quality to that obtained by
skilled cardiac sonographers.’ Automated ultra-

sonographic training with immediate and direct
feedback to learners has been shown to shorten
the learning curve, a potential step in the develop-
ment of new training models for POCUS and in-
creased interoperator reproducibility of results.>!®

CLINICAL DOCUMENTATION

Contemporary POCUS machines store images in
the digital imaging and communications in med-
icine (DICOM) format, which allows them to be
uploaded to a picture archiving and communica-
tion system or to commercially available, stand-
alone digital storage systems. Such storage of
images facilitates quality assurance processes,
standardized documentation, and billing.?® Graph-
ic communication, a recent advance in telemedi-
cine and clinical documentation,? allows provid-
ers in different locations to engage in continuous
quality assurance, education, and clinical deci-
sion making while using the same server.

USE OF POCUS FOR GUIDANCE
IN PERFORMING PROCEDURES

Imaging-guided diagnostic and therapeutic pro-
cedures are a mainstay of contemporary clinical
practice to reduce morbidity and to improve
safety, operator effectiveness, and immediate
symptom relief after thoracentesis,>* paracente-
sis,” lumbar puncture,” central venous access,?
peripheral venous and arterial access,?* pericar-
diocentesis,* abscess drainage,* and joint aspi-
ration.® The availability of portable machines per-
mits POCUS to be used for procedural guidance
on site by office-based clinicians, hospitalists,
emergency medicine clinicians, and intensivists.

Use of ultrasonography to guide procedures
requires that the clinician be competent in its
use for specialty-specific functions. Clinicians
can develop technical competence with task
trainers (simulators that integrate ultrasonogra-
phy with the physical aspects of a specific pro-
cedure and allow repeated practice before an
encounter with a patient). On the basis of expert
consensus, 25 to 50 examinations are required
to ensure basic competence in performing most
diagnostic ultrasonographic procedures. The ac-
quisition of competence in ultrasonography for
guidance during procedures appears to have a
shorter learning curve (10 procedures).>*3* How-
ever, a numerical standard alone cannot be used

N ENGL J MED 385;17 NEJM.ORG OCTOBER 21, 2021

The New England Journal of Medicine

Downloaded from nejm.org at PORIA MEDICAL CENTER on November 3, 2021. For personal use only. No other uses without permission.

Copyright © 2021 Massachusetts Medical Society. All rights reserved.

1595



The NEW ENGLAND JOURNAL of MEDICINE

to determine competence in POCUS-driven pro-
cedures, given the level of the data. At present,
there is no widely accepted method of determin-
ing competence in the performance of ultraso-
nography to guide procedures.

POCUS EXAMINATIONS
FOR CLINICAL MONITORING

Clinicians who become proficient in POCUS can
use it to track clinical conditions that may
progress rapidly — for example, acute respira-
tory failure, intracranial hypertension, and hemo-
dynamic failure and resuscitation from traumatic
shock.>3° A prospective, randomized, controlled
study of the value of limited transthoracic echo-
cardiography as a monitoring tool in patients
with severe injuries and hypotension who were
seen in the trauma section of an emergency de-
partment showed that the use of this form of
POCUS reduced mortality and the time to opera-
tive intervention.*” Monitoring applications that
use POCUS require repeat examinations and use
semiquantitation or quantitation when indicat-
ed.® For instance, a POCUS assessment of pa-
tients with decompensated heart failure or coro-
navirus disease 2019 (Covid-19) can facilitate
clinical decision making during triage, evalua-
tion of implemented therapeutic interventions,
and tracking of disease activity (see Video S1 in
the Supplementary Appendix, available with the
full text of this article at NEJM.org).*

POCUS can be useful as a monitoring tool
during the performance of cardiopulmonary
resuscitation (CPR). To use this approach during
CPR, a POCUS operator is tasked with assessing
cardiac function serially, during the brief periodic
interruptions of chest compressions that are part
of the standard CPR sequence. This application
of POCUS requires the operator to be competent
in rapid image acquisition in the 10-second peri-
od that is conventionally used to perform a pulse
check (i.e., seek a palpable pulse) during CPR.***
Serial POCUS images during these 10-second
pulse checks facilitate the recognition of pseudo—
pulseless electrical activity, which is defined as
organized cardiac activity identified by echocar-
diography in the absence of a detectable pulse.
In contrast, pulseless electrical activity is charac-
terized by a lack of cardiac activity on echocar-
diography. Pseudo—pulseless electrical activity may
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be associated with potentially treatable condi-
tions.®* Current CPR guidelines recommend
that the duration of pulse checks be limited to
10 seconds, since minimizing interruptions is
associated with improved rates of return of
spontaneous circulation and survival to hospital
discharge. This arouses concern that using
POCUS for characterization of cardiac arrest
might prolong the time to the pulse check. One
study showed that this was the case.” However,
this finding was contradicted in a subsequent
study, which showed that the use of POCUS dur-
ing the pulse check reduced the duration of pulse
checks."* Another benefit of using POCUS dur-
ing CPR is the reliable detection of a carotid
pulse.®

A multicenter, prospective, protocol-driven
observational study involving 793 cases of out-
of-hospital or emergency-department cardiac
arrest documented organized cardiac activity on
POCUS in some cases, which was associated
with an increased likelihood of survival from the
initial resuscitation to hospital discharge.*® An
absence of cardiac activity on POCUS was associ-
ated with a very low rate of survival. POCUS was
useful in identifying pericardial effusion that
responded to pericardiocentesis.*® POCUS may
also provide clinical guidance in deciding
whether to cease or continue CPR when the cap-
nographic values are very low or gas is present
in the hepatic vein.**

ADVANCES IN THE CLINICAL
APPLICATION OF POCUS

DIAGNOSTIC ACCURACY

How POCUS compares with other imaging tech-
niques in general use, apart from its low cost,
time efficiency, and ease of use, is a key ques-
tion. The accuracy of POCUS supports its benefit
in the evaluation of common medical conditions
(Fig. 2).%* POCUS is effective as a screening
tool for the identification of certain disorders,
such as abdominal aortic aneurysm.*

A relevant example of the diagnostic accuracy
of POCUS is its value in characterizing non-
specific clinical conditions, including respiratory
distress and chest pain, as compared with chest
radiography. In a prospective study involving
2683 patients evaluated for dyspnea in the emer-
gency department, there were no significant
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Acute Pulmonary Edema

Sensitivity: 88%
Specificity: 90%

Pneumonia

Sensitivity: 88%

Specificity: 93%

Pneumothorax

Sensitivity: 81%
Specificity: 100%

Left Ventricular Dysfunction

Sensitivity: 69-94%
Specificity: 88-96%

Thoracoabdominal Trauma

Sensitivity: 74%
Specificity: 96%

dysfunction,*®*? and thoracoabdominal trauma.*

Figure 2. Diagnostic Accuracy of POCUS for Common Medical Conditions.
POCUS is useful and safe for diagnosing acute pulmonary edema,* pneumonia,***° pneumothorax,*>! left ventricular

differences in accuracy between POCUS and
standard evaluation that included chest radiog-
raphy for the diagnosis of an acute coronary
syndrome, pneumonia, pleural effusion, pericar-
dial effusion, pneumothorax, or dyspnea from
other causes.*® POCUS was more sensitive for the
diagnosis of heart failure, but standard evalua-
tion performed better in the diagnosis of chron-

ic obstructive pulmonary disease and pulmonary
embolism.”® In another prospective study, involv-
ing 128 patients presenting to the emergency
department with dyspnea and chest pain, a chest
radiograph did not add actionable clinical informa-
tion for patients with a normal thoracic POCUS
study.®

Using an expedited, modified Delphi consen-
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sus approach, an international, multispecialty ex-
pert panel evaluated clinically integrated, multi-
organ POCUS for management of Covid-19. The
results led the panel to suggest that POCUS was
useful in nine clinical domains (diagnosis of
severe acute respiratory syndrome coronavirus 2
[SARS-CoV-2] infection, initial triage and risk
stratification, diagnosis of Covid-19 pneumonia,
diagnosis of cardiovascular disease, screening
for venous thromboembolic disease, respiratory
support strategies, management of fluid therapy,
clinical monitoring of patients with Covid-19,
and infection control to reduce the environmen-
tal spread of infection and risk of infection for
health care providers).*

EFFICIENCY AND COST-EFFECTIVENESS
Several studies indicate that POCUS is more
cost-effective and time-efficient than traditional
ultrasonography in obtaining data that may
decrease the length of stay in the emergency
department (for evaluation of nephrolithiasis, un-
complicated biliary disease, early intrauterine preg-
nancy, and soft-tissue infection).’*>° Implemen-
tation of POCUS for a broad range of clinical
conditions in general medical practice has led to
a measurable reduction in planned referrals.®
Similar findings have been reported by cardiolo-
gists and trainees who use POCUS in the triage
of patients with suspected cardiac disease.’®
For peritonsillar abscess, the use of POCUS in
evaluation and management resulted in more
efficacious aspiration and decreased subspecial-
ist consultation, less computed tomographic im-
aging, fewer return visits, and a shorter length
of stay, as compared with the conventional
clinical approach.®® POCUS can be efficiently
used in patients receiving palliative care to ad-
dress symptoms such as severe dyspnea due to
malignant pleural effusions and has benefits
with regard to triage, patient satisfaction, and
cost-effectiveness.%?

MORBIDITY AND MORTALITY

Evidence that the use of POCUS reduces morbid-
ity and mortality remains elusive. The first ran-
domized clinical trial evaluating the effect of
early POCUS on hospital discharge and 30-day
mortality showed little benefit (with respect to
survival, length of stay, fluid administration,
and use of inotropes) when POCUS was used to
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assess patients with hypotension, as compared
with conventional clinical management without
POCUS.® However, the study suggested that
POCUS can improve diagnostic accuracy and
characterization of arterial hypotension in the
emergency department. Methodologic limita-
tions of the study included the use of a limited
POCUS examination, early termination of pa-
tient enrollment, and lack of information about
whether the use of POCUS to establish diagno-
ses resulted in appropriate management deci-
sions. However, a systematic review partially
supported the use of POCUS to guide fluid re-
suscitation in surgical patients and septic non-
surgical patients with shock, reducing adverse
effects, organ failure, and mortality.®

COMPETENCE AND TRAINING
IN POCUS

It is self-evident that the clinician who uses
POCUS must be competent in its use. Clinicians
who have not been adequately trained may harm
patients by making an inaccurate diagnosis or
using POCUS inappropriately. In 2020, the Joint
Commission on Accreditation of Healthcare Or-
ganizations and the Emergency Care Research
Institute identified the adoption of POCUS with-
out necessary safeguards as a major health tech-
nology hazard.®

With the widespread availability of lower-cost
handheld ultrasound systems, training large num-
bers of clinicians to become competent in POCUS
poses a challenge. The development of training
curricula and methods to assess competence is
imperative for the safe and effective use of such
systems.®® At the medical school level, 35% of
222 medical schools in the United States have
implemented a focused ultrasound training pro-
gram.®*® In one study, integrating POCUS into
the abdominal physical examination improved the
ability of medical students to accurately identify
abnormalities.® Also, after POCUS training, med-
ical students found new diagnoses and decreased
triage time with a high concordance with attend-
ing physicians.”” On the basis of collaborative
research, the American Society of Echocardiogra-
phy and the Canadian Society of Echocardiogra-
phy have created a cardiovascular POCUS curricu-
lum for medical students.”*”* It is not known
how widely this curriculum has been adopted.
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Table 1. Comparison of Point-of-Care Ultrasonography (POCUS) and Consultative Ultrasonography.*

POCUS Performed by Nonradiologists
and Noncardiologists

Consultative Ultrasonography Performed by Radiologists

Point of Comparison and Cardiologists

Scope of practice and POCUS, combined with history taking and physical exam-  Clinician directly responsible for medical management
ultrasonographic ination, performed for specific clinical conditions by the orders ultrasonographic evaluation, performed by
workflow clinician directly responsible for medical management sonographer and interpreted by radiologist or car-

diologist

Examples of training  ACGME core competency for general surgery residency, ACGME core competency for radiology residency:
requirements for anesthesiology residency, critical care fellowship 2350 abdominal or pelvic ultrasound examinations,
competency ACEP clinical ultrasound accreditation: emergency med- =25 image-guided drainage procedures
icine residency training pathway — residency program  ACGME core competency for cardiology fellowship: 3 mo
director assesses competence of board-eligible or of dedicated echocardiographic training
certified physician in specific components of ultraso- NBE certification for independent performance of ad-
nography — or practice pathway involving >16 hr of vanced perioperative TEE after completion of cardiac
didactics and >25 high-quality examinations for each anesthesia fellowship or practice pathway for appli-
application or >150 total ultrasound procedures in a cants who finished core residency before July 1, 2009:
wide variety of applications 150 TEE procedures performed, 300 interpreted
EDEC requirements for advanced critical care echocardiog- NBE certification for independent performance and
raphy: 100 TTE and 30 TEE procedures performed and interpretation of echocardiography after completion
interpreted, written examination designed by ESICM of adult cardiovascular disease fellowship or practice
NBE certification in critical care echocardiography: written pathway with specific board requirements: level II
examination designed by NBME, 150 TTE examina- competence — 150 TTE procedures performed and
tions performed and interpreted 300 interpreted, 50 TEE procedures performed and
ASUM requirements: 300 TTE and 50 TEE procedures per- interpreted; level 11l competence — 150 TTE proce-
formed and interpreted, 50 vascular or lung ultrasound dures performed and 750 interpreted, 150 TEE pro-
procedures, no written examination cedures performed and interpreted

Inadequate training and lack of competence, with potential ~ Delay in performance, interpretation, and communica-
for false positive and false negative examinations tion of results to physician directly responsible for
Heterogeneous documentation of training, quality assur- management, compounded by consultant’s lack of
ance, and credentialing standards across hospital full knowledge of clinical situation
and clinic medical practices Increased health care costs and lack of immediate avail-
ability of consultative services

Possible limitations

* ACEP denotes American College of Emergency Physicians, ACGME Accreditation Council for Graduate Medical Education, ASUM Australasian
Society for Ultrasound in Medicine, EDEC European Diploma in Advanced Critical Care Echocardiography, ESICM European Society of
Intensive Care Medicine, NBE National Board of Echocardiography, NBME National Board of Medical Examiners, TEE transesophageal
echocardiography, and TTE transthoracic echocardiography.

7 Training is required but without the requirement of a dedicated training period.

Specialty-specific training in POCUS and meth-
ods that test for competence are important for
postgraduate medical training. The Accreditation
Council for Graduate Medical Education defines
requirements for ultrasonographic training in
emergency medicine and anesthesiology residen-
cies. An innovative approach to fellowship-level
training has been the development of regional,
multiday cooperative courses that provide a stan-
dard initial training sequence followed by on-site
training during critical care fellowships.” In the
United States and Canada, training standards
have been formulated for specialty-specific
POCUS, but national-level postgraduate certifica-
tion is generally not available for the many ap-
plications of POCUS. The United Kingdom and
Australia and New Zealand have well-designed
national standards for certification in specialty-

specific POCUS. In the United States and Canada,
the National Board of Echocardiography offers
national certification in advanced critical care
echocardiography (Table 1),°¢"*7> and the Euro-
pean Society of Intensive Care Medicine offers a
similar certification. Both certifications are open
to international physicians. Advanced critical care
echocardiography, a recent addition to POCUS in
critical care, comprises all relevant components
of echocardiography, with additional elements
specific to critical care.

UNANSWERED QUESTIONS
ABOUT POCUS

Two questions about POCUS remain unanswered.
First, does POCUS affect patient-centered end
points such as functional status, morbidity, and

N ENGL J MED 385;17 NEJM.ORG OCTOBER 21, 2021

The New England Journal of Medicine

Downloaded from nejm.org at PORIA MEDICAL CENTER on November 3, 2021. For personal use only. No other uses without permission.

Copyright © 2021 Massachusetts Medical Society. All rights reserved.

1599



The NEW ENGLAND JOURNAL of MEDICINE

mortality? The effect of POCUS on patient out-
comes is a challenge to study, given the hetero-
geneity of the patient populations, the lack of
standardized therapeutic plans based on POCUS
results, the difficulty in standardizing scanning
protocols, the confounding effect of concurrent
therapeutic interventions, variation in skill levels
on the part of the clinicians performing POCUS,
and the difficulty in finding clinicians with
clinical equipoise regarding POCUS. It is not
likely that focusing on POCUS as the primary
variable determining the outcome will be a pro-
ductive approach to research.

Second, what specific training is required for
a clinician to become competent in POCUS? The
field needs information to identify the hours of
training required to achieve mastery of image
acquisition, image interpretation, and the cogni-
tive base; the course design; the usefulness of
simulators and training programs embedded in
the ultrasonography machine; the design of sum-
mative examinations of skill; and the ongoing
assessment of maintenance of skill. A key aspect

to the success of a training sequence for POCUS
also relates to the skill and motivation of the
faculty, particularly with regard to hands-on train-
ing. This is an unexamined area of research.

CONCLUSIONS

The use of POCUS is not limited to one specialty,
protocol, or organ system. POCUS provides the
treating clinician with real-time diagnostic and
monitoring information and can be used to en-
hance the safety of standard ultrasound-guided
procedures. The introduction of POCUS curri-
cula and training at the medical school and
postgraduate levels, the increasing level of evi-
dence of its effect in clinical practice, and ad-
vances in handheld systems all point toward the
possibility that POCUS will become a standard
tool of the frontline clinician. However, it will be
critical to determine which, if any, applications
ultimately benefit patient care.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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